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(57) In a IR detector and a fabrication method thereof, the IR detector has a insulating thin film (3) made up of
insulating material, many semiconductor layers (1) each having an 1sland shape formed on the insulating thin film (3),
a forward bias connection section (5) and a backward bias connection section (6) formed for each semiconductor layer
(1) to be forward and backward biases to an external bias voltage, and a metal thin f1lm (2) for electrically connecting

the semiconductor layers (1) to each other through both the forward bias connection section and the backward bias
connection section (5 and 6).
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ABSTRACT OF THE DISCLOSURE
In a IR detector and a fabrication method thereof, the
IR detector has a insulating thin film (3) made up of

insulating material, many semiconductor layers (1) each

having an island shape formed on the insulating thin film

(3), a forward bias connection section (5) and a backward
bias connection section (6) formed for each semiconductor
layer (1) to be forward and backward biases to an external
bias voltage, and a metal thin film (2) for electrically
connecting the semiconductor layers (1) to each other
through both the forﬁard bias connection section and the

backward bias connection section (5 and 6).
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TITLE OF THE INVENTION

INFRARED DETECTOR AND FABRICATION METHOD THEREOF

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an infrared detector
which is capable of absorption and detecting infrared
radiation from various objects, and more particularly, it
relates to a bolometer type infrared detector for detecting
infrared radiation radiated from object bodies by using
maferials incorporated in the infrared detector.whose
rééistance value is changed based on the change of
femperature value caused by absorption of the infrared

radiation.

Description of the Prior Aft

A bolometer type infrared (IR) detector absorbs
infrared radiation from various objects. A resistance value
of the section made up of a resistance material in the
bolometer type IR detector is heated by the absorption of
the IR radiation. This temperature change causes the change
of the resistance value of the resistance material. The
bolometer type IR detector detects and absorbs the
existence of the object that radiates this IR radiation by
measuring the change of bias current or bias voltage
applied to the resistance material.

FIG.1l3A is a plan view of a detection element section
in a conventional bolometer type IR detector which 1is

disclosed in literatures, for example, disclosed in the
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literature of USP No. 5,260,225. FIG.13B is a sectional

view showing a configuration of the detection element

section, as shown in FIG.13A. In the same diagrams, a

reference number 33 designates a resistance material
section. A reference number 12 indicates a lead that is
made up of a metal through which a bias voltage or a bias
current is applied to the resistance material section 33. A
reference number 3 denotes an insulating thin film that is
made up of an insulator material such as SiO,, for example.

In this detector element in the conventional bolometer
IR detector shown in FIG.13B, a hollow section 34 is formed
under the lower section of the insulating thin film 3 in
order to increase effectively the temperature of the
resistance material section 33 caused by the incidence of
IR radiation to the resistance material. In general, a
metal thin film such as a platinum (P) and a titanium (Ti),
or a ceramic such as a vanadium oxide, or a semiconductor
such as a poly-crystal silicon and an amorphous silicon 1is
used as the resistance material 33.

The Temperature Coefficient of Resistance (hereinafter
referred to as "TCR") is designated as follows:

(1 /R)x (drR /AT ) [H/k],
where R is a resistance value of the resistance material
section and T is the absolute temperature. In general, The
TCR value of a metal thin film has +0.1 [%/k], a
semiconductor has -2.0[%/k], and a vanadium oxide (VOx)
has -2.0 [%/k] or more.

To use the vanadium oxide having a large TCR wvalue has

the benefit to increase sensitivity of the bolometer type
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IR detector. On the contrary, it may have a possibility to
cause contamination of devices and the like. The wvanadium
oxide is therefore not used in semiconductor manufacturing
lines to fabricate general semiconductor integrated
circuits.

In IR arrays of a large scale integration of two
dimensions such as solid state camera devices (or solid
state imaging devices) in which detection elements for
detecting IR radiation from objects are integrated, because
integrated circuits of silicon are fabricated around
peripheral sections of the integrated detection elements in
order to read electrical signals, it can be carried out to
fabricate the detection elements in IR detectors at a low
cost and in high productivity when fabrication processes to
fabricate the IR detection elements are introduced into
fabrication processes of silicon semiconductor integrated
circuits. Accordingly, it has advantages to use a
semiconductor such as a poly crystalline silicon or an
amorphous silicon as the resistance material 33 in the IR
detector.

The mechanism of electric conduction in a ploy
crystalline silicon including dopants is designated by the
sum of conductivity in the crystal and the conductivity
through trap levels of crystal particles, as shown 1n one
dimensional model of crystals connected in series disclosed
by Seto et al. (see the literature of Journal Of Applied
Physics, vol.46, No.12, 1975, pp. 5247-5254, "The
electrical properties of policrystalline silicon films" by

Seto, et al.).
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When the number of carriers in the crystal is small,
the carriers can not f£fill all of the trap levels and form
electric barrier in the crystal particles. On the other
hand, when the number of carriers in the crystal 1s
greater, the carriers fill all of the trap levels and
remained carriers change the Fermi level in a crystal and
decrease the level of the electric barrier. Where this
electric barrier is designated by a reference character Ea
(eV), thé value of TCR can be designated by TCR = Ea / KT,

When a poly crystalline silicon is used as the
resistance material in a bolometer type IR detector,

because the sensitivity of the IR detector is directly

- proportional to the value of TCR of the poly crystalliné

silicon, the level Ea of the electric barrier must be
increased in order to form the IR detector with a high
sensitivity. However, when the level Ea of the electric
barrier becomes high, the electric conduction through the
crystal is carried out based on the trap levels of the
crystal particles. In this case, the magnitude of 1/f noise
in the IR detector is greater. In general, because the
performance of a bolometer type IR detector is measured
based on the rate of a noise level in the level of output
signal transferred from the IR detector, the performance of
the bolometer type IR detector having the value of a
greater 1/f noise becomes low. This problem is also caused
when an amorphous silicon is used as the resistance
material in the IR detector.

In addition, although the TCR wvalue can be increased

to approximately -8 [% /K] by decreasing the amount of
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dopants in the poly crystalline silicon as the resistance
material, the resistance value is increased. In this case,
it becomes difficult to match impedances between the
bolometer type IR detector side and a signal processing
circuit side for reading or receiving output signals
transmitted from the bolometer type IR detector. This is
also one of the problems involved in the conventional

bolometer type IR detector described above.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is,
with due consideration to the drawbacks of conventional IR
detector, to provide an IR detector and a fabrication
method thereof, which is made up of materials used in
semiconductor fabrication process lines and which has a
high performance such as a high TCR value, an optimum
resistance value and a small 1/f noise value.

In accordance with a preferred embodiment of the
present invention, an infrared (IR) detector comprising a
insulating thin film made up of insulating material, a
plurality of semiconductor layers formed on the insulating
thin film, a forward bias connection section and a backward
bias connection section formed for each of the plurality of
semiconductor layers to be a forward bias and a backward
bias to an external bias voltage, a metal thin film for
electrically connecting the plurality of semiconductor
layers to each other through the forward bias connection

section and the backward bias connection section.
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In accordance'with one aspect of the present invention
there 1s provided a fabrication method of fabricating IR
detectors comprising the step of implanting metal ions into
a semiconductor layer formed on an insulating thin film so
that a plurality of non-implanted sections are electrically
connected 1in series through a plurality of implanted
sections via forward and backward bias connections located
at the interface between the non-implanted sections and the

implanted sections
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BRIEF DESCRIPTION OF THE DRAWINGS
FIGS.1lA to 1C are a plan view, a sectional view of A-A
line and an equivalent circuit diagram, respectively,

showing a feature part of an IR detector as the first

0 embodiment according to the present invention.

FIGS.2A and 2B are a plan view and a sectional view,

respectively, of B-B line of the IR detector of the first

embodiment according to the present invention.

10 fabrication method for fabricating the IR detector of the

an IR detector of the second embodiment according to the

present invention.

15 FIG.S is a sectional view showing a feature section of

C-C line, respectively, showing a feature section of an IR

20 detector of the fourth embodiment according to the present

invention.

FIGS.7A and 7B are sectional views showing a
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fabrication method of fabricating the IR detector of the
fourth embodiment, as shown in FIGS.6A and 6B.

FIG.8 is a sectional view showing another
configuration of the IR detector of the fourth embodiment
shown in FIGS.6A and 6B.

FIGS.9A to 9E are sectional views showing a
fabrication method of fabricating an IR detector of the
fifth embodiment according to the present invention.

FIG.10 is a sectional view showing another fabrication
process of the IR detector of the fifth embodiment, as
shown in FIGS.9A to 9E

FIG.1l1l is a sectional view showing an IR detector of
the sixth embodiment according to the present invention.

FIG.1l2 is a sectional view showing another fabrication
process 0f the IR detector of the sixth embodiment shown in
FIG.11.

FIGS.13A and 13B are a plan view and a sectional view,

respectively, showing detection elements in a conventional

IR'detector.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Firstly, we will explain the concept of features of an
infrared (IR) detector and a fabrication method thereof

according to the present invention, and then describe IR
detectors and fabrication method thereof as preferred

embodiments of the present invention in detail.

Concept and features of the present invention

FIGS.1lA to 1C are diagrams showing feature sections of
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the IR detector as a preferred embodiment of the present

invention. FIG.lA is a plan view of the IR detector and
FIG.1B is a sectional view of A-A line in FIG.1lA. As shown

in FIGS.1A and 1B, the IR detector of the present invention

comprises an insulating thin film 3, a plurality of
semiconductor layers 1 formed on the insulating thin film 3
and a plurality of metal thin films 2 for connecting the
plurality of semiconductor layers 1 to each other in series
through a forward bias connection section 5 and a backward
bias connection section 6 to external bias voltage (it can
be acceptable that the reference number 6 means the forward
bias connection section and 5 denotes the backward bias
connection section 6). The forward bias connection section
and the backward bias connection section are formed for
each semiconductor layer 1.

That is, the forward bias connection section 5 is a
contact region and is formed between the metal thin film 2
and the semiconductor layer 1. Similarly, the backward bias
connection section 6 is also a contact region and is formed
between the metal thin film 2 and the semiconductor layer
1.

In the configuration of the IR detector of the present
invention, as shown in FIGS.1A and 1B, when a bias voltage
Vs 1s applied to the IR detector in which the semiconductor
layers of N (N is an integer more than at least two) are
formed, as shown in the equivalent circuit diagram of
FIG.1C, carriers flow through the resistance R;; of the
semiconductor layer 1, the Schottoky barrier resistance R

SCH

of Schottoky barrier of the forward bias connection section
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S, the resistance Rm of the metal thin film 2 and the
Schottoky barrier resistance R,, of Schottoky barrier of
the backward bias connection section 6, repeatedly. The
magnitude of the total resistance of the IR detector is
represented by (R;; + R,., + Rm) x N.

Because the value Rm of the metal thin film 2 is
small, the total resistance of the IR detector becomes the
sum of the value R;; of the resistance and the Schottoky
barrier resistances R,,. In this case, the total resistance
value becomes the value of (R, + Rg.,) X N.

When the wvoltage potentiai.difference between the

forward bias connection section 5 and the backward bias

connection section 6 in the Schottoky barriers is Vecnr

- the voltage potential difference V., in the semiconductor

layer 1 and the level of the original Schottoky barrier is

Vb, the level Vb becomes lower and the level of the
Schottoky barrier becomes Vb'.

The relationship between the values V,, Vseur Veir» Vb, VD'

are designated by the following equations (1) to (4).

Vaen t Vsi - Ve / N e e e it e e ettt eeeen (1)
VD" = (VD = Vi, / 2 ) eeeeemmmeee e (2)
1 =8 X A* x T x exp ( -(Vb - V..., / 2)) / KT

=S X A* X T’ x exp(- Vb'" / KT) wuuunununuu... (3).
We can obtain the following equation (4) from the equation
(3),
TCR = (Vb - V.., /2 ) / KT
- Vb' / KT2 ... e (4).
In the equations (1) to (4) described above, a

reference character S designates the area of the surface of
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each of the forward bias connection section 5 and the
backward bias connection section 6, and a reference
character A* denotes Rechardson's number. As clearly
understood by the above equation (1), the voltage V., to be
applied to the Schottoky barrier can be changed by changing
the number of the connection numbers (the number of both
the forward bias connection section 5 and the backward bias
connection 6) in the semiconductor layers 1.

In addition, as shown in the equation (2), when the

bias voltage V., is applied, the level of the Schottoky

-barrier becomes low. Accordingly, it can be said that the

level of the Schottoky barrier after applying of the bias
voltage is defined based on the original Schottoky barrier
level Vb of the Schottoky barrier, the magnitude of the
bias voltage V, and the number of the forward bias
connection section and backward bias connection section. As
clearly understood by the equation (4), the value of TCR
can be increased when the original Shottoky barrier level
Vb of the Schottoky barrier is high. Although the
sensitivity of the IR detector can be increased when the
value of TCR becomes high, the magnitude of the resistance
Oof the IR detector is also increased. In this case, 1t
becomes difficult to match both impedances of the IR
detector and a signal readout circuit (not shown) to read
detection signals transferred from the IR detector. In
order to overcome this dilemma involved in the IR detector,
the present invention provides the IR detector in which the
Kind of the material made up of a metal thin film, the

connection number N of bias connection sections and the
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magnitude of the bias voltage V, are selected in order to
Obtain the optimum value of the resistance of the IR
detector. In addition, these are also selected in order to
have the largest level of the Schottoky barrier Vb'.

O Thereby, the impedance matching between the IR detector and
the readout circuit (not shown) can be performed in optimum
state and the sensitivity of the IR detector can be
increased.

In addition, in the configuration of the IR detector
10 of the present invention, as shown in FIG.1B, the
semiconductor layers 1 each having an island shape are
formed in the insulating thin film 3, and the semiconductor
layers 1 are electrically connected to each other in series
through the metal thin films 2. In this configuration of
15 the IR detector, the resistance value can be decreased

without changing the value of TCR when the areas of the

forward bias connection section 5 and the backward bias
connection section 6 are increased. On the other hand, when
the areas of these bias connectibn sections 5 and 6 are

20 increased, the resistance value of these bias connection
sections will be decreased and the level of the Schottoky
barrier can be increased. Thereby, The value of TCR can. be
increased without changing of the total resistance value of
the IR detector. The impedance matching between the IR

25 detector and the signal readout circuit (not shown) can be
matched and the sensitivity of the IR detector can be
increased.

Although the plurality of semicondﬁctor layers of the

island shapes are electrically connected in series in the




10

15

20

25

CA 02182041 2000-02-07

-13-

above configuration, it can be acceptable to form the metal
thin films 2 each thin film 2 is buried between a pair of

the semiconductor layers 1 which are adjacent to each other
through the surfaces 21 and 22, as shown in FIGS.6A and 6B.

By using the configuration shown in FIGS.6A and 6B,
the value of TCR can be increased and the size of the IR
detector can be decreased when an optimum length and an
optimum thickness of the semiconductor layer 1 in thickness
direction and longitudinal direction are selected so that
the surface area of the semiconductor layer 1 becomes
increased. In this case, the IR detector has a simple
configuration and the number of fabricating processes can
be decreased.

- The IR detector shown'in FIGS.6A and 6B can have the
P-N junctions as an electric barrier, like the Schottoky
barrier, as shown in FIGS.1lA to 1C and FIGS.2A and 2B.

The IR detector, as shown in FIG.1l1l, has the
configuration that a P-N junction 32 is formed by
fabricating a P+ region and a N+ region (30 and 31) in the
semiconductor layer 1 at the forward bias connection
section 5 side and the backward bias connection section 6
side, respectively. In addition, the plurality of
semiconductor layers 1 are electrically connected in series
through the forward bias connection section 5, the backward
bias connection section 6 and the metal thin film 2.

This P-N junction 32 performs as an electric barrier,
like the Schottoky barrier, and provides a larger TRC wvalue
in an IR detector. In addition, because impurities are

doped into the P+ region 30 and the N+ region 31 with a
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high concentration, both the forward bias connection
section 5 and the backward bias connection section 6 become
an ohmic junction and, further, the P+ region 30 and the N+
region 31 have a low resistance value, respectively.
Accordingly, the 1/f noise in the IR detector based on the
resistance can be decreased and the impedance matching
between the IR detector and an readout circuit (not shown)
can also be improved. Thus, the present invention can
provide the IR detector having a large TCR value and a high
sensitivity function.

In the IR detector shown in FIG.4, a high impurity
concentration region 16 is formed in the semiconductor
layer 1 between the forward bias connection section 5 and
the backward bias connection section 6. In detail, the
impurity concentration of the high impurity concentration
region 16 is larger than the concentration of the region
near to the forward bias connection section 5 and the
backward bias connection section 6.

In the configuration of the IR detector shown in
FIGS.6A and 6B, similarly to the configuration described
above, it can be acceptable that the impurity concentration
of the semiconductor layer 1 formed between the surfaces
(connection sections) 20 and 21 is higher than the
concentration of a region of the semiconductor layer 1 near
to the surfaces 21 and 22.

The resistance value of the semiconductor layer 1 can

be decreased by forming the high impurity concentration

region 16 in the semiconductor layer 1 and the Schottoky

barrier resistance can also be decreased in proportion to
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decreasing of the resistance value of the semiconductor
layer 1. Therefore the value of TCR can be increased
without changing of the total resistance value of the IR
detector and the magnitude of 1/f noise caused by the
resistance in the semiconductor layer 1 can also be
decreased.

In the configuration of an IR detector, as shown in
FIG.5, the impurity concentration of the semiconductor
layer 1 at the forward bias connection section 5 side is
larger than that of the semiconductor layer 1 near to the
backward bias connection séction 6 in order to form the
high impurity concentratioﬁ region 17 in the semiconductor
layer 1. In the configuration of the IR detector shown in

FIGS.6A and 6B, it can be acceptable that a high impurity

~concentration region 24 is formed in the backward bias

connection section connected to the metal thin film 18, as
shown in the sectional view of FIG.8. In those cases
described above, it can be also acceptable that the
connection section 6 is formed as the forward bias
connection section and the connection section 5 is
fabricated as the backward bias connection section.

In general, there is an possibility that the backward
bias connection section has a high resistance value. But,
by forming the high impurity concentration regions 17 and
24, the total resistance value of the semiconductor layer 1
becomes low and the backward bias connection section
becomes an ohmic junction. Accordingly, the value of TCR
of the IR detector is increased without changing of the

total resistance value of the IR detector and the 1/f noise
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caused by the resistance of the semiconductor layer 1 is
decreased.

In addition, in general, a semiconductor layer as a
silicon on insulator (SOI) substrate has an excellent
crystal property. In the configurations of the IR
detectors, as shown in FIGS.lA to 1C, FIGS.2A and 2B and
FIGS.6A and 6B, because the stable Schottoky barrier and
the P-N junction 32 can be formed when a semiconductor
layer formed on a SOI is used, the IR detectors having a
stable TCR, a stable characteristic and a low 1/f noise
will be obtained.

FIGS.7A and 7B are sectional views showing a
fabrication method of fabricating the IR detector, as shown
in FIGS.6A and 6B.

In the fabrication method of the IR detector, as shown
in FIG.7A, a semiconductor thin film layer 19 is formed on
an insulating thin film 3. After patterning of an organic
resist 22 is performed, metal ions 23 are implanted into
the semiconductor léyer film 19 on an insulating thin filh
3. As shown in FIG.7B, the metal thin film 18 is formed on
the ion implanted section of the metal ions 23, the
semiconductor layer film 19 is divided into a plurality of
semiconductor layers 1 and these semiconductor layers 1 are
electrically connected to each other through surfaces
formed between each metal thin film 18 and each of the
plurality of semiconductor layers 1. In the fabrication
method of IR detectors as shown in FIGS.7A and 7B, by
selecting optimum values of the semiconductor layver 1 in

thickness length direction and longitudinal direction so
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that the area of the Schottoky barrier is increased, so
that the value of TCR can be increased and the size of the
IR detector can be small. In this case, the configuration
of the IR detector becomes simple and the number of
O fabrication processes can be decreased.
FIGS.9A to 9E are sectional views showing the
fabrication method of an IR detector using a SOI substrate.
As shown in FIG.9A, in this fabrication method, by
using the SOI substrate 25 in which the semiconductor layer
10 film 28 made up of a single crystal silicon doped by
impurity is formed on the silicon substrate 26, the
semiconductor layer film 28 is patterned with a desired
area, as shown in FIG.9B. Then, as shown in FIGS.7A and 7B,
the metal ions are implanted into the semiconductor layer
15 film 28 in order to form the metal thin film 18. The
semiconductor layer film 28 are divided into a plurality of
semiconductor layers 1 and a chain 9 to connect the
plurality of semiconductor layers 1 to each other in series
through surfaces formed‘between the plurality of
20 semiconductor layers 1 and the metal thin film 18.
The detailed fabrication method of the IR detector of
the present invention will be explained later.
By using the fabrication method of IR detector as
shown in FIGS.9A to 9E, because an SOI substrate 25 in good
25 crystal is used, obtained IR detector have a stable
Schottoky barrier and stable performance to detect IR
radiation. In addition, the 1/f of the IR detectors can be
decreased and the number of fabrication processes can also

be decreased, because the plurality of semiconductor layers
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1l are formed by using good crystalline materials.
In addition, in the fabrication methods of the IR

detectors, as shown in FIGS.7A and 7B and FIGS.9A to 9E,

because the resistance of the semiconductor layer 1 is
decreased and the resistance of Schottoky barrier can be
increased in proportion to the decreasing of the resistance
and the value of TCR is greatly increased by increasing the
concentration of the semiconductor section 1 near to the
metal thin film 18 rather than that of the semiconductor
layer 1 between surfaces, the IR detector having a highly
characteristic and performance can be provided.

In addition, in the fabrication methods of the IR
detectors as shown in FIGS.7A and 7B and FIGS.9A to SE,
by increasing a higher impurity concentration of a
plurality of semiconductor layers 1 in one surface areas
rather than that of the semiconductor layers 1 near to the
other surface region, the backward bias connection region
1s changed to an ohmic junction region, so that the
resistance of the seﬁiconductor layer 1 can be decreased.
Thereby, the value of TCR can be increased without changing
the total resistance value of the IR detector and the 1/f
noise caused by the resistance of the semiconductor layer 1
can be decreased.

Hereinafter, configurations and'operations of IR
detectors and fabrication methods of preferred embodiments

according to the present invention will be explained in

detail.

Embodiment 1.
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FIGS.1lA to 1C are a plan view, a sectional view of A-
A line and an equivalent circuit diagram, respectively,
showing a feature part of an IR detector as the first
embodiment according to the present invention.

In FIGS.lA and 1B, a reference number 3 designates an
insulating thin film which is made up of an insulator such
as Si10,. A reference number 1 denotes semiconductor layers
of an island shape which is made up of materials such as
semiconductor materials in which an impurity such as
Phosphorus (P) and Boron (B) of approximately 10!Y [/cm’] is
doped into poly crystalline silicon or amorphous;silicon
formed on the insulation thin film, 2 indicateé~ﬁetal thin
films 2 through which the plurality of semiconductor layers
1l are electrically connected in series, which are made up
of TiSi, Ti, Pi or PtSi and the like. The surface between
the forward bias connection section 5 and the backward bias
connection section 6 of the semiconductor layer is formed
as an electric barrier (hereinafter referred to as
"Schottoky barrier"-) having the area S = 4/4m x 4/Um.

In the explanation for the first embodiment, we will
use a word "a chain" to indicate the configuration in which
the plurality of semiconductor layers 1 are electrically
connected in series. A reference number 4 designates an
insulator which is made up of a Si0O, material or the 1like
for insulating the semiconductor layer 1 from sections
other than the forward bias connection section 5 and the
backward bias connection section 6 formed between each
semiconductor layer 1 and each metal thin film 2.

By using the IR detector of the first embodiment 1, we
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calculated physical values of characteristics of the case
in which semiconductor layers 1 of six items are
electrically connected to each other through the metal thin
film 2. As calculation results, we estimated that the total
resistance of the IR detector was 27 [kQ] and the wvalue of
TCR was 1.9 [%/Kk].

In general, when the value of TCR is increased when
the level of Schottoky barrier becomes high, but the total
resistance of the IR detector is decreased in proportion to
the increasing of the sensitivity of the IR detector. In
this case, it bécomes difficult to match impedance matching
between the IRndétector and a readout circuit (not shown)
for receiving detected signals transferred from the IR
detector. In the IR detector of the first embodiment, in
order to overcome this problem, a kind of the metal thin
film 2, the number of the semiconductor layers 1 to be
electrically connected through the metal thin film 2 and
the optimum bias voltage are selected.

In addition, theSe values are also selected in order to
obtain the maximum level of Schottoky barrier. Thereby, the
sensitivity of the IR detector can be increased in addition
to matching of the impedance between the IR detector and
the signal readout circuit (not shown).

In addition, when the areas of the bias conhéétion
sections 5 and 6 are increased, the total resistance value
can be decreased without changing of the value of TCR.
Further, the total resistance value can be decreased within
a constant range by increasing the value of TCR and the

areas of the bias connection sections 5 and 6.
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FIGS.2A and 2B are a plan view and a sectional view of
B-B line, respectively, in another configuration of the IR
detector of the first embodiment according to the present

invention. In this configuration, TiSi is used as the metal

thin film 2, a P conductivity type silicon hawving an

impurity concentration of 10 [/cm®?] and the level Vb of
the Schottoky barrier of 0.5 [eV] is used as the
semiconductor layers 1, both the areas S of the forward
bias connection section 5 and the backward bias connection
section 6 are 9.0 x 1077 [cm?], respectively, and the number
of the semiconductor layers connected in series to each
other is 10. In the IR detector having the above
configuration, the total resistance value thereof becomes

26 [k{], the estimated TCR value is -3.2 [] when the bias

voltage V, is 5 Volts.

FIGS.3A to 3J are sectional views showing a
fabrication method for fabricating the IR detector of the
first embodiment according to the present invention.

The fabricatidn method will be explained with referénce to
these drawings.

First, as shown in FIG.3A, a pedestal section 8 is
formed on the semiconductor substrate 7 of a silicon and
the like by using a poly crystalline silicon, an amorphous
silicon, or the like.

Next, as shown in FIG.3B, an insulating thin film 3 of
a thickness 200 [nm] is formed so as to cover the pedestal
section 8 by using a chemical vapor deposition (CVD). Then,
as shown in FIG.3C, the chain 9 between the semiconductor

layer and the metal thin film is formed.
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FIGS.3D to 3G are enlarged views to explain the
fabrication method of the chain 9. As shown in FIG.3D, a
semiconductor layer film 10 which is doped with an impurity
material of approximately 10’ [/cm?’] such as P (Phosphorus)
or B (Boron) is formed on the insulating thin film 3 by
using a spattering method or a CVD method. Then, as shown
in FIG.3E, the semiconductor layer film 10 is formed on the
plurality of the semiconductor layers 1 by using a resist
in a photolithographic technique. Si0, is then deposited on
the semiconductor layvers 1. As shown in FIG.3F, contact
holes 11 are formed on the semiconductor layer 1 by using a
resist in the photolithographic technique. After
eliminating the resist, a Ti film is formed with a Titanium
(Ti) material by using a spattering method. The Ti film is
patterned to form the metal thin film 2. Thereby, as shown
in FIG.3G, the semiconductor layers 1 are electrically
connected in series to each other through the metal thin
film 2.

Next,.as shown in FIG.3H, leads 12 are formed. The
leads 12 electrically connect the chains 9 (namely, the IR
detector) to an external signal readout circuit (not
shown). Further, as shown in FIG.3I, a protective coating
film 13 made up of a silicon nitride material is formed,
and a hole 14 reached to the silicon pedestal 8 is then
formed. After this, as shown in FIG.3J, a hollow section 15
is formed by etching and eliminating the silicon pedestal 8

by using an enchant such as KOH through the hole 14.

Embodiment 2.
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FIG.4 is a sectional view showing a feature section of
an IR detector of the second embodiment according to the
present invention. In the same diagram, a reference number
1 designates a semiconductor layer, 2 designates a metal
thin film, 3 indicates an insulating thin film, 4
denigrates an insulator material, and 5 and 6 denote bias
connection sections which are the same as the forward bias
connection section and the backward bias connection section
formed in the IR detector of the first embodiment, The
configuration and the fabrication method of the IR detector
of the second embodiment is same as those of the IR
detector of the first embodiment. The semiconductor layer 1
and the metal thin film 2 are electrically connected
through the bias connection sections 5 and 6.

A reference number 16 designates a high impurity
concentration region which is doped with an impurity such
as Boron (B) of 10' [cm®] or more into a region in the
semiconductor layer 1 between the forward bias connection
section 5 and the backward bias connection section 6.

This high impurity concentration region is formed in an
intermediate section in the semiconductor layer 1 by using
an ion implantation process after the fabrication processes
as shown in FIGS.3A to 3E. Then, the IR detector of the
second embodiment can be fabricated after the completion of

the processes as shown in FIGS.3F to 31I.

In the IR detector of the present invention, because
the high impurity concentration region 16 is formed in the

semiconductor layer 1, the resistance wvalue of the

semiconductor layer 1 can be decreased and the resistance
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of the Schottoky barrier can be increased in proportion to
the decreasing 0f the resistance value of the semiconductor
layer 1 without changing of the total resistance value of
the IR detector. Thereby, the performance of the IR
detector can be increased.

In addition, by forming the‘high impurity
concentration region 16 at an intermediate region of the
semiconductor layer 1 described above, a 1/f noise wvalue
caused by the resistance of the semiconductor layer 1 can

also be decreased.

Embodiment 3.

FIG.5 is a sectional view showing a feature section of
an IR detector of the third embodiment according to the
present invention. In the same diagram, a reference number
1l designates a semiconductor layer, 2 designates a metal
thin film, 3 indicates an insulating thin film, 4
denigrates an insulator material, and 5 and 6 denote bias
connection sections which are the same as thé forward bias
connection section and the backward bias connection section
formed in the IR detector of the first embodiment, The
configuration and the fabrication method of the IR detector
of the third embodiment is same as those of the IR detector
of the first embodiment. The semiconductor layer 1 and the
metal thin film 2 are electrically connected through the
bias connection sections 5 and 6. A reference number 17
designates a high impurity concentration region which is
doped with an impurity of 10" [cm’] or more into a region

in the semiconductor layer 1 near to the bias connection
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section 5 or near to the bias connection section 6.

This high impurity concentration region 17 is formed
in the semiconductor layer 1 at one side of the bias
connection sections 5 and 6 by using an ion implantation
process after the fabrication processes as shown in FIGS.3A
to 3E.

The IR detector of the third embodiment is formed by
the fabrication processes, as shown in FIGS.3F and 31,
which are carried out after the completion of the
fabrication processes shown in FIGS.3A to 3E, the high
impurity ¢oncentration region 17 is formed by using the ion
plantatioﬁ method.

In general, one of the bias connection sections 5 and
6 has a backward bias characteristic when the bias wvoltage
is applied to an IR detector. On the other hand, in the IR
detector of the third embodiment, the high impurity
concentration region 17 becomes an ohmic junction, so that
the resistance value of the backward bias connection
section side 5 or 6 can be decreased largély.

In addition, similarly to the IR detector of the
second embodiment, by forming the high impurity
concentration region 16 in the semiconductor layer, the
resistance value of the semiconductor layer 1 can be
decreased, the value of TCR can be increased and the value
of 1/f noise can also be decreased without changing the

total resistance value of the IR detector.

Embodiment 4.

FIGS.6A and 6B are a plan view and a sectional view of
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C-C line, respectively, showing a feature section of an IR
detector of the fourth embodiment according to the present
invention. In the same diagrams, a reference number 3
designates an insulating thin film, 19 indicates a
semiconductor layer film which is made up of a poly
crystalline or an amorphous silicon that is doped with the
impurity concentration of approximately 10Y{/cm®]. A
reference number 1 designates a semiconductor layer, 18
indicates a metal electrode section of TiSi which is formed
in the semiconductor layer film 19 by the ion implantation
process. In the configuration described above, the
semiconductor layers 1 divided into the metal electrode
section 18 buried into the semiconductor layer film 19 are
electrically connected in series through surfaces
(connection sections) 20 and 21 having the area of 0.54m x
304m. Each of the surfaces 20 and 21 becomes the Shottoky
barrier section.

When the semiconductor layers 1 of eight items are
eléctrically connected, the total resisfance value of the
IR detector becomes 24 [kQ] and an estimated value of TCR
becomes 2.6 [XW/Kk].

FIGS.7A and 7B are sectional views showing a
fabrication method of fabricating the IR detector of the
fourth embodiment, as shown in FIGS.6A and 6B. As shown in
FIG.7A, a resist pattern 22 as a stopper material such as.
organic resist is formed on the semiconductor layer film 19
in order to mask the area which will become the
semiconductor layer 1, and then Ti ions are implanted into

this area, and the resist pattern 22 is eliminated as shown
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in FIG.7B.

In order to form the IR detector of the embodiment 4,
the Ti ions are doped to form the metal electrode section
18 after the completion of the fabrication processes, as
shown in FIGS.3A to 3D. Then, the IR detector is formed
after the processes shown in FIGS.3H to 3J.

In the configuration of the IR detector of the
embodiment 4, because the areas of the surfaces 20 and 21
can be i1ncreased and the size of the IR detector becomes
small, a small sized IR detector having a large value of
TCR can be provided. In addition, the number of the
fabrication processes can be decreased and the
semiconductor layers 1 and the sections of the Schottoky
barrier can be easily formed. FIG.8 is a sectional view
showing another configuration of the IR detector of the
fourth embodiment shown in FIGS.6A and 6B.

In the IR detector of the embodiment 4, as shown in
FIG.8, the surface 20 or 21 which becomes the backward bias
Connection section is formed as an ohmic resistance section
and whose resistance value becomes greatly low, when
impurity is doped into the semiconductor layer 1 near to
one of the surfaces 20 and 21 in order to form the high
impurity concentration section 24 in the semiconductor
layer 1. Thereby, the resistance value of the semiconductor
layer 1 can be decreased and the value of 1/f noise can be
decreased without changing the total resistance value of
the IR detector.

In the explanation of the IR detector of the

embodiment 4 described above, although the Ti ions are
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doped into the semiconductor layer 1, but the present
invention is not limited by this, various kinds of metal
ions, Pt, Al, Co, W and the like can be used in ion

plantation processes.

Embodiment 5.

FIGS.9A to 9E are sectional views showing fabrication
method of fabricating an IR detector of the fifth
embodiment according to the present invention.

First, as shown in FIG.9A, an SOI (silicon on
insulator) substrate 25 is prepared in order to form the;IR
detector. The SOI substrate 25 comprises a silicon plafé 26
on which an insulating thin film 27 and a single crystal
silicon layer 28 have been formed in order.

Next, similarly to the semiconductor layer 28 on the
SOI substrate 25 described in the explanations of
embodiments 1 and 4, a chain is formed as shown in FIG.9B.

This chain 9 is formed by using one of the
configurations shown in FIGS.lA to iC, FIGS.2A and 2B,
FIG.4, FIG.5 and FIGS.6A and 6B.

Next, as shown in FIG.9C, a lead 12 is formed. Through

this lead 12 the chain 9 is electrically connected to a

. signal readout circuit (not shown). Further, as shown in

25

FIG.9D, a protective film 13 which is made up of a silicon
nitride, for example, is formed so as to cover the chain 9,
the lead 12, and the like. After this process, a hole 14
penetrated to the silicon plate 26 is formed. The silicon
plate 26 is eliminated by an etching process using an

etchant such as KOH through the hole 14. Thereby, a hollow
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section 15 is formed, as shown in FIG.9E.

FIG.10 is a sectional view showing another fabrication
process of the IR detector of the fifth embodiment, as
shown in FIGS.9A and 9E. When a plurality of the chains 9
are formed, as shown in FIG.10, a P+ region 29 which is
doped with a high concentration B (Boron) is formed in the
chain 9 in the silicon plate 26 in order to separate
adjacent hollow sections 15. This P+ region 29 may retard
to etch the silicon plate 26 in lateral direction during
the fabrication process of the hollow section 15 performed
by the etching process.;

Because a singlé“érystal of a high crystallinity is

used for the semiconductor layers forming the chain 9 in
the IR detector and the fabrication method thereof of the

embodiment 5, the IR detector having a good Schottoky

barrier, a highly stable characteristics and a small 1/f

noise value can be provided.

Embodiment 6.

FIG.1l1l 1is a sectional view showing an IR detector of
the sixth embodiment according to the present invention.
In the same diagram, a reference number 3 designates an
insulating thin film which is made up of an insulator
material such as Si0O,, 1 denotes a plurality of
semiconductor layers which are made up of semiconductor
materials, a poly crystal silicon, an amorphous silicon,
and the like, each having an island shape formed on the
insulating thin film 3. A reference number 2 indicates a

metal thin film which is made up of a material such as




10

15

20

25

CA 02182041 2000-02-07

_30_

TiSi, Ti, Al or AlSi. A reference number 4 designates an
insulating material, SiO, and the like for insulating the
semiconductors to each other and for insulating the
semiconductor layer 1 from sections other than the bias
connection sections 5 and 6 between the semiconductor layer
1 and the metal thin film 2.

A P+ doped region 30 and a N+ doped region 31 are
formed in the semiconductor layer 1. The P+ doped region 30
located at the bias connection section 5 side is formed by
Boron of the impurity concentration of 10 [/cm’] or more.
The N+ doped region 31 located at the bias connection
section 6 side is formed by Phosphorus (P) of the impurity
concentration of 10" [/cm®?] or more. A P-N junction 32 is
formed between the N+ doped region 30 and the P+ doped
region 3l.

In general, there is an internal voltage potential,
which is generated in the formation of the P-N junction,
at the P-N junction 32. The magnitude of the internal
voltage potential becomes approﬁimately l [eV] and it is
depended on the levels of the impurity concentrations of
the P+ doped region 30 and the N+ doped region 31.
Accordingly, the internal voltage potential of the P-N
junction 32 can be decreased into a desired value by
controlling of the magnitude of bias voltage applied from
externally. In addition, the P-N junction 32 is an electric
barrier having the same effect of the Schottoky barrier at
the surfaces of the bias connection sections described in
the explanation of the embodiment 1.

FIG.12 is a sectional view showing another fabrication
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process of the IR detector of the sixth embodiment, as

shown in FIG.1ll. In order to form the P-N junction 32, as

shown in FIG.1l2, a resist film is formed so as to cover the
region which will become the N+ doped region 31 and the
region which will become the P+ doped region 30 is formed
by ion implantation of an impurity such as Boron (B) after
the processes shown in FIGS.3A to 3E. In addition, after
eliminating of the resist film, the resist film is formed
so as to cover the P+ doped region 30, and the section
which will become the N+ doped region 31 is formed by ion
implantation of an impurity such as Phosphorus (P). After
eliminating the resist film, the IR detector is formed
after the processes as shown in FIGS.3F to 3J.

In the configuration of the IR detector of the
embodiment 6, the plurality of semiconductor layers 1
having the P-N junction 32 of the high electric barrier are

electrically connected to each other through the metal thin

film 2. Thereby, the IR detector having a desired or

optimum resistance value can.be formed by selecting and
adjusting the connection number of the semiconductor layers
and the magnitude of bias voltage. In addition, these
values described above are selected in order to obtain the
maximum electric barrier. Thereby, the impedance matching
between the IR detector and a signal readout circuit (not
shown) can be performed correctly and the present invention
can provide the IR detector having a high sensitivity.
Further, because an impurity of a high concentration
is doped into the semiconductor layers 1, the resistance of

the semiconductor layers can be decreased and the value of
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l/f noise caused by the résistance of the semiconductor
layers becomes extremely small.

In addition, in the fabrication processes for the IR
detector of the six embodiment, it can be acceptable to use
the SOOI substrate which has been used in the explanation of
the IR detector of the fifth embodiment. By using the SOI
substrate, a P-N junction of a high crystallinity can be
formed. In this case, the characteristics of the electrical
barrier becomes stable, so that the IR detector having a
small 1/f noise can be provided. This IR detector can be
formed by adding the fabrication processes shown in FIG.12
into the fabrication process to form the chain 9 shown in
FIG.9B.

Furthermore, in the explanations of the IR detector
and the fabrication processes as the embodiments 1 to 6, a
poly crystalline silicon or an amorphous silicon is used as
the semiconductor layers. However, the present invention is
not limited by this. For example, it can be acceptable to
use a semiconductor materiél such as SiC or Ge and the like
which forms the electric barrier in the semiconductor
layers and which is used in semiconductor fabrication
processes.

As described above in detail, in the IR detector of
the present invention, a kind of the metal thin film, the
connection number N of semiconductor layers and a bias
voltage level V, may be selected so that a desired and
sultable resistance value of the IR detector is formed.
When these optimum values are selected so that the maximum

Shottoky barrier Vb' is obtained, optimum impedance
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matching between the IR detector and a signal readout
circuit can be obtained and the sensitivity of the IR
detector can be increased.

In addition, in the IR detector of the present
invention, the resistances value o0of semiconductor layers
can be decreased without changing the value of TCR by
increasing the areas of bias connection sections. Moreover,
the resistance value can be decreased and the level of
Schottoky barrier can be increased in proportion to the
decreasing of the resistance value without changing the
total resistance value of IR detector, and the value of TCR
can be increased. Thereby, optimum impedance mafbﬁing
between the IR detector and a signal readout circuit can be
obtained and the sensitivity of the IR detector can be
increased.

Furthermore, in the IR detector of the present
invention, optimum lengths of semiconductor layers can be
selected in thickness direction and longitudinal direction
so that the value of TCR become large and the size of the
IR detector becomes small. Moreover, the configuration of
the IR detector becomes simple and the number of
fabrication processes can be decreased.

In addition, in the IR detector of the present
invention, because a P-N conjunction operates an
electric barrier, like a Schottoky barrier, the value of
TCR becomes large and the P+ and N+ regions are doped with
a high impurity concentration, bias connection sections
become an ohmic connection and the resistance values of the

P+ region and the N+ region become low resistance values.
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Thereby, the noise of 1/f caused by the resistances of
semiconductor layers can be decreased and it can be easily
obtained to match the impedance matching between the IR
detector and a signal readout circuit and the value of TCR
becomes large, so that IR detector of the present invention
can have a high performance.

Further, in the IR detector of the present invention,
because a semiconductor layer comprising a single crystal
layer of a good crystallization formed on a SOI substrate
is used, a stable Schottoky barrier or P-N junction can be
obtained, so that iR detector can have a stable
characteristics énd a very small 1/f noise.

In addition, in the IR detector of the present
invention, because a high impurity concentration region is
formed in a semiconductor layer, the resistance of the
semiconductor layer can be decreased in proportion to the
decreasing of the resistance of the semiconductor layver and
the resistance of a Schottoky barrier can be increased.
Thereby, the value of.TCR can be increased without changing-
of the total resistance wvalue of the IR detector. Moreover,
the value of 1/f noise caused by the resistance of the
semiconductor layer can be decreased.

Further, in the IR detector of the present invention,
although there is a possibility that the resistance wvalue
of a backward bias connection section becomes high, because
a high impurity concentration region is formed at the
backward bias connection section, the resistance of the
semiconductor layer can be decreased and the backward bias

connection section becomes an ohmic connection. Thereby,

~e e wd dprpade i
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the value of TCR can be increased without changing the
total resistance value and the value of 1/f caused by the
resistance of the semiconductor layer can also be
decreased.

In addition, in the IR detector of the present
invention, because the lengths of a thickness direction and
a longitudinal direction of a semiconductor layer are
selected suitably so that the area of Schottoky barrier
becomes large, the value of TCR can be increased and the
size of the IR detector can also be small. Thereby, the
configuration of the IR detector can be simple and the
number of fabrication processes and fabrication time period
can be decreased.

In addition, in the fabrication method of the present
invention, because a SOI substrate having a good
crystallization 1is used, the IR detector having a stable
Schottoky barrier and a stable characteristic can be
fabricated. A plurality of semiconductor layers are formed
with a material of é good crystallization, so that the IR‘
detector having a low 1/f noise value can be fabricated.
Further, the number of the fabrication processes can be
decreased.

Furthermore, in the fabrication method of the present
invention, because an impurity is doped into a plurality of
semiconductor layers so that an impurity concentration of a
section in the semiconductor layer between surfaces is

higher than that of a section in the semiconductor laver

near to a metal thin film, the semiconductor layer having a

low resistance value, the resistance of Schottoky barrier
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increased in proportion to the decreasing of the resistance
of the semiconductor layer, and a large TCR value can be
formed. Thereby, the IR detector having a high performance
can be fabricated.

In addition, in the fabrication method of the present

invention, because an impurity concentration of a plurality

- 0of semiconductor layers at one surface region 1is formed to

be higher than that of the plurality of semiconductor
layers near to the other surface region, a backward bias
connection section where there is a possibility to become a
high resistance section can be formed as an ohmic
resistance area. Thereby, the IR detector in which the
resistance of the semiconductor layer is decreased, the
value of TCR 1s increased without changing of the total
resistance value and the value of 1/f noise caused by the
resistance of the semiconductor layer becomes low can be
formed.

Although the present invention has been described and
illustrated in detéil, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the term of the

appended claims.
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CLAIMS:

1. An infrared (IR) detector comprising:
an insulating thin film made up of an insulating
5 material;

a plurality of semiconductor layers formed directly on
the insulating thin film, each semiconductor layer being
isolated from each other;

a forward bias connection section and a backward bias

10 connection section located on each semiconductor layer to be
a forward bias and a backward bias to an external bias
voltage; and

a metal thin film for electrically connecting in series
the plurality of semiconductor layers via the forward and

15 backward bias connection section.

2. An IR detector as claimed 1in claim 1, wherein each of

the plurality of semiconductor layers has an i1island shape

and both the forward bias connection section and the
20 backward bias connection section are formed on each of the

plurality of semiconductor layers.

3. An IR detector as claimed in claim 1, wherein the metal

thin film is disposed between the semiconductor layers and
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the forward and backward bias connection section are located
at the interface between the semiconductor layer and the

metal thin film.

4 . An IR detector as claimed in claim 1, wherein a P-N
junction is formed in each of the plurality of semiconductor
layers by forming a P+ region and an N+ region 1n each of
the plurality of semiconductor layers, said P+ region being
adjacent to one of the forward bias connection section and

the backward bias connection section, said N+ region being

adjacent to the other of the forward bias connection section
and the backward bias connection section, said forward bias

connection section and said backward bias connection section

forming ohmic contacts.

5. An IR detector as claimed in claim 2, whereig a P-N
junction is formed in each of the plurality of semiconductor
layers by forming a P+ region and an N+ region in each of
the plurality of semiconductor layers, said P+ region being
adjacent to one of the forward bias connection section and
the backward bias connection section, said N+ region being
adjacent to the other of the forward bias connection section

and the backward bias connection section, said forward bias
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connection section and said backward bias connection section

forming ohmic contacts.

6 . An IR detector as claimed in claim 3, wherein a P-N
junction 1s formed in each of the plurality of semiconductor
layers by forming a P+ region and an N+ region in each of
the plurality of semiconductor layers, said P+ region being
adjacent to the forward bias connection section and the
backward bias connection section, said N+ region being
adjacent to the other of the forward bias connection section
and the backward bias connection section, said forward bias

connection section and said backward bias connection section

forming ohmic contacts.

7. An IR detector as claimed in claim 1, wherein each of
the forward bias connection section and the backward bias

connection section is a Schottky barrier.

8 . An IR detector as claimed in claim 2, wherein each of

the forward bias connection section and the backward bias

connection section 1s a Schottky barrier.
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9. An IR detector as claimed 1n claim 3, wherein each of
the forward bias connection section and the backward bias

connection section is a Schottky barrier.

10. An IR detector as claimed in claim 1, wherein the

plurality of semiconductor layers are formed as a silicon on

insulator (S0OI) substrate.

11. An IR detector as claimed in claim 3, wherein the
plurality of semiconductor layers are formed as a silicon on

insulator (S0OI) substrate.

12. An IR detector as claimed 1n claim 5, wherein the

plurality of semiconductor layers are formed as a silicon on

insulator (SOI) substrate.

13. An IR detector as claimed in claim 1, wherein an
impurity concentration of the semiconductor layer section
between the forward bias connection section and the backward
bias connection section is greater than an impurity
concentration of the semiconductor layer sections near to
both the forward bias connection section and the backward

bias connection section.
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14. An IR detector as claimed 1n claim 2, wherein an
impurity concentration of the semiconductor layer section
between the forward bias connection section and the backward
bias connection section 1s greater than an impurity

s concentration of the semiconductor layer sections near to
both the forward bias connection section and the backward

bias connection section.

15. An IR detector as claimed 1n claim 3, whereln an

10 impurity concentration of the semiconductor layer section
between the forward bias connection section and the backward
bias connection section 1s greater than an impurity
concentration of the semiconductor layer sections near to

both the forward bilias connection section and the backward

15 bias connection section.

16. An IR detector as claimed in claim 1, wherein an

impurity concentration of the semiconductor layer at the
backward bias connection section side is higher than an
20 impurity concentration of the semiconductor layer near to

the forward bias connection section.

17. A fabrication method of fabricating IR detectors

comprising the step of implanting metal ions into a
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semiconductor layer formed on an insulating thin film so
that a plurality of non-implanted sections are electrically
connected in series through a plurality of i1mplanted
sections via forward and backward bias connections located
at the interface between the non-implanted sections and the

implanted sections.

18. A fabrication method of fabricating the IR detectors as
claimed in claim 17, wherein the semiconductor layer 1is

formed as a silicon on insulator (S0I) substrate.

19. A fabrication method of fabricating the IR detectors as
claimed in claim 17, further comprising the step of
implanting impurity to the plurality of non-implanted
sections so that an impurity concentration of the non-
implanted section between the forward bias connection
section and the backward bias connection section 1s greater
than an impurity concentration of the non-implanted section
near to the forward bilas connection section and the backward

bias connection section.

20. A fabrication method of fabricating the IR detectors as
claimed in claim 17, further comprising the step of

implanting impurity to the plurality of non-implanted
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sections so that an i1mpurity concentration of the non-
implanted section at the backward bias connection section

side 1s greater than an impurity concentration of the non-

implanted section near to the forward bias connection

region.
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