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ELECTROMAGNETIC WAVE DETECTOR

i

" BACKGROUND OF THE INVENTION

The invention relates to an elsctromagnetic wave dstector, notably &
detector making use of photoconduction.

Mora particularly, the invention relates to detector architecture that enables
elimination of the dark current and the background light-current upstream of
the reading circuit. '

DESCRIPTION OF THE PRIOR ART

The dark current and background light-current Jimit the dynamic response
and the range of operating temperatures of matricial and hybrid-type infrared
photoelectric detection syslems based on silicon sircuits. For each pixel of
the active detsction matrix there is an integration and reading circuit on the
silicon chip. As the format of the matrix increases, the surface available per
pixel for the reading circuit, and the storage capacity in particular, decrease
{the surface avaiiable for the reading circuit of a pixel of a matrix whose
format exceeds 2562 is less than 30 x 30 ym?). The background and dark
currents generate an offset that limits the capacity of storage of the incident
signal. The dark current varies exponentially with the temperature of
operation of the detection matrix. The operation of the silicon reading cireuit
generates noise which adversely affects the storage capacity.

SUMMARY OF THE INVENTION

The invention concerns a photoconductor-based electromagnetic wave
detector including:
- at least two overlaid plane active photoconducting detector eleménts
separated by a common layer;
- @ first means of connection connected in common to the said
detector slements, a second means of connaction connected to the
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the second delector element;

- means for applying control voltages to each of said means of
connaction, the voltage applied to the first means of connection
having & value batwaen the ones applied to the second and third
means of connection;

- mueans connected o said first means of connection to detect the
difference of the photoconduction currents of said detector elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the presant invention will become
apparent on read the following description of a preferred embodiment, with
reference to the attached drawings:
- figure 1a shows a simplified example of the detector according o the
invention;
- figure 1% shows an electric circuit used with the detactor in figure 1,
- figure 2 shows details of an embodiment of the detector according to
the invention;
- figures 3u and 3b show a plan view and a sectional view of a matrix
of detectors according to the invention; _
- figures 4a to 4c show example of a method of fabrication of the
detector according to the invention;
- figures 5 to 9 illustrate variants of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in the simplified diagram in figure 1a, the detector according to the
invention includes, overlaid on a substrate;

- a contact layer C2

- an active photoconducting layer D2

- a common contact layer Cc

- an active photoconducting layer D1

~ and a contact layer C1
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flittle or no absorption, This condition can be achieved by using different
thicknesses of the active layers, ar by heavier doping of the quantum-well
layers of tha more absorbent active layer.

The detestor being illuminated by the radiation RZ as shown in figures 1a
and 2, tha activa layer N2 raraives tha radiation first.

In the case where layer D1 is more absorbent than layer D2, we ¢an provide
a diffraction network on the face of the layer D1 that is in contact with the
contact layer C1. This network receives the light that is not absorbed when
traversing the tayer D1 and diffracts it towards the layer D1 whare the
diffracted tight will be fully or almost fully absorbed.

In the case where layer D2 has a significantly greater response than that of
layer D1, it absorbs aimost all radiation at the wavelength in question. In
addition, the layer Cc can be provided to black the wavelength A; this layer
can be for example metallic or a samiconductor that biocks the wavelength
A.

The contact layers C1 and C2 enable controf voltages to be applied. The
contact layer Cc is common to the twe detector elements comprised of active
photoconducting layers. It is held at a reference voltage and enables the
datection of the photocurrents generated by the deteetors D1, D2

Figure 2a shows a more dstailed embodiment of the detector according to
the invention in which the detactor is encapsulated in an insulating materiat
IS. The connsction terminals P1, P2, Pc traverse this insulator and enable
contacts to be made on the contact layers C1, C2, Ce respectively.

The substrate is transparent to the wavelengths to ba measured, so the



30 ° The invention concerns a photoconduct or - based eI ectromagneti c ve

detector including: - at least two overlaid Ilsﬁhetmﬁ

, Bée\i‘ii
phot oconducti ng detector el enents separ at eg fdayer;
35 - a first neans of connection conpected in c

detector elenments, a second neans of connecCtion connecte

detector raceives the radiation RZ to be detected through the substrate.

Whaen radiation NZ i3 received by the detector, to detect the wavealength A
{or band of wavalengths), we apply:
5 - @ voltage V1 to the contact layer C1
- a voltage V2 to the contact layer C2
- a floating voltage Ve (or ground) between V1 and V2 to the common
contact layer C¢.

10 The currents flowing in the structures D1 and D2 are respectively:

1=11d+opt
12 = 124 + 120pt

15 The currents 11d and 12d are the dark currents in D1 and D2. The currents
11d and 12d can also represent the sum of & dark current and a background
light-current. Tha currents 11opt and {2opt are the photocurrents generated
by the wavelength 1 to be detected in D1 and D2.

20 We sea in figure 1b that the current | coliaciad by the reading circuit is:
=1-12

By adjusting the voltage V1 andfor V2, it is possible to make 11d = [2d, in
25 which case the value of the detected current is:

I = Hopt - I20pt

By ensuring that one of the two active layers absorbs only very little of the
30 energy at wavelength A, the current | is therefore that generated by the
gclive layer having the higher response.
Figures 3a and 3b show a plan view and a sactional view of a matricial
embodiment of a detactor according to the invention,
33
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detector el ementg gl the detectors. Tha connection terminal P2 is therefore common to the
whole matrix. Each dstector includes a detector element D1, a detector
element D2, the contact layers C1-and C¢ and the connection terminals P1
s and Pc. Tho connootion torminals P1 are all conngcted together to apply a
voltage V1 {see earlier) to all the detector alements D1 of the matrix. The
contact laysr G2 and the connaction terminal P2 baing common {o the whole
matrix, the potential applied to tha terminal P2 is applied to all the detector
elements D2 of the matrix.

10
To enabie reading of the detectors of the matrix, each detector is located at
the interssction of a network of line and column conductors. In figure 3¢, we
have shown only the connection terminal Pc of each detector. Each
intersaction is equipped with, for example, a transistor Tr whose base is

15 connected to the line wire. Tha emitter and the collector are connected
respectively to a terminal Pc and a column wire. By applying a suitable
potential to a line wire we can control all the transistors of the line and
connect all the terminals Pc of a line to column wires. It is therefore possible
to read on each column wire the photocurrent generated by the detector

20 connooted to this column wire.

In this embodiment, all the layers C1 are interconnected and held at the
same potential. The same applies to the contacts C2 that are connected to
the terminal P2.

In a variant of the embodiment, the control contact layer C2 is cut into strips
such that each strip is common to a line of detectors. Wa then have one
terminal P2 per contact strip C2, L.a. per ling of detectors.

30 In a similar manner, instead of interconnecting all the terminals P1, we can
interconnect them in lines of detectors, in which case we have one terminal
P1 per line of detsctors.

The terminals Pc of the detectors are interconnected by the column wires of
35 the matrix. The operation of the matrix of detectors is then sequential by
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advant ages of the present invention wll becone apPRERR. 20 read the
foll owi ng description of a preferred enbodi nent, with { Das Be lased he
attached draw ngs: 15 - figure la shgws a si rrplifiHHIﬁ HDHE ult he
detector according to the I nventi on; i i hows
an electric circuit used with the detector in figure 1; - figure 2
shows details offigg) enbodi mrent of the detector according to t he
i nvention; 20 - figures 3a and 3b show a plan view and a sectional

view of a matrix
We shall now degcribe a method of fabrication of a detector according to the |

invention, with reference to figures 4a to 4¢.

On a substrate of material transparent to the wavelengths to be detected, we

successively make a contact layer C2, one or more photocanducting layers

D2 constituting the photodetector element D2, a common contact layer Ce,

one or more photoconducting layers D1 constituting the photodetector
10 eiement D1, and a contact fayer C1 (figure 4a).

The upper detector siement D1 is formed by engraving of the layers C1 and
D1; the engraving stops at the contact layer Ce (figure 4b).

15 The lower detector element D2 is then formed by engraving of the layers Cc
and D2; the engraving stops at the contact tayer C2 (figure 4c).

The whole structure is then covered with a layer of insulator IS (figure 2).

20 Next, three holes are made in the layer of insulator o access the three
contact layers; metal deposits are made in these holes to form the contact
terminals P1, P2 and Pec.

For the fabrication of a matrix of detectors, the various detectors are made
25 collectively as described previously, We then obtain a structure such that
shown in figure 3b. As we have ssen, the terminal P2 is common to the
whole matrix. All that remains is therefore to make on the surface of the
matrix the Interconnecting conductors of the terminals P1, then the matrix of
terminals Pc.
30
We have described above the invention making use of vertical transport
detectors such as multi-quantum well detactors, We shall now describe the
invention with horizontal transport detectors.

35 The detector is composed of two active layers separated by an insulating
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the sinplified diagramin figure la, the detector accord| ! i
i nvention includes, overlaid on a substrate: 30 al Ei : ?
5 CC

- an active phot W@P@é%éé‘ﬁgdréﬁ?.r D2 - a conmon

Ohmic contacts are made &t the two ends of each active layer D1, D2. At
one of the ends of the detactor, the ohmic contacts are made common to

5 define the reading contact Pe. This contact Pc (one contact per pixel) will
acguro the connootion with the input stage of the reading circuit. The lower
contact P2 is connected to the active layer D2; the upper contact P1 is
connected 1o the active layer D1. We therefore sea that when the active
layers are suitabily polarized the detector operates in a similar manner to the

10 one described previcusly, with the difference that the current circulatas in
the plane of the active layers instead of perpendicularly to the plane of the
active layers.

~In figure 5, an insulating layer 1S1 is inserted between the active layer D2
15 and the substrate.

Figure 6 shows a matrix organization of detectors such as those in figure 5.

In this organization all the contacts P1 are connected to each other by

column wires. The same applies for the contacts P2 and Pc. One central
20 testterminal Pt per detector can be used to perform a current test.

Figure 7 shows a varlant of the embodiment in figure 5 including &
conducting layer C3 placed on the substrate and on which the structure in
figure 5 is formed.

Figure 8 shows a matrix organization of detectors of figure 7. In this matrix
organization, the layer C3 enables a single terminal connection P2 to be
used that is common {0 all the detector pixals.

30 It will be clear to professionals of the art that there are additional possibilities
of improvement while remaining within the framework of the invention:

- inclusion of diffraction networks engraved on the top of the detector
to minimize the thickness of the active layer and increase the
datection sensitivity of tha davine: they alsn anabla tha responses of

s the two stagss to be desymmatrizaed;



- an active photoconducting |ayer D1 - anml

3 The active photoconducting |ayers D1, D2 canmgasﬂe&
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- use of a "serpentine” geometry (see figure 9) which increases the
resistance of the pixel (by increasing the daveloped length and
decreasing the equivalent electric surface without substantiaily
changing the optical area); this geometry also provides some

5 fiexibility as regards metallurgical defects, since these then cause

only logcal short-circuits.



sem conduct or such as silicon. They can be also nade in the formof a stack

of layers constituting of the quantumwel| detect orWayers

D1, D2 are photoconducting at the sanme wavel ength [ he active
5 layers is highly absorbent at wavelengtlg [err], H ﬂm | ayer
offers little or no absorption. This condi tion cah be ac usi ng
di fferent t hi cknesses of the active |ayers, or by heavier doplng of the
quant um wel | | ayers of the nor eWHASOISHRAIMED IS/e | ayer. 10 The
detector being illum nated by the radiation RZ as shown in figures la
and 2, the active layer D2 receives the radiation first. In the case
where |ayer DI ig, Wﬁotséamfa%a&mae&@yrﬁagdaac wifve GBfbottr Hdictfing:

5 at least two overlald plane active photoconducting detector elements

separated by a common layer;

- g first means of connection connected in common to the said
detector alements, & second means of connection connected to the
first detector element, and a third means of connection connected to

10 the second detector element;

- means tor applying control voltages to each of said means of
connaction, the voltage applied to the first means of connection
having a value between the ones applied to the sscond and third
means of connection;

15 - means connectad to said first means of connection to detect the
difference of the photoconduction currents of said detector elements.

2. Detector according to claim 1, wherein said common layer is an
electrical contact layer to which said first means of connection is

20 connected, and said first and second detector elements are enclosed
between two electric control contact layers, said second and third

means of connection each being connected to one of said control

contact layers. ‘

25 3. Detector according to claim 1, whareln said common layer is an
insulating layer, said first means of connection is connected to a first
and of each detector slemant, and said sesond and third means of
connection are each connected to a sacond end of a detector element,
said first and second ends of each datector element being opposite

30 ends of the detector glement.

4. Detector according to claim 1, wherein the rasponse of one of said
detector elements is significantly greater than that of tha athar detector

element, such that it absorbs almost all the incident light energy at the
35 wavelength at which it is photoconducting.
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a diffraction network on the face of the layer D1 that_is in contact with
the 15 contact layer CL. This network receives the light that is not

absor bed when traversing the layer D1 and diffract sUlﬂl}%llﬂj’”ﬁﬂl’
* t *

| ayer D1 where the diffracted light w d be fully o
absor bed. In the case where layer D2 has a significantly greater
response than that of 20 Ilayer D1, it absorbs alnost all radiation at the

mavelke?%t hin ﬁusst ihoatectaa accordialylite | aim t1h%e?%ﬁﬁr?a@ déi\ﬁn&ﬁl? livé?;/isfﬁ_& to
oc e wavel en ' can or anpl e ic or a
sem conductor t hatg b‘%@?@?ﬂ%ép@v ?‘éﬁ%}gﬂ‘ to ba ‘feé?&fd' sugﬁ)fha?ﬁga Egﬁfegléyerl ayers

Cl and C2 enabl e conet@e ofsriddriectosiaments siors dot reheive this wavelength.

5 6. Detector according to claim 1, wherein one of said voltages applied to
said second or third means of connection is adjusted such that the dark
currents, or the sums of the dark currents and background fight-
currants, of the two detector alements are equal.

10 7. Detector including a matrix of detectors according to claim 2, made on
a substrate, a tirst control contact layer haing made on the facs of the
substrate and being common to a sst of detectors, each detector
including, on this first control contact layer, & first detector alement of
photoconducting material, a contact layer for reading, a second

15 detector element of photoconducting matarial, and a second controt
contact layer which is connscted to this same respective second control
contact layer of all the other detectors of the matrix.

8.  Detector according to claim 7, including a matrix of line conductors and

20 column conductore cuporpogod on caid matrix of deteestorn, esaeh

detector baing located substantially at an intersaction of the matrix of

line conductors and column conductors and being connactable to the

column wire at the intersection via a switching device that can be
controlled by a voltage applied to the line wire at the Intersection.

9.  Detector according to claim 7, whereirs;
- said first control contact layer is made in the form of strips, a row of
detectors being made on each strip;
- sald second contact layers of the detectors of each row of detectors
30 are also interconnected;
- said reading contact layers of a detector of each row of detectors are
interconnected to form columns of detectors.

10. Method of fabrication of a detector according to claim 2, including the
35 following stages:
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contact layer Cc is comon to the two detector el enents conprised of active
phot oconducting layers. It is held at a reference voltag
detection of the photocurrents generated by the det ectorlllm W

Figure 2a shows a nore detail ed enbodi nentypf the detect ¢l H mu]mlum
the invention in which the detector is encapsulated in an®*insullatilgs *
mat eri al | S. The connection termnals Pl1, P2, Pc traverse this

i nsul at or and enabl e- fabricatiohantssibstrhte ofade on the contact |ayers Cl, C2,

Cc respectively. 35 Th IS transparent to the wavel engths to be
Cc respectively. 35 TNG APt fayks

« at least one first layer of photoconducting material,
« @& second contact layer, -
5 + at least one second layer of photoconducting material,

- a third contact layer;

- engraving of the third contact layer and the second layer of
photoconducting material to define a first detector element;

- engraving of the second contact layer and the first layer of

10 photoconducting material to define a second detector elament;

- engapsulation of said layers in an insulating material;

- engraving of holes in the insulating layer to access the contact
layers, and metallization of these holes.

15 11. Method of fabrication of a matrix of detectors according to claim 10,
wherein several detectors are collectively made on the same substrate,
the first contact layer being common to all the detectors, the process
also including the engraving of the first layer of photoconducting
material before encapsulation by the insulator, and the interconnection

20 of holes connected to the third contact layer in the different detectors.

12. Detector inciuding a matrix of detectors according to claim 3, made on

a substrate, a conducting layer common to all the datectors being made

on the face of the substrate, this layer being covered by an insulating

25 layer, each detector including, on this insulating layer, a first detector

element of photoconducting material, a common insulating layer, a

second detactor element of photoconducting materiai, said second

means of connection all being interconnected and said third means of
connection all being interconnected.
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4 detector

receives the radiation RZ to be detected through the

a

substrat e. When radiation RZ is received by the detector, to detect
t he wavel ength [err] (or band of wavel engths), we apply: 5 -
voltage V1 to the contact |ayer Cl 12

10

15

ABSTRACT OF THE DISCLOSURE

ELECTROMAGNETIC WAVE DETECTOR

The disclosure relates to an electromagnatic wave detector including at least
two overlald plane active photoconducting detector elements separated by a
common layer; a first means of connection connected in common {0 the said
detector elements, a second means of connection connectad to the first
detector alament, and a third means of connection connected to the second
detector element; means for applying control voltages to each of said
means of connection, the voltage applied to the first means of connection
having a vaiue between the onas applied {0 the second and third means of
connection; and means connected to said first means of connegtion to
detect the difference of the photoconduction currents of sald detector
elements,
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- a‘voltage V2 to the contact |ayer C2 - a floating voltage Vc (or

ground) between V1 and V2 to the conmon contact layer Cc. 10
The currents flowing in the structures D1 and D2 are respectively:
11 = 11d + | lopt 12 = 12d + | 20pt 15 The

currents I1d and | 2d are the dark currents in D1 and D2. The currents
| 1d and 12d can al so represent the sum of a dark current and a background
light-current. The currents |-lopt and | 2opt are the photocurrents generated
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by the wavelength [err] to be detected in D1 and D2. 20 W see in figure
1b that the current i collected by the reading circuit is:

| =11 - 12 By adjusting the voltage V1 and/or V2, it is possible to
make 11d = 12d, in 25 which case-the valtfé¢ of the detected current is:

| = 1lopt - |2opt By ensuring that one of the two active |ayers
absorbs only very little of the

ey READI G
,@ 1712
cc g G:\ﬁ.'.cu'\-r

FIG.1b
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30 energy at wavelength [err], the current | is therefore that generated
by the active | ayer having the higher response.
show a plan view and a sectional view of a nmatrici al
det ector according to the invention. 35
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The detectors of the matrix are made on a control contact | ayer C2 common
to all the detectors. The connection termnal P2 is therefore common to

whol e matri x.

el ement D2,

Each detector includes a detector elenment D1, a detector

and Pc. The connection termnals P1 are all connected together to apply
voltage VI (see earlier) to all the detector elenents D1 of the matri x.
contact |layer C2 and the connection term nal P2 being comon to the whol
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matri x, the potential applied to the termnal P2 is applied to all the

det ect or el ements D2 of the matrix. 10 To enabl e readi ng of the
detectors of the matrix, each detector is |ocated at the intersection
of a network of line and colum coenductor$§/7 In figure 3c, we have shown
only the connection term nal Pc of each detector. Each I ntersection is
equi pped with, for exanple, a transistor Tr whose base is 15 connected to
the line wire. The enitter and the collector are connected respectively
to aterminal Pc and a colum wire.. By applying a suitable potential to
aline wire we can dedtrol alP1the transistors of the Iine aRd connect

eref oye possible

all the termnals Pcl\of a |ling
e dF or

to colum wires. It
to read on each . i f
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20 “connected to this colum wire. In this enbodinment, all the |ayers
Cl are interconnected and held at the sane potential. The sane applies
to the contacts C2 that are connected to the termnal P2. 25 In a
vari ant of the enbodinent, the control cddf?ct |ayer C2 is cut into strips
such that each strip is-common to a |ine of detectors. W then have one
termnal P2 per contact strip C2, i.e. per line of detectors. 30 1In a
simlar manner, instead of interconnecting all the termnals P1, we can

I nt er connect th§n1in | ines of detectors, in which case we have one term nal

2 P1 Pc
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P1 per line of detectors. The termnals Pc of the detectors are
I nterconnected by the colum wires of 35 the nmatrix. The operation of the

matri x of detectors is then sequential by
6 . - i
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BACKGROUND OF THE INVENTION

The invention relates to an electromagnetic wave detector, notably a
detector making use of photoconduction.

More particularly, the invention relates to detector architecture that enables
elimination of the dark current and the background light-current upstream of
the reading circuit.

DESCRIPTION OF THE PRIOR ART

The dark current and background light-current limit the dynamic response
and the range of operating temperatures of matricial and hybrid-type infrared
photoelectric detection systems based on silicon circuits. For each pixel of
the active detection matrix there is an integration and reading circuit on the
silicon chip. As the format of the matrix increases, the surface available per
pixel for the reading circuit, and the storage capacity in particular, decrease
{the surface available for the reading circuit of a pixel of a matrix whose
format exceeds 2562 is less than 30 x 30 ym?). The background and dark
currents generate an offset that limits the capacity of storage of the incident
signal. The dark current varies exponentially with the temperature of
operation of the detection matrix. The operation of the silicon reading circuit
generates noise which adversely affects the storage capacity.

SUMMARY OFf THE INVENTION

The invention concerns a photoconductor-based electromagnetic wave
detector including:
- at least two over!ard Plane actlvé photoconducting detector elements
separated by & common layer;
- a first means of connection connected in common to the said
detector elements, a second means of connection connected to the
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Thé:upper detector elenent Dl is fornmed by engraving of the |layers Cl and
:Dl; the engraving stops at the contact layer Cc (figure 4b). 15 The |ower
detector elenent D2 is then formed by engraving of the layers Cc and
D2; the engraving stops at the contact |ayer C2 (figure 4c). The whol e
structure is then covered wth a |ayer & insulator IS (figure 2). 20
Next, three holes are made in the |layer of insulator to access the three

contact l|ayers; nefal deposits are made i n these pol es to formthe contact
termnals P1, P2 afi@tggtector element, and a third means ot connection connected to

the second detector element;
- means for applying control voltages to each of said means of
connection, the voltage applied to the first means of connection
5 having a value between the ones applied to the second and third
means of connection;
- means connected to said first means of connection to detect the
difference of the photoconduction currents of said detector elements.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the present invention will become
apparent on read the following description of a preferred embodiment, with
reference to the attached drawings:
15 - figure 1a shows a simplified example of the detector according to the
invention;
- figure 1b shows an electric circuit used with the detector in figure 1;
- figure 2 shows details of an embodiment of the detector according to
the invention;
20 - figures 3a and 3b show a plan view and a sectional view of a matrix
of detectors according to the invention;
- figures 4a to 4¢ show example of a method of fabrication of the
detector according to the invention;
- figures 5 to 9 illustrate variants of the invention.
25
DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in the simplified diagram in figure 1a, the detector according to the
invention includes, overlaid on a substrate:
30 - acontact layer C2
- an active photoconducting layer D2
- "a common contact layer Cc o
- an active photoconducting layer D1 REPLACEMENT QHEET
- and a contact layer C1 ]

35 U4 FEB 1998




For:the fabrication of a matrix of detectors, the various detectors are
made 25 collectively as described previously. W then obtain a structure
‘such t hat shown in figure 3b. As we have seen, the termnal P2 is
comon to the whole matrix Al that remains is therefore to nake on the
surface of the matri x the interconnedting conductors of the termnals
P1, then the matrix of termnals Pc. 30 We have descri bed above the
i nvention maki ng use of vertical transport detectors such as '

nul ti - quant urhihfe¢tivgepiaioeansiucting dayers DrioW2deasche ayersiof photacandustingn wi t h
horizontal tisgRfieeiductist fEhQsSsificon. They can be also made in the form of a stack
of layers constituting of the quantum-well detectors. The two active layers
D1, D2 are photoconducting at the same wavelength .. One of the active
5 layers is highly absorbent at wavelength A, whereas the cther layer offers
little or no absorption. This condition can be achieved by using different
thicknesses of the active layers, or by heavier doping of the quantum-well
layers of the more absorbent active layer.

10 The detector being illuminated by the radiation RZ as shown in figures 1a
and 2, the active layer D2 receives the radiation first.

In the case where layer D1 is more absorbent than layer D2, we can provide
a diffraction network on the face of the layer D1 that is in contact with the

15 contact layer C1. This network receives the light that is not absorbed when
traversing the layer D1 and diffracts it towards the layer D1 where the
diffracted light will be fully or almost fully absorbed.

in the case where layer D2 has a significantly greater response than that of

20 layer D1, it absorbs almost all radiation at the wavelength in question. In
addition, the layer Cc can be provided to block the wavelength X; this layer
can be for example metallic or a semiconductor that blocks the wavelength
A

25 The contact layers C1 and C2 enable control voitages to be applied. The
contact layer Ce is common to the two detector elements comprised of active
photoconducting layers. It is held at a reference voltage and enables the
detection of the photocurrents generated by the detectors D1, D2.

30 Figure 2a shows a more detailed embodiment of the detector according to
the invention in which the detector is encapsulated in an insulating material
IS. The connection terminals P1, P2, Pc traverse this insulator and enable
contacts to be made on the contact layers C1, C2, Cc respectively.

35 The substrate is transparent to the wavelengths to be measured, so the
RFP! ACFMENT SHEET
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35 °The detector is conposed of two active |ayers separated by an insul ating
7 | ayer Cc (see figure 5).

A
3

detector receives the radiation RZ to be detected through the substrate.

When radiation RZ is received by the detector, to detect the wavelength A
{or band of wavelengths), we apply:
5 - & voltage V1 to the contact layer C1
- a voltage V2 to the contact layer C2
- a floating voltage Vc (or ground) between V1 and V2 to the common
contact layer Cc. .

10 The currents flowing in the structures D1 and D2 are respectively:

(1 =1d+11opt
12 =12d + [20pt

15 The currents 11d and 12d are the dark currents in D1 and D2. The currents
I1d and I12d can also represent the sum of a dark current and a background
fight-current. The currents |1opt and [2opt are the photocurrents generated
by the wavelength A to be detected in D1 and D2.

20 We see in figure 1b that the current i collected by the reading circuit is:
b=11-12

By adjusting the voltage V1 and/or V2, it is possible to make [1d = 12d, in
25 which case the value of the detected current is:

I =11opt - 120pt

By ensuring that one of the two active layers absorbs only very little of the
30 energy at wavelength A, the current | is therefore that generated by the
active layer having the higher response.

Figures 3a and 3b show a plan view and a sectional view of a matricial
embodiment of a detector according to the invention.
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OChm c contacts are made at the two ends of each active |layer D1, D2. At
.one of the ends of the detector, the ohmic contacts are made common to 5
define the reading contact Pc. This contact Pc (one contact per pixel) wll
assure the connection with the input st%ge of the reading circuit. The

| ower contact P2 is connected to the’ active |ayer D2; the upper contact
Pl is connected to the active |ayer DL. W therefore see that when the
active |l ayers are suitably polarized the detector operates in a simlar
nmanner to th'gxi@e‘%%rso%fstl??i%%tﬂxﬁf%m%@}/? GRNETR! E9THast BYRT ERCGOMASR t he

current circiel &t 8% ddtectorst Mhenddinecidn tiRGIRYR thads® ¢dmineadothe
P Dl Ul bt P PERRE Blect i ieh DRl S ey, Dp altelldre & "
element D2, the contact layers C1 and Cc and the connection terminals P1
5 and Pc. The connection terminals P1 are ail connected together to apply a
voltage V1 (see earlier) to all the detector elements D1 of the matrix. The
contact layer C2 and the connection terminal P2 being common to the whole
matrix, the potential applied to the terminal P2 is applied to all the detector
elements D2 of the matrix,
10
To enable reading of the detectors of the matrix, each detector is located at
the intersection of a network of line and column conductors. In figure 3c, we
have shown only the connection terminal Pc of each detector. Each
intersection is equipped with, for example, a transistor Tr whose base is
15 connected to the line wire. The emitter and the collector are connected
respectively to a terminal Pc and a column wire. By applying a suitable
potential to a line wire we can control all the transistors of the line and
connect all the terminals Pc of a line to column wires. 1t is therefore possible
to read on each column wire the photocurrent generated by the detector
20 connected to this column wire.

In this embodiment, all the layers C1 are interconnected and held at the
same potential. The same applies to the contacts C2 that are connected to
the terminal P2.

In a variant of the embodiment, the controf contact layer C2 is cut into strips
such that each strip is common to a line of detectors. We then have one
terminal P2 per contact strip C2, i.e. per line of detectors.

30 In a similar manner, instead of interconnecting all the terminals P1, we can
interconnect them in lines of detectors, in which case we have one terminal
P1 per line of detectors.

The terminals Pc of the detectors are interconnected by the column wires of
35 the matrix. The operation of the matrix of detectors is then sequential by
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15 and the substrate. Figure 6 shows a matrix organi zati on of

.detectors such as those in figure 5. In this organization all the
‘contacts Pl are connected to each ot her by colum w res. The sane
applies for the contacts P2 and Pc. One central 20 test term nal Pt per
detector can be used to performa curref test. Figure 7 shows a
variant of the enbodinment in figure 5 including a conducting | ayer C3
pl aced on the substrate and on which the structure in figure 5 is
formed. 25 line. Figure 8 shows a matrix organi zati on of detectors of figure

7.

In this matri x

10

15

25

30

35

We shall now describe a method of fabrication of a detector according to the
invention, with reference to figures 4a to 4c.

On a substrate of material transparent to the wavelengths to be detected, we
successively make a contact layer C2, one or more photoconducting layers
D2 constituting the photodetector element D2, a common contact layer Cc,
one or more photoconducting layers D1 constituting the photodetector
glement D1, and a contact layer C1 {figure 4a).

The upper detector element D1 is formed by engraving of the layers C1 and
D1; the engraving stops at the contact layer Cc (figure 4b).

The lower detector element D2 is then formed by engraving of the layers Cc
and D2; the engraving stops at the contact layer C2 (figure 4c).

The whole structure is then covered with a layer of insulator IS (figure 2).

Next, three holes are made in the layer of insulator to access the three
contact layers; metal deposits are made in these holes to form the contact
terminails P1, P2 and Pc.

For the fabrication of a matrix of detectors, the various detectors are made
collectively as described previously. We then obtain a structure such that
shown in figure 3b. As we have seen, the terminal P2 is common to the
whole matrix. All that remains is therefore to make on the surface of the
matrix the interconnecting conductors of the terminals P1, then the matrix of
terminals P¢.

We have described above the invention making use of vertical transport
detectors such as multi-quantum well detectors. We shall now describe the

invention with horizontal transport detectors.

The detector is composed of two active layers separated by an insulating

REPLACEMENT SHEET
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organi zation, the layer C3 enables a single term nal connection P2 to be
Kused that is coomon to all the detector pixels. 30 It wll be clear to
professionals of the art that there are additional possibilities of

i nprovenent while remaining within the franework of the invention:

- inclusion of diffraction networks eng@aved on the top of the detector
to mnimze the thickness of the active |l ayer and increase the

detection sensitivity of the device; they al so enable the responses of 35

the two stageyet gcheerifgyemdt ri zed;
4 FEB 1998
Ohmic contacts are made at the two ends of each active layer D1, D2. At
one of the ends of the detector, the ohmic contacts are made common to
5 define the reading contact Pc. This contact Pc {one contact per pixel) will
assure the connection with the input stage of the reading circuit. The lower
contact P2 is connected to the active layer D2; the upper contact P1 is
connected to the active layer D1, We therefore see that when the active
layers are suitably polarized the detector operates in a similar manner to the
10 one described previously, with the difference that the current circulates in
the plane of the active layers instead of perpendicularly to the plane of the
active layers.

in figure 5, an insulating layer IS1 is inserted between the active layer D2
15 and the substrate.

Figure 6 shows a matrix organization of detectors such as those in figure §.

In this organization all the contacts P1 are connected to each other by

column wires, The same applies for the contacts P2 and Pc. One central
20 test terminal Pt per detector can be used to perform a current test.

Figure 7 shows a variant of the embodiment in figure 5 including a
conducting layer C3 placed on the substrate and on which the structure in
figure 5 is formed.

25
Figure 8 shows a matrix organization of detectors of figure 7. In this matrix
organization, the layer C3 enables a single terminal connection P2 to be
used that is common to all the detector pixels.

30 It will be clear to professionals of the art that there are additional possibilities
of improvement while remaining within the framework of the invention:

- inclusion of diffraction networks engraved on the top of the detector

to minimize the thickness of the active layer and increase the

detection sensitivity of the device; they also enable the responses of

35 the two stages to be desymmetrized;
REPLAGEMENT SHEET
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use of a "serpentine" geonetry (see figure 9) which increases the
resi stance of the pixel (by increasing the devel oped | ength and

8

- use of a "serpentine” geometry (see figure 9) which increases the
resistance of the pixel (by increasing the developed length and
decreasing the equivalent electric surface without substantially
changing the optical area); this geometry also provides some

5 flexibility as regards metallurgical defects, since these then cause
only local short-circuits,
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decreasi ng the equivalent electric surface w thout sub
the optical area); this geonetry also provides sone fl exigxsi )
nmetal | urgi cal defects, since these then cause only | ocam rmm"ﬂwmﬂm

* t L M s *

9

WHAT IS CLAIMED IS

1. Photoconductor-based electromagnetic wave detector including:
5 - at least two overlaid plane active photoconducting detector elements
separated by a common layer;

- a first means of connection connected in common to the said
detector elements, a second means of connection connected to the
first detector element, and a third means of connection connected to

10 the second detector element;

- means for applying control voltages to each of said means of
connection, the voltage applied to the first means of connection
having a value between the ones applied to the second and third
means of connection;

15 - means connected to said first means of connection to detect the
difference of the photoconduction currents of said detector elements.

2. Detector according to claim 1, wherein said common layer is an
electrical contact layer to which said first means of connection is
20 connected, and said first and second detector elements are enclosed
between two electric control contact layers, said second and third
means of connection each being connected to one of said control

contact layers.

25 3. Detector according to claim 1, wherein said common layer is an
insulating layer, said first means of connection is connected to a first
end of each detector element, and said second and third means of
connection are each connected to a second end of a detector element,
said first and second ends of each detector element being opposite

30 ends of the detector element.

4. Detector according to claim 1, wherein the response of one of said
detector elements is significantly greater than that of the other detector
element, such that it absorbs almost all the incident light energy at the

33 wavelength at which it is photoconducting.
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WHAT IS CLAIMED IS 1. Photoconductor-based el ectronmagnetic—wave detector

i ncl udi ng: - at least two overlaid plane active pho '
detector el enents separated by a comon | ayer; [llﬁﬂﬂ lﬂﬂﬂujlﬂﬂans
of connection connected in conmon to the said de L a

second neans of connection connected tol®he first detector el enent,
and a third neans of connection connected to t he second detector

el enent ; - neans for applying control voltages to each of said neans
of 5. Detector according to claim 1, wherein said common layer is not

transparent at the wavelength to be detected, such that the active layer
of one of said detector elements does not receive this wavelength.

5 8. Detector according to claim 1, wherein one of said voltages applied to
said second or third means of connection is adjusted such that the dark
currents, or the sums of the dark currents and background light-
currents, of the two detector elements are equal.

10 7. Detector including a matrix of detectors according to claim 2, made on
a substrate, a first control contact layer being made on the face of the
substrate and being common to a set of detectors, each detector
including, on this first control contact layer, a first detector element of
photoconducting material, a contact layer for reading, a second

15 detector element of photoconducting material, and a second control
contact layer which is connected to this same respective second control
contact layer of all the other detectors of the matrix.

8. Detector according to claim 7, including a matrix of line conductors and

20 column conductors superposed on said matrix of detectors, each

detector being located substantially at an intersection of the matrix of

line conductors and column conductors and being connectable to the

column wire at the intersection via a switching device that can be
controlled by a voltage applied to the line wire at the intersection.

8. Detector according to claim 7, wherein:
- said first control contact layer is made in the form of strips, a row of
detectors being made on each strip;
- said second contact layers of the detectors of each row of detectors
30 are also interconnected;
- said reading contact layers of a detector of each row of detectors are
interconnected to form columns of detectors.

10. Method of fabrication of a detector according to claim 2, including the
35 following stages:

L Rgﬁ.ﬁﬁgﬁﬁ%ﬁ? SHEET This Sheet Has Been Replaced
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havi ng a val UG betweon the ones appl i ed o the. second Sﬁﬁ”mﬂm{lu O
L M $ *

nmeans of connecti on; - means connected to said first

connection to detect the di fference of the photoconduction currents
of said detector elenents. wherei nidai d common |ayer is an insulating
| ayer, said first neans of connection is connected to a first end of

each detector elenent, and said second and third nmeans of connection

are each connect edf2ication on s scbsicitenti of a detector el ement, said first
and second ends of  eaCd}es cm&%&tor el ement bei ng opposite ends of the

det ect or el ement . .
- atleast one first layer of photoconducting material,

- & second contactlayer, -
5 - atleast one second layer of photoconducting material,
- @& third contact fayer;
- engraving of the third contact layer and the second layer of
photoconducting material to define a first detector element;
- engraving of the second contact layer and the first layer of
10 photoconducting material to define a second detector element;
- encapsulation of said layers in an insulating material;
- engraving of holes in the insulating layer to access the contact
layers, and metallization of these holes.

15 11. Method of fabrication of a matrix of detectors according to claim 10,
wherein several detectors are collectively made on the same substrate,
the first contact layer being common to all the detectors, the process
also including the engraving of the first layer of photoconducting
material before encapsulation by the insulator, and the interconnection

20 of holes connected to the third contact fayer in the different detectors.

12. Detector including a matrix of detectors according to claim 3, made on

a substrate, a conducting layer common to all the detectors being made

on the face of the substrate, this layer being covered by an insulating

25 fayer, each detector including, on this insulating layer, a first detector

element of photoconducting material, a common insulating layer, a

second detector element of photoconducting material, said second

means of connection all being interconnected and said third means of
connection all being interconnected.
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2. -Detector according to claim1l1, wherein said common |ayer is an
electrical contact |layer to which said first neans of connection is
connected, and said first and second detector elenents are encl osed
between two electric control contact |ayers, said second and third
means of connection each being connectedi2o one of said contro

contact |ayers. 3. Detector according to claiml1, wherein the response
of one of said detector _elenents is significantly greater than that of
the ot her detector el erif® TREGIHOFHE | sgb@&“lﬁgal nost all the

i ncident |ight energy at the wavel ength at which it is
phot oconduct i ng.

ELECTROMAGNETIC WAVE DETECTOR

The disclosure relates to an electromagnetic wave detector including at least
two overlaid plane active photoconducting detector elements separated by a

10 common layer; a first means of connection connected in common to the said
detector elements, a second means of connection connected to the first
detector element, and a third means of connection connected to the second
detector element; means for applying control voltages to each of said
means of connection, the voitage applied to the first means of connection

15 having a value between the ones applied to the second and third means of
connection; and means connected to said first means of connection to
detect the ditference of the photoconduction currents of said detector
elements.

Figure la
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10 4. Detector according to claim i, wherein said conmon |ayer is
not transparent at the wavel ength to be detected, such that the
active | ayer

-1 -
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of one of said detector elenents does not receive this wavel ength, 5 5.
Detector according to claim1, wherein one of said voltages applied to
said second or third neans of connection is adjusted such that the dark
currents, or the suns of the dark currents and background I|i ght-

currents, of the two detector elenents are equal. 10 6. Detector
including a matrix of detectors accordimg to claim2, nmade on a
substrate, a first control contact |ayer being nade on the face of the
substrate and being common to a set of detectors, each detector

including, on this first control contact layer, a first detector el enent of
phot oconducting nmaterial, a contact |ayer for reading, a second

i=ig-ly READING
Ce CIRCUIT

D2

2

FIG.1b

REPLACEMENT SHEFT
04 FEB 1998 1




15 detector el enent of photoconducting material, and a second control
contact |ayer which is connected to this sane respective second control

contact layer of all the other detectors of the matrix. 7. Detector
according to claim6, including a matrix of line conductors and 20
col um conductors superposed on said rix of detectors, each

det ector being |l ocated substantially at=dn intersection of the matrix of
| i ne conductors and col unm conductors and bei ng connectable to the
colum wire at the intersection via a switching device that can be
controlled by a voltage applied to the line wire at the intersection. 25
8. Detector according to claim6, wherein

SUBSTRATE

RZ




- said first control contact layer is made in the formof strips, a row of
detectors bei ng nade on each strip; - said second contact |ayers
of the detectors of each row of detectors 30 are alsg

i nt er connect ed; - said reading contact |ayers of REPL@@EMENFSHEET
each row of detectors are i nt erconnected to forin ¢e-ums -6t

det ect ors. 9. Method of fabricatier of a detector according t . ajm
2, including the 35 fol | ow ng stages: a‘* F'()Eg;igés
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11 - fabrication on a substrate of: [err] a first

contact | ayer, [err] at |east one first |ayer of
phot oconducting nmaterial, [err] a second contact |ayer, 5

err] at | east one second | ayer of photoconducting material, - ;
Lerr] ver on et 9 mt REPLACEMENT SHEET
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[err] a third contact |ayer;
|layer and the second | ayer of
define a first detector el enent;
contact |ayer and the first
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WHAT IS CLAIMED IS

1.  Photoconductor-based electromagnetic wave detector including:

- at least two overlaid plane active photoconducting detector elements
separated by a common layer;

- a first means of connection connected in common to the said
detector elements, a second means of connection connected to the
first detector element, and a third means of connection connected to
the second detector element;

- means for applying control voltages to each of said means of
connection, the voltage applied to the first means of connection

& having a value between the ones applied to the second and third
means of connection;

- means connected to said first means of connection to detect the
difference of the photoconduction currents of said detector elements.

wherein said common layer is an insulating layer, said first means of

connection is connected to a first end of each detector element, and
said second and third means of connection are each connected to a
second end of a detector element, said first and second ends of each
detector element béing Qpbosite ends of the detector element.

2. Detector according to claim 1, wherein said common layer is an
electrical contact layer to which said first means of connection is
connected, and said first and second detector elements are enclosed
between two electric control contact layers, sajd second and third
means of connection each being connected to one of said control
contact layers.

3. Detector according to claim 1, wherein the response of one of said
detector elements is significantly greater than that of the other detector
element, such that it absorbs almost all the incident light energy at the
wavelength at which it is photoconducting.
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Detector according to claim 1, wherein said common layer is not
transparent at the wavelength to be detected, such that the active layer
of one of said detector elements does not receive this wavelength,

Detector according to claim 1, wherein one of said voltages applied to
said second or third means of connection is adjusted such that the dark
currents, or the sums of the dark currents and background light-
currents, of the two detector elements are equal.

Detector including a matrix of detectors according to claim 2, made on
a substrate, a first control contact layer being made on the face of the
substrate and being common to a set of detectors, each detector
including, on this first control contact layer, a first detector element of
photoconducting material, a contact layer for reading, a second
detector element of photoconducting material, and a second control
contact layer which is connected to this same respective second control
contact layer of all the other detectors of the matrix.

Detector according to claim: 8, including a matrix of line conductors and
column- conductors superposed on said matrix of detectors, each

- detector being located substantially at an intersection of the matrix of

line conductors and column conductors and being connectable to the
column wire at the intersection via a switching device that can be
controlled by a voltage applied to the line wire at the intersection.

Detector according to claim 8, wherein:

- said first control contact layer is made in the form of strips, a row of
detectors being made on each strip; '

- said second contact layers of the detectors of each row of dstectors
are also interconnected;

- said reading contact layers of a detector of each row of detectors are
interconnected to form columns of detectors.

Method of fabrication of a detector according to claim 2, including the
foliowing stages:
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- fabrication on a substrate of:
- afirst contact layer,
- atleast one first layer of photoconducting material,
- & second contact layer,
- at least one second layer of photoconducting material,
- athird contact layer:

- engraving of the third contact layer and the second layer of
photoconducting material to define a first detector element;

- engraving of the second contact layer and the first layer of
photoconducting material to define a second detector element;

- encapsulation of said layers in an insulating material;

- engraving of holes in the insulating layer to access the contact
layers, and metallization of these holes.

Method of fabrication of a matrix of detectors according to claim 9,
wherein several detectors are collectively made on the same substrate,
the first contact layer being common to all the detectors, the process
also including the engraving of the first layer of photoconducting
material before encapsulation by the insulator, and the interconnection
of holes connected to the third contact layer in the different detectors.

Detector including a matrix of detectors according to claim 1, ‘made on
a substrate, a conducting layer common to all the detectors being made

on the face of the substrate, this layer being covered by an insulating

layer, each detector including, on this insulating layer, a first detector
element of photoconducting material, a common insulating layer, a
second detector element of photoconducting material, said second
means of connection all being interconnected and said third means of
connection all being interconnected.
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