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BISPECTRAL ELECTROMAGNETIC WAVE oarecry/

BACKGROUND OF THE INVENTION

The invention relates to an electromagnetic wave detector, notably a
bispectral photoconductor-based detector.

The Invention is advantageously applicable in the fabrication of a bispectral
detection matrix.

DESCRIPTION OF THE PRIOR ART

Detection systems that detect radiation in two spoctral bands are used in
applications such as the identification or recognition of objects.
Measurement of the thermal emission of an object in two spectral bands
enables its temperature or its distance from the observer 1o be deduced,
which represent additional information compared with that provided by a
monospectral image. An example of a quantum-well detector that can detect
two wavelengths Is described in the French patent application n°92 08384.

Integrated two-band detectors provide information from both bands for each
pixel in a focal plane, thus reducing the weight, electrical power and cost of
the complete system. Moreover, the integration of such detectors in the
same focal plane requires no optical alignment.

SUMMARY OF THE INVENTION

According to the invention, an integrated two-band detector is composed of
two active layers and three layers for the electrical contacts (figure 1)
superimposed on a substrate, The signal of the active layer D1 is collected
between the contacts C1 and Cc and the signal of the active layer D2 is
collected between C2 and Cec. However, hybridization fechniques do not
enable two independent contacts for each active layer on small pixels. The
invention proposes a connection configuration for ‘such detectors that
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S BACKGROUND OF THE | NVENTI ON The invention relates to an

<€l ectronagneti c wave detector, notably a bi spectral

phot oconduct or - based detector. 10 The invention is advantageously
applicable in the fabrication of a bispect2al detection matrix.

provides for two sequential signals with a single contact for addraessing the
pixels.

The invention therefore relates to a photoconductar-based electromagnatic
§ wave detector including: '

- at least one first and one second overlaid plane active detector
elements separated by a common layer, said first and second
detactor elements baeing sensitive to the differant wavelengths;

- a first means of connection connected in common to said first and

10 second detector alements, a second means of connection connected
to sald first detector element, and a third means of connection
connected to said second detector element;

- means for applying control voltages successively to each means of
connection; '

15 - means connected to said first means of connection to detect a
photoconduction current each time a control voltage is applied.

BRIEF DESCRIPTION OF THE DRAWINGS

20 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:

- figure 1 shows two superimposed detactors;
- figures 2a to 2d show a set of wo detectors with associated

25 electrical connection elements;

- figures 3a and 3b show a plan view and a sectional view of a matrix
of bispectral detectors;

- figures 4a to 4c show example of a method of fabrication of the
device according to the invention;

30 - figures 5 to @ illustrate variants of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in the simplified diagram in figure 1, the detector according to the
35 invention includes, overlaid on a substrate:
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DESCRI PTION OF THE PRIOR ART 15 Detection systens that detect radiation
.Fn two spectral bands are used in applications such as the
identification or recognition of objects. Measur enent of the thernmal
em ssion of an object in two spectral -bandg enables its tenperature or
its distance fromthe observer to be deduced, whi ch represent
additional information conpared with that provided by a 20 nonospectral

i mge. An exanpl e of acqntactlayen®2) detector that can detect t wo

wavel engths is descpi rﬁg@ application n[err] 92 08384.

| nt egrat ed two-band dg't?ggiti%hré ?éc:)(?/ e%@?&?ﬁgﬁ on from both bands for each
- @acommon ¢ ntact layer Ce,
- an active photoconducting fayer D1,

5 - acontact layer C1.

The active photoconducting layers D1, D2 can be layers of photoconducting
matatial. They can also be made in the form of stacks of layers constituting
quantum-well detectors. The two active layers D1, D2 have different
10 charasteristics such that they become photoconducting when irradiated with
electromagnetic waves of different wavelength (or bands of wavelength).
The active layers D1, D2 becomes photoconducting when subjected to
radiation of respective wavelengths A1 and A2. The destector receiving
radiation RZ as shown in figure 1, the active layer D2 s transparent at
15 wavelength A1, '

The contact layers C1 and C2 enable control voltages 1o be applied. The

contact layer Cc is common to the two detector elements comprised of active

photoconducting layers. It is held at a reference voltage and enablas
20 detection of the photocurrents generatad by the detectors D1, D2.

Figure 2a shows a more delailed embodiment of the detactar acrarding to

the invention in which the detector is encapsulated in an insulating material

IS. The connection terminals P1, P2, Pc Uiaverse this Insulator and enable
2 contacts to be made on the contacl layers C1, C2, Cc respactively.

The substrate is transparent to the wavelengths to be measured, so the
detector roceives the radiation N2 to be datected through the substrate.

30 When the radiation RZ Is received by the detector, to detect two
wavelengths A1, A2 or bands of wavelengths, a reference voitage Vret is
applied to the connection terminal Pc, in other words 1o the common contact
layer Ce (see figure 2b). This reference voltage can be a ground, for
example. Next, we first apply a voltage V1 to the contact layer C1 {terminal

35 P1) and the referencc voltage Vref to the contact layar C2 (terminal P2).

\'
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pixel in a focal plane, thus reducing the weight, electrical power and cost
:of 25 +the conplete system Moreover, the integration of such detectors in
t he sanme focal plane requires no optical alignnent. SUMVARY OF THE
| NVENTION 30 According to the invention,4an integrated two-band detector

I s conposed of two active layers and three | ayers for the electrical
contacts (figure 1) superinposed on a substrate. The signal of the
active |ayer D1The deteatercelement D2vist sepdaradhinaciive, dbe detactemeledent i ishe

si gnal of the agitivéeahdYtineRiied S photcRBHbRCHE IPRe\REdafion FI! cahtaing anever
hybri di zati on techr‘.l ﬁs <ii0 not . . . .
wave eﬁ& A1, the device A detects this current i1, This operation
corresponds to the position of the switches K1 and K2 in figure 2b.,

Secondly, the switches K1, K2 are set to the positions shown in figure 2¢. A
voltage V2 is applied to the contact layer C2. The reference voltage Vref is
appiled to the contac! layer C1, The detector element D1 is then inactive,
whereas the detector element D2 is made active and generates a

10 photocurrent i2 on reception of a wavelength A2. The device A measures
this photocurrent. '

The device according to the invention thereby enables the successive
detection of wavelengths A1 and A2,
5
Figure 2d represents the operation of the davice when both detector
elements D1 and D2 are active. The switches K1 and K2 respectively apply
the voltage V1 and V2 to them. These potentials have the same sign
relative to the reference voltage Vref such that, in the presence of
20 wavalangths A1 and A2, the two detector elomonts D1 and D2 generate
photocurrents in the same direction in the device A which therefore
measures the sum of the generated photocurrents. The signal measured
therefora corresponds to the sum of the signals in the two spectral bands.

25 As an example, the control voltage could be 2 Voits for V1 and 4 Voits for
V2, |

Figures 3a and 3b show a plan view and a sectional view of a matricial
ambodiment of a bispectral detector according to the invention.
a0 -
The detectors of the matrix are made on a control contact layer C2 common
io all the detectors. The connection terminat P2 is therefore common to the
whole matrix. Each detector includes a detector element D1, a detector
alament D2, the contact layers C1 and Cc and the connection terminals P1
35 and Pc. The connection terminals P1 are all ¢connected together to apply a

This Sheet Has Been Replaced

TR




e

35 enable two I ndependent contacts -for each active |ayer on snmall pixels.
The I nvention proposes a connection configuration for such detectors
t hat 2 :

voltage V1 or Vrel (see earlier) tu all the detector elements D1 of the matrix.
Tha 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. -

To enable reading of the detactors of the matrix, each detector is located at
the intersaction of a natwark of lina and enlumn rondurtars  In figure 3¢, we
have shown only the connection terminal Pc of each detector. Each
intarsaction is equipped with, for example, a transistor Tr whose base is
10 connacted to the line wire. The emiller and the collactor are connected
respectively to a terminal Pc and a column wire. By applying a suitable '
potential to a line wire we can control ali the transistors of the line and
connect all the terminals Pc of a line to column wires. )t is therefore possibla
to read on gach column wire the photocurrent generated by the detector
16 connacted to this column wire.

In this embodiment, all the terminals P1 are interconnacted and set to the
same potential. The sams applies to the contact layer C2 that is common to
all the detectors and connected to the tarminal P2,

20 |
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. We then have one

tarminal P2 per contact strip C2, i.e. per lina of detectors.

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

The terminais Pc of the detectors are interconnected by column wires of the
30 matrix. The operation of the matrix of detectors is then sequential by line,

During each detection operation of a line, we apply the voltage V1 to the

terminal Pt of this line and the voltage Vref to the terminal P2, then the

voltage V2 to the terminal P2 and the voltage Vref to the terminal P1. The

reading is taken on the column wires; each column wire enables reading of
35 one detactor of the controlled line.
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provi des for two sequential signals with a single contact for addressing
the pi xel s. The invention therefore relates to a

phot oconduct or - based el ectromagnetic 5 wave detector including:

- at least one first and one second overl aigl pl ane active detector

el enments separated by a common | ayer, said first and second

detector elenents being sensitive to the different wavel engt hs;

a first neans of connection connected in conmon to said first and 10

second detector §l@iFeash cantfdl @9 BUdinGEMaopdiration 612Rb HEtbCRNS of Hetbther lines
can be inhibited by applying a voltaga Vref to the terminais P1 and P2 of
these lines.

Owing to the bispectral operation of the detectors (see the description

relating to figures 2b and 2¢) during sach detection operation on a line, we

will have a reading time of the detector elements D1 {operation

corresponding to figure 2b) followed by a reading time of the detector
10 elaments D2 (operation corresponding to figure 2c).

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

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

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

25 The lower detector element D2 Is then formed by angraving or ionic
implantation of the fayers Cc and D2; the engraving (or implantation) stops
at the contact layer C2 (figure 4c).

The whols structure is then covered with u layer of insulator IS (figure 2).
Next, three holes are made in the layer of insulator to &ccess the three

contact layers; metal deposits are made in these holes to form the contact
terminals P1, P2 and Pc.

-
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to jsai d first detector elenent, and a third neans of connection

connected to said second detector el enent; - nmeans for applying
control voltages successively to each neans of connection; 15

- means connected to said first neans of cgnnection to detect a

phot oconducti on current each tinme a control voltage is applied. BRI EF

DESCRI PTI ON OF THE DRAWNGS 20 Qther characteristics and advantages of the
present i nventi drondhelfabdeation of a magboat detectors, thavartious tHetectors gge made

description of agiegfiely a8 daBRABEdPRévioudty. "Wa 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
5 matrix the interconnecting conductors of the terminals P1, then the matrix of
terminals Pc.

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

The detector is composed of two active layers separated by an insulating
layer Cc (see figure 5). .

15 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
define the reading contact Pe. 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

20 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
one described previously, with the difiarence that the current circulates in
the plane of the active layers instead of perpendicularly to the plane of the
active layers.

25
In figure 5, an insulating layer 181 is inserted between the active layer D2
and the substrate. '

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

30 In this organization all the contacts P1 are connected o each other by
column wires. The same applies for the contacts P2 and Pc. One central
test terminal Pt per detector ¢an be used to perform a current test.
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reference to the attached draw ngs': - figure 1 shows two

super i nposed detectors; - figures 2a to 2d show.a set of two
detectors with associ ated 25 el ectrical connection el enents;

- figures 3a and 3b show a plan view and agsectional view of a matrix

of bispectral detectors; - figures 4a to 4c show exanple of a

nmet hod of fabrication of the devi ce according to the invention;
30 - figufdguré TosRows |aisvariant of atheasimbodimeritein figerd iSorincluding a

DESCRIPTI ON OF "Hohalidtirig&yer c3'iatdd BAthe substrate and on which the structure in

figure 5 is formed.

5 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.

it will be claar 1o professionals of the art that there are additional possibilities
10 of improvement while remaining within the framework of the invention:

- inclusion of diffraction networks engraved on the top of the datactor
to minimize the thickness of the active layer and increase the
detection sensitivity of the device; they also enable the responses of
the two stages to be desymmaetrized: o

15 - use of a “serpentine” geometry (see figure 9) which increases the
resistance of the pixel (by increasing the developed length and
decreasing the equivalent elactric surface without substantially
changing the optical area); this geometry also provides some
flexibility as regards metallurgical defects, since these then cause

20 _ only local short-circuits.

This Sheet Has Been RT

TR




As shown in the sinplified diagramin figure 1, the detector according to
the 35T nvention 1 ncludes, overlaid on a substrate:

A .

WHAT (S CLAMMED IS

1.  Photoconductor-based electromagnetic wave detector including:

5 - at least one first and one second overlaid plane active detector
elements separated by a common layer, sald first and second
detector elements being sensitive to the differant wavelengths;

- a first means of connection connected in common to said first and

. second detector elements, a second means of connection connected

10 to said first detector element, and a third means of connection -
connected to said second detector slement,

- means for applying control voltages successwely to each means of
connection;
. means connected to said first means of connection to detect a

15 photogonduction current each time a control voitage is applied.

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

20 between two electric control contact layers, said second and third
means of connection each being connected to one of said control
contact layers. '

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

ends of the detector element.

30
4. Detector according to claim 1, wherein sald means for applying a
control voitage can be used to apply: '
- a reference voltage to said first means of connection;
- this same reference voltage to said second means of connaction;
35 - a control voltage to said third means of connection.

\
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- a contact |layer C2, - an active photoconducting

-I ayerclmmunlluullllmmn commn contact | ayer Cc, - an active
phot o I - a contact |ayer Cl. The active

phot ocohduct itng®l ayer®s D1 D2 can be | ayeri® of phot oconducti ng

material. They can al so be made in the form of stacks of | ayers
constituting quantumwel | detectors. The two active layers D1, D2 have
di fferent 5. Detector according to claim 4, wherein said means for applying &

control voltage include switching meansg that enablo, first, a control
voitage to be applied to the first of said control contact layers and said
reference voltage 10 be applied to the second of said control contact

5 layers, then secondly, a control voltage to be applied to the saecond of
said contro! contact layers and said referance voltage to be applied to
the first of said control contact layers.

8. Detector including a matrix of detectors according to claim 2, made on

10 a substrate, a first control contact layer being made on the face of the
substrate and being common to a set of detectors, @ach detector
including, on this first control contact layar, a first detector elemant of
photoconducting material, a contact layer for reading, a second

detector element of photoconducting material, and a second control

15 . contact layer which is connected to this same raspactive second control
contact layer of all the other detectors of the matrix.

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

column conductors superposed on said matrix of detectors, each

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

lina conductors and column conductors and being connactable to the

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

25 8. Detector according to claim 6, 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
are also interconnected;
30 - said reading contact layers of & detector of each row of detectors are
interconnected to form columns of detectors.

9. Method of fabrication of a detector according to' claim 2, including the
following stages: -
35 - - fabrication on a substrate of:

—_—
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characteristics such that they becone photoconducting when irradi ated

iw/aa\[/gl e”mlﬂ mn"mrm‘gm(:c waves of different wavel ength (or bands of

tive layers D1, D2 becomes photoconducting when
subj ect*ed¢tot » rsadisati on of respectlve \/\@%el engths [err]1 and [err]2. The
detector receiving radi ation as sho in figure 1, the active |ayer
D2 is transparent at 15 wavel ength [err] 1. The cont act layers Cl1 and
C2 enabl e control vol { agqRst ‘fb ied. The contact layer Cc is
ele

common to the two detecto i sed of active phot oconduct i ng
| ayers. It is held at* aﬁbﬁ@?%ﬁ!%@ﬂ?‘é @W@ﬁﬁ%’@s’“é’@ 8let ection of the

phot ocurrents gener at ¢datmscomne costheclagars D1, D2.
- at least one second layer of photoconducting material,
5 . a third contact layer; '
- engraving of the third contact layer and the second layer of
photoconducting material to define a first detactor alement;
- engraving of the second contact layer and the first layer of
photoconducting material to define a second detector element;
10 - encapsulation of said- layers in an insulating materiat;
" - engraving of holes in the insulating layer to access the contact
layers, and metaliization of these holes.

10. Method of fabrication of a matrix of detectors according to claim 9,
15 - wherein several datactors are collectively made on the same substrats,
the first contact layer being common to all or some of the detectors, the
process also including the engraving of the first layer of
photoconducting material before encapsulation by the insulator, and
tha intarconnaction of holos connacted to the third contact layer in the

20 different detectors.

11. 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 covared 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 detector elament of photoconducting material, said second
means of connection all being intarconnacted and said third means of
connaction all being interconnectad. '

il



Fi gure 2a shows a nore detail ed enbodi ment of the detector according to
the invention in which the detector is encapsulated in an insul ating

mat er i al | S. The connection termnals Pl1, P2, Pc traverse this

i nsul ator and enable 25 contacts to be @ on the contact |ayers Cl, C2,
Cc respectively. The substrate is transparent to the wavel engths to be
neasur ed, so ‘the detector receives the radiation RZ to be detected

t hrough the substrate. 30 WABSTRACTOF THEODISTLOSURECei ved by the
detector, to detect two wavel engths [err]1l, [err]2 or. bands of

wavel engt hs, a reference voltage Vref is

5 BISPECTRAL ELECTROMAGNETIC WAVE DETECTOR

The disclosure relates to a bispectral electromagnetic wave detector
10 including at least one first and one second overlaid plane active detector .
elements separated by a common layer, said first and second detector
elements being sensitive to the different wavelengths: a first means of
connection connected in common to said first and second detector elements,
a second means of connection connected to said first detector element, and
15 a third means of connection connected to said sescond detector element;
-means for applying successively a control voitage t0 each means of
connection; and means connected to said first means of connection to
detect a photoconduction current each time a control voltage is applied. The
invention is used in applications requiring detection of electromagnetic
20 wavas in two bands of differant wavelengths.
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app/BE g’: JLRAEEBARTECAT on t cFFA-F6AY PASE 36 (PRINIER PASRO 36 ] co cqnt agt
g ayg'r‘? "?s( 's’i:'g'figure 2b). This refierence voltage can b?gfihgﬁ)un{?m or%'a“%’a
exanple. Next, we first apply a voltage V] ,to the contact |ayer Cl

(terminal 35 P1l) and the reference volta g Vref to the contact |ayer C2
(term.nal P2).

Active Layer D1

ViV iV & TN ONEELEDEDEEEEESEDSSSSyS
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FIG.1

| v2 A REATOG oF PixEL
P2 P1 C1 Pc
31 e et ageA ] D\ Ce
ACvive \ayer D2 c2
s ; SUBSTRATE
RZ FIG.2a
Ui



4 € |y EER A ] erment STHU6PY POEN 3B KERINTED 0% W& 1 ecf Qg €l S
:D1 |s l1;H%z;g:itlve and generates a photocurrent i1. If thgeu(r;g%jl a’gljcl’)en R%EE%/Q
contains a wavel ength [err]1, the dez* e A detects this current il.
Thi s operation corresponds to the po ion of the switches Kl and K2
in figure 2b. 5 Secondly, the swtches K1, K2 are set to the
positions shown in figure 2c. A vol tage V2 is appli o the contact
| ayer C2. The ref erence vol tage Vref is applied to contact |ayer
Cl. The detector elenment Dl is {hen I nacti ve,

Ce
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FIG.2b
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W EEERIEED HAZTI 16T AB| enent SBPeMs A ‘afB’t“i"?Pe"“ﬁ'ﬁd“dehgf 1A% 211%8  pe: 307
‘photocurrent i2 on reception of a wavelength [err]2. The device A nmeasures:
t his photocurrent. The devi ce accor g to the invention thereby )
enabl es the successive det ection of velengths [err]1l and [err]2. 15
Figure 2d represents the operation of the device when both detector

elenments D1 and D2 are active. The switches K1 and K2 respectively apply

the voltage V1 and V2 to them These potentials have tpe me sign

relative to the ref esence of

Vi

FIG3a

SUBSTRATE

RZ

FIG.3b
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20 E‘iﬂ%?sb‘;l@ HS5T 87 P1 and [DR196P, PP o35t (RBINIRD: RABE 07 &) pimiioy Digamd DRe: sai: ‘

sgener a photocurrents in the sane direction in the device A which mw
t herefore measures the sum of the g&zyrated phot ocurrents. The signal
measur ed t herefore corresponds to t sum of the signals in the two
spectral bands. 25 As an exanple, the control voltage could be 2 Volts
for V1 and 4 Volts for V2. Fi gures 3a and 3b show a plan view and
a sectional view of a matricial enbodi ment of a bispectral detector
according to the invention. 30 C1
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N e AT . 533-069% A:EE 4@ (PRINTED PAGE 44@) 1 . )
ThE ?ﬁ%gtlgf&lé’ag {83 tRE Matrix are nmade on a control cont &Pr13/9Y er 11G28 ¢ orftws M8/42

10 all the detectors. The connection terminal P2 is therefore conmmpn to the
whol e matri x. Each detector includes a de tor elenent D1, a detector

el ement D2, the contact |ayers Cl'and Cc the connection termnals P1 35
and Pc. The connection termnals Pl are all connected together to apply a

P2 P Pc
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. [.RECEIVED 11/27 1g: 54,1997 a1 533-@69% PABE 41 (PRINTED PAGE ‘1) 1]
vol tragan¥d vaf :Vief (see earlier) to all the detector elZtB3 DI1:38 t hRa: 41742

'mat ri X. The contact |layer C2 and the connection term nal P2 being
comon to the - whol e matrix, the mﬁ(ﬁﬁé? applied to the termnal P2
is applied to all the detector elene D2 of the matrix. 5 To

enabl e reading of the detectors of the matrix, each detector is |ocated at
the intersection of a network of |line and col um conductors. In figure 3c,
we . '

P2

P1 3 -

ol e L L Ll
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SUBSTRATE

FIG.7
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hakﬁifgwfy\pﬁm?/s'f A7 Bnnect | S8 FAORANZ BEUGE BAGE il 96)13bu7 Eﬁcﬁb .
‘intersection is equipped with, for exanpte, a transistor "Tr whose ase

10 connected to the line wire.. The en1tL27 and the coll ector are connéct
respectively to a terminal Pc and"a colu ire. By applying a suitable
potential to a line wire we can control all the transistors of the |ine and
connect all the terminals Pc of a line to columm wires. It is therefore

possi bl e to read on each colum wire the photocurrent generated by the
detector 15 connected to this colum wre. In this enbodi nent, al

the termnals Pl are interconnected and set to the same potential. The
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BACKGROUND OF THE INVENTION

The invention relates to .an electromagnetic wave detector notably a
bispectral photoconductor—based detector.

The invention is advantageously applicable in the fabrication of a bispectral
detection matrix.

'DESCRIPTION OF THE PRIOR ART

Detection systems that detect radiation in two spectral bands are used in
applications such as the identification or recognition of objects.
Measurement of the thermal emission of an object in two spectral bands
enables its temperature or its distance from the observer to be deduced,
which represent additional information compared with that provided by a
monospectral image. An example of a quantum-well detector that can detect
two wavelengths is described in the French patent application n°92 08384.

Integrated two-band detectors provide information from both bands for each
pixel in a focal plane, thus reducing the weight, electrical power and cost of
the complete system. Moreover, the integration of such detectors in the
same focal plane requires no optical alignment.

SUMMARY OF THE INVENTION

According to the invention, an integrated two-band detector is composed of
two active layers and three layers for the electrical contacts (figure 1)
superimposed on a substrate. The signal of the active layer D1 is collected
between the contacts C1 and Cc and the signal of the active layer D2 is
collected between C2 and Cec. However. hybridization techniques do not
enable two independent contacts for each active layer on small pixels. The
invention proposes a connection configuration for such detectors that



30 REPLAQEMEM SHEEI1 ion of the matgix of detectors is then sequential by

<41 ng. During eaghldetection operatlon of a line, we apply the voltage
V1 fo|tH®@4 FEB19981i hal P1 of this line and the voltage Vref to the term nal
P2, [then the voljthge V2 to the térmnal P2 and the voltage Vref to the

ter eading is taken on phe colum wires; each colum wre
enalpl es readlng of 35]one detector of the controlled |ine. :

provides for two sequential sugnals with'a single contact for addressmg the
pixels.

The invention therefore relates to 'a photoconductor-based electromagnetic
5 wave detector including:

- at least one first and one second overlaid plane active detector
elements separated by a common layer, said first and second
detector elements being sensitive to the different wavelengths;

- a first means of connection connected in common to said first and

10 second detector elements, a second means of connection connected
to said first detector element, and a third means of connection
connected to said second detector element;

- means for applying control voltages successively to each means of
connection;

15 - means connected to said first means of connection to detect a
photoconduction current each time a control voitage is applied.

BRIEF DESCRIPTION OF THE DRAWINGS

20 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:

- figure 1 shows two superimposed detectors;
- figures 2a to 2d show a set of two detectors with associated

25 electrical connection elements;

. - figures 3a and 3b show a plan view and a sectional view of a matrix
of bispectral detectors:
- - figures 4a to 4c show example of a method of fabrication of the
device according to the invention; |
30 - figures 5 to 9 illustrate variants of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in the simplified diagram in figuré 1, the detector according to the
35 invention includes, overlaid on a substrate:
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sthe ot heg |ines chn{ be i nhi biteéd by applying a voltage Vref to the
term nal s aﬁ'ﬁBW&)f these lines. 5 _

- a contact layet C2,

- an active photoconducting layer D2,

- acommon contact layer Cc,

- an active photoconducting layer D1,
5 - acontact layer C1.

The active photoconducting layers D1, D2 can be layers of photoconducting
material. They can also be made in the form of stacks of layers constituting
quantum-well detectors. The two active layers D1, D2 have different
10 characteristics such that they become photoconducting when irradiated with
- electromagnetic waves of different wavelength (or bands of wavelength).
The active layers D1, D2 becomes photocondicting when subjected to
‘radiation of respective wavelengths A1 and A2. The detector receiving
radiation RZ as shown in figure 1, the active layer D2 is transparent at

15 wavelength A1.

The contact layers C1 and C2 enable control voltages to be applied. The

contact layer Cc is common to the two detector elements comprised of active

photoconducting layers. It is held at a reference voltage' and enables
20 detection of the photocurrents generated by the detectors D1, D2. -

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
25 - contacts to be made on the contact layers C1, C2, Cc respectively.

The substrate is transparent to the wavelengths to be measured, so the
detector receives the radiation RZ to be detected through the substrate.

30 When the radiation RZ is received by the detector, to detect two
wavelengths A1, A2 or bands of wavelengths, a reference voltage Vref is
applied to the connection terminal Pc, in other words to the common contact
layer Cc (see figure 2b). This reference voltage can be a ground, for
example. Next, we first apply a voltage V1 to the contact layer C1 (terminal

35 P1) and the reference voltage Vref to the contact layer C2 (terminal P2).
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wavelength A1, the device A detects this current i1. This operation
corresponds to the position of the switches K1 and K2 in figure 2b.

Secondly, the switches K1, K2 are set to the positions shown in figure 2c. A
voltage V2 is applied to the contact layer C2. The reference voltage Vref is
applied to the contact layer C1. The detector element D1 is then inactive,:
whereas the detector element D2 is made active and generates' a

photocurrent i2 on reception of a wavelength A2. The device A measures

this photocurrent.

The device according to the invention thereby enables the successive
detection of wavelengths A1 and A2.

Figure 2d re‘preserits the operation of the device when both detector
elements D1 and D2 are active. The switches K1 and K2 respectively apply
the voitage V1 and V2 to them. These potentials have the same sign
relative to the reference voltage Vref such that, in the presence of
wavelengths A1 and A2, the two detector elements D1 and D2 generate
photocurrents in the same direction in the device A which therefore
measures the sum of the generated photocurrents. The signal measured
therefore corresponds to the sum of the signals in the two spectral bands.

As an example, the control voitage could be 2 Volts for V1 and 4 Voits for
va.

Figures 3a and 3b show a plan view and a sectional view of a matnc:al
embodiment of a bispectral detector accordmg to the invention.

The detectors of the matrix are made on a control contact layer C2 common
to all the detectors. The connection terminal P2 is therefore common to the
whole matrix. Each detector includes a detector element D1, a detector
element D2, the contact layers C1 and Cc and the connection terminals P1
and Pc. The connection terminals P1 are all connected together to apply a

operation ofrthe;detectors (see the description
nd 2c) during each detection operation on a line,

j el?garéacing time of the detector elenents D1 (operation
corresjp nd| ng to I gurfe {2b) followed by a reading tinme of the detector
el ement s | dorresponding to4igure 2c). We shall now

10
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etector el egnent D2, a common contact |ayer Cc,

sone or rnorle photoconducti | ayers D1 constituting the photodetector

el enent {DY, ddFEBJBI adt Payer Cl (figure 4a). 20 The upper detector
el enent |DJ is fornmed byjemgraving or ionic inplantation of the layers
Cl and O1; the engraving (or inplantatidh) stops at the contact | ayer
Cc (figura—dh) 25 _The | wer detector elenent D2 is then formed by
engravi ng or i oni ¢ | antation of the layers Cc and D2; the engraving

(or inplant é{pltggg Vek %yref (seatearlier) toatl sbe detantor elements; BHeotsitip. 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.

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 3¢, we
have shown only the connection terminal Pc of each detector. Each
intersection is equipped with, for example, a transistor Tr whose base is
10 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
15 connected to this column wire.

In this embodiment, all the terminals P1 are interconnected and set to the
same potential. The same applies to the contact layer C2 that is common to
all the detectors and connected to the terminal P2. '

20 _
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. We then have one
terminal P2 per contact strip C2, i.e. per line of detectors.

25 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 column wires of the
30 matrix. The operation of the matrix of detectors is then sequential by line.

During each detection operation of a line, we apply the voltage V1 to the -

terminal P1 of this line and the voltage Vref to the terminal P2, then the

voltage V2 to the terminal P2 and the voitage Vref to the terminal P1. The

reading is taken on the column wires; each column wire enables reading of
35 one detector of the controlled line.



The V\:hO|}§ strubﬁﬁl‘é \ﬁEE'ﬂi\n covered with a layer of insulator IS (figure
=2). 30 Next “thrée holes are nade in the layer of insulator to access
the thr e(‘ qu;al hyers; netal deposits are made in these holes to

formth ontact m nals P1, P2 and Pc.
! 6

During each control of a line, the operation of the detectors of the other lines
can be inhibited by applymg a voltage Vref to the terminals P1 and P2 of
these lines.

Owing to the bispectral bperation of the detectors (see the description
~ relating to figures 2b and 2c) during each detection operation on a line, we
will have a reading time of the detector elements D1 (operation
corresponding to figure 2b) followed by a reading time of the detector

10 elements D2 (operation corresponding to figure 2c).

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

15 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 Cec,
one or more photoconducting layers D1 constituting the photodetector -
element D1, and a contact layer C1 (figure 4a).
20 | | I
The upper detector element D1 is formed by engraving or ionic implantation
of the layers C1 and D1; the engravnng (or implantation) stops at the contact
Iayer Cc (figure 4b)

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

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

30 '
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
terminals P1, P2 and Pc.



For the fREPLAQEMﬁﬂTOSHEE trix of detectors, the various detectors are
-made escribed previously. W then obtain a structure
such t hat ure 3b. As we have seen, the termnal P2 is
common t (g trix. Al that remains is therefore to nake on
the surfg X the intercoinecti ng conductors of the

t er m nal § Pl thenthe rrat i x of " termnals Pc.

For the fabncatlon 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

5 matrix the interconnecting conductors of the terminals P1, then the matrix of
terminals Pc. |

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

The detector is composed of two. actlve layers separated by an msulatmg
layer Cc (see figure 5).

15 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
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

20 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
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.

25 '

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

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

30 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
test terminal Pt per detector can be used to perform a current test.
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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 to all the detector pixels.'

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
the two stages to be desymmetrized: - |

- 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
flexibility as regards metallurgical defects, since these then cause
only local short-circuits. '
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1.  Photoconductor-based electromagnetic wave detector including:

5 - at least one first and one second overlaid plane active detector
elements separated by a common layer, said first and second
detector elements being sensitive to the different wavelengths;

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

10 to said first detector element, and a third means of connection
connected to said second detector element;

- means for applying control voitages successively to each means of
connection; . :
- means connected to said first means of connection to detect a

15 photoconduction current each time a control voltage is applied.

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

20 . between two electric control contact layers, said second and third
means of connection each being connected to one of said control
contact layers. |

3. Detector according to claim 1, wherein said cbmmc_m layer is an
25  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

ends of the detector element.

30 -
4. Detector according to claim 1, wherein said means for applying a
control voltage can be used to apply:
- areference voitage to said first means of connection;
- this same reference voltage to said second means of connection;
35 - acontrol voltage to said third means of connection.
_ THIS SHEET HAS BEEN :
heet Has Been Replaced 3 REPLACED '

T



test termnpl| Pt per detector can be used to per

gani zati on of detectors such as those i

nfig
n all the contacts Pl are co
ane applies for the contacts ﬂm " " II
a scur

orm

10

Fi.gure

‘5. 30

by

central

t est.

5

10
15
20
25
30
35

Detector according to claim 4, wherein said means for applying a
control voltage include switching means that enable, first, a control
voltage to be applied to the first of said control contact layers and said
reference voltage to be applied to the second of said control contact
layers, then secondly, a control voltage to be applied to the second of
said control contact layers and said reference voltage to be applied to
the first of said control contact layers. '

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 alil 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
controlied by a voltage applied to the line wire at the intersection.

Detector according to claim 6, 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
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
following stages: | '
- fabrication on a substrate of:

" This Sheet Has Been
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det ect or

- a first contact layer, :
- at least one first layer of photoconductmg material,
- a second contact layer,
. atleast one second layer of photoconducting matenal
5 . 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;
10 - - 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.

10. Method of fabrication of a matrix of detectors according to claim 9,
15 . wherein several detectors are collectively made on the same substrate,
the first contact layer being common to all or some of 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

20 different detectors..

11. 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 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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BISPECTRAL ELECTROMAGNETIC WAVE DETECTOR

The disclosure relates to a bispectral electromagnetic wave detector
including at least one first and one second overlaid plane active detector
elements separated by a common layer, said first and second detector
elements being sensitive to the different wavelengths; a first means of
connection connected in common to said first and second detector elements,
a second means of connection connected to said first detector element, and
a third means of connection connected to said second detector element;
means for applying successively a control voitage to each means of
connection; and means connected to said first means of connection to -
detect a photoconduction current each time a control voltage is applied. The
invention is used in applications requiring detection of electromagnetic
waves in two bands of different wavelengths.

Figure 2a
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det eqt or el emen phot oconductging naterial, a contact |ayer for
readilng..a_second det ector el enent of photoconducting material, and
a second control cont act

| ayer which is connected to this sane
respecti ve second control .
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E N@LSH, ;other detectors of the matrix . 5. Detector
-at.rh Ml Q% | uding a matrix of |ine conductors and

c ngg%tors supe sed on said matrix of detectors, each detector
bei ng a FEB-B9ant] 1y at an intersection of the matrix of

line do ctors ‘and cql yom conduct ors.agppd.bei ng connectable to the

colu wWre at the Tmtefsection via a sWtching device that can be
controted-by._a_vol tagefapplied to the line wire at the intersection.

6. Detector according to claimd4, wherein: - said first contro
contact layer is made in the formof strips, a row of




de’t'gctors bei-ng made an each strip:r

t he ors oSEARCHWREPG to‘\fl’thamnNO 970421%7e al so i nterconnect ed;
- s adi ng contact layers of a |detector % ach row of detectors are
i nt cd®onnected to form colums of T 0 . Detector including a
HEKK‘OF'IEEQ&BS‘I‘RAEDOMI ng to claimi1, made on a substrate a
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t he subst rate, this |la er bei ng_covered by an i.nsul ating | ayer,
PECIR AL, RO NETIC WAVERETRBCTOR:r  a first detector

rrent of phot oconduct [ ng material, a common insulating |ayer, a
The disclosure relates to a bispectral electromagnetlc wave detector including at least one first
and one second overlaid plane active detector elements (D1; D2) separated by a common layer

~ (Cc), said first and second detector elements being sensitive to the different wavelengths; a first
means of connection (P1) connected in common to said first and second detector elements
(D1,D2), a second means of connection (P2) connected to said first detector element (D1) and
a third means of connection (P3) connected to said second detector element; means for
applying successively a control voltage to each means of connection; and means connected to
said first means of connection to detect a photoconduction current each time a control voltage
is applied. The invention is used in applications requiring detection of electromagnetic waves in
two bands of different wavelengths. '
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Figure 2a.
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WHAT IS CLAIMED IS

Photoconductor-based electromagnetic wave detector including:

- at least one first and one second overiaid plane active detector
elements separated by a common layer, said first and second
detector elements being sensitive to the different wavelengths;

- a first means of connection connected in common to said first and
second deteclor elements, a second means of connection connected

{o said first detector element, and a third means of connection

cannected to said second detector element;
- means for applying control voltages successively to each means of
connection; '
- means cannected_to said first means of connection to detect a
photoconduction current each time a contral voltage is applied.
wherein said common layer is an insulating layer, said first means of
connection is connected to a first and of each detector element, and
said second and third means of connection are esach connected 1o a
second end of a2 detector element said first and second ends of sach
detector element being apposxte ends of the detector element.

Detector according to clanm 1, wherein said means for applying a
control voltage can be used to apply:

" - areference voltage to said first means of connectiun:

- this same reference voltags to said second means of connection;
- & control voitage to said third means of connection.

Detector according to claim 2, wherein said means for applying a
control valtage include switching means that enable, first, a control
vollage to be applied to the first means of connection and said
reference voltage to be applied to the second means of connection
then secondly, a control voltage to be appfied to the second means of

connection and said reference voltage to be applled to the first means
of connection.
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4. Detector including a matrix of detectors according to claim 1, made on

| a substrate, a first control contact layer being made aon the face of the
substrate and being common to a set of detectors, each dstector
including, on this first control contact iayer, 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.

5. Detector according Yo claim 4, including a matrix of line conductors and
" calumn conductars 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 & switching device that can be
controlied by a voltage applied.to the line wire at the intersection.

6. Detector according to claim 4, wherein:
- said first control contact tayer 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
are also interconnected, '
- ‘said reading contact layers of a detector of each row of detectors are
. interconnected to form columns of 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 conneclion all being interconnected and said third means of
connection all being interconnected.
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ABSTRACT

| BISPECTRAL ELECTROMAGNETIC WAVE DETECTOR

The disclosure relates to a bispectral electromagnetic wave detector including at least one first
and one second overlaid plane active detector elements (D1, D2) separated by a common layer
(Cc), said first and second detector elements being sensitive to the different wavelengths; a first
means of connection (P1) connected in common to said first and second detector elements
(D1,D2), 2 second means of connection (P2) connected to said first detector element (D1) and
a third means of connection (P3) connected to said second detector element; means for
applying successively a control voltage to each means of connection; and means connected to
said first means of connection to detect a photoconduction current each time a control voltage

is applied. The invention is used in applications requiring detection of electromagnetic waves in
two bands of different wavelengths.
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