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BISPECTRAL ELECTROMAGNETIC WAVE DETE7 
s BACKGROUND OF THE INVENTION 

The invention relates to an e~ectromagnatlc wave detector. notably a 
blspectral photoconductor-based detector. 

1 o The Invention is advantageously applicable in the fabrication of a blspectral 
detection matrix. 

DESCRIPTION OF THE PRIOR ART 

15 Detection systems that detect radiation Jn two spoctral bands nre 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 

20 monospectral Image. An example of a ·quantum.well detector that can detect 

two wavelengths ts 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 ~wer and cost of 

25 the complete system. Moreover, the Integration of sucn detectors in the 

same loCMI plane requires no optical allgnment. 

SUMMARY OF THE INVENTION 

30 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 01 is collected 
between the contacts C1 and Cc and the slgnar of the active layer 02 is 

collected between C2 and cc. However, hybridization techniques do not 

35 enable two Independent contacts for each active layer on small pixels. The 

Invention proposes a connection configuration for :such detectors that 

REPLACED SHEETS SG 

Deaorlption: paged .•.• .\.to paged •• .,.. 

IZf Claim(s} : paged ... ~ .• to paged ~ · 
n'OraWing(s) : paged ..!/t. to paged .!.tr:." 
~ ('2... -Ill Abstract : paged .. .. .. to paged . · · · · · · 



-~ - .. 
~· 

------··· ··-·· .. ·--··· 

2 

provides for two sequential signals with a single contact for addressing the 

pixels. 

The invention therefore relates to li photoconductor-based erectromagnetic 
s 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 
1 o 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 

connectron; 
1s - means connected to said first means of connection to detect a 

photoconductlon 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 t~e attached drawings: 
- figure 1 shows two superimposed detectors; 
- figures 2a to 2d show a set of two detectors witn 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 figure 1, the detector according to the 
35 invention includes, overlafd on a substrate: 
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• a contact layer 02. 
.. an active photoconducting layer 02, 
• a common contact layer Cc, 
.. an active photaconducting layer 01, 

s - a contact layer Cl. 

--- -···---·---------·· 

The active photoconducting layers 01, 02 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 01, 02 have different 

10 characteristics such that they become photoconducting when irradiated with 
electromagnetic waves of different wavelength (or bands of wa~ngth). 
The active layers 01, 02 becomes photoconducting when subjected to 
radiation of respective wavelengths ).. 1 and A.2. The detector receiving 

radiation AZ as shown in figure 1, the active layer 02 is transparent at 

15 wavelength A 1. 

The contact layers 01 and C2 enable control voltages to be applied. lhe 
contact layer Cc is common to the two detector elements comprised of active 
photoconducting layers. It fs held at a reference voltage and enables 

20 detection of the photocurren1s generated by the detectors 01. 02. 

FlRUre 2a shows a more detailed embodiment of the detectnr ar.r.nrrlino tn 
the invention In which the detector Is encapsulated in an insulating material 
IG. The eonnection termi.-.al:s. P1. P2, Pc lu:lvtmse this Insulator and enable 

2G 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 rOOQiVQS the radiation nz tO be detected through the SUbSll'ale. 

so When the radiation AZ Is received by the detector, to detect two 
wavelengths l 1, A.2 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 
emmple. Next. we first appfy a voltage V1 to the contact layer C1 (terminal 

35 P1) and the reference voltage Vref to the contact layer C2 (terminal P2). 

ii1iimiinr 
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The detector element 02 is rendered inactive, the detector element 01 is 
active and generates a photocurrent i1. If the radJaUon AZ contains a 

wavelength ).1, 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 contacl layer C1. The detector element Di is then inactive, 
whereas the detector element 02 is made active and generates a 

10 photocurrent i2 on reception of a wavelength A.2. The device A measures 
this photocurrent. 

15 

The device according to the Invention thereby enables the successive 

detection of wavetengths A.1 and A2. 

Figure 2d represents the operation of the device when both detector 

elements 01 and 02 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 vol1age Vref such that, In the presence of 

~n WAvelengths 11 and l.2, the two detector olomontc 01 and 0'1 generate 

photocurrents in the same direction jn 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. 

25 As an example, the control voltage could be 2 Volts for V1 and 4 Volts for 

V2. 

30 

Figures 3a and 3b show a plan view and a sectional view of a matricial 

embodiment of a .bispectraJ detector according to the invention. 

The detectors of the matrix are made on a control contact layer C2 common 

lo all the detectors. The connect•on terminaf P2 Js therefore common to the 
whole matrix. Each detector includes a detector element 01, a detector 
RIAment 02, the contact layers C1 and Cc and the connection terminals P1 

35 and Pc. ihe connection terminals Pi are all connected together to apply a 
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voltage V1 Of Vfef (see etulittr) tu all the detector elements 01 of the matrix. 
The contact layer C2 and the connection terminal P2 being common to the 
whole matrix, the potential applied to the termrnal P2 is applied to all the 
detector elements 02 of the matrix. · 

To enable reading of the detectors of the matrix, each detector is located a1 
the intersectinn of a nAtwnrk nf UnA anrf nnlumn r.nnd11r.tors In figure 3c, we 

have shown only the connection tenninal Pc of each detector. Each 
intArAection is equipped with, tor example, a transistor Tr whose base is 

10 connected to the line wira. 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 au 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 

1 s connected to this column wire. 

20 

In this embodiment, all the terminals P1 are interconnected and set to the 
same potential. The same applies to the contact Jayer C2 that is cornmon to 
an the detectors and connected to tha tQrminal 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. We then have one 

terminal P2 per oontact 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 voltage 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. 

I 
I 
I 
I 

I 
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During each control of a li~a. the operation of the detectors of the other lines 

can be inhibited by applying a voltage Vref to the terminals P1 and P2 of 

these llnes. 

Owing to the bispedral operation 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 01 (operation 

corresponding to figure 2b) followed by a reading time of the detector 

10 elements 02 (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 pliotodetector element 02, a cornmon contact layer Cc. 

one or more photoconductlng layers 01 constituting the photodetector 

element 01, and a contact layer C1 (figure 4a). 

20 

The upper detector element 01 is formed by engraving or ionic implantation 

of the rayers C1 and 01; the engraving (or implantation) stops at the contact 

layer Cc (figure 4b). 

25 The lower detector element 02 ls then formed by engraving or ionic 

implantation of the layers Cc and 02; the engraving (or Implantation) stops 
at the contact tayer C2 (figure 4c). 

30 

ThC) whofo structure is then coveted with 11 layer of inaulator IS (figure 2). 

Next, three holes are made in the layer of insulator to access the three 

contact layers: metal depostts are made in these ho_les to form the contac1 

tenninaJs P1, P2 and Pc; 
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For· the fabrication of a matrix Of detectors, the various detectors are made 

collectively as described previously. We then obtain a structure sueh 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 

s matrix the interconnecting conductors of the terminals P1 • then the matrix of 

terminals Pc. 

We have de&cribed above the inver"ltion 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). 

1s Ohmic contacts are made at the two ends of each active layer 01, 02. 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 02; the upper contact P1 is 

20 connected to the active layer 01. We therefore see that when the active 

layers are suitably polarized the detector operates in a similar manner 10 the 

one described previously, with the differenoe 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 IS 1 is inserted between the active layer 02 

and the substrate. 

Figure 6 shows a ma1rix organization of detectors such as those in figure 5. 

30 In this organization aH 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 ~urrent test. 
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Figure 7 shows a variant of the embod.iment In figure 5 including a 
conducting layer C3 placed on the substrate and on which the structute h1 
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 connectron P2 to be 
used that Is common to all the detector pi>Cels. 

It will be clear to 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 detector 
to minimize the thickness of the active layer and increase the 
detection sensitivity of the device; they also enable the responses of 
tho two stages to be desymmetrized: 

1 s .. 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)i this geometry also provides s0me 
flexibility as regards metallurgical defects, since these then cause 

20 only local short-circuits. 
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WHAT IS CLAIMED IS 

1. Photoconductor-based electromagnetfc wave detector including: 

s - at least one first and one second overlaid plane active detector 

elements separated by a common layert said first and second 
detector elements being sensitive to the different wavelengths; 

- a first means of connection connected in common 10 said first and 

second detector elements, a second means of connection connected 

10 to said first detec;tor element. and a third means nf connection· 

connected to said second detector element; 

- moans for applying control ·voltages successively to each means of 

connection: 
- means connected to said first means of connection to detect a 

15 photoconductlon 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 cJalm 1 t wherein said common 1aver ts an 

25 insulating layer t said first means of connection is connected to a first 

end of each detector elgment, 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 

end~ of the detector element. 

30 

4. Detector according to claim 1. wherein said means for applying a 

control voltage can be used to apply: 

- a reference voltage to said first means of connection: 

• this same reference voltage to said second means of connection; 

35 - a control voltage to said third means of connection. 

li1ii~iliT 



_ 11111111111111 11111 1111111 1111 
* C L M S * 10 

5. Detector according to clalm 4. wherein said means for applying a 

control voltage include switching means that enablo, 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 

5 layers, then secondly. a control voltage to be appried to the second of 

said controt contact layers and said reference voltage to be applied to 

the first of said control contact layers. 

6. 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, each detector 

inr.luding. on this first control contact layer, a first detector element of 

photoconductlng material, a contact layer for reading, a second 

detector element of photoconducting material, and a second control 

1s contact layer which is connected to this same respective second control 

contact layer of all the other detectors of the matrix. 

7. Detector according to claim 6, 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 

line conductors and column conductors and being connectable to the 

column wire at the intersection via a switching device that can be 

controfled by a voltage applied to the line wfre at the intersection. 

2s 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 •ayers of the detectors of each row of detectors 

are also interconnected; 

30 - sald reading contact layers of a 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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• a first contact layer, 

• at least one first layer of photoconducting material, 

• a second contact layer. 

• at least one second layer of photoconducting material, 

5 • a third contact layer, 
- engraving of the third contact layer and the second layer of 

photocondu<;ting material to define a tirst detector element: 

- engraving of the second contact lay~r and the first layer of 

photoconducting material to define a second detector element; 

10 - encapsulation of said·tayers in an insulating materlat: 

.. engraving of holes in the· insulating layer to access the contact 

layers, and me1alllzation of these holes. 

1 o. Method of fabrrcatlon of a matrix of detectors according to claim 9, 

15 wherein several detectors are collectlvely 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 

tha 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 thA fAr:a of the substrate. this layer being covared by an insulating 

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

elemer"ll of J)hotocunducting material, a common Insulating layer. a 

second detector element of photoconducting materialt said second 

means of connection all being Interconnected and said third means of 

connection all being Interconnected. 


