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STRUCTURE BACKGROUND OF THE | NVENTI ON The fi%?é of the

invention is that of detectors 5 with quantum wel | structilfe¥é6fkitng in
the infrared range, both in band Il (between 3 and 5 pm and in band

[11 (between 8 and 12 pm. At present, there are three types of
detectors used in the infrared domain. 10 Afirst type relates to
the detectors with Schottky junction formed between silicon and platinum
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of 50 BACKGROUND OF THE INVENTION
The field of the invention is that of detectors
5 with quantum well structure working in the infrared
range, both in band II (between 3 and 5 pm) and in band
ITI (between 8 and 12 um).
At present, there are three types of detectors used

in the infrared domain.

10 A first type relates to the detectors with Schottky
junction formed between silicon and platinum silicon
(si/Ptsi). These detectors perform well (as measured
by a minimum temperafure detectable commonly called
NETD or noise equivalent temperature detectable of

15 about 80 mK in band II for reading frequencies of 50
Hz, surface areas of 50 pm x 50 pm and an optical
aperture of £/2), but have very 1low working
temperatures (of about 77 K).

A second type relates to bolometrical or

20 - pyrometrical thermal detectors based on the changing of
electrical properties such as the dielectric index or
the resistance under the effect of heating due to the
radiation absorbed. These detectors lead to more
modest performances (with NETD values of about 120 mK

25 under the conditions of measurement described here
above and for band III). Nevertheless, their great
value is that they work at ambient temperature without
needing to be cooled.

A third type of detector relates to quantum

30 structure detectors using p-n junctions based on
semiconductors such as InSb, HgCdTe or PbSnSe or
intersubband transitions in quantum wells of materials
such as GaAs/AlGaAs.

These detectors have very high performance

35 characteristics (with NETD values in the neighborhood



Hz, surface areas of 50 pmx 50 [err]mand an optical aperture of
f12), but have very |ow working tenperatures (of about 77 K).

A second type relates to bol onetrical or 20 pyronetrical thermnal
detectors based on the changi ng of el ectrical properties such as the
dielectric index or the resi stance ,under the effect of heating due to
t he radi ati on absor bed. These détectors lead to nore nodest
per f or mances (wﬁth NETD val ues of about 120 nK 25 under the conditions of
measur enent de
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needing to WEimoahedbesg case&.third type of detector relates to quantum 30
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vel | s of natellal stheresﬁRiTﬁ asTEFAEY @l GeEsogenic  cpedd@g.det ecTHLE have
very high regirleichiac andextiar 2ok iFdhr ¢hel Wouiphleh®.val ues in the
nei ghbor hood Indeed, as described in R.J. Keyes, "Optical and
Infrared Detectors", Springer-Verlag, the detectability
of a component of this type is proportional to
I/ Iaark where Igayx is the dark current of the
10 detector. In semiconductor-based gquantum structure
detectors, the current Igzyx is thermally active,
namely it varies as a function of the temperature in
the form Ig,,gee E9/IKT
where Eg is the width of the gap of the
15 semiconductor, close to the energy of the photon to be
detected. |
More specifically, the dark current in a
photovbltaic detector is given by the following
equation:
20 Tdark = Iaiff + Ezce
with Igiff = 4 Laiff-ni%/tmin-Ndop
and Izcg = 4 nj d/tpin
where:
Iqiff is the diffusion current
25 Izce is the space charge zone current
Lagiff is the diffusion length (typically some tens
to some hundreds of microns) |
Tmin is the lifetime of the minority carriers
nj is the intrinsic carrier density
30 d is the thickness of the space charge zone.
Figure 1 illustrates a standard photovoltaic
detector having a p-n junction in which the lengths
Lygiff and d are shown.
In these detectors, it is particularly niz that
35 gives the thermally activated term. Conventionally, by
cooling these infrared detectors, the dark current and



2 of 20 nK) but work at tenperatures in the range of 200 Kin the
pest cases. These | ast-nenti oned detectors which performvery

well therefore require cyrogenic cooling. This 5 represents an
extra cost for the equi pnent. | ndeed, as described in R J. Keyes,
"Optical and Infrared Detectors"”, Springer-Verlag, the detectability
of a conponent of this type is proportional to [err] where I[err] is
the dark current of the 10 detector. In semnm conduct or-based quantum

anel y 1t VAT BB on 8P ORI P Bper RS i rere T nddBRAd Y or
where FEg iBurthermosielt lsinnfe the dguk cutrenhhe is5 proportdemadt dr@ cl ose
to the ener hofth kOl 08 b® Rfie detector zome, it is judicious
to have a very thin detector zone. More specifically,
5 the detectivity limited by the dark current is given by
the formula:
D* = nl/[ul/zhc.(Idark/quA)l/z]
where
g is the charge of the electron
10 h is Planck's constant
¢ is the velocity of light
k is the Boltzmann constant

T is the temperature

G is the gain in photoconduction (G = 1 if the
15 component is photovoltaic)

u = 2 if the component is photovoltaic

u = 4 if the component is photoconductive, and

1 = the quantum yield given by the absorption of
light in the layer with a thickness 4 giving:
20 a=1- e od
where « is the coefficient of absorption of the
material.

The detectivity D* is therefore proportional to:
D*a 7q(d) VA
25 and in the standard case n(d) = 1-e—ad
Figure 2 illustrates the development of the
detectivity D* as a function of the thickness d. The
curve 2a relates to standard quantum detectors in which
n(d) = l—e‘“d, these detectors typically wusing
30 thicknesses in the range of one micron. The curve 2b
pertains to a quantum detéctor in which 1n(d) is
constant. With this type of detector, it becomes
particularly useful to work with a very low thickness d
which may be in the range of 0.1 pm and a constant
35 dquantum yield 7n, the very low thickness d leading to



det ect ed.
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More specifically, the dark current in a
photovol taic detector is given by the foll ow ng equation: 20 [[err]
= Il[err] + Eerr] with I[err] = q L[err] and I[err] = q
nferr] d/[err] wher e: I[err] is the diffusion current 25
I[err] is the space charge zone current . Ldiff is the diffusion
|l ength (typically sonme tens to sone hundreds of m crons) [err]
the lifetine of the mnority carriers nferr] is the intrinsic
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To achieve the working conditions explained here
above, the detector with a quantum-well structure that
is an object of the invention is a detector comprising
a stack of layers of semiconductor materials on a
substrate with an electromagnetic wave detection zone,
wherein the stack of layers comprises a layer of
semiconductor material with low gap energy constituting
the detecting zone, contained between two layers of a
semiconductor material with high gap energy, and
wherein the detector comprises a coupling grating on
the stack of 1layers to obtain efficient coupling
between the optical wave to be detected and the
detector zone. '

Advantageously, the layer of semiconductor material
with a’ small gap has a small thickness d, typically of
about 1000 & to maintain low dark currents in the
detector.

The coupling grating for its part enables an
increase in the coupling between the detector zone and
the electromagnetic wave so as to keep a high quantum
yield 1.

According to a first variant of the invention, the
quantum detector is a photoconductor detector
comprising electrical means to measure the variations
of resistivity due to the input of electrons into the
conduction band of the small-gap material, during the
detection of the optical wave. The region constituted
by semiconductor materials with a small gap having a
small thickness d is in this case inserted between two
layers constituted by large-gap semiconductor materials
SGC1 and SGC2 that are not doped and are therefore
ideally insulating at ambient temperature. A
diffracting grating may advantageously be etched on the



3 therefore t he associ at ed noi se are r educed.

.Furthernore, since the dark current is proportional to the thickness d
of the detector zone, it is judicious to have a very thin detector zone.
More specifically, 5 the detectivity limted by the dark current is given
by the formul a: D = [err] g wher e g is the charge of
the electron 10 h is Planck's constant c is the velocity of

| i ght k is the Boltzmann const ant T is the tenperature

Glis the gaﬁﬂpéP ngégcggdggkgggnd&g%gr1m5£e%951 SGC2. The pitch
A of the grating is such that there is a resonance
between the wavelength A of the wave to be detected in
the material (if n is the optical index of the material

5 and the wavelength Ao of the electromagnetic wave to be
detected, in a vacuum with A = Ao/n) and the grating,
namely A = Ao/n.

According to a second variant of the invention, the
detector of the invention is a photovoltaic detector,

10 the detector zone constituted by small gap
semiconductor materials is inserted between two layers
of large-gap semiconductor materials with p type and n
type doping. In this case, the electron-hole pairs
created by the absorption of the energy photons from

15 the electromagnetic wave are separated Dby the
electrical field that prevails in the p-n junction.
The holes and/or the electrons may be drained towards
the ends and develop a potential different proportional
to the flux of photons detected, said potential

20 difference being measured by electrical means located
on either side of the stack of layers.

Advantageously, the detector of the invention may
include two barrier layers of semiconductor materials
with very large gaps STGq and STG; located at the

25 interfaces of the layers of materials SGG1/STG and
SGG2/SPG to prevent said interfaces from behaving like
ohmic contacts.

Advantageously, the coupling network is etched in
the layer of semiconductor material SGG2.

30 Advantageously, the detector according to the
invention may include a layer of semiconductor material
SG contained between the substrate and the stack of
layers of semiconductor materials SGG1/SPG/SGG2, the
material SG having a refraction index that is smaller

35 than that of the substrate S to confine the wave in the
stack of layers.
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| ead I%%gure 1 gives a schematic view of the lengths of
detection and diffusion in a detector according to the
prior art;

- Figure 2 illustrates changes in detectivity
limited by the dark current as a function of the
thickness of the detector zone in a semiconductor-based
gquantum detector. The curve 2a pertains to a prior art
quantum detector. The curve 2b pertains to a detector
according to the invention;

- Figure 3 illustrates a first exemplary
photoconductor detector according to the invention;

- Figure 4 illustrates a second exemplary
photodbnductor detector according to the invention}

- Figure 5 illustrates a first exemplary
photovoltaic detector according to the invention;

~ Figure 6 gives a schematic view of the energy
levels defining the valency bands and the conduction
bands of the set of semiconductor materials used in an
exemplary photoconductor detector according to the
invention; .

- Figure 7 gives a schematic view of the energy
levels defining the valency bands and the conduction
bands of the set of semiconductor materials used in an
exemplary photovoltaic detector according' to the
invention, with a type III heterostructure;

- Figure 8 gives a schematic view of the enerqgy
levels defining the valency bands and the conduction
bands of the set of semiconductor materials used in an
exemplary photovoltaic detector with a type 1II
heterostructure;
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4 - | ow dark currents that no | onger require any device for t he
.cooling of the detector. SUWWARY OF THE | NVENTI ON To achi eve
t he worki ng conditions explained here 5 above, the detector with a
guantumwel | structure that Is an object of the invention is a detector
conpri sing a stack of layers of semiconductor materials on a

substrate with an el ectromagneti c wave detection zone, wherei n the
stack of layers conprises a |layer of 10 sem conductor nmaterial with | ow gap

oY Goni conduct SASEeer S AP TFEN i SRSt EReNGrY ot TR \RATEIY the o O
det ect or colpvelss defdmiplg ngher sailageyn bandg handt 4die otond@yekionro obt ai n
efficient cBUPRLNGf the set of semiconductor materials used in an
exemplary type I photovoltaic detector.
5 MORE DETAILED DESCRIPTION

According to one variant of the invention, the

quantum structure detector working in the infrared
range functions in photoconductor mode as shown in
Figure 3. A substrate S supports a stack of

10 constituent layers of the detector. More specifically,
this stack of layers comprises:

~ a layer of large-gap, non-doped semiconductor
material SGGq;

- a layer of small-gap, non-doped semiconductor

15 material SPG;

- a layer of large-gap, non-doped semiconductor
material SGG,, whose surface has a grating Ry in raised
relief to provide for efficient coupling between the
electromagnetic wave to be detected and the detector

20 zone constituted in the present case by the layer of
material SPG.

These electron-hole pairs remain confined in the
detector zone as shown in Figure 6 which shows an
exemplary energy-level diagram of semiconductor

25 materials SGGl, SPG and SGG2. The energy level Eyp is
higher than the energy levels Eyg; and Eygz while the
energy level Egp is lower than the energy 1level Ecg;
and Ecg2-

Ohmic contacts C; and C; are made at the detector

30 zone in order to measure the.variations in resistance
of said detector zone at the appearance of the
electron-hole pairs due to the incident photons.

Figure 3 illustrates a detector in which the
grating is transparent to incident light. Figure 4

35 describes another variant of the invention in which the



15 bet ween the optical wave to be detected and the detector zone.

:Advant ageousl y, the |ayer of sem conductor materi al w.th a small gap has
a small thickness d, typically of about 1000 A to maintain | ow dark
currents in the 20 detector. The coupling grating for its part
enabl es an I ncrease in the couplin% bet ween the detector zone and t he
el ectromagnetic wave so as to keep a fi gh quantum yield [err]. 25
According to a first variant of the invention, the guantum detect or

is a phot oconduct or det ect or conprising electrical neans_to neasure

the vari ati 9Fdtingomsunparss \d (Hebnd 18YeRKeMenpdtberlEgRtt FERESIALS t he
conducti on kaedstbsthatenal | -gap material, during the 30 detection of the

optical wave. e region cqnstituyte b em_conduct or . ials with a
smal | gap havinéggan %§FQPF hi&%ﬁ@sgyaei§¥iaeFﬁF Otalfe iﬁggéﬁég %etmeen

t wo | ay ergmicdmsst ilayeed ilnglludede igagheesGedngactotomineriease theSGCl and
SA2 thal arGagh HIRGI rthedh® tHACLEWR 880 cnblgREl Yarknsul ating  at

anbi ent “tenperatureée. [ fracthg grat.ng may advant ageously
be etched on t h&ccording to another variant o he invention, the

detector works as a photovoltaic detector. As shown in
Figure 5, it may advantageously include:

- a substrate constituted by a n-doped

10 semiconductor material Sn; -

~ a layer of large-gap semiconductor material with
n-type doping, SGG1;

- a layer of small-gap, non-doped semiconductor
material SGP;

15 - a layer of large-gap, p-doped semiconductor
material SGGl, whose surface has a grating in raised
relief to provide for efficient coupling between the
wave to be detected and the detector zone constituted
by the layer of material SPG.

20 In this configuration, the movements of the free
carriers take place perpendicularly to the plane of the
layers and the ohmic contacts C3 and C4 are provided on
either side of the stack of layers. The ohmic contact
C3 may be typically obtained by the metallization of

25 the coupling grating and the setting up of a contact at
the metallization (Me + CE).

To provide for the conveyance of the free carriers
created in the stack of layers mentioned above, several
alternatives may be envisaged.

30 A first variant of a photoconductor detector uses a
heterostructure known in the literature as a type III
heterostructure (C. Weisbuch and B. Vinter, "Quantum
semiconductor structures", Academic Press). In this
structure, the bottom of the conduction band of the

35 small-gap semiconductor is located at the top of the
valency band of the large-gap semiconductors. Figure 7



5 upper layer of sem conductor material SGC2. The pitch A of the
grating is such that there is a resonance bet ween t he wavel ength [err]

of the wave to be detected in the material (if nis the optical index of
the material 5 and the wavel ength [err] of the el ectronmagnetic wave to be
detected, in a vacuumw th [err] = rjo/n) and the grating, nanely A =
[err]o/n. According to a secong variant of the invention, the
detector of the invention is a photovoltaic detector, 10 the detector
zone const .t ut ed seni condugt or aerlals IS

i nserted bePWd&R %SFéﬁ’é‘?glc V&fe‘ﬂgagﬁet&ﬁp 9805 ¢ 8FdthOr IAEEEFFRESs with p
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heterostructure. The incident photons create electron-
hole pairs on either side of the gap of the small-gap

5 material SPG, this gap being defined by the maximum
energy of the valency band Eyp and the minimum energy
of the conduction band Ecp- Two barrier layers
constituted by materials having very large gaps must be
interposed between the layers. of materials SGG1,/SPG

10 and SPG/SGGyp. The materials with very large gaps have
gaps defined by the energy levels Eypq and Eggpp on the
one hand and Eyyy and Eqpy on the other hand. Eypy and
Eyr2 are lower than Egp, Eppp and Eggpy may be higher
than Eggy and Epgz. In this configuration, the energy

15 levels of the large-gap materials are such that the
level Eyg; is lower than the level Eygy, the level Epgj
being also lower than the level Eggy since the material
SGG; is n-doped while the material SGG, is p-doped.

Another variant of a photodetector detector uses a

20 type II heterostructure whose energy-level diagram is
illustrated in Figure 8. In this type ©of
heterostructure, one of the types of carriers (the
electrons in the example of Figure 8) remains blocked
within the small-gap material SGP and may give rise to

25 an internal photovoltaic effect.

In the heterostructure of Figure 8, the energy
level Ecp is higher than the two energy levels Eyg; and
Eygz and the electrons remain confined within the
conduction band of the small-gap material SPG.

30 The holes may circulate towards the p-doped
semiconductor material, the material SGGy, and thus
generate an internal photovoltaic effect.

According to a third variant of a photoconductor
detector, it is possible to use a type I

35 heterostructure whose energy-level diagram is shown in
Figure 9. The large-gap semiconductor materials are



created by the absorption of the energy photons from15 the

‘el ectromagnetic wave are separated by the electrical field that
prevails in the p-n junction. The hol es and/or the el ectrons may be

drai ned towards t he ends and devel op a potential different proportional
to the flux of photons detected, said potential 20 difference being
nmeasured by electrical neans | ocated on either side of the stack of

| ayers. Advantageously, the det ect or of the invention may i ncl ude

two barrier ndu t mat erj al s very, g aps
stqrerr] andceichisfry; BPreditE the Bt it enady rLevRYs ST ERS,
materials SEE&#8¢$ bauds aSGEBﬁSHGthetpEeggnK Eggd<i Bygpfaces from behaving
like ohm ¢ ceRbagh%imum eneﬁ%aﬁ_@é}fgu Ey’tr{ehec(%&lp%%f&l NBRKAEK 1S

etched in the | ayer of sem coniductor mater

Advant ageouF§, SufRethgttect or accor di ng to t he i nvention may

I ncl ude & | ayer of sem conductg EHEGE | < G cont ai ned between the
substrate and t

SGGL/ SPG SG&, EﬁSSt 18 kﬁﬁPBr P&Feséaﬁ’é& ﬁgea@faé? ’ir‘]‘ggtc %gﬁs inﬁtﬁgrﬁll“%g?di s
smal | er 35 byabhunhhel effeht shibetight eh€ Bopedngobne.t he wave in the
stack of layersyn general, all the constituent layers of the
detectors according to the invention may be obtained by
10 any technique known to those .skilled in the art.
However, in order to eliminate the electrical effects
which are sources of noise, the SGG1/SPG/SGG, structure
should be crystallized and therefore obtained by
molecular beam epitaxy or by vapor phase deposition.

15 The semiconductor systems possible are for example
GaAlsb/InAsSb/GaslsSb, CdTe/HgCdTe/CdTe, PbS/PbsSnSe/Pbs,
etc.

Exemplary embodiment of a photoconductor detector

The semiconductor materials are the following:

20 SGG1: GaSb
SPG: InAsSb
SGG,: Alsb

The stacking of the layers is done with a lattice
matching, i.e. in conditions where the distances
25 between atoms are almost equal in all the materials.
The following epitaxy is obtained:
Starting from a GaSb substrate, a GaSb layer of the
order of 0.2 pm is epitaxially grown.
On this layer of material SGG;, a 100 A layer of
30 AlAsg gSbg.gz is made with a lattice matching with the
Gasb layer, and forms a barrier for the electrons
created in InAsSb. Then, a detector layer of
InAsg g5Sbg 15 is created with a thickness of 0.1 um
then again a 100 & layer of Alasy gSbp gz and finally
35 a 0.6 pm layer of Gasb.



6 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention wll be

~understood nore clearly and ot her advantages wi || appear fromthe

fol |l ow ng description, given on a non-restrictive basis with 5 reference
to the appended draw ngs, of which: - Figure 1 gives a schematic
view of the |engths of detection agnd diffusion in a detector according
to the prior art; - Figure 2 illustrates changes in detectivity
10 limted by the dark current as a function of the t hi ckness of the

detector zone i SSbGOICHGH ObzbasR! 1naGYRNhUPedet AF! BhosThie €ir Ve 22

pertains to a prior
obtaln a cutoff wavelength (namely InAsg_gs5Sbg.15) of

5.1 pm. .
A grating is etched to obtain a resonance of about

5 5 pm, i.e. for a grating period of 1.52 pm. The depth
of the grating is 0.3 pm.

With this conditions, the maximum quantum yield is
80% despite a very small thickness of 0.1 pm for the
detector zone.

10 Without a coupling grating, a 1 pm layer is needed
to obtain an identical quantum yield leading to noise
equivalent temperature NETD of 150 mK. By lowering the
thickness of +the detector 1layer to 0.1 pm; the
detectivity is increased by a factor of 3 leading to an

1S NETD of 50 mK.

Exemplary embodiment of a photovoltaic detector

The photovoltaic detector is defined on a substrate
of GaSb with n-type doping. )

A 1 pm layer of GasSb with n-type doping is

20 epitaxially grown on this substrate. Then a layer of
about 50 & of AlAsg gSbg.g; is used to prevent the
InAssb/Gasn heterostructure from behaving like an ohmic
contact. A detector layer of InAsg _gsSbg. 15 with a
thickness of 0.1 pm is epitaxially grown, followed by a

25 50 & layer of Alasy pgSbg.92 and a 1 pm layer of Gasb
with p-type doping. This heterostructure is a type III
heterostructure and enables the electrons and holes to
be emitted out of the detector zone. A grating
identical to that of the example of the photoconductor

30 detector described here above is etched on the GaSb
layer with p-type doping. Then a layer of metal (for
example gold) is vapor-deposited on the grating as an
electrical contact layer. The improvement of the
performance characteristics of this photovoltaic

35 detector with respect to the prior art photovoltaic



quéntun1detector. The curve 2b pertains to a detector according to the

~invention; 15 - Figure 3 illustrates a first exenpl ary

phot oconduct or detector according to the invention; - Figure 4
illustrates a second exenplary phot oconduct or detector according to
the invention; - Figure 5 4ipl lustrates a first exenplary 20
phot ovol tai ¢ detector according to the invention; - Figure 6 gives a
schematic view of the energy | evel s defining the val ency bands and the
conduct i O”dﬁte%%BQS 1 @f dife .féiﬁ Ol s SELEORANTL QN MBLE! 1S Hg8d bR an

exenpl ary photoconddct or detector according to the I nventi on; -

Fi gure 7 giphetogondueteri detieehoss -t he ener gy | evel s defining the

val ency bands and the conduction bands of the set of sem conductor
materials used in an exenplary photovoltaic detector according to
the 30 invention, with a type Ill heterostructure, - Figure 8 gives
a schematic view of the energy | evel s defining the val ency bands and the
conducti on bands of the set of sem conductor materials used in an

exenplary photovoltaic detector with a type Il 35 heterostructure;



7 - Figure 9 gives a schematic view of the energy | evel s
.defining the val ency bands and the conducti on bands jof “t he~setof

sem conductor materials used in an exenpl ary type | .ﬂ* mh .ﬁ
-“jgﬂg lhallﬂuﬁuMEd
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detector. 5 MORE DETAI LED DESCRI PTI ON Accor
of the invention, the quantun1strg£§ure det ect or wor
range functions in photoconductor as shown in Fi-gbire

substrate S supports a stack of 10 constituent |ayers of the det ect or.
More specifically, this stack of :gfrs coq?rlses - a layer of
| ar ge- gap, non-doped seni condf#hrIS _C

1. BAn optical wave detector with quantum structure

comprising a stack of layers. of semiconductor materials
on a substrate (S) with an electromagnetic wave
5 detection zone, wherein the stack of layers comprises a
layer of semiconductor material (SPG) with low gap
energy constituting the detecting zone, contained
between two layers of a semiconductor material (SGG1)
and (SGG2) with high gap energy, and wherein the
10 detector comprises a coupling grating on the stack of
layers to obtain efficient coupling between the optical
wave to be detected and the detector zone. i

2. A detector with guantum structure according to

claim 1, wherein the thickness of the detector zone is
15 of the order of 1000 A.

3. A detector with quantum structure according to
claim 1, comprising two insulating semiconductor
materials (sGG1l) and (SGGZj and means to measure
variations in resistivity of the layer of semiconductor

20 material (SPG).

4. A detector with gquantum structure according to
claim 1, comprising a semiconductor material (SGGl)
with n type doping, a semiconductor material (SGG2)
with p type doping and voltage measurement means

25 located on either side of the stack of layers.

5. A detector with quantum structure according to
claim 1, comprising two barrier layers of semiconductor
materials with very large gap (STG;) and (STGy) located
at the interfaces of the layers of materials

30 (SGG1l)/(STG) and (SGG2)/(SPG).

6. A detector with quantum structure according to
claim 1, wherein the coupling grating is etched in the
layer of semiconductor material (SGG2).

7. A detector with quantum structure according to

33 claim 1, comprising a layer of semiconductor material
(SG) contained between the substrate (S8) and the stack



mat'eri al SGJerr]; - a layer of small-gap, non-doped. .sem._conductor
15 material SPG - a layer of |arge-gap, non-doped seni conductor
mat eri al SGG2, whose surface has a grating Rlerr] in ralseruu

provi de for eff|C|ent coupl i ng between the el ectromagne 'Hﬂﬂ nﬂ "&F""n
detected and the detector 20 zone conzhltuted in the presenf cset by t

| ayer of mat eri al SPG Thes& "el ectron-hol e pairs remain confined

in the detector zone as shomm i'n Figure 6 whi ch shows an exenplary
ener gy- | evel di agram of ] conduct or, dﬁaégrlals ﬁg% and SGR.
The energy Pével E[+?¥§TFs tﬂ her tﬁ&WlFﬁ@ &Py | eve Eferrf and

E[err] whlIQsGh&)/(SPGeVgsGGEVeLIﬁhﬁr]nmsdnuﬁu t (26) t hdrasridgyy Revel
Eferr] ?%gg £ibn ind%%rgt'ﬂgtc ﬁgntéﬁ%ﬁé&eréﬁaﬁﬂ%ﬁ@rb]f aggemade at

the detecto Zone i nor G measuré the variations |n resistance
of said det substrasee (§) thee confdmeartde Pkiral wavecir okPRoFEaF%i rs due

to the igcidenphekons. Figure 3 iIIustrates a detector in which
t he grating |s transparent to incident % ht . Fi gure d35 d%scrlbes
anot her vari ant 8of @hQQFﬁﬁﬁﬂﬁ(ﬂ+qn1QWﬁQﬁPTh tructure “accor

claim 1, wherein the stack of semiconductor materials
(s6G1)/(SPG)/(SGG2) is of the GaAlSb/InAssSb/GasSlsSb type
or CdTe/HgCdTe/CdTe type or PbS/PbSnSe/PbS type.



8 - grating supports a netal |ayer Me, the light crossing t he
.substrate. Advant ageously, this type of detector may include a
guiding layer included in the SGGL part to increase the 5 interaction

bet ween the wave and the SGP part. According to another variant of

the invention, the det ect or works aglé phot ovol taic detector. As shown
in Figure 5, it may advantageously i ncl ude: - a substrate
constituted by a n- doped 10 sem conductor material Sn; - a
| ayer of | arge-gap sem conductor material with n-type dopi ng, SGGL;
d L giff -
p
n
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-"a layer of small-gap, non-doped sem conduct or material SGP; 15 - a

| ayer of |arge-gap, p-doped sem conductor mat eri al SGGL, whose
surface has a grating in raised relief to provide for efficient coupling
bet ween t he wave to be detected and the detector zone constituted by
the | ayer of material SPG 20 In tdf configuration, the novenents of
the free carriers take place perpendicularly to the plane of the
| ayers and the ohm c contacts C3 and C4.ar ¢ prpvided on ei t her side of
the stack of layers. The ohmc c@ﬁ&ﬂﬂ%} ‘YYy be typically obtained by
the netallization of 25 the couplinhg prating and the setting up of a
contact at the netallization (Me +} CE). To provide for the
conveyance of the free carriers crpated in the stack of l|layers nmentioned
above, several alternatives may be]envi saged. 30 A first variant of
a phot oconduct or detector uses a hgt erostructure known in the literature
as a type |11 het erostructure (C. i sbuch and B. -Rinter, "Quant um
sem conductor structures”, Academ c ess). In this structure, the
bottom of the conduction band of the 35 small-gap gem conductor is |ocated
at the top ofythe Cz

SGG2

E%Q\\\\\SEG>\\%%P\

FI1G.3

Me

C] / a / 77 / CZ

1 SGG2

S SN NN

LUMERE "lew
FIG. 4




val ency band of the |arge-gap sem conductors. Figure 7

.9 gives a schematic view of the gaps of the different

sem conductor materials used in this type of het er ostruct ure.
The incident photons create el ectron- hol e pairs on either side of the
gap of the small-gap 5 material SPG 3lﬁs gap being defined by the maxi num
energy of the val ency band Ef rrlcand t he m ni nrum ener gy of the
conduction band FEferr]. barrier layers constituted by

mat eri al s having very |ar ge g?f(\}wust be I nt er posed en the |l ayers
of materials SGd n/ : s wth very | arge
gaps have gap efgyed t e y el [ ] E[err] on the

SGG2 type p

NN

%////&%/////4’///
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one hénd and E[err] and E[err] on the ot her hand. E[err] and E[err]

-are lower than Eferr], E[lerr] and E[err] may be higher than E[err] and
E[err]. In this configuration, the energy 15 levels of the |arge-gap
materials are such that the | evel %Dsrr] is |lower than the |evel

E[err], the level Eerr] being al s0"Mower than the | evel EC&X since the

mat eri al SGderr] is nggoped while the material SGX is p-doped.

Anot her variant of a photoddilact 0 detector £ 20 type I
het er ost ruct ure whose energy-1evel di agra illustrated in Figure

8. In this type of t er ostfi]ct ure, one—of e types of

carriers (the el ectrons in tHhe Jexanplfe'lof Fi gure)8) rerfai ns bl ocked

within the small-gap Gar'al SGH /4nd ma i o>25 an internal
Figure 8, the energy

phot ovol tai c effect. In t

| evel E[err] is highe erx] and EV& and

yon band of the

ate towards the

d thus generate
o/a third variant of a
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_35 het erostructure whose energy-level diagramis shown in Figure 9.
- The | arge-gap sem conductor materials are

10 very highly doped and the maxi num energy | evels of the val ency
bands are such that Eferr] < Eferr] <é§5err]. The m ni num ener gy

| evel s of the conduction bands ar uch that: 5

E[err] < E[err] < Eerr] The el ectron-hole pairs created nmay thus
be emtted by tunnel effect through the doped zone. I n general,
all the constituent |ayers of the detectors according to the invention

may be obtained by 10 any technique known to those skilled in the
art.
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Hov(?ever, in order to elimnate the electrical effects .. whi-ch-ar-e--sources-

of noise, the SGerr]/SPE SGH err] structure shoul d be crystallized
and therefore obtained by mol ecul ar beam epitaxy or by eplaced
deposition. 15 The sem conductor systens possible are ﬂ H “
GaAl Sh/ | nAsSb/ GaSl Sb, CdTe/ HgCdTe/ CdTq,; PbS/ PbSnSe/ PbS,

Exenpl ary enbodi nent of a phot oconductor detector The sem conduct or
materials are the follow ng: 20 SGHerr]: GaSb SPG | nAsSb

SGHerr]: A Sb The f i.s done with a lattice
matching, i.e. in condi t| éf#é&;t\gg(pﬁ Tﬁ?‘?ﬁ%ﬁ@ bet ween atons are

al nost equalisclasked e mntetegtesr withTheahtuimositmycepiceaxy is obt ai ned:
Starting er%h@r@%§%gS%b§h %&egﬁﬁ %@§Rcbﬁ&ﬁ%t§& hgﬁerlﬁloﬁﬁgérggdo 2 [err]m

|sep|taX|aII gr own l'ayer of materi a err], a 100 A
| ayer of 30 e AMRENe tWOSIPEGET 9PP ﬁ&@éc@n@ﬁC§ovraﬂ@ﬂ:@§lﬁaﬁahu with the

GaSb | aysr, stithcirds c%mbi‘rlrshﬁb EObohbqlabe @ihg bet&eeat @de i N 1 NAsSh.
Then, a detect | ayer (% Inﬁs ]e%errf)ls cre%t%d wi_.th a
a(yelq-f’erhﬁ etected and the t c

t hi ckness of* ne constituted
by the small-gap material. Under these conditions, the
detector zone may have a very small thickness
(typically of the order of 1,000 &) and lead to a

10 detectivity, limited by the dark current, that is high.

Figure 3
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then again a 100 A layer of AlAs[err}Sb[err] and finally SREPtﬁQEMQNﬁﬂﬁﬁﬁEY1

| ayer of GaSbh. . The conposition of the | fAsSotdayer 1S
chosen to obtain a cutoff wavelength (nanmely InAs[err] S| erg]?) o 18985.11
pm A grating is etched to obtain a resonance of abpu 5°pm i.e.
for 'a grating period of 1.52 pm The depth of the gratihg 13 0.3 [err|m

Wth this conditions, the naxinun1quantnﬁ1yield IS 80% fespite a very

smal | thickness of O. 1 errImf or th det ector..zone. 10— Wt hout a
coupl i ng gr E T 1 C@gmn QUANTUM WELL STRUCTURE
ABSTRACT OF THE DISCLOSURE
Disclosed is a detector with quantum structure

comprising a small-gap semiconductor material inserted
between two large-gap semiconductor materials, the

5 structure comprising a coupling grating between the
wave to be detected and the detector zone constituted
by the small-gap material. Under these conditions, the
detector zone may have a very small thickness
(typically of the order of 1,000 &) and lead to a

10 detectivity, limited by the dark current, that is high.
Figure 3




to obtain an identical

layer to 0.1 [err]m the
| eading to an 15 NETD of 50 nK
phot ovol tai c det ector

guantumyield | eading to noise
tenperature NETD of 150 nK. By | owering.the
detectquty is increased by ajfactor of 3

Exenpl ary enbodi nent
The photovoltaic detector is def}n

equi
t hi ckness of

TRIPUAGEMENT SHEET

flald MAR 2am
on_a

substrate of GaSb with n-type dopi ng. Al [err]mlayer of GaSb
with n-type doping is 20 epitaxially grown on this substrat Then _a
| ayer of

| NAsSb/ GaSn het erostructure from
detector layer of InAs[err]Sbh[err
epitaxially grown, followed by a
[err]m | ayer of GaSb with p-ty
111
emtted out of the detector
of the exanple of the photoconduct

about 50 A of Al As[err]Shjerr]
pehavre

heterostructure and enabl e tlfe el gctrons and holes to

|s used tol Lpfipvent t he

t. A
thickness .of 0O 1 I|Q|f~n|s
ayer of Al As[err]Sb[err] and a 1

This heterostructure is a type

be
A grating identical to that
30 ddgt ect or descri bed here above is

et ched on -type ddping. Then a | ayer of netal (for
exanpl e gold) is vapor-deposited pn the arTT@r1Er1mT-———e+ectrrtaI cont act
| ayer. The inprovenent of the
_ n
—
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!
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performance characteristics of this phot ovol taic 35 detector with -

respect to the prior art photovoltaic .
detector is the sane as that nentioned ??Sthe'case of photoc n@@ELQQEMEN*£SHEET
detectors.
15 MAR 2001
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13
detector with quantum structure
sem conductor naterials

VWHAT IS CLAI MED | S:

on a substr
5 detection zone, wherein the stack of

1. An opti cat—weve
conpr.ising a stack of layerg &EPLACEMENT SHEE‘|

(S) with an el ectromag
dyers conprises a

| gy

" E5 mar 2om

sem conductor material (SPG [\1 gow gap energy constituting

detecting zone, contained two | ayers of a sem condﬂ( t or—TTEt-er-ted

( SGGL) and (SGX) W|th hi gh gap energy, and wherein t det ect or
conprises a coupl i ngZgH4t gt I obt ai n erTTcirent —
coupl i ng between tggjop al be te d detector zone.

2. A detector wthf quant

Zone 1 82

carding to claim|l, wherein the

t hi ckness of the det ecto” YPELR or der of 1000 A 3. A
detector with quant Ju B\ 3G P ' Q Y corrpri sing two
I nsulating sem w-- XSS .,.,, r)d neans to
measur e varlatl ,‘W / 1 .//// nductor 20
materi al (SPG). //J//////
——
N
LIGHT
Ecsa, Ece,
Ecp
o)

(\/

VG,



4. A detector with quantum structure according to claim ’ﬁgﬁg’{@wéWSﬂEH

sem conductor material (SGGL) with n.type doping, a sem o

materi al (SGX) with p type doping gyd vol tage measurene reans 25

| ocated on either side of the stack of |ayers. 5. A detpcdr MR RO
quantum structure accordingto claim1, co ising two barrier layers of
sem conduct or materials viith v ry | arge agﬁq@&q err]) and (STG err])

| ocat ed at the interfaces o t he ers of materials..30

(SGGL)/ (STG and (SGR2)/ (SPG) . 6. det ect or w @ﬁvgnt um structure

Is etched in the
ctor with quantum

according to claim]l, wherein N ratin
| ayer of sem conduct or @g{ rial (
structure according to 35 cfaim1l

mat eri al (SG cont

NN
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EVT1 SPG EVT2
E
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14 of | ayers of sem conduct or materi al s
(SGEL) / (SPG) / (SG=2) , the material, (SG having a et Tact o TTde T
that is smaller than that of the gj§ubstrate (S) to confli REPLAGEMENT SHEET
-wave in the stack 5 of |ayers. 8. A detector wth TTTUCTQr §
according to claim1, wherein the stack of sem conduct ori mpgerdral som ¢ 1
(SGGL)/ (SPG/(SGZ2) is of the GAl Sb/ 1 nAsSbh/ GaSl Sb type r o i
CdTe/ HgCdTe/ CdTe type or PbS/ PbSnSe/ PbS type. '
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