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structure yields an electronic band diagram such as shown in FIG. 1
corresponding to the structure shown 1. Field of the Invention
where 2 denotes the valence band and 3 denotes the conduction band of the
resulting device. This invention relates to optical and electronic de-   5
Devices as set out In the preamble of claim 1 are vices and, in particular,
optical and electronic devices  disclosed in the paper of G. H. Dohler,
IEEE Journ. of employing superlattice structures.                   Quant.
Electr., Vol. QE-22, No 9, September 1986, pa- ges 1682-1695 2. Art
Background                                       Structures with
[err]-doping have advantages over 10  structures with crystallographically
different compo- Doping superlattice structures, i.e. structures    sitions
since difficulties associated with, for example, having a periodic doping
profile Including alternating  crystal lattice mismatch are avoided.
However, in n- and p-dopant regions, have been proposed for a   these
devices, electronic and optic operating charac- variety of applications
including optical switches,  teristics are Interrelated such that
improvement In Light Emitting Diodes (LED), lasers, and photodetec-   15
one property often Induces a degradation In a sec- tors. In each
application either 1) incident light is ab-  ond. For example, the response
time of the device Is sorbed in the superlattice structure and the
resulting  determined by the distance Indicated by 5 in FIG. 1.
photogenerated electrons and holes are separated     The electric field
distribution In the device indicated yielding concomitant optical or
electronic properties,  by the angle 6 In FIG. 1 controls the optical
absorption or 2) an electric field is applied to the superlattice   20
and transmission properties of the structure. Clearly, structure to induce
the emission of light or to induce  the distance 5 and the angle 6 are
interdependent. As a change In optical properties.                      a
result,  the optical properties are set, the electronic Two generic
configurations for superlattice devic-  properties are predetermined while
similarly if the es have been proposed. In one configuration a peri-
electronic properties are chosen, then the optical odic structure composed
of crystalline materials of  25   properties are predetermined. Thus,
superlattice de- different compositions are layered to produce regions
vices that are relatively easy to fabricate and that al- of different
chemical potential separated by potential  low flexible control over the
resulting device proper- barriers. Although this configuration has great
prom-  ties are not available. ise, often difficulties associated with the
intimate contact between crystallographically diverse mated-  30   Summary
of the Invention als present problems. For example, large lattice mis-
matches between adjacent material regions lead to       The use of an
asymmetric [err]-doped configuration high defect density and even
polycrystallinity which  yields independent control over both optical and
elec- renders the structure unsuitable for device applica-  tronic device
properties while allowing relative ease tions. The resulting limitations
have restricted suitable  35   of fabrication. In particular, use of
asymmetric [err]-dop- materials for such devices to a few III-V and II-VI
sem-  ing (i.e, a configuration in which the distance between iconductor
materials.                                a doped region and the adjacent
region of opposite A second superlattice structure that avoids diffi-
carrier type on either side are unequal for at least one culties associated
with the contact of crystallograph-  such region) yields a band structure
such as shown ically different regions utilizes a symmetric [err]-doping
40  in FIG. 2. By varying the distance between adjacent configuration. In
this configuration, a single semicon-  donor and acceptor [err]-doped
regions separated by a ductor material such as, for example, gallium
arsenide  region of low carrier density, i.e. less than [err] do- is
periodically doped with alternating concentrations  pants/[err] preferably
less than [err] dopants/[err] and of donors and acceptors. Generally, a
fabrication pro-  by varying the period of these adjacent paired re- cedure
such as molecular beam epitaxy (MBE) is em-   45   gions, both the
electronic and optical properties of ployed. A source or sources for the
semiconductor   the device are controlled. That is, the spacings be-
material, e.g. a gallium and an arsenic source for gal-  tween adjacent
[err]-doped regions control the angles 10 lium arsenide, together with
sources for acceptor and  and 11 related to electricfield, while the
-doping lev- donor dopants, e.g. beryllium and silicon respectively,  el
controls the amplitude 9. Thus, the recombination are used Equally spaced
alternating regions of accep-  50  rate controlled by the distance 14 as
well as the opt- tor doped gallium arsenide and donor doped gallium   ical
properties controlled by electric field magnitudes arsenide are deposited.
In some structures these     10 and 11 are all individually controlled and
greater doped regions are adjoining while In other structures  flexibility
in device fabrication is available. denominated [err]-doped structures
these regions are generally thin, e.g. a few atomic layers thick, and   55
Brief Description of the Drawing separated by regions of undoped gallium
arsenide. In all cases, the structures are symmetric with respect    FIG. I
is Illustrative of symmetric [err]-doped super- to an inversion symmetry
operation. Such a [err]-doped       lattice structures; 2 



3                  EP 0 393 924 B1                4 FIGs. 2-4 are
illustrative of the inventive device  which the impurity substitutes.
Similarly, a suitable structures, and;
acceptor impurity has one less valence electron than FIGs. 5 and 6 are
illustrative of properties in-  the substituted site constituent of the
semiconductor volved in the inventive devices.          5   material.
Despite the method of choice, a donor do- pant is one that produces a donor
electronic state Detailed Description                              within
0.1 eV below the conduction band edge (as measured by the temperature
dependence of the As discussed, the inventive devices involve the  crystal
conductivity in a homogeneously crystal hav- use of [err]-doping in an
asymmetric configuration. Alter-  10  ing the same composition and dopant
as the [err]-doped nating relatively narrow regions of acceptor and of do-
region, see The Physics of Semiconductor Devices, nor dopants are
configured in an asymmetric struc-  2nd edition, S. M. Sze, Chapter 1, John
Wiley & Sons, ture to yield the desired results. As discussed, for a  New
York, 1981) while an acceptor dopant is one that given semiconductor
material the spacings of these  produces an electronic state within 0.1 eV
above the acceptor and donor regions as well as the dopant con-  15
valence band edge. (Deep level dopants such as iron centration within the 8
regions control device proper-  In indium phosphide that produce electronic
states re- ties. (While the invention will be described in terms of  moved
from the conduction and valence band more doped regions, the Invention
extends to any expe-  than 0.1 eV, although not precluded, are not consid-
dient for producing acceptor and donor states in these  ered when
determining if a suitable dopant concentra- regions.)
20  tion is present in a [err]-doped region.) In general, the [err]-doped
regions should contain    Exemplary of suitable dopants are silicon and
donor or acceptor dopants such that 50% of the ma-  beryllium which are
respectively donor and acceptor jority dopant states are confined in a
region having a  dopants in gallium arsenide, and tin and zinc which
thickness less than 1/3 the distance between adja-  are respectively donor
and acceptor dopants in In- cent n- and p-regions (measured from the charge
25  dium phosphide. Use of deep level dopants such as centroid of one
region to the charge centroid of the  iron for indium phosphide and
chromium for gallium next region) preferably less than 2 nm (20A) and
arsenide, as discussed, Is not precluded and in some indeed as thin as one
monolayer. [The charge cen-  circumstances is useful. The use of such deep
level trold is that point for which the sum over all loci In the  dopants
reduces the density of uncompensated [err]-doped region of 1) the charge
density times 2) the   30  charge due to the [err] doping and thus reduces
unde- distance of this charge densityfrom the centroid point  sirable
screen effects and/or electrical conductivity. is zero with distance on
respective sides of the cen-  The particular semiconductor material
employed trold being positive and negative.] Generally, within  Is not
critical. Materials such as III-V semiconductor these regions majority
dopant concentrations up to  material (e.g. indium phosphide, gallium
arsenide, 5x[err] are presently advantageous. Concentra-  35  gallium
aluminum arsenide, and the ternary and qua- tions higher than 5x[err],
although not precluded,  ternary alloys of these III-V materials), II-VI
semicon- utilizing presents fabrication techniques, tend to yield  ductor
materials such as zinc selenide, cadmium tel- material with increased
defect densities.        luride and mercury cadmium telluride, as well as
Typically, the dopant concentration within the p-  group IV semiconductor
materials such as silicon, doped region should be within 50% preferably
within  40  germanium, alloys of silicon and germanium, amor- 10% of the
concentration of the dopant in the adja-  phous silicon and diamond are
acceptable. (Semicon- cent n-doped regions. The greater the difference be-
ductor materials in this context are those having a tween the dopant
concentrations In two adjacentdop-  conductivity that increases with
temperature and ed regions, the greater the uncompensated charge,  having a
carrier mobility greater than 1 [err] per volt and thus the greater the
shielding of the resulting   45  second.) electric fields. In essence, the
electric fields are de-  The spacing between adjacent n-doped and p-
creased by the uncompensated charge and thus the  doped regions is
extremely important. Regions of n- electronic and optical effects within
the device are di-  and p-type majority carriers should alternate and
minished. As a result, concentrations differing by  should be separated by
a low carrier density semi- more than 50% generally lead to devices with
inade-  50  conductor material with a thickness not less than 2 quate
electronic or optical properties. Non-zero differ-  nm (20 A) and typically
not more than 0.2 [err]. (This ences less than 50% are particularly
suitable when a  distance Is measured from the point of mean concen-
relatively conducting structure is desired.       tration of dopant within
the region containing dopant Suitable dopants depend on the semiconductor
material, i.e. the centroid, to the center of the mean material In which
they are deposited. Generally, a   55  concentration of the adjacent doped
region.) The dis- suitable donor material for doping a semiconductor  tance
between a [err]-doped region and the next 8-dop- material has one more
valence electron than the   ed region having the same dopant type should be
no 



number of valence electrons in the atom of the sem-  less than 5 nm (50 A)
and no more than 0.5 [err]. Dis- iconductor that occupies the
crystallographic site into  tances greater than 0.5 [err] lead to
Insignificant ef- 3    5                   EP 0 393 924 B1
6 fects while distances less than 2 nm (20 A) lead to ex-  advantageously
employed when light must pass cessive variations in the electric field
between dopant  through the electrode. For example, in configurations
regions. Additionally, the doped regions should be   such as shown in FIG.
4, it is possible to pass light asymmetrically placed. The distance between
any   5   through electrode, 35, into superlattice region, 36, given
adjacent n- and p-region pair should be at least  provided the electrode
has sufficient transparency, 15% larger or 15% smallerthan the distance
between   thus producing charges that are separated and de- each of these
regions and their adjacent doped re-  tected at the electrodes through
leads 39. In another gions that are not a member of the pair.
embodiment the charge induced in the superlattice A variety of methods are
available for fabricating   10  region by Incident light is measured by a
second light the inventive devices. For example, 1) gas source or  beam
incident on the superlattice to detect optical solid source molecular beam
epitaxy (MBE) or 2) met-  changes through corresponding changes In absorp-
al organic chemical vapor deposition (MOCVD) are    tion or transmission.
Alternatively in the configuration suitable for producing [err]-doped
asymmetrically placed  shown In either FIG. 4 or 5 charge Is injected by
ap- regions. A full description of these deposition proce-   15  plying a
voltage to the electrodes that In turn induces dures is found in Advanced
Crystal Growth, P M. Dry-  combination of separated charges and emission of
burgh, B. Cockayne, K. G. Barraclough eds., Prentice  light. Indeed such
structures are useful for optical Hall, London, 1987, part IV. Although
other fabrica-  processes, I.e. absorption resulting in electronic tion
techniques such as sputtering are less conve-   changes that are then
detected, or electronic proc- nient and more difficult to control, they are
not pre-  20   esses such as Injection of charge that is subsequently
cluded.                                              detected as an optical
effect, I.e. emission of light, Generally, the asymmetric [err]-doped
structure is   change in refractive Index, change in optical absorp-
produced on a substrate. The substrate is typically a  tion or change in
reflection. In an embodiment where material of the same composition as the
semiconduc-  incident light induces a change In optical properties, tor
material of the superlattice. Alternatively, a sub-   25  that In turn Is
detected by a second incident light, elec- strate of different composition
is also suitable for  trodes are not essential. amorphous semiconductor
material or for crystalline     Avariety of devices are producible
utilizing the in- material that is lattice matched, i.e. lattices corre-
ventive asymmetric configuration. For example, to sponding to within 5%. In
addition to the substrate  produce one type of optical switch the
[err]-doped re- and superlattice structure a variety of other layers, al-
30   gions are configured to produce reflection of incom- though not
essential are acceptable and often desir-  Ing light. Such reflection is
achieved by positioning able. For example, a capping and/or passivating
lay-  the [err]-doped regions of the same dopant type so that er, a buffer
layer, additional doped semiconductor re-  they are separated by a distance
approximately equal gions, and/or electrical contact layers are suitable.
to one half the wavelength of incident light divided by Typical passivating
and capping layers are formed   35  the refractive index of the
semiconductor material at from silicon dioxide or a semiconductor material
and  the wavelength of the incident light. Incoming light is typical buffer
layers are produced from the same     reflected where there Is no screening
of the superlat- semiconductor material as the superlattice.          tice
by charge carriers either injected from the eyes Electrodes are employed
either to inject charge,  or optically generated. However, upon screening
pro- or to collect charge produced, for example, from opt-  40   duced by
optical excitation or Injection from electro- ical processes. The
configuration of the electrode de-  des, the electric fields within the
superlattice are re- pends on the particular device that is produced. For
duced resulting In reducing the refractive index example, for electron
injection such as employed in a  changes allowing greater transmission of
light. As laser structure or field application as employed in  previously
discussed, irrespective of the particular electrooptic devices,
configurations such as edge   45   device formed, the response time of the
device de- electrodes and face electrodes are employed. For     pends on
the distance, 14, together with the mini- withdrawing electrons, as would
be utilized In a detec-  mum bandgap, 20, and the optical properties of the
tor, configurations such as the edge configuration   device depends
primarily but not solely on the low shown In FIG. 3 where 31 is an
insulating substrate,  electric field region, I.e. the smallerangle, 11.
Greater 32, is the superlattice and 33 are the electrodes em-   50   dopant
concentrations increase the electric field. ployed. In the face electrode
structure shown in FIG.   The number of n-type dopant regions and the 4 the
majorsurface of the electrode 35 are positioned  number of p-type dopant
regions depend on the de- on the faces parallel to the superlattice faces
36 in  vice application. Typically, between 10 and 1000 n-ty- conjunction
with a conducting substrate, 37 and elec-  pe/p-type region pairs are
employed. Less than 10 



trical leads, 39. The electrode, however, need not cov-  55   pairs
although not precluded generally lead to de- er the entire face or edge and
it is possible for it to in-  creased electrical or optical properties
while more clude a plurality of regions. Typical electrode materi-  than
1000 pairs typically is uneconomic to produce. als Include layers of metals
such as gold or aluminum.  However, the invention extends to as little as
three Thin layers, i.e. layers thinner than 20 nm (200 A), are  doped
regions, two of which are of one dopant type 4    7                   EP 0
393 924 B1                8 and the third of the other dopant type. If an
odd num-  ation and was determined by separate calibration ex- ber of
regions are employed, the totality of the dopant  periments using
capacitance-voltage profiling. density of each type should fall within the
previously  The distance between the first Be [err]-doped layer discussed
boundaries to avoid excess screening.   5   and the first Si [err]-doped
layer was 7,5 nm (75 A). The Generally, sufficient number of periods are
employed  distance between the first Si layer and the second Be so that the
absorption of the superlattice regions at  layer was 50 nm (500 A). The
regions between the [err]- the operating wavelength is greater than 10% of
the  doped layers were undoped GaAS. This sequence of light reaching this
region. Nevertheless, for devices  [err]-doping was repeated until 15 pairs
of Be and Si [err]- such as electrooptic modulators, lasers and LEDs   10
doped regions had been deposited. A final n-type where absorption Is not
desirable, absorption less  capping layer of 10 nm (100 A) thick GaAs
uniformly than 10% is generally advantageous.                 doped with
[err] Si impurities per cm3 was deposited Typically absorption varies
linearly with the num-  over the superlattice. ber of periods. The
wavelength at which absorption    Semi-transparent electrodes, 10 nm (100
A) occurs is determined by both the bandgap of the   15  thick, of Au-Ge
alloy were evaporated on top of the semiconductor material and by the
magnitude of the  capping layer and onto the back face of the substrate.
electric fields in the superlattice. Thus by adjusting  The entire
substrate was electroded, but only an area these parameters the wavelength
is similarly adjusts.  1 [err] was evaporated onto the capping layer. Gold
In this manner the optical properties of the device are  leads were
electrically contacted to the Au-Ge eleo- configured to the particular
application. For example,  20  trodes using conducting epoxy. The leads
were con- in the use of photodetectors, the absorbing wave-  nected to a
lock-in amplifier (Princeton Applied Re- length is modified to have a
relatively high absorption  search model HR8) to measure the electric
current to the wavelength at which detection is desired. It  developed in
the superlattice upon illumination. The should be noted that the dopant
concentration and  superlattice was illuminated with light of variable wa-
spacings need not remain constant throughout the   25  velength from a
monochromator (1/4 m Jarrell Ash). superlattice. By using variations in
parameters, a cor-  The light intensity was about 1 mW/[err]. The light was
responding variation In optical characteristic Is obtain-  chopped at a
frequency of 100 Hz using a mechanical able.
chopper. The current response at 100 Hz of the su- The following examples
are illustrative of device  perlattice for different wavelengths is shown
in FIG. configurations involved In the invention.    30  5. Current values
as high as 0.01 Amps per watt of in- cident light was measured at 0.9 pm
wavelength. At Example 1                                         a
wavelength of 1.06 [err] the current measured was 0.001 A/watt. Lower
current values were measured at A superlattice consisting of [err]-doped
GaAs was   wavelengths to 1.3 [err]. grown by gas source MBE. The source
materials for  35  While the data in FIG.5 was taken at 10 degrees GaAs
growth were elemental gallium held at [err]  Kelvin (the sample was cooled
in a cryostat with opt- and gaseous AsH3. The AsH3 was heated to [err] to
ical windows) similar data was obtained at room tem- yield elemental As and
Hydrogen.                  perature. GaAs without a superlattice only
responds An n-type GaAs substrate, doped with approxi-  to wavelengths
shorter than about 0.85 [err]. The ob- mately [err] silicon atoms/[err], of
0,50 mm (0.020")  40  served response at longerwavelengths than this was
thickness was placed approximately 20,32 cm (8")  due to the high electric
fields In the superlattice re- from the sources and heated to [err]. GaAs
was    suiting in increased absorption at longer wave- grown epitaxially on
the substrate at a rate of approx-  lengths. imately 1 [err] per hour by
allowing the As and Ga       When the light was extinguished the current
de- beams to simultaneously impinge on the substrate.  45  creased with a
time constant of 1 to 2 microseconds. Elemental dopant sources of Be and Si
were heated  This time period was the recombination time for eleo- to [err]
and [err] respectively. The flow of all ele-  trons and holes from the n-
to p-[err]-doped regions ments to the substrate was controlled with
shutters  (short distance). which were opened and closed to yield the
desired      The same response time was observed when us- doping. An n-type
buffer layer of GaAs of 500 nm   50  ing short pulses of light of 50 ns
duration from a (5000 A) thickness and [err] Si atoms/[err] was first
YAG:Nd laser operating at 1.06 pm. 



grown on the substrate. Next, a [err]-doped superlattice was grown
including alternating layers of Si and Be  Example 2 having a density of
[err] atoms/[err] in each layer. The thickness of the [err]-doped regions
was approximately  55  The superlattice sample of Example 1 was illu- one
monolayer as determined by separate calibration  minated with continuous
wave light from an argon ion studies using capacitance-voltage profiling
and trans-  laser at a wavelength of 514,5 nm (5145 [err]). The lu- mission
electron microscopy. The density of dopants  minescence emitted by the
superlattice due to this was controlled by opening each shutter for a brief
dur-  exciting light was monitored with a monochromator. 5    9
EP 0 393 924 B1                 10 The detector used was a germanium
detector. At low    perlattice structure characterised in that said re-
excitation intensity (3 W/cm2 with 514,5 nm (5145 A)  gions are
asymmetrically spaced, the distances radiation) light was emitted from the
superlattice at  between a region of the first type and the next re-
wavelengths from 1.3 [err] to 1.8 [err] (the cut-off wa-   5  gions of the
second type on either side thereof velength of the Ge detector). (See FIG.
6.) This emis-  being unequal. sion is due to recombination of electrons
and holes across the short distance from n- to p-doped regions.  2. A
device as claimed in claim 1 wherein said donor At higher illumination
intensities (~400 W/[err] of     and acceptor states are produced by
dopants. 514,5 nm (5145 A) radiation) light was emitted at  10 shorter
wavelengths, primarily from 0.83 pm to 1.12  3. A device as claimed in
claim 1 or claim 2 wherein [err] as shown In FIG. 5. As the illumination
intensity    said semiconductor material is a III-V semicon- increased, the
luminescence spectrum shifted to       ductor material. shorter
wavelengths. This was due to the screening of the electric fields In the
superlattice at high excita-  15  4. A device as claimed in claim 3 wherein
said ma- tion densities.                                       terial is
indium phosphide or gallium arsenide or Using short pulse excitation (50 ns
duration) from  a composition thereof. a YAG:Nd laser (doubled to 0.53
[err] using a potas- sium titanyl phosphate doubling crystal) the lumines-
5. A device as claimed in claim 1 or claim 2 wherein cence at 1.5 [err]
decreased with a time constant of  20  said semiconductor material is a
II-VI semicon- about 1-2 microseconds.                               ductor
material. Example 3                                           6. A device
as claimed in claim 1 or claim 2 wherein said semiconductor material is a
group IV mate- The superlattice sample of Example 1 was exam-  25  rial.
ined with a monochromator as in Example 2. An alter- nating current
potential of 5 volts was applied to the  7. A device as claimed in any of
the preceding electrodes with a frequency of 1 kHz. The lumines-    claims
wherein the spacings between one of said cence variation due to this
applied voltage was moni-  regions and the adjoining two regions differ by
tored as in Example 1. When the voltage was applied   30  more than 15
percent the luminescence from the sample moved to shorter wavelengths due
to charge injection and modification  8. A device as claimed in any of the
preceding of the electric fields.                               claims
wherein said portion Includes a deep level dopant. Example 4
35 9. A device as claimed In any of the preceding A second sample was
prepared by MBE as de-         claims wherein said regions are spaced such
that scribed in Example 1, but with a density of p- and n-  in the absence
of an applied external field inci- dopants of 2x[err] [err]. The electric
fields in the su-  dent light having a wavelength determined bythe
perlattice increased twofold because of the increased   40  distance of
separation between two doped layers doping density. The luminescence at 1.8
[err] was        of the same dopant type is reflected. more intense than
that shown in FIG.5. Using short pulse excitation, as before, at 0.53 pm
the decay time  10. A device as claimed in any of the preceding of the
luminescence was observed to be shorter than   claims wherein said regions
are less than 2 nm 50 ns, the incident pulse duration. This demonstrates
45  thick. that the carrier recombination time can be controlled by
appropriate control of the doping density.      11. A device as claimed in
any of the preceding claims wherein said regions are separated by at least
2nm. 



Claims                                        50 12. A device as claimed in
any of the preceding 1. An electrooptical device comprising a portion of
claims Including electrodes. semiconductor material including regions of a
first type having acceptor states and regions of a  13. Adeviceas claimed
In claim 12 where in said elec- second type having donor states wherein
said  55   trodes are adapted for injecting charge. first type regions and
said second type regions are alternately spaced along a direction within
14. A device as claimed in claim 12 wherein at least said portion and
separated by semiconductor ma-    one of said electrodes is transparent to
Incident terial with a low carrier density so as to form a su-  light. 6
9                   EP 0 393 924 B1                 1 The detector used was
a germanium detector. At low     perlattice structure characterised in that
said re- excitation intensity (3 W/[err] with 514,5 nm (5145 A)   gions are
asymmetrically spaced, the distances radiation) light was emitted from the
superlattice at  between a region of the first type and the next re-
wavelengths from 1.3 pm to 1.8 pm (the cut-off wa-   5  gions of the second
type on either side thereof velength of the Ge detector). (See FIG. 6.)
This emis-  being unequal. sion is due to recombination of electrons and
holes across the short distance from n- to p-doped regions.  2. A device as
claimed in claim 1 wherein said donor At higher illumination intensities
(~400 W/[err] of      and acceptor states are produced by dopants. 514,5 nm
(5145 [err]) radiation) light was emitted at  10 shorter wavelengths,
primarily from 0.83 pm to 1.12  3. A device as claimed in claim 1 or claim
2 wherein [err] as shown in FIG. 5. As the illumination intensity   said
semiconductor material is a III-V semicon- increased, the luminescence
spectrum shifted to        ductor material. shorter wavelengths. This was
due to the screening of the electric fields in the superlattice at high
excita-  15  4. A device as claimed in claim 3 wherein said ma- tion
densities.                                        terial is indium
phosphide or gallium arsenide or Using short pulse excitation (50 ns
duration) from  a composition thereof. a YAG:Nd laser (doubled to 0.53 pm
using a potas- sium titanyl phosphate doubling crystal) the lumines-  5. A
device as claimed In claim 1 or claim 2 wherein cence at 1.5 pm decreased
with a time constant of  20  said semiconductor material is a II-VI
semicon- about 1-2 microseconds.                                ductor
material. Example 3                                           6. A device
as claimed in claim 1 or claim 2 wherein said semiconductor material is a
group IV mate- The superlattice sample of Example 1 was exam-  25  rial.
ined with a monochromator as in Example 2. An alter- nating current
potential of 5 volts was applied to the  7. A device as claimed in any of
the preceding electrodes with a frequency of 1 kHz. The lumines-     claims
wherein the spacings between one of said cence variation due to this
applied voltage was moni-  regions and the adjoining two regions differ by
tored as in Example 1. When the voltage was applied   30  more than 15
percent. the luminescence from the sample moved to shorter wavelengths due
to charge Injection and modification  8. A device as claimed In any of the
preceding of the electric fields.                                claims
wherein said portion Includes a deep level dopant. Example 4
35 9. A device as claimed in any of the preceding A second sample was
prepared by MBE as de-          claims wherein said regions are spaced such
that scribed in Example 1, but with a density of p- and n-  in the absence
of an applied external field inci- dopants of 2x[err]. The electric fields
in the su-  dentlight having a wavelength determined bythe perlattice
increased twofold because of the increased   40  distance of separation
between two doped layers doping density. The luminescence at 1.8 [err] was
of the same dopant type is reflected. more intense than that shown in
FIG.5. Using short pulse excitation, as before, at 0.53 [err] the decay
time  10. A device as claimed in any of the preceding of the luminescence
was observed to be shorter than    claims wherein said regions are less
than 2 nm 50 ns, the incident pulse duration. This demonstrates   45
thick. that the carrier recombination time can be controlled by appropriate
control of the doping density.       11. A device as claimed in any of the
preceding 



claims wherein said regions are separated by at least 2nm. Claims
50 12. A device as claimed in any of the preceding 1. An electrooptical
device comprising a portion of    claims Including electrodes.
semiconductor material including regions of a first type having acceptor
states and regions of a  13. A device as claimed in claim 12 wherein said
elec- second type having donor states wherein said  55    trodes are
adapted for injecting charge. first type regions and said second type
regions are alternately spaced along a direction within  14. A device as
claimed in claim 12 wherein at least said portion and separated by
semiconductor ma-     one of said electrodes is transparent to incident
terial with a low carrier density so as to form a su-  light.    11
EP 0 393 924 B1                 12 15. A device as claimed in claim 12
wherein said elec-     4. Elnrichtung nach Anspruch 3, trodes are
configured on the faces of said device.  inwelcherdas Material
Indlumphosphid oder Gal- liumarsenid oder eine Zusammensetzung aus 16.
Adevice as claimed In claim 12 wherein said elec-   5  diesen ist. trodes
are configured on the edges of said de- vice.
5. Einrichtung nach Anspruch I oder Anspruch 2, In welcher das
Halbleitermaterial ein I1-VI-Halb- 17. A process for operating a device as
claimed In any  leitermaterial ist. of claims 12 to 16 comprising the steps
of apply-  10 Ing a charge to said electrodes, applying a field  S.
Einrichtung nach Anspruch 1 oder Anspruch 2, to said electrodes or
collecting charge at said   in welcher das Halbleltermaterial ein
Gruppe-iV- electrodes.                                        Material Ist.
18. A process as claimed In claim 17 wherein said ap-  15  7. Einrichtung
nach elnem der vorstehenden An- plicatlon of charge induces generation of
light    spruche, in welcher die Abstande zwischen elnem Berelch 19. A
process as claimed In claim 17 wherein said ap-  und den beiden
benachbarten Bereiche um mehr plication of a field Induces a change in
optoelec-  ale 15 % vonelnander abwelchen. tronic properties of said
device.          20 8. Einrichtung nach elnem der vorstehenden An- 20. A
process as claimed in claim 17 wherein incident  sprOche, light produces
separation of charges that under-  In welcher der Anteil elnen Dotierstoff
mit tlefen go said collection at said electrodes.             Niveau
umfailt. 25 21. A process for operating a device as claimed in any  9.
Einrichtung nach elnem der vorstehenden An- of claims 1 to 16 comprising
the steps of applying  sprflche, a light beam to said portion and detecting
a       In welcher die Berelche derart beabstandet sind, change in the
optical properties of said portion   daP in Abwesenhelt elnes angelegten
externen with a light beam.                         30      Feldes
einfallendes Licht, das eine durch den Ab- stand zwlschen zwei dotlerten
Lagen des glef- chen Dotierstofftyps festgelegte Wellenlange
PatentansprOche                                       hat, reflektlert
wird. 1. Elektrooptische Elnrichtung mit einem Anteil aus   35  10.
Elnrichtung nach elnem der vorstehenden An- Halbleltermaterial mit
Bereichen eines ersten      sprflche, Type mit Akzeptorzustinden und
Bereichen el-       In welcher die Bereiche weniger ala 2 nm dick nes
zwelten Typs mit Donatorenzustanden, in        sind. welcher die Berelche
ersten Type und die Berel- che zwelten Typs abwechselnd entlang elner  40
11. Elnrichtung nach elnem der vorstehenden An- Richtung innerhaib des
Antells beabstandet sind    sprfqche, und durch Halbleitermaterial mit
elner niedrigen   In welcher die Berebche urn wenigatens 2 nm be-
Ladungstragerdichte beabstandet sind, um so el-    abstandet sind. ne
OIbergitterstruktur zu bilden, dadurch gekennzelchnet,                   45
12. Elnrichtung nach elnem der vorstehenden An- daB die Berelche
asymmetrisch beabstandet          spruche sind, wobel die Abstinde zwischen
elnem Be-        mit Elektroden. 



relch des ersten Type und dern nAchsten Bereich des zwelten Typs auf der
elnen Seite zu denen   13. Einrichtung nach Anspruch 12, auf der anderen
Seite unglelch sind.       50     in welcher die Elektroden zum Injizieren
von La- dungstragern geelgnet sind. 2. Einrichtung nach Anspruch 1, In
welcher die Donatoren- und Akzeptor-ZustAn-  14. Einrichtung nach Anspruch
12, de durch Dotlerstoffe erzeugt sind.               in welcher wenigstens
elne der Elektroden fOr s6      auftreffendes Licht transparent ist. 3.
Einrichtung nach Anspruch I oderAnspruch 2, In weicher das
Halbleltermaterial ein III-V-Halb-  15. Elnrichtung nach Anspruch 12,
leitermaterlal ist.                               in welcher die Elektroden
auf den Flachen der Einrlchtung angeordnet sind. 7    I !lIIllj llll fllllI
Bill II liii 13                 EP0393924B1                     14
c  L  M  S 16 Einrichtung nach Anspruch 12,                  4. Un
dispositltselon la revendication 3, dans lequel in welcher die Elektroden
an den Kanten der Ein-  le mat6riau eat du phosphure d'Indium ou de l'ar-
richtung angeordnet sind.                         s6niure de gallium, ou
une composition de ceux- 5      ci. 17. Verfahren zum Betreiben olner
Einrichtung nach oinom derAnsprOcho 12 bls 16 mit den Schritten  5. Un
disposatif sdlon la revendicatlon 1 ou la reven- dosAufbringens einerLadung
auf die Elektroden,    dication 2, dans lequol le materiau semiconduc-
Anlegen elnes Feldes an die Elektroden oder       tour est un matdriau
semiconducteur il-VI. Sammedn von Ladung auf den Elektroden.    10 6. Un
dispoaltif solon la revendication I ou Ia reven- % 18 Verfahron nach
Anspruch 17,                         dication 2, dans loquel le materlau
semiconduc- In weichem das Aufbringen von Ladung das Er-     tbur east un
mat6rlau du group. IV. zeugen von Licht Induziert 15  7. Un dispositif
solon l'une quelconque des revendi- 19. Verfahren nach Anspruch 17,
cations precedentes, dans lequol lea ecarte- In welchem das Anlegen eines
Feldes eine Ande-    monts entre lPune des reglons et les deux regions rung
optoolektronischer Elgenschafton der Eln-    volsinos different de plus de
15%. richtungen bewirkt. 20 8. Un dispostitfsolon l'une quelconque does
revendi- 20. Vorfahren nach Anspruch 17,                      cations
precedentes, dans loquel la partle pr6ci- in wolchem einfallondes Llcht die
Trennung von   tWe comprend un dopant A niveau profond. LadungstrAgern, die
der Samrmiung an den Elek- troden unterilegen, erzeugt.                  9.
Un dispositif solon l'une quelconque des revondi- 25     cations
prec6dentes, dans loquel los r6glons pre- 21. Verfahren zum Betreiben einer
Einrichtung nach   cit6ees sont espac6es do maniere qu'en l'absence inenm
der AnsprOcho I bis 16 mit don Schritten    d'un champ extorne applique,
une lumlere inci- des Auffallenlassens eines Uchtstrahiis auf don   donte
ayant une longueur d'onde ditermin~e par Antell und das Erfassen einer
Anderung der op-    la distance de separation entre deux couches do-
tfschen Elgenschaften des Antels mit enem   3o    pees du momi type de
dopant, soit reflochie. Lichtstrahl. 10. Un dispositif solon l'une
quelconque des revendi- cations precodentes, dans loquel les reglons pr6-
Revendications                                       citees ont une
bpaisseur Inferieure A 2 nm. 35 1. Un dispositHf 6lectro-optique comprenant
une   11. Un dispositif solon Pune quelconque des revendi- partie de
materiau semiconducteur qul comport.    cations precedentes, dans lequel
lea reglons pr6- des regions d'un premier type ayant des Mtats ac-  citees
sont s6parees d'au momns 2 nm. cepteurs et des r6gions d'un second type
ayant des etats donneurs, dans lequel lea regions du   40  12. Un
dispositif solon une quelonque des revendi- premier type et les reglons du
second type sont   cations precedentes, comprenant des 6lectro- espac6es en
alternance le long d'une direction    des. dans la partle precit6e, et sont
separ6st par du 



mat~rlau semiconducteur avec une faible densite  13. Un dispositif solon la
revendlcation 12, dans lo- de porteurs, de faron A former une structure de
45  quel les electrodes sont conques pout injecter super-r6seau,
caractbrise en co quo les reglons   une charge. precit6ee sont espacesa de
manibre asymtri- quo, los distances entre une region du premier  14. Un
dispositif salon Is revendication 12, dans l- type et lea regions voisines
du socond typo do    quel une au moins des electrodes eat transpa- part St
d'autre do la region du premier typo etant  so  rents pour la lunnilre
Incidente. Inegales. 15. Un disposatif solon Ia revendication 12, dans le-
2. Un dispositf selon la revendication 1, dans lequel  quel les electrodes
sont form6es sur lee faces du lea etats donneurs et accepteurs sont
prodults    dispositif. par des dopants.                         ss 16. Un
dispositif solon la revendication 1Z dans le- 3. Un dispositif sleon la
revendication I ou la reven-  quel les blectrodes sont form6es sur les
tranches dlcation 2, dans lequel le matbtiau semiconduc-   du dispositif.
tour est un materiau semloonducteur III-V. 8    15                 EP 0 393
924 B1                 16         ! Cil!  L 1            S 17. Un proo6ci
pour faire fonctionner un dispositHi selon runs quelconque des
revendications 12 A 16, comprenant lee 6tapes qul consistent a appli- quer
une charge aux blectrodes, A appliquer un   s champ aux Mlectrodes ou A
collecter une charge sur lea electrodes. 18. Un proc6d6 selon la
revendication 17, dans le- quel l'application d'une charge Induit la
genbra-  10 tfon de lumlere. 19. Un proced6 selon la revendication 17, dans
le- quel l'application d'un champ Induit un change- ment des propriftes
optoeictroniques du dispo-  16 sitif. 20. Un proced6 selon la revendlcation
17, dans le- quel la lumnibre Incident. prodult une s6paration de charges
qui subissent la collect. precltee sur  20 lea Mlecrodes. K    21. Un
prochde pour faire fonctionner un dispositif solon l'une quelconque des
revendicatbons I A 16, comprenant les 6tapes qui consistent A appll-  25
quer un faiasceau lumineux A Ia partie prbcit~e et a d6tecter un changement
des propri6t6s opti- ques de cette parte avec un falsceau lumineux. 30 35
40 45 50 55 9    


