
1                   EP0393135B1                      2 Description
semiconductor device comprising a short-period su- perlattice of
alternating layers offirst and second ma- This invention relates to
semiconductor hetero-  terials of different compositions within the SI/Ge
sys- structures comprising alternating setsif iayersofSll-  tem grown
epitaxially on an (100) oriented substrate, icon and Germanium (or SiGe
alloys), at least one set   5   the first material layers containing more
silicon than of layers being sufficiently thin as to be in a state of  the
second, the first material layers being M monolay- elastic strain, so as to
define a coherent short period  era thick, the second material layers being
N mono- superlattice. Particularly, but not exclusively, this in-  layers
thick, M being smaller than N. vention relates to quasi direct band gap
heterostruc-   Preferably, the first material is Silicon and the ture
devices of this kind suitable for use as light emit-  10  second material
is Germanium. ting devices.
Preferably, M = 2(2m+1)+x, and N = 2(2n+1)-x Superlattices, that is,
heterostructure devices  where x=0 or 1, m = 0, 1 or 2 and n is an integer.
In a comprising alternating layers of materials with differ-  specific
preferred embodiment, M = 2 and N = 6. ing band gaps sharing a common
lattice structure,       Preferably, n is greater than 0 and less than 6
are well-known and used in the art. Where the mate-  15  (preferably less
than 5), but values from 6 to 10 are rials comprising the alternating
layers have substan-  also advantageous. tially different lattice
parameters, one of two situa-  Alternatively, M = 3 and N = (4n+1), where n
is an tions inevitably obtains; either dislocations are gener-  integer
greater than 1. ated at the Interface between layers, or (If, and only  In
one embodiment, the substrate Is the device if, one set of layers Is
sufficiently thin) one or both  20  substrate. sets of layers may exist in
a permanentstate of elastic  Alternatively, the substrate Is a buffer layer
epi- strain.                                             taxially formed on
the device substrate. The substrate In the AIGaAs system, the mismatch
between al-   may consist essentiallyof GaAs, orof Si. Ge, where ternating
layers is virtually zero, but this is not the  0.5 < x < 1, and preferably
0.6 < x < 1. In this latter case with Silicon and Germanium.where the
lattice   25  embodiment, the ratio of M:N approximates the ratio mismatch
is about 4%. This would lead to the pres-   of Silicon to Germanium in the
substrate. N values of ence of a substantial number of dislocations in con-
at least some successive second material layers need ventional
(long-period) superlattice structures, and  not be equal. since
dislocations act as (and generate further) re-    According to one aspect
of the invention, devices combination sites, such superlattices are useless
for  30  capable of emitting light in a directional coplanar with a great
number of applications. There has therefore  the layers are provided. been
considerable interest in the possibility of ultra-  Although both Si and Ge
are indirect bandgap thin Silicon/Germanium  superlattices, and these
materials in bulk, SiGe superlattices may be suffi- have been theoretically
discussed for over a decade.  ciently quasi-direct to be of use as
device-quality light It is only very recently, however, that manufacturing
S5  emitting structures (that is, their optical matrix ele- techniques have
permitted the deposition of such fine  ments may approach - within a few
orders of magni- layers (typically comprising one to thirty monolayers
tude - those of a direct bandgap material). of atoms) as are necessary to
produce layers which      According to another aspect of the Invention,
will remain in elastic strain. Further, the fine structure  there Is
provided a light emitting device as recited of such superlattices have
hitherto been extremely  40  above. difficult to characterise - in
otherwords, having made  Such structures have the advantage of good such a
structure, it is often not possible to tell what  compatibility with
existing Si-based VLSI technology the structure is.
and potentially lower materials costs than GaAs sys- Early theories also
neglected the (crucial) effects  tems. ofstrain on the electronic band
structure of the strain-  45  The structure of devices according to the
inven- ed layers. Afurther semiconductor heterostructure is  tion will now
be described, together with some under- disclosed in EP-A- 224 189.
lying theoretical concepts, with reference to the draw- There have thus
been several differing theoreti-  ings, in which: cal models of how such
stuctures should behave - but    - Figure 1 illustrates the lattice
structure of bulk since experimental evidence is not generally avail-  5o
Si or Ge in an (001) direction; able, such theories are of little practical
guidance.   - Figure 2 illustrates schematically a short- Furthermore,
because of the nature of the models          period Si/Ge superlattice
structure. used, even a theoretical prediction of the properties   - Figure
3 shows schematically a superlattice of a given structure may take days of
computing time      structure according to one aspect of the inven- and
place heavy demands on computer hardware. We   55    tion. have now
discovered criteria that make possible the     Referring to Figure 1,
Silicon and Germanium realisation of a new class of heterostructure
devices.  both form diamond cubic lattices. When viewed along 



According to the invention there is provided a   cube (001) directions,
each cell of the lattice may 2    3                   EP0393135B1
4 therefore be considered to comprise 4 atomic mono-      The first
requirement for a device exhibiting good layers at spacings of a/4, where a
Is the lattice para-  optical properties Is that the transition probability
for meter.                                              the lowest energy
cross-gap transition be high (com- Since a for SI is 5.43 A (10 A =1 nm)
Ind a for Ge  parable, for example, with the direct zone-centre is 5.65 A
there is thus a mismatch of around 4% be-   5   transition in GaAs). We
have discovered a systematic tween the two lattices, and in a short-period
super-  correlation between P (related to the transition prob- lattice,
this must be accommodated as elastic strain  ability, and defined as log1o
I L 1 2 where L is the opt- by one or both sets of layers.
ical dipole matrix element) and the value of M (the Referring to Figure 2,
a practical short-period su-  thickness in monolayers of the Si layers);
for a given perlattice device comprises an (001) oriented sub-   lo  value
of N (the thickness of the Ge layers), P has max- strate 1, with
alternating epitaxial layers of a first ma-  Ima at M = 2, 8, 10 ...., in
other words, M = 2(2m+1) terial (shown as Si), M monolayers thick (2a, 2b,
2c  where m = 0, 1, 2, etc. We have further found that the etc) and of a
second material (shown as Go), N mono-  highest transition probability Is
obtained for M = 2; layers thick (3a, 3b, 3c etc). In prior proposals, the
this is therefore a preferred feature of the invention. substrate Is
typically Si and N is equal to M.  15      We have also discovered that N
obeys a similar Such devices are preferably made using MBE, as    selection
principle"; values of N which give (i) a high described (for example) in
"Silicon Molecular Beam   transition probability and (ii) have the global
mini- Epitaxy 1984-1986", J C Bean, J Crystal Growth 81,   mum In the
superlattice conduction band at the cen- 411 (1987).
tre of the superlattice Brillouin zone, are N =2(2n+1) The first effect of
the substrate, or buffer, layer 1   20   where n = 1, 2, 3 ..., and N * M.
is to dictate the distribution of elastic strain; if the buf-  Preferred
embodiments of the invention within fer is Ge, the adjacent Si layer 2a and
subsequent Si  these criteria are 2: 6, 2: 10, 2: 14, 2: 18 and 2: 22
layers 2b, 2c are forced to take the bulk Ge lattice  structures (all of
which have demonstrated good opt- constant in the (100) and (010)
directions, whereas  ical properties), for reasons discussed hereinafter,
al- the Ge layers 3a, 3b, 3c are unstrained. If the sub-   25  though 2: 28
etc structures are also within the scope strate is Si, the converse is
true, and an SIGe sub-  of the invention. strate causes a distribution of
strain between the Si   The superlattice structure causes "zone-folding'
and Ge layers (it is of course much simpler and      - that Is, when
represented In momentum-state (k) cheaper to use a pure substrate,
especially pure Si,  space, states near the bulk Brillouin Zone edge map so
this is the approach favoured in the prior art). The   3o   back towards
the centre of the superlattice Brillouin lattice spacings along the
superlattice axis (the (001)  zone. Depending on the folding, this can
result in off- direction) are to a good approximation, determined   centre
states having lower energy levels, and hence simply from the elastic
response of the Individual Si  an indirect bandgap material. We have
discovered, and Ge bulk lattices.                                however,
that the composition of the buffer layer I A limit on the maximum size
along the superlat-  35   plays a crucial part on determining this aspect
of tice (001) axis of device which can be fabricated may  zone-folding;
specifically, when the buffer layer in- also be imposed by the buffer layer
composition. We  cludes more than about 20% Ge, these superlattices have
realised that if the relative proportions of Si and  can become
quasi-direct and hence be suitable for Go In the buffer equate to their
relative proportions (is  light emission. The buffer layer does not play a
crucial the ratio of M to N) in the superlattice, then the strain  40  role
in determining the optical transition probability, is distributed
symmetrically between the Si and Ge   but it does alterthe transition
energies (and hence the layers and devices can be grown to any desired
size.  wavelength of light which could be emitted). If the strain is not
distributed symmetrically (as is, of  The composition of the buffer (or
substrate) layer course, always the case with pure Si or Ge buffers),  I
also affects other aspects of the superlattice band only relatively
shortsuperlattice regions comprising a   45  structure. For the case of a
Si buffer (or substrate), small number of successive layers can be
produced.   only the Ge layers are undertetragonal distortion and We have
also realised that, where use of a high-  the top bulk Ge zone-centre
valence state is a mj = Ge buffer is thus Indicated, a GaAs buffer may be
3/2 state. For the case of a Ge buffer, only the Si lay- substituted (as a
= 5.65A).                          ers are under tetragonal distortion and
the top bulk Si The effectof strain of this kind is to lower the sym-   so
zone-centre valence state is a mj = 1/2 state. Thus, metry of the lattice
as a whole (it is no longer cubic)  a change in the buffer layercomposition
leads to sub- and thus produce splittings of otherwise degenerate  stantial
changes in the bandstructures of the Si and 



states and modify optical selection rules. Also, new  Ge layers. In
structures according to the Invention, optical transitions, intrinsic to
the superlattice struc-  the effective heavy-hole-like barrier remains con-
ture, may arise through momentum-mixing.       uS  stant for all SiGe
buffer compositions, but the effec- We have found that SiGe superlattices
are well-  tive light-hole-like (strictly light-hole/split-off-like)
modelled by a theory based on empirical local atomic  barrier drops (from
about 0.7eV to 0.3eV) in going pseudopotentials with spin-orbit coupling.
from a Si to a Ge buffer. This substantial drop in the 3    5
EP0393135B1                      6 effective light-hole-like barrier,
coupled with the rela-  the same composition. tive positions of the
zone-centre bulk valence states,   The method of manufacturing devices
according forces the mj = 1/2 zone-centre superlattice state to  to the
invention will now be briefly described. It is usu- anticross the mj = 3/2
state, or, at any rate, substantial  ally convenient, if for example the
device is to be mixing between the states ocurrs - at high Ge concen-   5
formed on a common substrate with others, to use a ~ trations (above 60%,
but related to the superlattice     substrate of Silicon (or Germanium). On
this sub- M:N ratio).                                          strate, a
buffer layer of the desired SiGe composition This cross-over manifests
itself in a change In  is formed epitaxially by any convenient deposition
optical properties; for example,in a 4:4 structure the  process. Since the
buffer will not, in preferred em- squared matrix element forthe V2-C5
transition, with   10   bodiments, have the same lattice parameter as the
(001) polarisation drops typically by about three or-  substrate, it will
either (if over a critical thickness re- ders of magnitude after the
crossing. This is a reflec-  lated to its composition) be "relaxed", that
is, have tion of the decrease in pz-like components in the wa-
dislocations at Its interface with the substrate, or (if vefunction of
state V2 with increasing Ge concentra-  under the critical thickness)
elastically strained. tion in the buffer layer. The corresponding drop in
the   15   Since it is difficult to trap dislocations at the buffer value
of the matrix element for the V1-C5 transition  substrate interface, it is
in general preferable to grow in going from (110) to (001) polarisation on
a Si buffer  a strained buffer layer of less than the critical thick- is
much less, a reflection of the strong heavy-light  ness (around a hundred
to a few thousand A) - a thick- hole mixing which is occurring in the
superlattice.   ness easily achieved with current technology. Molec- The
anticrossings described here occurgenerally   20   ular beam epitaxy (MBE)
is thereafter used to grow )    in SiGe superlattices; for a fixed period,
the Ge con-  subsequent layers of Silicon and Germanium coher- centration
at which the hole states cross decreases   ently upon the buffer layer. as
the ratio of M:N (the ratio of the width of the Si and  Fabrication using
MBE is unlikely to produce per- Ge layers) increases.
fectmonolayers, of course; references throughoutthe This 'hole reversal'
has considerable signifl-  25  foregoing to monolayers and layer thickness
will be cance for the optoelectronic device designer. Where   understood to
include approximations thereto which light is emitted, it is usually
emitted only in the TE  achieve the intended technical effect. modes, with
(110) polarization, and thus emission oc-    In fact, we predict that
certain 3:N structures curs only along the superlattice axis. However, If
the  (where N = 2(2n+1)-1), whilst less inherently quasi-di- device is
formed on a buffer (or substrate) having a   30  rect than 2:N structures,
are also sufficiently quasi- sufficiently high Ge concentration (above
around      directtobeusefulaslightemittingdevices.TheNval- 60%) so as to
exhibit 'hole reversal', or significant  ues will approximate those given
above, so that the mixing between the uppermost valence states, light
conduction band states disperse upwards (or, at any may be emitted in both
TE and TM modes - in other    rate, do not significantly disperse
downwards) in the words, light may also be emitted transversely to the   3S
superlattice Brillouin zone - specifically, 3:5, 3:9, superlattice axis.
This clearly has many device appli-  3:13, 3:17, 3:21 etc are quasidirect
(for symmetry, it cations, and gives the designer greater flexibility In,
will be noted that N = 2(2n+1) - I = 4n+1). for example, allowing sideways
coupling (parallel to     Furthermore, it will be understood that although
m~  the substrate) to other optoelectronic devices.        the alternating
layers have been described as Si and We have further discovered that it is
not always   40   Ge, in practice a superlattice could be realised using
necessary that successive Silicon or Germanium lay-   SiGe alloys for one
or both sets of layers (provided era should have an equal thickness.
Referring to Fig-  that the alloy compositions differ sufficiently from ure
3, in the preferred embodiment of the invention in  layer to layer) -
although this requires more complex which M =2, and N is selected from the
set 6, 10, 14,  process technology. The invention accordingly ex- 18 ...,
it is possible to fabricate inhomogeneous su-   45  tends to encompass
alternating SiGe alloy layers, as perlattice structures of the type (...
2:N1, 2:N2, 2:N3,  well as pure Si and Ge. 2:N4, ...), where N1, N2, N3 etc
are not necessarily all  Although the invention is principally directed to 



different, and these will also be quasidirect. Clearly,  providing
superlattices which are sufficiently quasi- the availability of a myriad of
such structures gives  direct to act as light emissive optoelectronic
devices, the device engineer considerable freedom in tailoring   so  it
will also be understood to include devices suitable electronic properties.
for use as, for example, photodetectors (which may A different class of
devices may be produced by   be Indirect). fabricating a series of
superlattice regions, SLI, SL2, SL3 ..., (where SLI etc are each
short-period super- lattices of limited extent along the superlattice axis)
55   Claims one atop (or indeed orthogonal to) the other. The su-
perlattices SLI, SL2, etc, are separated by intermedi-  1. A semiconductor
device comprising a short- ate buffer layers, which will not necessarily
all have   period superlattice of alternating layers of first 4    5
EP 0 393135 B1                    6 effective light-hole-like barrier,
coupled with the rela-  the same composition. tive positions of the
zone-centre bulk valence states,    The method of manufacturing devices
according forces the mj = 1/2 zone-centre superlattice state to  to the
invention will now be briefly described. It is usu- anticross the mj = 312
state, or, at any rate, substantial  ally convenient, if for example the
device is to be mixing between the states ocurrs - at high Ge concen-   6
formed on a common substrate with others, to use a -    trations (above
60%, but related to the superlattice  substrate of Silicon (or Germanium).
On this sub- M:N ratio).                                           strate,
a buffer layer of the desired SiGe composition This cross-over manifests
itself in a change in   is formed epitaxially by any convenient deposition
optical properties; for example,in a 4:4 structure the  process. Since the
buffer will not, In preferred em- squared matrix element for the V2-C5
transition, with  10   bodiments, have the same lattice parameter as the
(001) polarisation drops typically by about three or-  substrate, it will
either (if over a critical thickness re- ders of magnitude after the
crossing. This Is a reflec-  lated to Its composition) be relaxed", that
is, have tion of the decrease in p_-ike components in the wa-  dislocations
at its interface with the substrate, or (if vefunction of state V2 with
increasing Ge concentra-  under the critical thickness) elastically
strained. tion In the buffer layer. The corresponding drop In the   15
Since it Is difficult to trap dislocations at the buffer value of the
matrix element for the V1-C5 transition  substrate interface, it is In
general preferable to grow In going from (110) to (001) polarisation on a
Si buffer  a strained buffer layer of less than the critical thick- is much
less, a reflection of the strong heavy-light  ness (around a hundred to
afewthousandA) - athick- hole mixing which is occurring in the
superlattice.   ness easily achieved with current technology. Molec- The
anticrossings described here occurgenerally   20   ular beam epitaxy (MBE)
Is thereafter used to grow j   in SiGe superlattices; for a fixed period,
the Ge con-  subsequent layers of Silicon and Germanium coher- centration
at which the hole states cross decreases   ently upon the buffer layer. as
the ratio of M:N (the ratio of the width of the Si and  Fabrication using
MBE is unlikely to produce per- Ge layers) increases.
fectmonolayers, of course; references throughoutthe This 'hole reversal'
has considerable signifi-  26  foregoing to monolayers and layer thickness
will be cance for the optoelectronic device designer. Where   understood to
include approximations thereto which light is emitted, it is usually
emitted only in the TE  achieve the intended technical effect. modes, with
(110) polarization, and thus emission oc-    In fact, we predict that
certain 3:N structures curs only along the superlattice axis. However, if
the  (whereN=2(2n+1)-1),whilstless Inherentlyquasi-di- device is formed on
a buffer (or substrate) having a   3o  rect than 2:N structures, are also
sufficiently quasi- sufficiently high Ge concentration (above around
directtobeusefulaslightemittingdevices. The Nval- 60%) so as to exhibit
'hole reversal', or significant  ues will approximate those given above, so
that the mixing between the uppermost valence states, light    conduction
band states disperse upwards (or, at any may be emitted in both TE and TM
modes - in other     rate, do not significantly disperse downwards) in the
words, light may also be emitted transversely to the   35  superiattice
Brillouin zone - specifically, 3:5, 3:9, superlattice axis. This clearly
has many device appli-  3:13, 3:17, 3:21 etc are quasidirect (for symmetry,
it cations, and gives the designer greater flexibility In,  will be noted
that N = 2(2n+1) - I = 4n+1). for example, allowing sideways coupling
(parallel to      Furthermore, it will be understood that although the
substrate) to other optoelectronic devices.       the alternating layers
have been described as Si and v.....'  We have further discovered that it
is not always   40   Ge, in practice a superlattice could be realised using
necessary thatsuccessive Silicon or Germanium lay-    SiGe alloys for one
or both sets of layers (provided ers should have an equal thickness.
Referring to Fig-  that the alloy compositions differ sufficiently from 



ure 3, in the preferred embodiment of the invention in  layer to layer -
although this requires more complex which M = 2, and N is selected from the
set 6, 10, 14,  process technology. The invention accordingly ex- 18 ...,
it Is possible to fabricate Oinhomogeneous su-   45  tends to encompass
alternating SiGe alloy layers, as perlattice structures of the type (...
2:N1, 2:N2, 2:N3,  well as pure Si and Ge. 2:N4, ...), where N1, N2, N3 etc
are not necessarily all  Although the invention Is principally directed to
different, and these will also be quasidirect. Clearly,  providing
superiattices which are sufficiently quasi- the availability of a myriad of
such structures gives  direct to act as light emissive optoelectronic
devices, the device engineer considerable freedom in tailoring   50  It
will also be understood to include devices suitable electronic properties.
for use as, for example, photodetectors (which may A different class of
devices may be produced by   be indirect). fabricating a series of
superlattice regions, SLI, SL2, SL3 ..., (where SLI etc are each
short-period super- lattices of limited extent along the superlattice axis)
55   Claims one atop (or indeed orthogonal to) the other. The su-
perlattices SLI, SL2, etc, are separated by intermedi-  1. A semiconductor
device comprising a short- ate buffer layers, which will not necessarily
all have   period superlattice of alternating layers of first 4 1
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8 and second materials of different compositions  16. A semiconductor
device according to any preced- within the SUGe system grown epitaxially on
an    ing claim, in which N values of at least some suc- (100) oriented
substrate, the first material layers  cessive second material layers are
not equal. containing more silicon than the second, the first material
layers being M monolayers thick, the   5   17. A quasi-direct bandgap
device according to any second material layers being N monolayers thick,
preceding claim. M being smaller than N. 18. Alight emitting device
according to claim 17. 2. A semiconductor device according to claim 1,
wherein the first material is Silicon and the sec-  fo  19. A light
emitting device according to claim 18, ca- ond material Is Germanium.
pable of emitting light in a direction coplanarwith the layers. 3. A device
according to claim I or claim 2, in which M = 2(2m+1)+x, and N = 2(2n' )-x
where x=0 or  20. A semiconductor device as claimed in any one of 1 ,m = 0
1 or 2 and n is an integer.      15      claims I to 17, configured as an
optical detector. 4. A semiconductor device as claimed In claim 1, claim 2
or claim 3, wherein M = 2.             PatentansprOche 5. Adevice according
to claim 3 orclaim 4, In which   20  1. Halbleiteranordnung mit elnem
Kurzperioden- >      N = 6.
Supergitteraus abwechseinden Schichten erster und zweiter Matedalien
verschledener Zusam- 6. A semiconductor device as claimed in claim 3 or
mensetzungen im SI/Ge-System, die epitaktisch claim 4, wherein 0 < n c 6.
aufelnem (1O 0)-gerichteten Substratgewachsen 25     sind, wobei die ersten
Materialschichten mehr Si- 7. A semiconductor device as claimed in claim 6,
lizium als die zweiten enthalten, die ersten Mate- wherein 0 < n < 5.
rialschichten M Einfachschichten dick sind, die zweiten Materialschichten N
Einfachschichten 8. A semiconductor device as claimed In claim 3 or    dick
sind und M idelner als N ist. claim 4, wherein n lies within the range of
from 6   30 to 10.                                         2.
Halblelteranordnung nach Anspruch 1, wobel das erste Material Silizium ist
und das zweite Material 9. Adeviceaccordingtoclaim3, inwhichM=3and
Germanium ist. N = (4n+1), where n is an integer greater than 1. 35  3.
Anordnung nach Anspruch 1 oder Anspruch 2, 10. Asemiconductor device
according to any preced-    wobel M = 2 (2m + 1)+x und N = 2 (2n+1)-x sind,
Ing claim in which the substrate is the device sub-  worin x = 0 oder 1, m
= 0, 1 oder2 und n eine gan- strate.
ze Zahl sind. 



11. A semiconductor device according to any one of  40  4.
Halbleiteranordnung nachAnspruch 1, Anspruch claims I to 9, in which the
substrate is a buffer  2 oder Anspruch 3, wobel M = 2 ist. layer
epitaxially formed on the device substrate. 5. Anordnung nach Anspruch 3
oder Anspruch 4, 12. A semiconductor device according to claim 10 or
wobei N = 6 ist. claim 11, in which the substrate consists essen-  45
tially of GaAs.                                6. Helbleiteranordnung nach
Anspruch 3 oder An- spruch 4, wobei 0 < n c 6-ist. 13. A semiconductor
device according to claim 10 or claim 11, in which the substrate consists
essen-  7. Halbleiteranordnung nach Anspruch 6, wobel 0 < tially of Si,.
xGe, where 0.5 c x < 1.    60       n c 5 ist. 14. A semiconductor device
according to claim 13,  8. Halbleiteranordnung nach Anspruch 3 oder An-
wherein 0.6 5 x < 1.                               spruch 4, wobei n im
Berech von 6 bis 10 liegt. 15. A semiconductor device according to claim
14,  56  9. Anordnung nach Anspruch 3, wobei M = 3 und N wherein the ratio
of M:N approximates the ratio of  = (4n 1) sind, worn n eine ganze Zahl
uber 1 ist. Silicon to Germanium in the substrate. 10. Halbleiteranordnung
nach irgendeinem vorste- 5 *                    *!il-lll 111115  11l    9
EP 0 393135 B1                 10 henden Anspruch, wobel das Substrat das
An-      licium et Is second materiau est du Germanium. ordnungssubstrat
ist. 3. Dispositif selon la revendication I ou la revendi- 11.
Halbleiteranordnung nach Irgendeinem der An-     cation 2, dans eaqual M =
2(2m+1)+x et N = sprflche I bis 9, wobei das Substrat eine epitak-   6
2(2n+1)-x ou x= 0 ou 1,m = 0, 1 ou 2 et n est un tisch auf dem
Anordnungssubstrat gebildete Puf-  nombre entier. ferschicht ist. 4.
Dispositif a semi-conducteur selon la revendica- 12. Halbleitbranordnung
nach Anspruch 10 oderAn-     tion 1, la revendication 2 ou le revendication
3, spruch 11, wobel das Substrat im wesentlichen  lo  dans loquel M = 2.
aus Ga As besteht. 5. Dispositif selon la revendication 3 ou la revendi-
13. Halbleiteranordnung nach Anspruch 10 oderAn-     cation 4, dans lequel
N = 6. spruch 11, wobel das Substrat im wesentlichen aus Si, . Goe besteht,
worn 0,5 < x < I lat.  15  6. Dispositif A semi-conducteur salon la
revendica- tion 3 ou la revendication 4, dans lequel 0 < n < 14.
Halbleitranordnung nach Anspruch 13, wobei       8. 0,6 5 x  1 Ist. 7.
Dispositif A semi-conducteur salon la revendica- 15 Halbleiteranordnung
nach Anspruch 14, wobel  20  tion 6, dans lequol 0 < n <5. das Verhaltnis
von M: N dem Verhgltnis von Si- lizium zu Germanium im Substrat nahekommt
8. Dlspositif a semi-conducteur selon la revendica- tion 3 ou la
revendication 4, dans lequel n se trou- 16& Halbleitbranordnung nach
irgendoinem vorste-     ve A lintbrieur de la plage de 6 A 10. henden
Anspruch, wobel die N-Wert. wenig-  25 stens
einlgeraufoinanderfolgenderzweibtrMate-  9. Dispositif selon la
revendication 3, dans lequel M rialschichben nicht gleich sind.
= 3 et N = (4n+1), oO n est un nombre antler su- perieur A 1. 17.
Quasi-direkta Bandabstandanordnung nach ir- gendeinem vorstehenden
Anspruch.         30  10. Dispositif 3 semi-conducteur selon l'une quelcon-
quo des revendications pr~chdentes, dans loquel 18.
LichtemittierendeAnordnung nachAnspruch 17.      Ie substrat eat le
substrat du dispositit. 19. Licht emittlerandeAnordnung nachAnspruch 18,
11. Dispositif A semi-conducteurselon lune quelcon- die zur Uchtemission in
einer mit don Schichtbn   35  que des revendlcations I A 9, dans lequel le
subs- planparallelen Richtung geeignet lIt.            trat est une couche
intermediaire formee de me- 



niere 6pitaxlale sur le substrat du dispositif. 20. Halblelteranordnung
nach irgendeinem der An- spruche I bis 17, die als ain optischer Detektor
12. Dispositif A semi-conducteur selon la revendica- ausgebildet lit.
40      tion 10 ou la revendication 11, dans lequel le substrat eat
constitue essentiellement de GaAs. Revendlcatlons
13. Dispositif A semi-conducteur solon la revendica- tion 10 ou Ia
revendication 11, dans loquel Is 1. Dispositif A semi-conducteur comprenant
un  45   substrat est constitue essentlellement de Si,. super-r6seau A
periodicitM courte de couches al-  Gex, ob 0,5 c x c 1. ternees de premier
et second materlaux de composition diff6rente A l'interleur du systeme  14.
Dispositif A semi-conducteur solon la revendica- SI/Ge mis A croitre
epitaxialementsurun substrat  tion 13, dans loquel 0,6 5 x < 1. oriente
(100), les premibres couches de materiau  50 contenant plus de Silicium que
las secondes, les  15. Dispositif A semi-conducteur solon la revendica-
premibres couches de mat6riau 6tant d'une        tion 14, dans lequel le
rapport M:N approche le 6pabsseur de M monocouches, les secondes cou-
rapport du Silicium au Germanium dans le subs- ches de materiau etant d'une
epaisseur de N mo-  trat. nocouches, M etant infAirleur A N.       55 16.
Dispositif A semi-conducteur selon l'une quelcon- 2. Dispositif A
semi-conducteur salon la revendica-  qua des revendications precedentes,
dens lequel tion 1, dens lequel le premier materiau eat du Si-  N velours
d'au momns certaines couches succes- 6 l~ ~ ~~~11 11llillllll   INlll ll
11                  EP 0 393 135 B1                     12 sives de second
mat6riau ne sont pas 6gales. 17. Dispositif quasi-direct A bande Intordite
selon l'une quelconque des revendicatlons prec6den- teb.
5 18. Dispositif 6mettant de la lumiere selon la reven- dicatlon 17. 19.
Diapositif 6mettant de la lumiere selon la reven-  lo dication 18, capable
d'6mettre de la lumlere dans une direction coplanaire aux couches. 20.
Disposltif A semi-conducteurselon l'une quelcon- quo des revendications I A
17, configure comme   15 un detecteur optique. 20 25 30 35 KJ
40 45 50 55 7 l 1111111111111111111  11    


