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travel in a semi-conductive material Is proportional to the productofthe r
on time and the driftve- Field of the Invention
locity of the charge carrier. In semi-conductive  materials readily
available for This invention relates to devices useful as sen-   5   use in
sensors of the kind described, a semi- sors of magnetic fields as specified
in the preamble  conductive material such as silicon which is an indir- of
claim 1.                                         ect band-gap material, has
a carrier recombination time that is attractively long. However, it has
carrier Background of the Invention                         mobilities that
are relatively low. As Indicated above, 10  high mobilities are needed to
obtain a magnetodiode At present a wide variety of magnetic field sen-
having high sensitivity to a magnetic field. On the sors are already known.
Of particular interest are  other hand, some compound semi-conductors, such
magnetodiode sensors of the kind that employ a      as GaAs, InAs,[err]
which are direct semi-conductive element into which are injected hole
band-gap materials, have carrier mobilities that are and electron charge
carriers from opposite ends. The   15  attractively high. However, their
carrier recombina- semi-conductive element Is made non-homogeneous    tion
times are normally undesirably short. Because so that it includes at
leasttwo regions ofvery different  the recombination times are short, these
materials recombination times for charge carriers therein. A  have not been
as sensitive as would be liked. The magnetic field to be sensed is made to
traverse the  present invention represents a new approach to over-
semi-conductive element In a specific direction. In  20  come the above
shortcomings of the normally short that direction, the resulting Lorentz
force deflects the  carrier recombination times in such compounds, I.e.,
charge carriers initially injected into one of the two re-  direct
band-gap, semi-conductors. This approach In- gions into the other of the
two regions. Such deflec-  volves using these latter materials to form
distinctive tion results in a change of the amount of currentflow-  diode
structures that exhibit considerably longer car- ing between the two ends
of the semi-conductive ele-  25  rier recombination times than conventional
diode ment. The basic principles of magnetodiode sensors  structures. of
this kind are described in a paper by Kataoka enti- tied "Recent
Developments of Magnetoresistive De-   Summary of the Invention vices and
Applications" in circular No.182 of the Elec- tromechanical Laboratory,
Agency of Industrial Sci-  3o  A magnetic field sensor according to the
present ence and Technology, Tokyo, Japan, December1974.    invention is
characterlsed by the features specified In The present Invention relates to
a magnetodiode  claim 1. type of magnetic sensor that is well-adapted for
use   Foruse in a magneticfield sensorof the kind dis- as a position
sensor, particularly for automotive appli-  cussed, the invention Includes
a semi-conductive ele- cations, although its application Is not so limited.
35   ment that provides carriers of high mobility and long In a magnetic
field sensor of the kind described,  recombination times. To this end there
is used a semi- sensitivity depends importantly on two parameters:
conductive element that is formed of a direct band- (1) the mobilities of
the charge carriers In the semi-  gap material and that has a periodic
doping profile conductive material forming the magnetodiode, and  through
its thickness consisting of very thin alternate (2) the recombination time
TR. TR Is the average time   40   n-and p-doped layers, preferably with
Intrinsic zones it takes for a charge carrier of one sign to recombine
therebetween, known variously as doping superlat- with a charge carrier of
the opposite sign after injec-  tices or n-i-p-i superlattices. tion of the
charge carrier Into the semi-conductive ma-  The properties of doping
superlattices have been terial. Recombination occurs before the charge
carri-  described in detail in papers by G. H. Dohler, entitled, er reaches
its charge collecting electrode. It is not  45   n-i-p-i Doping
Superlattices-Metastable Semicon- known what specifically happens to the
charge carri-  ductors With Tunable Properties, "Journal of Vacuum ers when
they recombine, but the result is a reduction  Science and Technology, B,
Vol. 1, No. 2, April-June in electrical current flow between complementary
1983. pps. 278-284, and "Physics and Applications of electrodes of the
magnetodiode.                     Doping Superlattices" a paper from pages
270-284 For high sensitivity to the effects of a magnetic  so  of the book
Two-Dimensional Systems, Physics and field, the mobilities of the charge
carrier should be  New Devices: Proceedings of the International Win- high
because the amount of deflection of the path of  terschool, Mauternsdorf,
Austria, 1986, published by a charge carrier in the presence of a magnetic
field  Springer Verlag, Berlin 1986. As discussed therein, normal to the
path is proportional to the product of  the unusual properties of doping
superlattices derive carrier mobility and magnetic field strength.  55
from the different nature of the superlattice potential, Also, for high
sensitivity to the effects of a mag-  which Is the space charge potential
of ionized impur- neticfield, carrier recombination times should be long
Ities in the doping layers. The space charge potential because the average
distance a charge carrier can  in the doping superlattices modulates the
band edges 2    3                   EP 0 358 322 B1                    4 



of the host material and the electrons and holes be-  ate under forward
bias, that is, the p-type regions come spatially separated. The separations
can be   biased positively with respect to the n-type regions. controlled
by appropriate choice of the doping con-  Current carriers injected into
one end of a given layer centrations and the layer thicknesses. It is this
latter  will travel varying lengths of that layer, pass through property
that is most important to this Invention. The   5   the p-n junction
separating that layer from a contigu- degree of confinement of carriers
within their respec-  ous layer, and then complete their travel to the
other tive layers is directly related to the band-gap of the  end of the
second layer. Therefore, after travelling a semi-conductive materials
forming those layers. The  trajectory inside one of the layers that is
essentially spatial separation of holes and electrons results In a
parallel to the major faces of the layer, the carriers ul- partial
compensation of the impurity space charge   1o  timately cross the p-n
Junctions that separate those potential such that, with Increasing carrier
concentra-  layer major faces from major faces of contiguous lay- tion, the
amplitude of the doping superlattice poten-  ers. Once passing through the
p-n junction, the car- tial decreases and the effective band-gap increases.
riers continue to travel In the second layer in a trajec- Associated with
this tunability; I.e., Increase, of the  tory that is essentially parallel
to the major faces of band-gap is a tunability; i.e., Increase, of the
recom-   15  the second layer. Amagnetic field to be sensed is ap- bination
time due to a reduction of the tunnelling or  plied In the direction
perpendicular to the layers. This Increase In thermal barriers for
recombination. Such  will deflect the charge carriers during their motion
spatial separation In the superlattice dramatically  parallel to the layers
in the transverse direction, nor- lengthens recombination times of carriers
over the  mal to the magnetic field. time they exhibit in bulk materials;
i.e., non-superlat-  20  Additionally, each of the layers of the doping su-
tice structures. However, mobilities are not effective-  perlattice is
provided with a region of short carrier re- ly reduced. Recombination times
In the superlattice  combination time, such that this transverse deflec-
are not just slightly increased, they are Increased  tion of the charge
carriers in each layer moves them many orders of magnitude, over that of
the bulk ma-  into such a region for recombination. In a p-i-n diode,
terial. For example, lifetimes can be increased from   25  at a given
voltage, Increasing the rate of recombina- 1-10 nanoseconds to one second
or more. Moreover,  tion reduces the effective current flow between its
large excess carrier concentrations in the layers can  complementary
electrodes. Accordingly, in a device be achieved at relatively low
injection currents as  according to the present Invention, the magnetic
field compared to bulk material of the same doping con-  can be sensed as a
reduction In the current flow be- centration.
3o  tween the injecting contacts in a manner analogous It appears that
hitherto doping superlattices have  to conventional magnetodiodes. been
proposed primarily for electro-optic devices with an electric field
established normal to the layers  Brief Description of the Drawing for
current flow normal to the layers. However, the first of the two cited
Dohler papers also discusses the   35  Figure 1 schematically shows a plan
view of an tuning of the carrier concentration in doping superlat-  end of
a semi-conductive element In the form of tices by the injection of carriers
selectively into the va-  a doping superlattice comprising alternate n-ty-
rious layers via electrodes. In particular, studies were  pe and p-type
layers; mentioned in which there were provided two spaced-     Figure  2
schematically  shows  a  three- apart electrodes. The first spaced-apart
electrode   40  dimensional view of a magnetodiode sensor in provides ohmic
contacts to all the n-type layers for in-  accordance with an illustrative
embodiment of jection of electrons therein but blocking contacts to  the
present invention, including  a  semi- the p-type layers. The second
spaced-apart elec-       conductive element of the kind shown in Figure 1;
trode provides ohmic contacts to all the p-type layers  and for injection
of holes therein but blocking contacts to  45  Figure 3A is a top view of
another illustrative em- all the n-type layers. Moreover, reference was
made    bodiment of the present invention including a pair to
magnetotransport experiments with the magnetic      of magnetodiodes useful
in a differential sensor, field parallel and perpendicular to the layers
that es-  and tablished the two-dimensional character of the sys-    Figure
3B Is a cross-section taken along the lines tem. However, no magnetic
device applications are  50  BB of Figure 3A. suggested. In a magnetic
field sensor In accordance with the  Detailed Description present
Invention, illustratively a magnetodiode, a doping superlattice having
layers largely of long car-  With reference now to Figure 1, the semi- rier
recombination times Is provided with injecting  55   conductive element 11
is a doping monocrystalline contacts at opposed surfaces for selective
charge  superlattice structure comprising alternately of thin carrier
injection, as just discussed, forcarrierflow es-  monocrystalline n-type
layers 12 and lattice-matched sentially parallel to the layers. The device
is to oper-  thin monocrystalline p-type layers 14. It Is common 3    5
EP 0 358 322 B1                 6 practice in the art to describe such a
structure as an  ers may be deflected by. the magnetic field being 



n-i-p-i superlattice even in the absence of any inten-  sensed. As
hereinbefore mentioned, the current car- tionally undoped intermediate
zones between the n-  riers Injected Into a given layer travel essentially
par- type and p-type layers. This is because the electro-  allel to the
majorsurfaces of thatlayeruntil they trick- static bending of the energy
bands associated with   5   le through Into the contiguous layer, or
layers, where such layers will effectively induce intermediate zones  they
then continue to travel essentially parallel to the having insignificant
concentrations of free charge  layer major surfaces. This is how they get
from one carriers, and so effectively of intrinsic conductivity  end of
this device to the other. type. Advantageously, layers 12 and 14 of element
11  A magnetic field normal to these layers will de- are of a direct
band-gap compound semi-conductor,  10  fleet the current carriers parallel
to the layer major such as gallium arsenide, indium arsenide, indium an-
faces. In this Invention, such a magnetic field will timonide or a
bismuth-antimony alloy. Such semi-   cause more current carriers to pass
through the re- conductive materials are known normally In bulk to
gionofeachlayerhavingamuchhigherrateofrecom- have high carrier mobilities
but short carrier recom-  bination than when no magnetic field is present.
A bination times.                               15  greater percentage of
them will thus not be able to In the structure of the present Invention,
each  complete their draft through or parallel to the layers layer
advantageously has a thickness less than the  12 and 14. The measured
current flow between elec- Debye length of charge carriers to be injected
in the  trodes at the ends of these layers is thus modulated layer.
Typically these layers will have a thickness of  directly in accordance
with the strength of the mag- between 5 and 300 nanometres (50 and 3,000
Ang-  20  neticfield being sensed. The regionsof lowrecombin- stroms). For
convenience of design and manufacture,  ation times in these layers are
desirably formed on it is preferable to make each layer substantially of
the  one surface of the element, as will be discussed in same thickness,
although this is unnecessary. The  connection with Figure 2. average doping
concentration in each layer advanta-   Figure 2 schematically shows a
perspective view geously is between 1016 and 1018 atoms per cubic  25  of a
semi-conductive element 11 of the kind shown In oentimetre. The thinner the
layers, the higher the  Figure 1 used In a magnetodiode that is connected
in doping concentration should be to assure enough    a circuit that will
measure the intensity of a magnetic free carriers for good conductivity in
each layer. The  flux B in a direction normal to the parallel n-type and
length of each layer should be less than the diffusion  p-type layers 12
and 14 of the element. length of the current carrier in the layer. More
specif-  3o  To this end, an n-type Injecting electrode 18 is ically,
itshould bea length lessthan TRtimesthe drift  provided along one face
ofthe elementto contact one velocity of the carrier. On the other hand,
preferably  end of each of the layers 12 and 14, and a p-type in- it should
be long enough for effective disposition of a  Jeting electrode 19 is
provided along the opposite short recombination time region between its
ends. It  face of the element to contact the opposite end of should also be
long enough for deflection of current  35  each of the layers 12 and 14.
Abias voltage is applied carriers into the short recombination time region
un-  between the opposite ends of the layers 12 and 14 by derthe strength
of the magnetic fields expected to be  a DC voltage source 20 connected
between electro- sensed. Typically this length will be between 10 mi-  des
18 and 19 of appropriate polarity so thatthe elec- crometres and 500
micrometres. Advantageously     trode 18 will Inject electrons selectively
Into the n-ty- therewill be atotal of between l0and 100suchlayers  40  pe
layers 12 and electrode 19 will inject holes selec- in element 11,
depending on the amount of outputcur-  tively into the p-type layers 14. A
resistor 22 is con- rent desired, although even as few as two layers may
nected In series In this circuit and the voltage therea- sometimes be
enough.                               cross monitored as a measure of the
current flowing Various known techniques are available for pro-  in the
circuit Even though electrode 18 is forward- viding such layers in element
11, for example, molec-  45  biased with respect to layers 14 and so will
Introduce ular beam epitaxy (MBE), chemical vapor deposition  electrons
therein, and electrode 19 is forward-biased (CVD) and metal-organo chemical
vapor deposition  with respect to n-ayers 12 and so will Introduce holes
(MOCVD). Typically, thevarious layers will have been  therein, most of the
current will flow between the n- grown epitaxially on a suitable
high-resistivity mono-  type and p-type layers 12 and 14, respectively, for
crystalline substrate having a lattice constant as  5o  two basic reasons.
First, the contact area between closely matching that of layers 12 and 14
as is obtain-  layers 12 and 14 is much larger than the total contact able,
so that layers 12 and 14 will be substantially  area between layers 12 and
electrode 19 or layers 14 monocrystalline and provide high carrier mobility
and  and electrode 18, respectively. Additionally, the con- recombination
times.                              tact electrodes 18 and 19 correspond to
material For use in a magnetic sensor of the invention, it  55   which is
much more heavily doped than layers 12 and is essential to also provide In
each of layers 12 and  14, and this raises the contact potential between
elec 14 a region in which the carriers have considerably  trode 18 and
layers 14 and electrode 19 and layers shorter recombination times and Into
which the carri-  12, respectively. Adoping concentration greaterthan 4
7-                  EP 0 358 322B1                 8 about 1019 can be used
in electrodes 18 and 19.    bodiment that also shows an integrated pair of
mag- The injecting electrodes 18 and 19 can be readily  netodiodes 30 and
40. Magnetodiodes 30 and 40 are 



formed simply by Implanting appropriate Ions to form  electrically
separated from one another by means of heavily doped regions at opposite
ends of the layers,  a V-shaped groove or trench 50. Each diode Includes In
particular donor Ions for electrode 18 and acceptor   5   a doping
superlattice essentially of the kind shown In ions for electrode 19. The
material Is then generally  Figure 1. Each diode may be viewed as a layered
thermallyannealed to activate the implanted ions and  mesa on a
semi-insulating substrate 52. Typically, the to repair any damage caused by
the implantation. It  structure may be formed by epitaxially growing the is
also usual to provide metallic coatings over such  desired number of layers
on the semi-insulating sub- electrodes to facilitate making low-resistance
contact  10  strate and thereafter forming the trench 50 to divide to such
electrodes.                                the layers into two separate
sets of layers that form The entire front face 24 of the element as seen
two separate diode layers. Eachofthetwosetsoflay- In Figure 2 Is treated to
be a region of short recom-  era Is provided at its opposite ends with Its
own dis- bination times, denoted by the stippling. Injected  crete n-type
electrode 32,42, analogous to electrode electrons and holes drifting in
their respective layers  15  18 and a p-type electrode 34, 44, analogous to
elec are deflected towards said face 24 by the Lorentz  trode 19. force
resulting from the action of the magnetic field B.  Aseries of separate
regions 54 of short carrierre- Various techniques are known for forming
this face  combination times, as seen in Figure 3A, is provided into a
region of short recombination times. These  along the walls of the trench
50. Typically, these can techniques indude inflicting damage on the
crystal-  20  be formed by providing an appropriately apertured line
structure of such surface by chemical etching,  mask along the trench and
then selectively damaging mechanical abrasion, and un-annealed iion
implanta-  the unmasked regions (as by un-annealed ion implan- tion.
tation) to form the desired short recombination time Proton bombardment, in
the case of a gallium ar-  regions 54. By keeping such regions 54 spaced
apart, senide element, is known to convert gallium arsenide   25  there is
avoided the problem previously discussed of into an insulator-like; I.e.,
high resistivity material.  forming a shorting conductive layer. Moreover,
as in- Moreover, itformsan interface with the Implanted gal-  dicated by
the stippling, the outersurfaces 35 and 45 lium arsenide that retains the
characteristic of provid-  of diodes 30 and 40, respectively, may be
treated to ing relatively long recombination times. Accordingly,  be
surfaces of relatively long recombination times, In proton bombardment can
be used, if desired, to treat  30  the mannerpreviously discussed forthe
back surface the back surface 26, opposed to surface 24, to keep  26 in the
embodiment of Figure 2. said back surface of a long recombination lifetime,
Because regions 54 are separate, it Is feasible to while isolating the
active portions of the layers (those  use a wider variety of techniques for
shortening the shown) from the remaining portions of the layers (not
carrier recombination times therein, such as provid- shown) of the
epitaxial film, orfrom the environment.  35  Ing ohmic contacts, typically
by the deposition of met- In such instance, electrodes 18 and 19 should not
ex-  als suitable for that purpose. In the case of gallium ar- tend past
surface 26 onto the remaining epitaxial film.  senide, suitable metals
Include AuGeNi alloys, indium ternatively, if the magnetic sensor is
Intended to be  and platinum. In such instances, the structure is heat-
symmetrical with respect to the direction of the mag-  ed during or after
metal deposition to melt the metal netic field B, the back surface 26
should be treated   40  to form damaged surface regionswith very short car-
In the manner of front surface 24 so that holes and  rier recombination
times. electrons deflected thereto by a magnetic field of the  It can be
appreciated that the two diodes 30 and opposite direction will also readily
recombine there.  40 will operate in opposite senses since an applied A
possible shortcoming with the design shown in  magnetic field of a
direction to deflect the carriers in Figure 2 is that, with some
semi-conductors of possi-  45  diode 30 towards the trench 50 will in diode
40 deflect ble interest, damaging the front surface 24 tends to  such
carriers towards the outer edge 45 of high re- break bonds between atoms In
the surface layer and  combination times rather than towards the trench 50.
thereby tends to create a high density of low-mobility  Conversely, an
applied magnetic field of a direction free carriers therein so that said
surface 24 becomes  to deflect the carriers in diode 40 towards the trench
conductive. Such a conductive surface can serve as  so  50 will result in
diode 30 in a deflection of such carri- an electrical short between
contacts 18 and 19, di-  ers towards its outer edge 35 of high
recombination verting current that would otherwise passthrough the  times.
Such a pair of magnetodiodes Is especially bulk portion where the current
is being monitored.  useful in differential sensors where the two magne-
This would reduce the sensitivity of the sensor. Apos-  todiodes are
supplemented by two additional fixed re- sible solution to this problem Is
to include a damaged  55  sistors to form the four branches of a
conventional re- surface layerthat is not continuous between the elec-
sistance bridge. Such differential arrangements are trodes 18 and 19, as
shown in Figures 3Aand 3B.    able to provide sensors with Improved
tolerance to Figures 3A and 3B show this solution In an em-  temperature
and power supply variations. 5    9                   EP 0 358 322 B1
10 Firstly, while the invention will be of particular In-  (18,19;
32,34,42,44) along respective opposed terestwith use of direct band-gap
materials where the  faces of the element(11;52) tocontactrespective
improvement in recombination Items will be greatest,   opposite ends of
each of the layers (12,14); and 



it is also of interest with indirectgap materials such as  where each of
the layers (12,14) contains at least silicon and germanium. Such materials
in certain ap-   5  one region (26;30,40) of long carrier recombina-
plications may be preferred forother reasons, such as  tion times adjacent
at least one region (24;54) of lower cost or greater compatibility with
other parts of  short carrier recombination times so that carriers the
system in which the sensors are to be used.        are deflected between
the regions of short and Also, the long recombination times contemplated
long carrier recombination times by a magnetic In the foregoing discussion
are of the order of at least  10  field to be sensed. about 1 microsecond,
generally about 100 microsec- onds to 1 second, and more. Theshort
recombination  2. A magnetic field sensor according to claim 1, in times
contemplated herein, as for example to be used   which the semi-conductive
element (11;52) is in regions 24 and 54, are of the orderof about 1-100
formed from a direct band-gap semi-conductor nanoseconds. As for mobility,
by a reference to high  15  material. mobility is meant a mobility of about
8,000 - 80,000 [err]. By low mobility Is meant a mobility of  3. A magnetic
field sensor according to claim 1, In the order of 500-1,500 [err]or less.
While  which the superlattice Includes at least two lay- the inventors do
not have considerable test date to    ers. support the following thought,
they believe that the ra-  20 tio of high-to-low recombination. times in
this inven-  4. A magnetic field sensor according to claim 1, in tion
should be at least 10:1 and preferably about      which each layer has a
thickness less than the 100:1 and higher. On the other hand, It is
conceivable  Debye length of charge carriers in said layer. that In certain
circumstances the advantages of this Invention might be achieved with a
recombination   25  5. A magnetic field sensor according to claim 2, in
time ratio of only 5:1.                                which the
semi-conductive element (11;52) is gal- Additionally, various other
techniques may be     lium arsenide, the superlattice Includes at least
used for forming localized short recombination time    10 layers and the
thickness of each layer is less regions or long recombination time regions.
In the     than the Debye length of charge carriers in said embodiments
described the magnetic field being   30   layer. tested is used
fordeflecting carriers normally flowing in long recombination time regions
into short recom-  6. A magnetic field sensor according to claim 1, in
bination time regions in order to decrease the output  which the injecting
electrodes at opposite ends of currentwith the increased magnetifield
intheappro-   the semiconductive element (11;52) are p-type priate
direction. Alternatively, structures may be de-  35  and n-type Injecting
contacts (18,19;32,34, vised in which the carriers normally flow in short
re-  42,44) extending across the superlattice of lay- combination time
regions and the magneticfield to be   ers for Injecting carriers for
straight flow in any sensed is made to divert such flow into long recom-
given layer, before crossing a pin junction sepa- bination time regions,
whereby the output current In-  rating that layer from a contiguous layer,
in the creases with increasing, magnetic field in the appro-  40  absence
of the magnetic field to be sensed, and priate direction.
for transverse deflection In said given layer, be- Moreover, a variety of
other arrangements are      fore crossing a p/n junction separating that
layer feasible for the short and long carrier recombination  from a
contiguous layer, In the presence of the time regions. Additionally, whilst
the Invention has   magnetic field to be sensed. been described with
particular reference to magneto-  45 diodes, the principles involved are
also applicable to  7. A magnetic field sensor according to claim 6, in
magnetoresistors and to magnetotransistors.           which said regions
(24;54) of short carrier recom- bination times are included along an edge
sur- face of the semi-conductive element (11;52). Claims
50 8. A magnetic field sensor according to claim 7, In 1. A magnetic field
sensor comprising a semi-          which said regions (54) of short carrier
recombin- conductive crystalline element (11;52) which       ation times
are discontinuous regions. comprises a doping superlattice of a plurality
of layers formed by an n-i-p-i superstructure of a   55   9. A magnetic
field sensor according to dalm 1, in semi-conductive material which
displays, in bulk,  which the semi-conductive element (52) Includes a
relatively short carrier recombination time but a  a trench (50) extending
transversely through the high  carrier mobility  Injecting  electrodes
layers along the length of the semi-conductive 6
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improvement in recombination items will be greatest,   opposite ends of
each of the layers (12,14); and it is also of interestwith Indirect gap
materials such as  where each of the layers (12,14) contains at least
silicon and germanium. Such materials in certain ap-   5  one region (26;
30,40) of long carrier recombina- plications may be preferred for other
reasons, such as  tion times adjacent at least one region (24;54) of lower
cost or greater compatibility with other parts of  short carrier
recombination times so that carriers the system in which the sensors are to
be used.        are deflected between the regions of short and Also, the
long recombination times contemplated     long carrier recombination times
by a magnetic in the foregoing discussion are of the order of at least  10
field to be sensed. about 1 microsecond, generally about 100 microsec- onds
to 1 second, and more. The short recombination  2. A magnetic field sensor
according to claim 1, In times contemplated herein, as for example to be
used   which the semi-conductive element (11;52) is in regions 24 and 54,
are of the order of about 1-100  formed from a direct band-gap
semi-conductor nanoseconds. As for mobility, by a reference to high   15
material. mobility is meant a mobility of about 8,000 - 80,000 [err]. By
low mobility is meant a mobility of  3. A magnetic field sensor according
to claim 1, in the order of 500-1,500 [err] or less. While  which the
superlattice includes at least two lay- the inventors do not have
considerable test data to    era. supportthe following thought, they
believe that the ra-  20 tio of high-to-low recombination times In this
Inven-  4. A magnetic field sensor according to claim 1, In tion should be
at least 10:1 and preferably about      which each layer has a thickness
less than the 100:1 and higher. On the other hand, it is conceivable  Debye
length of charge carriers in said layer. that In certain circumstances the
advantages of this invention might be achieved with a recombination   25
5. A magnetic field sensor according to claim 2, in time ratio of only 5:1.
which the semi-conductive element (11;52) is gal- Additionally, various
other techniques may be       lium arsenide, the superlattice Includes at
least used for forming localized short recombination time    10 layers and
the thickness of each layer is less regions or long recombination time
regions. In the     than the Debye length of charge carriers In said
embodiments described the magnetic field being   30    layer. tested is
used for deflecting carriers normally flowing In long recombination time
regions into short recom-  6. A magnetic field sensor according to claim 1,
In bination time regions In order to decrease the output  which the
injecting electrodes at opposite ends of currentwith the Increased
magneticfield in the appro-  the semiconductive element (11;52) are p-type
priate direction. Alternatively, structures may be de-  35  and n-type
injecting contacts (18,19;32,34, vised In which the carriers normally flow
in short re-  42,44) extending across the superlattice of lay- combination
time regions and the magnetic field to be   ers for injecting carriers for
straight flow in any sensed is made to divert such flow into long recom-
given layer, before crossing a p/n junction sepa- bination time regions,
whereby the output current In-  rating that layer from a contiguous layer,
in the creases with Increasing magnetic field in the appro-  40  absence of
the magnetic field to be sensed, and priate direction.
for transverse deflection in said given layer, be- Moreover, a variety of
other arrangements are      fore. crossing a p/n junction separating that
layer feasible for the short and long carrier recombination  from a
contiguous layer, in the presence of the time regions. Additionally, whilst
the Invention has   magnetic field to be sensed. been described with
particular reference to magneto-  45 diodes, the principles Involved are
also applicable to  7. A magnetic field sensor according to claim 6, In
magnetoresistors and to magnetotransistors.            which said regions
(24;54) of short carrier recom- bination times are included along an edge
sur- face of the semi-conductive element (11 ;52). Claims
so 8. A magnetic field sensor according to claim 7, In 1. A magnetic field
sensor comprising a semi-          which said regions (54) of short carrier
recombin- conductive crystalline element (11;52) which        ation times
are discontinuous regions. comprises a doping superlattice of a plurality
of layers formed by an n-i-p-i superstructure of a   55   9. A magnetic
field sensor according to claim 1, in semi-conductive material which
displays, In bulk,  which the semi-conductive element (52) includes a
relatively short carrier recombination time but a  a trench (50) extending
transversely through the high  carrier mobility; Injecting  electrodes
layers along the length of the semi-conductive 6    C   L  M   S 11
EP 0 358 322 B1               12 element (52) forforming a pair of separate
super-  planar parallel layers (12,14). contiguous layers lattices (30,40).
being of opposite conductivity types, each layer 



Including said regions (24,26) of short and long 10. A magnetic field
sensor according to claim 9, In  carrier recombination times; an n-type
injecting which the injecting electrodes are separate in-   5
contact(18)andap-typeinjectingcontact(19)at jecting contacts (32,34,42,44)
Included at oppo-   opposite ends of said layers (12,14) In the ele- site
ends of each of the pair of superlattices     ment (11), each being In
contactwith all of the lay- (30,40) and discontinuous regions (54) of short
ers but in blocking contact with different alternate carrier recombination
times are disposed along     layers for passing current through the layers
and the trench (50).                           10      p/n junctions
between said layers, the regions of short and long recombination times
being posi- 11. A magnetic field sensor according to claim 10, in  tioned
along the length of said layers so that cur- which the surfaces of the
superlattices opposite  rent flowing in one of the two regions Is trans-
the walls of the trench are continuous semi-       versely deflected to the
other of the two regions insulating regions (35,45) of long carrier recom-
15  by a component of magnetic flux (B) passing bination times.
through the element (11) normal to the layers (12,14). 12. A magnetic field
sensor according to claim 5, in which the average concentration of dopants
In  17. A magnetodiode according to claim 16, In which eachof the layers is
between [err]and [err]atoms   20  the semi-conductive element (11) includes
be- per cubic centimetre and the thickness of each    tween 10 and 100
layers (12,14), each having a layer is between 5 and 300 nanometres.
thickness between 5 and 300 nanometres, and having an average doping
concentration be- 13. A magnetic field sensor according to claim 2, in
tween about [err] and [err] atoms per cubic cen- which the semi-conductive
element (11;52) Is of  25  timetre. a material chosen from the group
consisting of gallium arsenide, Indium arsenide, indium anti-  18. A
magnetodiode according to claim 17, in which monide, and bismuth-antimony
alloys.              the semi-conductive element (11) is formed from a
compound semi-conductor taken from the 14. A magnetic field sensor
according to claim 1, In  30  group consisting of gallium arsenide, Indlum
an- which the sensor comprises: said  semi-           timonide, indium
arsenide and bismuth-antimony conductive element (11) in the form of a
doping    alloys. superlattice of a plurality of planar parallel layers
(12,14) alternately of opposite conductivity types; means for passing
through said element  35   PatentansprOche (11) a magnetic flux (B) having
a varying compo- nent normal to the plane of the layers (12,14);  1. Ein
Magnetfeldsensor mit elnem halbleitenden Q      'means (18,19,20) for
flowing current through a     kristailinen Element (11; 52), welches ein
Dotle- portion of the element (11) parallel to the layers  rungsabergitter
aus einer Vleizahl von Schichten (12,14); and means (22) for detecting the
current  40  umfaltt, die durch sine n-i-p-l-Oberaulbau eines flowing
through said portion for sensing the mag-  halbleitnden Materials gebildet
sind, welches im nitude of said varying component of the magnetic  Vdumen
elne relativ kurze Tragerrekombinati- flux (B).
onszeit, aber elne hohe Tragermobilitat aufweist; Injlzierungselektroden
(18, 19; 32, 34, 42, 44) 15. A magnetic field sensor according to claim 14,
In  45  langs Jewelligen gegenflberliegenden Flachen which: the
semi-conductive element (11) Is         des Elementes (11; 52), urn
jewellige entgegen- 'formed froma compound semi-conductor; the su-
gesetzte Enden derSchichten (12,14) zu kontak- perlattice includes between
10 and 100 layers     tieren; wobei jede der Schichten (12, 14) zumin-
(12,14); each of the layers (12,14) has a thick-  desteinen Berelch (28;
30,40) mki langen TrAger- ness between 5 and 300 nanometres; and the   50
rekombinationszelten benachbart zumindest el- average doping concentration
in each layer         nem Berelch (24; 54) mit kurzen Tragerrekombi-
(12,14)is between [err] and [err] atoms per cubic    nationazeiten enthalt,
so daB Trager zwischen centimetre.
den Bereichen mit kurzen und langen TrAgerre- kombinationszelten durch ein
zu erfassendes 16. A magnetic field sensor according to claim 1,  ss
Magnetfeld abgelenkt werden. which Is formed as a magnetodiode which com-
prises said semi-conductive element (11) having  2. Eln Magnetfeldsensor
nach Anspruch 1, in wel- a doping superlattice formed from a plurality of
chean des halbleftende Element (11; 52) aus ei- 7    13                 EP
0 358 322 B1                14          c  L
nemHalbleitefmnatrialmitdirekterBandiackege-      diskontinuierliche
Berelche (54) mt kurzen Tra- bildet Ibt
gerrekombhnationmzelten lings des Grabens (50) angeordnet sind. 



3. Ein Magnetfeldsensor nach Anmpruch 1, In wen- chem des Obergitter
zumindest zwei Schichtmn   5   11. Ein Magnetfeldeenhor nach Anspruch 10,
in wel- umfafit.                                          chem die
Oberflachen der Obergitter entgogen- gesetzt den WAnden des Grabens
kontinuierli- 4. Ein Magnetfeldsensor nach Anspruch 1, In wel-     che
halbisolierende Bieriche (35, 45) mit langen chem jede Schicht sine Dick.
deiner ale die       Trigerrekombinationazeiten sind. Debyeringe der
Ladungstrager in der Schicht  lo aufweist.
12. Ein Magnetfeidssneor nach Anmpruch 5, In wel- chem die
Durchschnittskonzentratbon der Dotie- . Ein Magnetfeldeensor nach Anspruch
2, in wel-      rungsmittel in jeder der Schichten zwischen 1016 chem das
haibleitende Element (11; 52) Gallium-   und 10'8 Atome pro Kubikzentimeter
betrigtund arsenid lit, das Obergitter zumindest 10 Schich-  i5  die Dicke
jedoer Schicht zwischen 5 und 300 Na- ten umfait und die Dicke von jeder
Schicht MIol-  nometern betragt. ner als die Debye-Lange der Ladungstrager
in der Schicht ist.                               13. Eln Magnetfuideensor
nach Anspruch 2, in wel- chem des halbleitende Element (11; 52) aus ii- 6.
Ein Magnetfeldsensor nach Anspruch 1, In wel-  20  nem Material besteht,
des aus der Gruppe ausge- chem die Injektionseleitroden bel entgegenge-
wAhit wird, die aus Galliumarsenid, Indlumarse- setzten Enden des
halbleitenden Elementes (11;    nid, Indiumantimonld und Wlsmuth-Antimon-
52) injizierende Kontakle (18, 19; 32, 34,42,44)  Legierungen besteht. des
p-Typuw und des n-Typus sind, die sich Ober das Obergitter aus Schichten
zum Injlzieren von   25  14. Ein Magnetfeldsensor nach Anspruch 1, in wel-
Tragern erstrekken, und zwar far den geraden      chem der Sensor umfakt
das halbleitende El- Flu& In irgendelnergegebenen Schicht, bevorein    ment
(11) in der Form uines Dotierungsebergit- pln-Obergang Oberquert wird, der
diese Schicht    ters awu eher Vieizahl von planaren parallelen von
einerangrenzenden Schichttrennt, in derAb-    Schlchtbn (12, 14)
alternlerend mit Leitfihigkeit wesenheit des zu erfaseenden Magnetfeldes,
3o    intgsgengesetzter Typen; elnem  Mittel zum und f Or Querabbenkung In
der gegebenen           Durchfihren eines Magnetflusses (B) mit iner
Schicht, bevor sin pin-Obergang, der diem         varilerenden Komponente
normal auf die Ebene Schicht von einer angrenzenden Schicht trennt,
derSchichten (12,14) durch des Element (11); ei- Lberquert wird, in der
Gegenwart des zu erfas-    nem Mittel (18, 19, 20) zum Fliegonlassen von
senden Magnetfeldes.                      35      Strom durch einen Tell
des Elementes (11) paral- lId zu den Schbchtbn (12, 14); und elnem Mittel
7. Ein Magnetfeldsensor nach Anspruch 6, In wel-     (22) zum Nachweisen
des durch den Tell fliusen- chem die Bereiche (24; 54) mit kurzen Tragerre-
den Stromes zum Erfassen der Gr6ge dervarilie- kombinationazeiten langs
einer KantenoberflIa-   renden Komponente des Magnetflusses (B). che des
halbleitenden Eiementes (11; 52) umtfalt  4o sind.
15. Ein Magnetfeldsensor nach Anspruch 14, in wel- chem: des halbleltende
Element (11) atu einem 8. Ein Magnetfeldsensor nach Anspruch 7, in wel-
Verbindungshalblebtergibidet ist; des Obergitter chem die Bereiche (54) mit
kurzen Trigerrekom-    zwischen 10 und 100 Schichten (12, 14) umfalt;
binatonezeilten diskontinulrlicihe Bereiche sind.  45  jede der Schichten
(12, 14) sine Dicke zwIschen 5 und 300 Nanometern aufweist; und die durch-
9. Ein Magnetfeldeensor nach Anspruch 1, in wel-     schnittliche
Dotierungskonzentratlon in jeder chem das halbleistende Element (52) elnen
Gra-    Schicht (12, 14) zwischen 1016 und 1018 Atome ben (50) umfaet, der
sich quer durch die Schich-  pro Kublkzentimeter betragt. ten lAngs der
Liange des halbleltenden Elementes  so (52) zum Bilden sines Paares von
getrennten   16 En Magnetfeldsenso nach Anspruch 1, welcher Obergittern
(30,40) erstreckt                     ale eine Magnetodiode gebildet let,
wich. um- falt das halbleibnde Element(11) mitelnem Do- 10. Ein
Magnetfeldsensor nach Anspruch 9, in wel-    tierungsilbergitter, das aus
miner Vieizahl von chem die injizienenden Elektroden getrennte Inji-  cs
planaren parallelen Schichten (12, 14) gebildet zlerende Kontakte (3?, 34,
42, 44) sind, die an  ist, wobel angrenzendo Schichten. Leitflhigkeit
entgegengesetzten Enden von jedem des Paa-        entgegengesetzter ; Typen
aufwelsen, Jode res von Obergitter (30, 40) belnhaltet sind und   Schicht
die Berelche (24,26) mit kurzen und Ian- .                    _~~~~~~    C
L  M   S EP O 358 322 B1               16 gen TrAgerrekombinationazeitn
umfal~t; elnem    ducteur A bands interdite directs. injizierenden Kontakt
(18) des n-Typus und el- nem Injizlerenden Kontakt (19) des p-Typus an  3.
D1tecteur do champ magnetique solon la reven- 



entgegengesetzten Enden derSchichten (12,14)     dication 1, dans lequel Is
super-reseau comports in dam Element (11), wobdi sich Jeder In Kontakt   5
au moins deux couches. mit allen der Schichten, aber in blocdkierendemr
Kontakt mit untorschiodlichen alternlerenden  4. D1tecteur de champ
magnetique sWlon la reven- Schichten zum Durchfl'hren von Strom durch die
dication 1, dans loquel chaque couche a une Schichtbn und p/n-0borgAnge
zwischen den         epaisseur infrioure A la longueur de Debye des
Schichten befindet, die Berelche mit kurzen und  10  porteurs de charge
dans ladite couche. langen Rekombinationazelten langa der iange der
Schichten posiltioniert sind, so dal der In of-  5. Dt1ecteur de champ
magnetique solon la raven- non der zwel Bereiche fileBende Strom qu*r zu
dlcation 2, dans loquel Il'ement semiconducteur dem anderen derzwel
Bereiche durch sine Kom-     (11; 52) eat de l'arsniure de gallium, le
super- ponente des Magneftlusses (B), die durch das  15  reseau comports au
mdins 10 couches at l'epais- Element (11) normal zu don Schichten (12, 14)
seur de chaque couche est inferisure A la lon- tritt, abgelenkt wird.
gusur de Debye des porteurs de charge dane la- dite coucho. 17. Eine
Magnetodiode nach Anspruch 16, Inwlcher des halbleitnde Element (11)
zwiMchen 10 und  20  6. Debotteur de champ magnetique seton la reven- 100
Schichton (12, 14) umfalt, wobol jede esne   dicatlon 1, dans lequel lea
electrodes d'inJection Dicke zwischen 5 und 300 Nanometorn aufwelst     aux
extr6mites opposees de l'ei6ment semicon- und elne mittlere
Dotierungskonzentratlbn zwi-   ducteur (11; 52) sont des contacts
d'injection de schen ungefAhr 1016 und IO18Atomen pro Kubik-    type petde
type n (18,19; 32,34,42,44)s'tesn- zentimoter aufweist.
25      dantsurlesuper-r6seaude couches pourinjecter des porteurs qui
s'ooulent de maniere rectiligne 18. Eine Magnetodiode nachAnspruch 17,
Inwelcher    dana touto couche donnee, avant de croiser une das
halbleitende Element (11) aus elnem Verbhn-  jonction p/n separant cetto
couche d'une couche dungshalbleiitr gebildot !st, der aus der Gruppe
contigue, en l'absence du champ magnitique a genommen lst, die aus
Gaillumarsenid, Indium-  30  ditecter, at pour une deviation transversale
dans antimonid,  Indlumarsenid  und  Wismuth-         laditecouche donnes,
avant de crobser une jonc- Antimon-Loglerungen besteht.
tion p/n separant cette couche d'une couche contigue, en presence du champ
magnetique A ditecter. Revondlcatlons                              35 7.
Detocteur de champ magnitique solon la reven- C1. Dtecteur de champ
magnetique comprenant un      dication 6, dana lequel leadites reglons (24;
54) )       element cristallin semlconducteur (11; 52) qul   de courts
temps de recombinalson des porteurs comport. un super-reseau de dopage
d'une plu-    sont incluses le long d'une surface laterale de ralite de
couches formees par une super-  40     I'element semiconducteur (11; 52).
structure n-i-p-i d'un materiau semiconducteur qul affiche, en masse, un
temps de recombinal-  8. D1teteour de champ magnitique solon la roven- son
des portours relativement court mals une mo-  dication 7, dans lequel
lesditbs regbons (54) do biliti oevee des porteurs; des olectrodes d'injec-
courts temps de recombinaison des porteurs tion (18, 19; 32,34,42,44) Is
long des faces op-  45  sont des rigions discontinues. posees respectives
de l'element (11; 52) pour etre en contact avec lea extrimitis opposoes  9.
D1tecteur de champ magnetique solon la reven- respectives de chacune des
couches (12,14); et   dicatlon 1, dans loquel I161ement semiconducteur oC,
chacune des couches (12, 14) contlent au    (52) comportb une tranch6e (50)
s'etbndant maIns une reglon (26; 30,40) de longs tamps de  5o
transversalement aux couches Is long de la lon- recombinabson des porteurs
de telle sorts quo lea  gueur de I'6i6ment semlronducteur (52) pour for-
porteurs sont d6v16s entre les rigions de court et  mer une paire de
super-riseaux s6paris (30,40). de long temps de recombinaison des porteurs
par un champ magn6tique A d6tector.               10. Ddtecteur de champ
magn6tique selon la raven- s5      dication 9, dans loquel lea 6lectrodes
d'injection 2. Ditecteur de champ magnetique solon la raven-    sontdes
contacts d'lnjection separ6s (32,34,42, dication 1, dans loquel 1'6ment
semiconductour   44) incdus aux extremitia separees de chacune (11; 52)
estformd A partird'un mateilau sembion-  does palrms do super-t~seaux (30,
40) at de r6- 9    17                 EP 0 358 322 B1                 18
glons discontinues (54) A courts temps de recom-  courts et longs temps de
recombinaison des por- binaison et sont disposees Is long do la tranchee
teurs; un contact dlnjection de type n (18) et un (50).
contact d'injection de type p (19) aux extremites  -, opposies desdites
couches (12. 14) dans `i616- 



11. Detecteur de champ magn6tique selon la reven-   5  ment (11), chacun
etant en contact avec toutes dication 10, dans loquel lea surfaces des
super-  los couches malis en contact de blocage avec dif-
r6seauxoppos6esauxparolsdelatrancheesont          f6rentes autres couches
pour laisser passer Is des r6gbons semi-isolantes continues (35,45) de
courant dans les couches et lesjonctions p/n en- longs temps de
recombinalson des porbeurs.        tre lesdites couches, les regions de
courts et 10     longs temps de recombinalson etant dlspos6es eI 12.
D~tectour de champ magnetique selon la revon-    long dela longueurdesdites
couches de toile sor- dication 5, dans lequel la concentration moyenne  to
quo Is courant circulant dans l'une des deux re- de dopants dens chacune
des couches est           glons est devI6 transwersalementvers l'autre des
comprise entre 1016 et 1018 atomes par coentime-  deux riglons par une
composante deflux magn6- tre cube et l'epaisseur de chaque couche eat  i5
tique (B) passant par l'el6ment (11) normal aux comprise entre 5 et 300
nanometres.               couches (12,14). 13. Detoctour de champ
magndtique selon la reven-  17. Magnetodiode solon la revendication 16,
dans la- dication 2, dons lequel l'6ement semiconducteur   quele I'e6ment
semlconducteur (11) comport. (11; 52) est en un materiau choisl parml Is
groupe   20  entre 10dt 100 couches (12, 14), ayant chacune consistent en
arseniure de gallium, en arsaniure  une epaisseur comprise entre 5 et 300
nanome- d'indium, en antimoniure d'indlum, et on elliges  tres, at ayant
une concentration moyenne de do- de bismuth-antimoine.
page comprise entre onviron 1016 et 1018 atomes . . .              par
centim.tr. cub.. 14. Decteur de champ magnetique solon la reven-  25
dlcation 1, dans lequel Is detecteurcomporte: la-  1S. Magnbtodlode salon
la revendication 17, dans la- dit 616ment semconductour (11) se presentant
qulle l'el6ment semiconducteur (11) eat form6 A sous la forms d'un
super-reseau de dopage d'une   partir d'un semiconducteur composb pris dans
lo pluralitb de couches planes paralleles (12,14) de  groupo consistent
dens l'arsbniure de gallium, types de conductivte alternativement opposbs;
tO  I'antimonlure d'indlum, I'ars6niure d'indium et des moyens pour fairs
passer par ledit 616ment    des alliages de bismuth-antimoine. (11) un flux
magnbtique (B) ayant une composan- to variable normale au plan des couches
(12,14); des moyens (18, 19, 20) pour faire circuler un courant dana une
partbe de l'eiement (11) paral-  35 lele aux couches (12, 14); et des
moyons (22) pour detecter le courant circulant dans ladite par- tie afin de
dbtocter l'amplitude de ladite oompo- santo variable du flux magn6tique
(B). 40 15 Dbtteur de champ magnbtiqua solon la reven- dicatbon 14, dans
isquel: I'b6iment semiconduc- tour (11) est fobrm  a partir d'un
semiconducteur compose; Is super-r6seau comport. entre 10 et 100 couches
(12,14); chacune des couches (12,  45 14) a une bpalsseur comprise entre 5
et 300 na- nometres; et la concentration moyenne de dopa- ge dens chaque
couche (12,14) eat comprise en- tre 1016 et 1018 atomes par centimetre
cube. 50 16 Dbtteur de champ magn6tique solon la reven- dication 1, qui se
prbsente sous la forms d'une magnbtodiode qul comportb ledit bibment semi-
conducteur (11) ayant un super-reseau de dopa- ge forbn  A partir d'une
pluaiitb de couches pla-  55 nes parailees (12, 14), des couches contiguis
etant de types de conductiviti opposbs, chaque couche comportant lesdites
regions (24, 26) de            1111111 111111!i 111,1 ll!    


