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confirmed by experiment. We must, however, admit a weakness of the
BACKGROUND OF THE INVENTION                        RESP construction. As we
stated in the U.S. Patent Application Ser. No. 319,951  cross-referenced
Our invention relates to semiconductor devices,   5   above, a series of
preliminary breakdowns take and more particularly to a high-voltage
semicon-   place at limited parts of the RESP periphery upon ductor device
having a rectifying barrier or barriers  application of a reverse voltage,
before the final as in the form of a Schottky barrier, a p-n junc-
breakdown of the device. Being limited by the tion, or both. Still more
particularly, our invention  resistivity of the RESP, the reverse current
flowing deals with an improved high-voltage blocking tech-  io  as a result
of the preliminary breakdowns is not so nique in such semiconductor diodes
or rectifiers.  serious as to adversely affect the overall voltage- Our
invention also specifically concerns a method  blocking capability of the
device. The preliminary of making such semiconductor devices.
breakdowns are nevertheless undesirable as it in- Among the high-voltage
blocking techniques      volves the flow of reverse current, no matter how
heretofore suggested for Schottky-barrier or p-n   15  negligible its
magnitude may be. junction semiconductor devices are the field plate,   A
further semiconductor device is disclosed in the field-limiting ring, and a
combination of both. All  FR-A-2090302. these contrivances share the same
objective of making the voltage-withstanding capability at the  SUMMARY OF
THE INVENTION periphery of the main rectifying barrier as close as   20
possible to that at its midportion. The listed prior  We have hereby
discovered how to eliminate, art techniques are unsatisfactory in either
the sim-  as far as feasible, the noted preliminary break- plicity of
construction, the ease of fabrication, or  downs taking place in
semiconductor devices of the extent to which the desired objective is
accom-  the RESP construction upon application of a re- plished.
25  verse voltage and hence to enhance their reliability Our own solution
to this problem is what we     and utility. This object is achieved by a
device as call the RESP (REsistive Schottky barrier field    claimed in
Claim 1 and processes as claimed in Plate). We have described and claimed
an adapta-   Claims 13 and 14. tion of the RESP for Schottky-barrier
semiconduc-      Briefly stated in one aspect thereof, our inven- tor
devices in our copending U.S. Patent Applica-  30  tion concerns a
semiconductor device comprising tion Ser. No. 277,333 filed November 29,
1988, and  barrier electrode means formed on a semiconduc- its adaptation
for p-n junction semiconductor de-  tor region for creating a rectifying
barrier there- vices in our copending U.S. Patent Application Ser.
between. At least one annular resistive layer, typi- No. 319,951 filed
March 7, 1989.                   cally of titanium oxide, is also formed on
the semi- In these prior applications the RESP takes the   35  conductor
region so as to surround the barrier form of a thin layer of titanium oxide
in direct   electrode means, creating a Schottky barrier at its contact
with a semiconductor substrate. The        interface with the semiconductor
region. The resis- titanium oxide layer can be formed by thermally    tive
layer is electrically connected to the barrier oxidizing a preformed
titanium layer in situ on the  electrode means and has a sheet resistance
which semiconductor substrate. Its sheet resistance is  40  is higher than
that of the barrier electrode means constant throughout its expanse. A
reverse current  and which increases as the resistive layer extends flows
through the RESP upon application of a re-   away from the barrier
electrode means. verse voltage to the semiconductor device, with the   The
principles of our invention are applicable consequent creation of a
potential gradient therein  to both Schottky-barrier and p-n junction
diodes. that serves to mitigate field concentrations at the   45  The noted
barrier electrode means may therefore periphery of the main rectifying
barrier. The overall  be either a barrier electrode for forming a Schottky
voltage-withstanding capability of the device is thus  barrier, another
semiconductor region of opposite materially improved.
conductivity type for forming a p-n junction, or The semiconductor
specialists might be tempt-   both. The rectifying barrier can be
constituted of ed to identify the RESP with the familiar high-  5o  both a
Schottky barrier and a p-n junction by resistivity field plate. The RESP
distinctly differs  incorporating the known guard ring with a Schottky-
from the conventional high-resistivity field plate,  barrier semiconductor
device. which overlies an insulating region, in making direct  Another
aspect of our invention is directed to a contact with a semiconductor
region to form a      method of fabricating the semiconductor device of
Schottky barrier. This difference makes the RESP   55  the above summarized
construction, with an em- far superior to the high-resistivity field plate
in  phasis on how to create the annular resistive layer
voltage-withstanding capability and the stability of  having a sheet
resistance that increases as the operation at elevated temperatures, as we
have     resistive layer extends away from the barrier elec- 2    



3                 EP0368127B1                        4 trode means. We
suggest that the resistive layer   be accomplished. be divided into two or
more annular regions having    The above and other features and advantages
progressively increasing sheet resistances from the  of our invention and
the manner of realizing them inner toward the outer one. Such different
sheet   will become more apparent, and the invention itself resistances can
be imparted to the respective re-   5   will best be understood, from a
study of the follow- sistive regions by oxidizing annular parts of a    ing
description and appended claims, with refer- preformed layer of titanium or
the like to different  ence had to the attached drawings showing some
degrees.                                           preferred embodiments of
our invention. We will now explain how the improved RESP construction of
our invention makes preliminary  io  BRIEF DESCRIPTION OF THE DRAWINGS
breakdowns less easy to occur. Upon application of a reverse voltage across
the main rectifying barrier  FIG. 1, consisting of (A) through (E), is a
series of the semiconductor device constructed as in the    of sectional
illustrations showing the sequential foregoing, a depletion layer is
created due to the    steps of fabricating a Schottky-barrier diode by
Schottky barrier between the annular resistive layer  1s    the method of
our invention; and the semiconductor region, in addition to the      FIG. 2
is a top plan of the Schottky-barrier diode depletion region due to the
main rectifying barrier.  fabricated through the procedure of FIG. 1, the
The two depletion layers combine into a single       view not showing the
silicon oxide layer and entity. Thus the annular resistive layer functions
as  anode of the diode to reveal the underlying the RESP, preventing field
concentrations at the   20  parts; periphery of the main rectifying
barrier.             FIG. 3 is a graphic representation of the reverse-
Attention is invited to the fact that the sheet
voltage-versus-reverse-current characteristics of resistance of the annular
resistive layer increases  the Schottky-barrier diode of FIGS. 1 and 2 and
as it extends outwardly from the barrier electrode   of two other diodes of
comparable prior art means. Consequently, the potential gradient set up
26  constructions; in the resistive layer by reverse current is gentle at
FIG. 4 is a section through another preferred its portion close to the main
rectifying barrier and  form of Schottky-barrier diode constructed in is
steep at its portion farther away therefrom. This  accordance with our
invention; gentle potential gradient at the resistive layer por-  FIG. 5 is
a section through still anther preferred tion close to the main rectifying
barrier serves to  9o    form of Schottky-barrier diode constructed in
remarkably mitigate field concentrations at the pe-  accordance with our
invention; ripheral part of the main rectifying barrier. Thus, as  FIG. 6
is a section through a p-n junction diode the peripheral part of the main
rectifying barrier    constructed in accordance with our invention; becomes
less easy to suffer breakdown, the volt-      FIG. 7 is a top plan of the
p-n junction diode of age-withstanding capability of the semiconductor  95
FIG. 6, the view not showing the ohmic elec- device is materially improved.
trode and silicon oxide layer of the diode to Since the potential
difference between the in-    reveal the underlying parts; and nor and
outer extremities of the annular resistive    FIG. 8, consisting of (A)
through (C), is a series layer due to the reverse current flowing before
the  of sectional illustrations showing the sequential occurrence of
preliminary breakdowns, as well as   4o  steps of fabricating the p-n
junction diode of the resistance between these extremities of the
FIGS. 6 and 7 by the method of our invention. resistive layer, is high,
preliminary breakdowns oc- cur at at higher voltage than heretofore.
Moreover,  DESCRIPTION OF THE PREFERRED EMBODI- when preliminary breakdowns
do take place, the     MENTS resulting increase in reverse current is less
than in  45 the prior art. The improved semiconductor device      We will
now describe our invention with refer- of our invention thus attains the
dual objective of  ence to FIG. I which illustrates at (A) through (E)
withstanding high voltages and lessening the flow  the sequential steps of
fabricating a Schottky-bar- of reverse current. Experiment has also proved
that  rier diode for high-speed rectification purposes by the semiconductor
device can be so designed ac-  5o  the method of our invention. The
resulting Schottky cording to our invention as to virtually eliminate
diode itself, shown in FIG. 1(E) and therein gen- preliminary breakdowns.
orally designated 10, is also of novel construction An additional advantage
of our invention is that,  in accordance with our invention. in order to
withstand a given voltage, the width of   The fabrication of the Schottky
diode started the annular resistive layer can be less than that of  55
with the preparation of a gallium arsenide (GaAs) the prior art layer
having the same sheet resistance  semiconductor substrate 12 shown in FIG.
1(A). in its width direction. A corresponding reduction in  The
semiconductor substrate 12 was comprised of the size of the semiconductor
device can therefore  an n+-type region 14 and, grown epitaxially there- 3



5                EP 0 368 127 B1                    6 on, an n-type region
16 of high resistance. The [err]-  must be still lower than that of the
second titanium type region 14 had a thickness of 300 micrometers  oxide
region 26. We therefore made the time of the and an impurity concentration
of 2 x 1018 cm[err].  third heat treatment shorter than that of the second
The n-type region 16 had a thickness of 15 mi-    heat treatment, although
we could have made the crometers and an impurity concentration of 1.8 x   5
temperature of the third heat treatment less than [err]
that of the second heat treatment for the same Then, as shown also in FIG.
1(A), we formed a  purpose. titanium layer 18 and an aluminum layer 20 one
Then we again photoetched away an annular after the other on the n-type
region 16 of the    peripheral part c, FIG. 1(C), of the remaining alu-
semiconductor substrate 12 by vapor deposition.  io  minum layer 20' and
again proceeded to oxidize The titanium layer 18 was as thin as 0.005
microm-  the thus-exposed part of the underlying titanium eters (50 A)
whereas the aluminum layer 20 was    layer 18' by heat treatment in air.
FIG. 1(D) shows two micrometers in thickness. FIG. 1(A) also shows  the
resulting fourth titanium oxide region 30 of an ohmic electrode 22 formed
on the [err]-type re-   annular shape disposed inwardly of, and contig-
gion 14 of the semiconductor substrate 12 by the   15  uous to, the third
titanium oxide region 28. The vapor deposition of a gold-germanium alloy.
sheet resistance of this fourth titanium oxide region Then we photoetched
away an annular periph-   30 must also be lower than that of the third
titanium eral part of the aluminum layer 20, as shown in   oxide region 28.
We therefore made the time of the FIG. 1(B), thereby exposing a
corresponding part  fourth heat treatment shorter than that of the third of
the underlying titanium layer 18. The remaining   20  heat treatment,
although we could have made the central part of the aluminum layer is
designated  temperature of the fourth heat treatment less than 20'.
that of the third heat treatment for the same pur- Then we heated the FIG.
1(B) article in an     pose. oxidizing atmosphere of air for oxidizing the
ex-    We have thus completed the article of FIG. 1- posed annular
peripheral part of the titanium layer  25  (D), in which the four annular
titanium oxide re- 18 into a titanium oxide region. The titanium oxide
gions 24, 26, 28 and 30 were arranged peripherally region of annular shape
thus formed is indicated at  on the n-type region 16 of the semiconductor
sub- 24 in FIG. 1(C). Having been masked by the alu-   strate 12. Disposed
inside these titanium oxide minum layer 20', the central part of the
titanium  regions, the remaining titanium layer 18' and alu- layer 18
remained unoxidized. This unoxidized part  3o  minum layer 20' made up in
combination a Schot- is designated 18' by way of contradistinction from
tky-barrier electrode 32. the original titanium layer 18 and from the sur-
We are not certain of the thickness of the rounding titanium oxide region
24.                titanium oxide regions 24, 26, 28 and 30, but it Then we
photoetched away an annular periph-    may be approximately 1.5 times the
thickness of eral part a, FIG. 1(C), of the aluminum layer 20'  35  the
initial titanium layer 18. The sheet resistances and proceeded to oxidize
the thus-exposed part of  of the titanium oxide regions 24, 26, 28 and 30
the underlying titanium layer 18' by heat treatment  were 50,000, 1000, 300
and 100 megohms per in air. FIG. 1(D) shows the resulting second
square, respectively. titanium oxide region 26 of annular shape disposed
The inner three titanium oxide regions 26, 28 inwardly of, and contiguous
to, the first recited   40  and 30 have proved to serve to create a
Schottky titanium oxide region 24. The sheet resistance of  barrier at
their interface with the n-type region 16 this second titanium oxide region
26 must be lower  and so function as the RESP. The outermost than that of
the first titanium oxide region 24 for the  titanium oxide region 24 seems
to hardly serve the reasons to be set forth subsequently. Therefore, we
purpose of the RESP but to function merely as a made the time of the second
heat treatment shorter  45  insulating region stabilizing the semiconductor
sur- than that of the first heat treatment, although we  face. could have
made the temperature of the second        Following the fabrication of the
FIG. 1(D) arti- heat treatment less than that of the first heat treat-  cle
we proceeded to form a protective film of ment for the same purpose.
silicon oxide layer 34, FIG. 1(E), over the titanium Then we again
photoetched away an annular  so  oxide regions 24-30 by the known
plasma-CVD peripheral part b, FIG. 1(C), of the remaining alu-  (chemical
vapor deposition) technique. The silicon minum layer 20' and again
proceeded to oxidize    oxide layer 34 adheres so firmly to the titanium
the thus-exposed part of the underlying titanium  oxide regions 24-30 that
the outermost titanium layer 18' by heat treatment in air. FIG. 1(D) shows
oxide region 24 in particular is believed to serve the resulting third
titanium oxide region 28 of an-  5s  the additional purpose of preventing
accidental de- nular shape disposed inwardly of, and contiguous  tachment
of the silicon oxide layer from the semi- to, the second titanium oxide
region 26. The sheet  conductor substrate 12. resistance of the third
titanium oxide region 28 4    



7                EP 0 368 127 B1                    8 Then we formed an
anode or connection elec-       The curve I in the graph of FIG. 3
represents trode 36 on the Schottky-barrier electrode 32. Al-  the typical
reverse-voltage-versus-reverse-current though we showed the anode 36 in
FIG. 1(E) as a   characteristic of the Schottky barrier diodes of the layer
of a single substance for illustrative conve-  FIG. 1(E) construction . A
series of preliminary nience, it was actually a lamination of a titanium
5   breakdowns, set forth in connection with the prior layer and an
aluminum layer, with the former un-  art, are seen at A of the curve 1, but
only with a derlying the latter. The fabrication of the Schottky
negligible increase in reverse current. It must also diode 10 was thus
completed.                      be pointed out that, contrary to the
illustrated curve Reference is now directed to FIG. 2 which     l, a
substantial proportion of the diodes fabricated shows the thus-fabricated
Schottky diode 10 with  10  in accordance with our invention exhibited no
such the silicon oxide layer 34 and anode 36 removed   preliminary
breakdowns. and as seen from above. It will be noted that the    We have
shown the curves [err]of FIG. 3 four annular titanium oxide regions 24-30
surround  by way of comparison. Both curves indicate the the
Schottky-barrier electrode 32. Typically, the  characteristics of
noninventive Schottky barrier di- widths [err] of these titanium oxide  is
odes which were basically of the same construction regions 24-30 are 140,
20, 30 and 40 micrometers,  as the inventive diode 10 except that the
second to respectively. The horizontal dimension [err] of the  fourth
titanium oxide regions 26-30 of the different Schottky-barrier electrode 32
is 900 micrometers.  sheet resistances in the inventive diode were re- The
outermost or first titanium oxide region 24  placed by a titanium oxide
region of unvarying was so thoroughly oxidized that we believe it can   20
sheet resistance in each noninventive diode. The be considered an
insulating region. Its composition  single titanium oxide region of the
noninventive must be more or less close to titanium dioxide. The  diode of
the curve 11 had a lower sheet resistance second to fourth titanium oxide
regions 26-30, on  than that of the noninventive diode of the curve [err]
the other hand, were oxidized to lesser degrees      It will be noted that
the noninventive diode of into TiOx where x is less than two. These three
25  the curve [err] is comparable in voltage-blocking capa- regions may
therefore be described as semi-in-    bility to the inventive diode of the
curve [err] However, sulating or high-resistance regions, forming a    the
width of the titanium oxide region of this nonin- Schottky barrier at their
interface with the n-type  ventive diode had to be made considerably more
semiconductor region 16. The sheet resistance of  than the sum of the
widths [err] of the Schottky-barrier electrode 32 is 0.05 ohm per  30  the
titanium oxide regions 26-30 of the inventive square, and that of the
unoxidized titanium layer 18  diode. What is worse, the curve 11 indicates
a is 200 ohms per square. The sheet resistances of  marked increase in
reverse current as a result of the second to fourth titanium oxide regions
26-30  preliminary breakdowns. No preliminary breakdown are therefore much
higher than those of the Schot-  took place with the noninventive diode of
the curve tky-barrier electrode 32 and the titanium layer 18.    35  [err]
but its voltage-blocking capability was much Upon application of a reverse
voltage between  lower than that of the inventive diode of the curve [err]
the anode 36 and ohmic electrode 22 of the Schot-    We conclude from the
results of FIG. 3 that the tky diode 10, a depletion region is created in
the n-  inventive diode 10 with its titanium oxide regions type
semiconductor region 16 due to the Schottky  26-30 of different sheet
resistances possesses dis- barrier between the barrier electrode 32 and the
n-  40  tinct advantages over the noninventive diodes in type semiconductor
region. The Schottky barrier   terms of voltage-blocking capability and low
re- between the second to fourth titanium oxide re-   verse current.
Experiment has proved that these gions 26-30 and the n-type semiconductor
region  results hold true no matter what sheet resistance is 16 also gives
rise to a depletion region. The thus-  given to the titanium oxide regions
of the noninven- created two depletion regions combine into a whole  45
tive diodes. Our invention realizes a substantial indicated by the broken
lines and designated 37 in  reduction in the size of semiconductor chips
and a FIG. 1(E).                                        curtailment of the
manufacturing cost through a Experiment has proved that the method of FIG.
decrease in the amount of the expensive semicon- 1 makes possible the
efficient production of diodes  ductor material. capable of withstanding
voltages of well over 200   50 volts. Also, we experimented the utility of
the thus-  Second Form fabricated diodes as rectifiers in high-frequency
switching regulators with a switching frequency of   FIG. 4 shows a
Schottky-barrier diode 10a of one megahertz. We confirmed their
higher-speed    alternative construction. This diode 10a has but response
and the production of less rectification   55  three annular titanium oxide
regions 24a, 26a and noise than had been exhibited by their predeces-  28a
and additionally comprises two annular unox- sors disclosed in the
aforementioned U.S. patent  idized titanium regions 38 and 40 formed on the
n- applications.                                     type region 16 of the
semiconductor substrate 12. 5    



9                 EP0368127B1                       10 The titanium region
38 is disposed between the    the neighboring titanium oxide regions 26a
and 28a titanium layer 18' of the Schottky-barrier electrode  during
application of a reverse voltage. Thus the 32 and the titanium oxide region
28a, and the other  region 40 also contributes toward the higher volt-
titanium region 40 between the two titanium oxide  age-blocking capability
of the diode. regions 26a and 28a. The alternative diode 10a   5   Despite
the presence of the outer unoxidized also differs from the first disclosed
diode 10 in that  titanium region 40, the sheet resistance by incre- the
anode or connection electrode 36 has an an-   ments with a distance from
the main Schottky- nular peripheral extension 42 overlying the inmost
barrier electrode 32 from the inner edge of the titanium oxide region 28a
to serve as a field plate.  third titanium oxide region 28a to the outer
edge of The other details of construction are as previously  10  the second
titanium oxide region 26a. Therefore, set forth in connection with the
diode 10, so that  essentially, this diode 10a is equivalent to the we have
indicated the various other parts of the  diode 10 in both construction and
performance alternative diode 10a by the same reference char-
characteristics. acters as used to denote the corresponding parts of the
diode 10.                             15  Third Form The three titanium
oxide regions 24a-28a can be formed by the same method as the four
In FIG. 5 we have shown another alternative titanium oxide regions 24-30 of
the FIG. 1 diode  Schottky-barrier diode 10b featuring a main Schot- 10.
The typical sheet resistances of the titanium  tky-barrier electrode 32b of
modified construction. oxide regions 24a-28a are 50,000, 1000 and 200   20
The modified electrode 32b is comprised of the megohms per square,
respectively. The outermost   unoxidized titanium layer 18' in direct
contact with or first titanium oxide region 24a serves primarily  the
n-type semiconductor region 16, another unox- for surface stabilization
like the titanium oxide re-  idized titanium layer 44 overlying the layer
18', and gion 24 of the diode 10. The second and third    the aluminum
layer 20' overlying the layer 44. The titanium oxide regions 26a and 28a
function as the   25  lowermost unoxidized titanium layer 18' is elec-
RESP, creating Schottky barriers at their interfaces  trically connected to
two titanium oxide regions 24b with the n-type semiconductor region 16,
like the  and 26b and to an unoxidized titanium region 38b. titanium oxide
regions 26-30 of the diode 10. The  The titanium oxide regions 24b and 26b
and the typical widths of the annular titanium oxide regions  unoxidized
titanium region 38b can be formed by 24a-28a are 140, 30 and 80
micrometers, respec-  30  essentially the same method as the titanium oxide
tively.                                           regions 24a-28a and
unoxidized titanium region 38 For the creation of the two unoxidized
titanium  of the FIG. 4 diode 10a. regions 38 and 40, parts of an aluminum
layer        The diode 10b also features still another equivalent to that
shown at 20 in FIG. 1 may be left  titanium oxide region 46 which is
electrically con- as a mask on the titanium layer until the heat  35
nected to the unoxidized titanium layer 44. Sub- treatments for the
provision of the titanium oxide  stantially annular in shape, the titanium
oxide re- regions 24a-28a are completed. The masking parts  gion 46
overlies the unoxidized titanium region 38b of the aluminum layer may then
be removed from    and part of the titanium oxide region 26b. over the
unoxidized titanium regions 38 and 40.      The sheet resistances of the
titanium oxide Both unoxidized titanium regions 38 and 40 may   40  regions
24b, 26b and 46 are 50,000, 1000 and 200 be 200 ohms per square in sheet
resistance and 20  megohms per square, respectively. The titanium
micrometers in width. They create Schottky bar-   oxide region 46 overlaps
the titanium oxide region riers at their interfaces with the n-type
semiconduc-  26b to an extent of 80 micrometers. The sheet tor region 16.
resistance of these lapping portions is 200 The inner unoxidized titanium
region 38 may   45  megohms per square, which value is determined be
thought of as an additional Schottky-barrier   by the titanium oxide region
46. That outer part of electrode complementary to the main Schottky-
the titanium oxide region 26b which is not over- barrier electrode 32. We
have confirmed that its  lapped by the region 46 has a width of 30 microm-
presence between third titanium oxide region 28a  eters and a sheet
resistance of 1000 megohms per and main Schottky-barrier electrode 32
improves  50  square. The titanium oxide region 24b has a width the
voltage-blocking capability of the diode, par-  of 140 micrometers.
ticularly during operation at high switching speed.  It is the titanium
oxide regions 26b and 46 that The sheet resistance of this unoxidized
titanium  constitute the RESP. The other titanium oxide re- region 38
should be from 20 ohms to 100 kilohms   gion 24b functions like the
titanium oxide region 24 per square for the best results.             55
of the FIG. 1 diode 10, contributing to surface The outer unoxidized
titanium region 40 serves  stability. The unoxidized titanium region 38b
func- substantially as an equipotential region effective to  tions like the
unoxidized titanium region 38 of the improve the stability of potential
distributions over  FIG. 4 diode 10a, being effective to improve the 6    



11                EP0368127B1                       12 voltage-blocking
capability.                      titanium oxide regions 58-64 are 50,000,
1000, 300 The diode 10b additionally includes an annular  and 100 megohms
per square, respectively. [err] guard ring 48 formed in the n-type semi-
It will be observed from FIG. 6 that the inmost conductor region 16 so as
to extend along the     titanium oxide region 64 extends across the ex-
periphery of the main Schottky-barrier electrode   5   posed boundary of
the p-n junction 52. Therefore, 32b. Therefore, in this diode 10b, the main
rectify-  as indicted in FIG. 7, the inmost titanium oxide ing barrier is a
combination of the Schottky barrier  region 64 has a portion 64' overlying
the [err] between the n-type semiconductor region 16 and   region 50 and a
portion 64" overlying n-type region the main Schottky-barrier electrode
32b, and the  16c. The unoxidized titanium region 56 and the p-n junction
between the n-type semiconductor  10  portion 64' of the titanium oxide
region 64 make region 16 and the [err] region 48.              nearly ohmic
contact with the [err] semiconduc- It will also be understood that the
depletion  tor region 50 and coact with this region 50 to region due to the
noted RESP comprised of the     provide electrical connection between the
ohmic titanium oxide regions 26b and 46 combine with    electrode 54 and
the other portion 64" of the the depletion region due to the main
rectifying  15  titanium oxide region 64. barrier. This diode 10b is
therefore akin in con-    The p-n junction diode 10c also has a cath-
struction and operation to the diodes 10 and 10a  ode or ohmic electrode 68
in direct contact with the disclosed previously.
[err] semiconductor region 14c. This ohmic electrode 68 may also be a
lamination of a gold- Fourth Form                                  20
germanium alloy layer and a gold layer. We will now specify the typical
dimensions of The rectifier diode 10c shown in FIGS. 6 and 7  some
pertinent parts of the p-n junction diode 10c represents an adaptation of
our invention for a p-n  with reference to FIG. 7. The dimension [err] of
the junction semiconductor device. It has a GaAs semi-  p-n junction 52 is
900 micrometers. The widths [err] conductor substrate 12c comprising an
[err] re-  25  [err] of the titanium oxide regions 58, 60 and gion 14c and,
formed by epitaxial growth thereon,  62 are 140, 20 and 30 micrometers,
respectively. a high-resistance n-type region 16c. The [err]  The width
[err] of the portion 64" of the titanium region 14c has a thickness of 300
micrometers and  oxide region 64 is 40 micrometers. an impurity
concentration of 2 x 1018 [err] The n-   Reference may be had to FIG. 8 for
the meth- type region 16c has a thickness of 15 micrometers  30  od of
fabricating the FIGS. 6 and 7 diode 1 Oc. and an impurity concentration of
1.8 x 1015 cm-3.  First, as shown at (A) in FIG. 8, the semiconductor A
[err] region 50 is formed in part of the n-  substrate 12c with its [err]
region 14c and n- type region 16c by diffusion of zinc. The thickness  type
region may be prepared as has been ex- of the [err] region 50 is three
micrometers. Its  plained in connection with the substrate 12 in FIG. mean
specific resistance is significantly less than   35  1(A). The titanium
layer 56 and aluminum layer 70 that of the n-type region 16c. As a result,
upon  on one side of the substrate 12c, and the ohmic application of a
reverse voltage to the p-n junction  electrode 68 on the other side of the
substrate 12c, 52 between n-type region 16c and [err] region    may also be
formed by the same method as with 50, the depletion region spreads from the
junction  the FIG. 1 diode 10. 52 primarily in the n-type region 16c.
40      Then, as illustrated in FIG. 8(C), the titanium Formed as an anode
on the [err] region 50   oxide regions 58-64 may be formed successively, is
an ohmic electrode 54 which may typically take  using the overlying
aluminum layer 70 as masks, the form of a lamination of a layer of
gold-germa-  through the procedure of FIGS. 1(C) and (D). nium alloy and a
gold layer. In FIG. 6, however, we  Then the aluminum layer that has
remained as have indicated the electrode 54 as being of a   45  at 70' in
FIG. 8(B) after the creation of the titanium single layer for illustrative
convenience.        oxide regions 58-64 may be wholly etched away. The
ohmic electrode 54 is contiguously sur-   The next step is the creation of
the silicon oxide rounded by an annular unoxidized titanium region  layer
66 on the complete top surface of the FIG. 8- 56 which in turn is
surrounded by four annular    (B) article from which the aluminum layer has
been titanium oxide regions 58, 60, 62 and 64. These  50  removed. Then an
annular peripheral part and cen- regions 56-64 are all formed on the
semiconductor  tral part of the silicon oxide layer 66, as well as the
substrate 12c and all covered by a silicon oxide  central part of the
underlying titanium layer 56, layer 66 which may be formed by plasma-CVD.
may be etched away. The titanium region 56 is as thin as 50 A (0.005  FIG.
8(C) shows the resulting article. Both [err] micrometer). We are not sure
of the thickness of  55  type semiconductor region 50 and the outermost the
titanium oxide regions 58-64, but it is sup-  titanium oxide region 60 are
partly exposed. Part of posedly approximately 1.5 times the thickness of
the titanium layer remains as the annular unox- the titanium region 56. The
sheet resistances of the  idized titanium region 56 around the central ap-
7    



13                EP 0 368 127 B1                    14 erture that has
been formed by etching as above.   tions or alterations of the foregoing
disclosure Then, finally, the ohmic electrode 54 may be    which we believe
fall within the scope of our inven- formed on the FIG. 8(C) article by
successive     tion: vacuum deposition of a gold-germanium alloy and
1. The sheet resistances of the titanium oxide gold and by subsequent
etching of peripheral part   5  regions making up the RESP should generally
of the thus-formed layers. The ohmic electrode 54    be not less than
approximately 10 kilohms per makes direct contact with the [err] semicon-
square for the purposes of our invention and ductor region 50.
from  10 megohms to 10,000 megohms per The titanium oxide regions 60 and 62
and the      square for the best results. portion 64" of the titanium oxide
region 64 con-  10  2. Ideally, the sheet resistance of the RESP stitute
the RESP, functioning like the titanium oxide  should increase
exponentially with respect to the regions 26-30 of the FIG. 1 diode 10. The
out-       distance from the periphery of the rectifying ermost titanium
oxide region 58 contributes to sur-  barrier. However, for practical
reasons, the sheet face stability like the titanium oxide region 24 of
resistance may be varied stepwise by providing the FIG. 1 diode 10. Also,
in the FIGS. 6 and 7   15    two to four titanium oxide regions of
different diode 10c, the annular peripheral portion 72, FIG.   sheet
resistances as taught herein. 6, of the ohmic electrode 54 serves as field
plate.  3. The titanium oxide regions could be replaced The construction of
FIGS. 6 and 7 makes pos-      by those of tantalum oxide to provide the
RESP. sible the efficient production of p-n junction di-   4. The titanium
or tantalum oxide regions could odes capable of withstanding voltages up to
well  20  be formed by the vapor deposition or sputtering over 200 volts.
We believe that this voltage value is  of the metal oxide, instead of by
the sequential very much close to the maximum voltage-blocking
oxidations of the metal layer preformed on the capability of the diode 10c
at the central portion of  semiconductor substrate. the main rectifying
barrier. In other words, the     5. The purposes of our invention could be
sub- voltage-blocking capability at the peripheral portion   25
stantially attained without the outermost titanium of the main rectifying
barrier is greatly improved.  oxide region 24 of the FIG. 1 diode 10 as
well Experiment has also proved that the reverse-      as the corresponding
titanium oxide regions of voltage-versus-reverse-current characteristic of
the  all the other diodes 10a-10c disclosed herein. p-n junction diode 10c
is similar to that of the FIG.  We nevertheless recommend the provision of
1 diode 10 and therefore is as represented by the   30    this outermost
titanium oxide region as it makes curve [err] in the graph of FIG. 3. We
also fabricated   the preliminary breakdowns of the neighboring diodes of
the same construction as that of FIGS. 6   titanium oxide region 26, etc.,
less easy to oc- and 7 except that the titanium oxide regions 60-64   cur.
of different sheet resistances were replaced by a    6. The improved RESP
construction of our in- single titanium oxide region, and that a different
35  vention could be combined with the familiar volt- sheet resistance was
given to this single titanium   age-blocking techniques such as the guard
ring, oxide region in each noninventive diode. The char-   field plate,
field-limiting ring, etc. acteristics of such noninventive diodes were more
7. The invention could be applied to silicon or less identical with the
curves [err]in the   semiconductor devices, although it lends itself to
graph of FIG 3.                               40     more advantageous use
with semiconductors of It is therefore apparent that the p-n junction
Groups III-V of the periodic system  such as diode 10c built on the
principles of our invention   gallium arsenide and indium phosphide.
realizes not only a higher voltage-blocking capabil-  8. The invention
could also be applied to semi- ity but also a decrease in reverse current.
It also  conductor devices formed in integrated circuits makes possible a
reduction in the size of semicon-  45  or to semiconductor devices having
the semi- ductor chips and, in consequence, a decrease in      conductor
regions of the conductivity types op- manufacturing cost. Like the
Schottky-barrier diode  posite to those disclosed herein. 10 of FIGS. 1 and
2, the p-n junction diode 10c may additionally incorporate the teachings of
FIGS.  Claims 4 and 5 for withstanding still higher voltages.  50 1. A
semiconductor device of the type having a Possible Modifications
semiconductor region (16 or 16c), barrier elec- trode means (32 or 50, 54)
formed on the Although we have shown and described our
semiconductor region (16 or 16c) and creating invention in very specific
aspects thereof, we un-  55  a rectifying barrier therebetween, and an an-
derstand, of course, that our invention is not to be   nular resistive
layer formed on the semicon- limited by the exact details of such
disclosure. The  ductor region (16 or 16c) so as to surround the following,
then, is a brief list of possible modifica-  barrier electrode means (32 or
50, 54) and 8    



13                EP 0 368 127 B1                    14 erture that has
been formed by etching as above.   tions or alterations of the foregoing
disclosure Then, finally, the ohmic electrode 54 may be    which we believe
fall within the scope of our inven- formed on the FIG. 8(C) article by
successive     tion: vacuum deposition of a gold-germanium alloy and
1. The sheet resistances of the titanium oxide gold and by subsequent
etching of peripheral part   5  regions making up the RESP should generally
of the thus-formed layers. The ohmic electrode 54    be not less than
approximately 10 kilohms per makes direct contact with the [err] semicon-
square for the purposes of our invention and ductor region 50.
from  10 megohms to 10,000 megohms per The titanium oxide regions 60 and 62
and the      square for the best results. portion 64" of the titanium oxide
region 64 con-  10  2. Ideally, the sheet resistance of the RESP stitute
the RESP, functioning like the titanium oxide  should increase
exponentially with respect to the regions 26-30 of the FIG. 1 diode 10. The
out-       distance from the periphery of the rectifying ermost titanium
oxide region 58 contributes to sur-  barrier. However, for practical
reasons, the sheet face stability like the titanium oxide region 24 of
resistance may be varied stepwise by providing the FIG. 1 diode 10. Also,
in the FIGS. 6 and 7   is    two to four titanium oxide regions of
different diode 10c, the annular peripheral portion 72, FIG.   sheet
resistances as taught herein. 6, of the ohmic electrode 54 serves as field
plate.  3. The titanium oxide regions could be replaced The construction of
FIGS. 6 and 7 makes pos-      by those of tantalum oxide to provide the
RESP. sible the efficient production of p-n junction di-   4. The titanium
or tantalum oxide regions could odes capable of withstanding voltages up to
well  20  be formed by the vapor deposition or sputtering over 200 volts.
We believe that this voltage value is  of the metal oxide, instead of by
the sequential very much close to the maximum voltage-blocking
oxidations of the metal layer preformed on the capability of the diode 10c
at the central portion of  semiconductor substrate. the main rectifying
barrier. In other words, the     5. The purposes of our invention could be
sub- voltage-blocking capability at the peripheral portion   25  stantially
attained without the outermost titanium of the main rectifying barrier is
greatly improved.  oxide region 24 of the FIG. 1 diode 10 as well
Experiment has also proved that the reverse-      as the corresponding
titanium oxide regions of voltage-versus-reverse-current characteristic of
the  all the other diodes 10a-10c disclosed herein. p-n junction diode 10c
is similar to that of the FIG.  We nevertheless recommend the provision of
1 diode 10 and therefore is as represented by the   30    this outermost
titanium oxide region as it makes curve [err] in the graph of FIG. 3. We
also fabricated   the preliminary breakdowns of the neighboring diodes of
the same construction as that of FIGS. 6   titanium oxide region 26, etc.,
less easy to oc- and 7 except that the titanium oxide regions 60-64   cur.
of different sheet resistances were replaced by a    6. The improved RESP
construction of our in- single titanium oxide region, and that a different
35  vention could be combined with the familiar volt- sheet resistance was
given to this single titanium   age-blocking techniques such as the guard
ring, oxide region in each noninventive diode. The char-   field plate,
field-limiting ring, etc. acteristics of such noninventive diodes were more
7. The invention could be applied to silicon or less identical with the
curves [err] in the   semiconductor devices, although it lends itself to
graph of FIG. 3.                              40     more advantageous use
with semiconductors of It is therefore apparent that the p-n junction
Groups III-V of the periodic system  such as diode 10c built on the
principles of our invention   gallium arsenide and indium phosphide.
realizes not only a higher voltage-blocking capabil-  B. The invention
could also be applied to semi- ity but also a decrease in reverse current.
It also  conductor devices formed in integrated circuits makes possible a
reduction in the size of semicon-   45  or to semiconductor devices having
the semi- ductor chips and, in consequence, a decrease in      conductor
regions of the conductivity types op- manufacturing cost. Like the
Schottky-barrier diode  posite to those disclosed herein. 10 of FIGS. I and
2, the p-n junction diode 10c may additionally incorporate the teachings of
FIGS.  Claims 4 and 5 for withstanding still higher voltages.  so 1. A
semiconductor device of the type having a Possible Modifications
semiconductor region (16 or 16c), barrier elec- trode means (32 or 50, 54)
formed on the Although we have shown and described our
semiconductor region (16 or 16c) and creating invention in very specific
aspects thereof, we un-  55  a rectifying barrier therebetween, and an an-
derstand, of course, that our invention is not to be   nular resistive
layer formed on the semicon- limited by the exact details of such
disclosure. The  ductor region (16 or 16c) so as to surround the following,
then, is a brief list of possible modifica-  barrier electrode means (32 or
50, 54) and 8    



15                 EP 0 368 127 B1                      16 creating a
Schottky barrier at its interface with    in conductivity type to the first
semiconductor the semiconductor region (16 or 16c),                region;
and the first layer (56) is formed on the characterized in that the barrier
electrode       second semiconductor region (50). means (32 or 50, 54)
comprises a first layer (18'or 56) comprising a first metal and a sec-   5
8.  The semiconductor device of claim 7 wherein ond layer (20'or 54)
comprising a second met-        the second layer (20') of the barrier
electrode al formed on the first layer (18'or 56),              means is
less in size than the first layer (18') that the annular resistive layer is
of an         and is so disposed thereon as to leave ex- oxide of the first
metal and comprises a first        posed annular peripheral part of the
first layer. annular resistive region (28 or 28a or 26b or   10 64) formed
on the semiconductor region (16 or     9.  The semiconductor device of
claim  7 or 8 16c) so as to surround the barrier electrode          wherein
the second layer (20') of the barrier means (32 or 50, 54) and joined
directly to the       electrode means is of aluminium. first layer (18'or
56), and a second annular resistive region (26 or 26a or 24b or 62)   15
10. The semiconductor device of one of the claims formed on the
semiconductor region (16 or             1 to 9 further comprising an
insulating layer 16c) so as to surround the first resistive region     (34
or 66) formed on the resistive layer. (28 or 28a or 26b or 64) and
electrically con- nected to the first resistive region (28 or 28a or  11.
The semiconductor device of claim 10 wherein 26b or 64),
20       the insulating layer (34 or 66) is of silicon that the first
annular resistive region (28 or    oxide. 28a or 26b or 64) has a sheet
resistance of not less that 10 kilohms per square,                  12. The
semiconductor device of claim 10 or 11 that the second annular resistive
region (26 or      further comprising a field plate (42 or 72) 26a or 24b
or 62) has a higher sheet resis-   25      formed on the insulating layer
(34 or 66) and tance than that of the first annular resistive
electrically connected to the second layer region (28 or 28a or 26b or 64).
(20'or 54). 2. The semiconductor device of claim 1 wherein        13. A
method of fabricating a semiconductor de- the sheet resistance of the
resistive layer is  30    vice according to one of the claims 1 to 6 from
10 to 10,000 megohms per square.                 which comprises: a)
forming on a semiconductor substrate a 3. The semiconductor device of claim
1 wherein              first layer of a metal capable of creating a the
resistive layer is of titanium oxide and first      Schottky-barrier; layer
(18'or 56) is of titanium.             35         b) forming on the first
layer of another metal capable of creating a Schottky-barrier; 4. The
semiconductor device of claim 1 wherein              c) removing annular
peripheral part of the the semiconductor region (16 or 16c) is of
second layer for exposing corresponding gallium arsenide.
part of the first layer; 40         d) oxidizing the exposed part of the
first 5. The semiconductor device of claim 1 wherein              layer to
a first prescribed degree by using the barrier electrode means comprises a
the remaining part of the second layer as a Schottky-barrier electrode (32)
formed on the           mask, in order to provide a first resistive
semiconductor region (16) and creating a                region having a
first sheet resistance and Schottky-barrier therebetween.               45
creating a Schottky-barrier at its interface with the semiconductor
substrate; 6. The semiconductor device of claim 5 further              e)
again removing annular peripheral part of comprising a guard ring (48)
formed in the              the remaining part of the second layer for
semiconducting region (16) so as to extend              exposing second
corresponding part of the along the periphery of the Schottky-barrier   50
first layer; and electrode (32), the guard ring (48) being op-           f)
again oxidizing the exposed second part posite in conductivity type to the
semiconduc-          of the first layer to a second prescribed tor region.
degree, lower than the first prescribed de- gree, by using the remaining
part of the 7. The semiconductor device of claim 1 wherein   55
second layer as a mask, in order to provide the barrier electrode means
further includes a          a second resistive region having a second
second semiconductor region (16c), the sec-             sheet resistance
lower than the first sheet ond semiconductor region (50) being opposite
resistance, and creating a Schottky-barrier 9    17                EP 0 368
127 B1                    18 



at its interface with the semiconductor sub-       b) forming an insulating
layer on the first strate.                                            and
second metal oxide regions, the insulat- ing layer having an opening
through which 14. A method of fabricating a semiconductor de-          is
exposed the second semiconductor re- vice according to one of the claims 7
to 12   5      gion of the substrate; and which comprises:
c) forming an ohmic electrode contacting a) providing a semiconductor
substrate hav-        the second semiconductor region of the ing a first
and a second semiconductor re-         substrate through the opening in the
insulat- gion of opposite conductivity types dispos-        ing layer. ed
contiguous to each other for creating   10 therebetween a p-n junction
having an an-    Patentansprtche nular periphery exposed at a surface of
the semiconductor substrate, the first semicon-  1. Halbleiter-Bauelement
vom  Typ mit einem ductor region being higher in resistivity than
Halbleiter-Bereich (16 oder 16c), auf dem the second semiconductor region;
15       Halbleiterbereich (16 oder 16c) gebildete Bar- b) forming a first
layer of a metal on the       rieren-Elektrodeneinrichtungen  (32 oder 50,
surface of the semiconductor substrate;          54), die eine
Gleichrichter-Barriere zwischen c) forming a second layer of another metal
sich erzeugen, und eine auf dam Halbleiterbe- on the first layer;
reich (16 oder 16c) gebildete ringfbrmige Wi- d) removing annular
peripheral part of the   20  derstandsschicht, um die Barrieren-Elektroden-
second layer for exposing corresponding          einrichtungen(32 oder 50,
54) zu umgeben und annular peripheral part of the first layer, the  eine
Schottky-Barriere an seiner Grenzfidche thus-exposed annular peripheral
part of the      mit dem Halbleiterbereich (18 oder 16c) zu first layer
being spaced outwardly from the      erzeugen, exposed annular periphery of
the p-n junc-  25   dadurch gekennzelchnet, daB tion of the semiconductor
substrate;             die Barrieren-Elektrodeneinrichtung (32 oder e)
oxidizing the exposed annular paripheral      50, 54) eine erste Schicht
(18' oder 56) mit part of the first layer to a first prescribed   einem
ersten Metall und eine zweite Schicht degree by using the remaining part of
the        (20' oder 54) mit einem auf der ersten Schicht second layer as a
mask, in order to provide   30  (18' oder 56) gebildeten zweiten Metall
umfa~t, a first metal oxide region having a first        die ringformige
Widerstandsschicht ein Oxid sheet resistance and creating a Schottky-
des ersten Metalls ist und einen auf dem Halb- barrier at its interface
with the semiconduc-    leiterbereich (16 oder 16c) gebildeten ersten tor
region;                                     ringftrmigen Widerstandsbereich
(28 oder 28a f) again removing annular peripheral part of  35  oder 26b
oder 64) umfaBt, um die Barrieren- the remaining part of the second layer
for       Elektrodeneinrichtung (32 oder 50, 54) zu um- exposing second
corresponding part of the        geben und direkt an der ersten Schicht
(18' first layer, the thus-exposed second part of     oder 56)
angeschlossen ist, und ein zweiter auf the first layer extending across the
exposed     dam Halbleiterbereich (16 oder 16c) gebildeter periphery of the
p-n junction of the semi-  40   ringfdrmiger Widerstandsbereich (26 oder
26a conductor substrate; and                         oder 24b oder 62), um
den ersten Wider- g) again oxidizing the exposed second part
standsbereich (28 oder 28a oder 26b oder 64) of the first layer to a second
prescribed        zu umgeben und der elektrisch mit dem ersten degree,
lower than the first prescribed de-      Widerstandsbereich (28 oder 28a
oder 26b gree, by using the remaining part of the   45    oder 64)
verbunden ist, second layer as a mask, in order to provide      der erste
ringfbrmige Widerstandsbereich (28 a second metal oxide region having a
sec-        oder 28a oder 26b oder 64) einen Schichtwi- ond sheet
resistance lower than the first        derstand von nicht weniger als 10
Klloohm pro sheet resistance, and creating a Schottky-       FlAcheneinheit
und barrier at its interface with the first semicon-  5o  der zweite
ringf6rmige Widerstandsbereich (26 ductor region.
oder 26a oder 24b oder 62) einen hbheren Schichtwiderstand als der des
ersten ringfdr- 15. The method of claim 14 which further com-
migen Widerstandsbereiches (28 oder 28a prises:
oder 26b oder 64) hat. a) removing the least part of the unoxidized   55
part of the first layer and all of the remain-  2. Halbleiter-Bauelement
nach Anspruch 1, worin ing part of the second layer after step g);      der
Schichtwiderstand der Widerstandsschicht von 10 bis 10.000 Megaohm pro
FlAchenein- 10    19                 EP 0 368 127 B1                    20
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* C   L   M N heit ist.                                        13.
Verfahren zum Herstellen eines Halbleiter-Bau- elementes nach einem der
AnsprUche 1 bis 6, 3  Halbleiter-Bauelement nach Anspruch 1, worin
mit den Verfahrensschritten: die Widerstandsschicht aus Titanoxid und die
a) Ausbilden einer ersten Schicht eines zur erste Schicht (18' oder 56) aus
Titan ist.  5          Erzeugung einer Schottky-Barriere geeigne- ton
Metalls auf einem Halbleiter-Substrat, 4. Halbleiter-Bauelement nach
Anspruch 1, worin           b) Ausbilden eines weiteren zum Erzeugen der
Halbleiterbereich (16 oder 16c) aus Galliu-        einer Schottky-Barriere
geeigneten Metalls marsenid ist.
auf der ersten Schicht, 70         c) Entfernen des ringformigen peripheren
5. Halbleiter-Bauelement nach Anspruch 1, worin           Teiles der
zweiten Schicht zum Exponieren die Barrieren-Elektrodeneinrichtung eine auf
des entsprechenden  Telies der ersten dem Halbleiterbereich (16) gebildete
Schottky-         Schicht, Barrieren-Elektrode  (32) umfafit und  eine
d) Oxidieren des exponierten Teiles der er- Schottky-Barriere zwischen sich
erzeugt.    15        sten Schicht bis zu einem  ersten vorge- schriebenen
Grad, unter Verwendung des 6. Halbleiter-Bauelement nach Anspruch 5, wel-
verblelbenden Teiles der zweiten Schicht ches welter einen in dem
Halbleiterbereich (16)        als eine Maske, um einen ersten Wider-
gebildeten Schutzring (48) enthalt, um sich            standsbereich mit
einem ersten Schichtwi- langs des Umfanges der Schottky-Barrieren-   2o
derstand bereitzustellen, und Erzeugen ei- Elektrode  (32) zu  erstrecken,
wobel der              ner Schottky-Barriere an seiner Grenzflache
Schutzring (48) entgegengesetzt leitend zu             mit dem
Halbleiter-Substrat, dem Halbleiterbereich ist.
e) erneutes Enffernen des ringformigen pe- ripheren Teiles des
verblelbenden Teiles 7. Halbleiter-Bauelement nach Anspruch 1, worin  25
der zweiten Schicht zum Exponieren eines die
Barrieren-Elektrodeneinrichtung weiter ei-         zweiten entsprechenden
Teiles der ersten nen zweiten Halbleiterbereich (16c) beinhaltet,
Schicht und wobei der zweite Halbleiterbereich (50) entge-        f)
erneutes Oxidieren des exponierten zwei- gengesetzt leitend zu dom ersten
Halbleiterbe-        ten Teiles der ersten Schicht bis zu oinem reich ist,
und die erste Schicht (56) auf dem   so     zweiten vorgeschriebenen Grad,
der niedri- zweitem Halbleiterbereich (50) ausgebildet ist.        ger ist
ais der erste vorgeschriebene Grad, unter Verwendung des verbleibenden
Telies 8. Halbleiter-Bauelement nach Anspruch 7, worin           der
zweiten Schicht als eine Maske, urn die zweite Schicht (20') der
Barrieren-Elektro-        einen zweiten Widerstandsbereich mit ei-
deneinrichtung kleiner ist als die erste Schicht  3s   nem zweiten
Schichtwiderstand bereitzustel- (18') und so auf ihr gelegen ist, um einen
len, der niedriger ist als der erste Schichtwi- ringf6rmigen  peripheren
Teil der  ersten             derstand, und Erzeugen einer Schottky-Bar-
Schicht exponiert zu lassen.                           riere an seiner
Grenzflaiche mit dem Halblei- kY
ter-Substrat. 9. Halbleiter-Bauelement nach Anspruch 7 odor   40 8, worin
die zweite Schicht (20') der Barrieron-  14. Verfahren zum Herstellen eines
Halbleiter-Bau- Elektrodeneinrichtung aus Aluminium ist.
elementes nach einern der Ansprflche 7 bis 12, mit don Verfahrensschritten:
10. Halbleiter-Bauelement nach einern der AnsprU-         a) Bereitstellen
eines Halbleiter-Substrates che 1 bis 9, welches weiter eine auf der Wider-
45    mit einern ersten und einem zweiten Halb- standsschicht gebildete
Isolierschicht (34 oder       leiterbereich von entgegengesetzter Leite-
66) aufweist.                                         rung, die
aneinandergrenzend angeordnet sind, urn zwischen sich einen p-n-Obergang
11. Halbleiter-Bauelement nach Anspruch 10, wor-          mit einer an der
Oberflache des Halbleiter- in die Isolierschicht (34 oder 66) aus Silicium-
50  Substrates exponierten ringformigen Peri- dioxid ist.
pheroe zu erzeugen, wobei der erste Halblei- terbereich von hoherem
Widerstand ist als 12. Halbleiter-Bauelement nach Anspruch 10 oder
der zweite Halbleiterbereich, 11, welches welter eine auf der
lsolierschicht         b) Bilden einer ersten Schicht eines Metalls (34
oder 66) gebildete Feldplatte (42 oder 72)  5s     aui der Oberflache des
Halbleiter-Substra- aufweist und elektrisch mit der zweiten Schicht
tes, (20' oder 54) verbunden ist.                           c) Bilden einer
zweiten Schicht eines ande- ren Metalls auf der ersten Schicht, 11    
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11111 Ji!I d) Entfernen des ringformigen peripheren     Revendicatlons
Teiles der zweiten Schicht zum Exponieren des korrespondierenden
ringf6rmigen peri-    1. Dispositif semi-conducteur du type ayant une
pheren Toiles der ersten Schicht, wobel der      zone semi-conductrice (16
ou 16c), un disposi- so exponierte ringformige periphere Tell der   5  tif
d'Ielctrode de barriere (32 ou 50, 54) form6 ersten Schicht auswarts von
der exponier-        sur la zone semi-conductrice (16 ou 16c) et ten
ringformigen Peripherie des p-n-0ber-        creant une barribre de
redressement entre el- ganges des Halbleiter-Substrates beabstan-
les, ot une couche resistive annulaire formee dot ist,
sur la zone semi-conductrice (16 ou 16c) afin e) Oxidieren des exponierten
ringf6rmigen   1o   d'entourer le dispositif d'electrode de barriero
peripheren Teiles der ersten Schicht bis zu      (32 ou 50, 54) et creant
une barribre Schottky einem ersten vorgeschriebenen Grad, unter        sur
son interface avec la zone semi-conductri- Verwendung des verbleibenden
Teiles der          ce (16 ou 1 6c), zweiten Schicht als eine Maske, um
einen            caracterise on co que le dispositif d'1elc- ersten
Metalloxidbereich mit einem ersten   15  trode de barribre (32 ou 50, 54)
comprend une Schichtwiderstand bereitzustellon und Er-        premibre
couche (18' ou 56) comprenant un zeugen einer Schottky-Barriere an seiner
premier metal et une seconde couche (20' ou Grenzflache mit dem
Halbleiterbereich,           54) comprenant un second m6tal form6 sur la f)
erneutes Entfernen des ringformigen pen-      premibre couche (18' ou 56),
pheren Teiles des verbleibenden Teiles der  20      en ce quo la couche
resistive annulaire est zweiten Schicht zum  Exponieren eines
d'un oxyde du premier m6tal et comprend une zweiten entsprechenden Teiles
der ersten         premibre zone resistive annulaire (28 ou 28a Schicht,
wobel der so exponierte zweite Toil     ou 26b ou 64) formde sur la zone
semi- der ersten Schicht sich quer zu der expo-        conductrice (16 ou
16c) afin d'entourer le dis- nierten Peripherie des p-n-Uberganges des   25
positif d'electrode de barribre (32 ou 50, 54) et Halbleiter-Substrates
erstreckt und             directement unie A la premibre couche (18' ou g)
erneutes Oxidieren des exponierten zwei-     56), et une seconde zone
resistive annulaire ten Teiles der ersten Schicht bis zu einem       (26 ou
26a ou 24b ou 62) formee sur la zone zweiten vorgeschriebenen Grad, der
niedri-      semi-conductrice (16 ou 16c) afin d'entourer la ger ist als
der erste vorgeschriebene Grad,  30  premiere zone resistive (28 ou 28a ou
26b ou unter Verwendung des verbleibenden Teiles       64) et reliee
ielctriquement A la premiere zone der zweiten Schicht als eine Maske, um
resistive (28 ou 28a ou 26b ou 64), einen zweiten Metalloxidbereich mit
einem           en co quo la premiere zone resistive annu- zweiten
Schichtwiderstand bereitzustellen,      laire (28 ou 28a ou 26b ou 64) a
une resistan- der niedriger ist als der erste Schichtwider-  35  ce par
carre de pas moins de 10 kilohms par stand, und Erzeugen einer
Schottky-Barriere      carre, an seiner Grenzflache mit dem ersten Halb-
en ce que la seconde zone resistive annu- leiterbereich.
Iaire (26 ou 26a ou 24b ou 62) a une resistan- ce par carrd plus elevee que
celle de la pre- 15. Verfahren nach Anspruch 14, welches weiter  40
miore zone r6sistive annulaire (28 ou 28a ou die Verfahrensschritte:
26b ou 64). a) Entfernen des letzten Teiles des nicht- oxidierten Teiles
der ersten Schicht und all  2. Dispositif semi-conducteur selon la
revendica- der verbleibenden Teile der zweiten Schicht     tion 1 dans
loquel la resistance par carrd de la nach dem Schritt g),
45      couche resistive est comprise dans l'intervalle b) Bilden einer
Isolierschicht auf don orsten    de 10 a 10 000 m6gohms par carr6. und
zweiten Metalloxidbereichen, wobei die Isolierschicht eine Offnung
aufweist, durch  3. Dispositif semi-conducteur selon la revendica- welche
der zweite Halbleiterbereich des          ion 1 dans lequel la couche
rdsistive est en Substrates exponiert ist, und           50      oxyde de
titane et une premibre couche (18' c) Formen einer Ohm'schen Elektrode, die
ou 56) est en titane. in Kontakt mit dom zweiten Halbleiterbe- reich des
Substrates durch die Offnung in    4. Dispositif semi-conducteur selon la
revendica- der Isolierschicht steht, umfa~t.               tion 1 dans
lequel la zone semi-conductrice 55      (16 ou 16c) est en arseniure de
gallium. 5. Dispositif semi-conducteur selon la revendica- tion 1 dans
loquel le dispositif d'6lectrode de 12    23                EP 0 368 127 B1
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* C   L   M   S * barribre comprend une electrode de barribre          b)
une formation sur la premiere couche Schottky (32) formee sur la zone
semi-conduc-        d'un autre m6tal capable de creor une bar- trice (16)
et cr6ant une barribre Schottky entre     ribre Schottky; elles.
c) un enlbvement d'une partie peripherique -         annulaire de la
seconde couche pour expo- Al~    6. Dispositif semi-conducteur solon la
revendica-        ser une partie correspondante de la premib- tion 5
comprenant en outre un anneau de              re couche; garde (48) forme
dans la zone semi-conductri-        d) une oxydation de la partie exposde
de la ce (16) afin de s'teondre le long de la pdriph6-     premibre couche
jusqu'a un premier degre rie de l'6lectrode de barribre Schottky (32),  lO
prescrit en utilisant la partie restante de la l'anneau de garde (48) etant
oppose en type          seconde couche comme masque, afin de de
conductivite A la zone semi-conductrice.          fournir une prsmibre zone
resistive ayant une premiere resistance par carre ot creant 7. Dispositif
semi-conducteur selon la revendica-        une barribre Schottky sur son
interface avec tion 1 dans lequel le dispositif d'dlectrode de   15  le
substrat semi-conducteur; barribre comprend en outre une seconde zone
o) un enlavement de nouveau d'une partie semi-conductrice (16c), la seconde
zone semi-        p6riphdrique annulaire de la partie restante conductrice
(50) 4tant opposee en type de            de la seconde couche pour exposer
une conductivite & la premiere zone semi-conduc-         seconde partie
correspondante de la pro- trice ; et la premiere couche (56) est formde
20    miore couche ; et sur la seconde zone semi-conductrice (50).
1) une oxydation de nouveau de la seconde partie expos6e de la premiere
couche jus- 8. Dispositif semi-conducteur solon la revendica-        qu'a
un second degre prescrit, inferieur au tion 7 dans lequel la seconde couche
(20') du         premier degrd prescrit, en utilisant la partie dispositif
d'6lectrode de barriere est inferieure  25  restante de la seconde couche
comme en dimension & la premibre couche (18') et est       masque, afin de
foumir une seconde zone ainsi disposee sur cello-ci afin de laisser expo-
resistive ayant une seconde r~sistance par ser une partie peripherique
annulaire de la          carre inferieure a la premibre resistance par
premibre couche.                                     carre, et crdant une
barriere Schottky sur 30        son interface avec le substrat semi-conduc-
9. Dispositif semi-conducteur salon la revendica-        tour. tion 7 ou 8
dans lequel la seconde couche (20') du dispositif d'electrode de barribre
est  14. Procede de fabrication d'un dispositif semi- en aluminium.
conducteur solon l'une quelconque des reven- 36      dications 7 a 12 qui
comprend: 10. Dispositif semi-conducteur solon 'une quelcon-       a) une
fourniture d'un substrat semi-conduc- quo des revendications 1 a 9
comprenant en           tour ayant une premibre et une seconde outre une
couche isolante (34 ou 66) formeo          zones semi-conductrices  de
types de K-         sur la couche resistive.
conductivite opposes disposees de fagon 40        contigue l'une & l'autre
pour creer entre 11. Dispositif semi-conducteur solon la revendica-
ellos une jonction p-n ayant un pourtour tion 10 dans lequel la couche
isolante (34 ou        annulaire expos6 sur une surface du subs- 66) est en
oxyde de silicium.                        trat semi-conducteur, la premibre
zone semi-conductrice etant plus elevee en r6sis- 12. Dispositif
semi-conducteur selon la revendica-  45   tivite quo la seconde zone
semi-conductrice tion 10 ou 11 comprenant en outre une plaque de champ (42
ou 72) formee sur la couche             b) une formation d'une premibre
couche isolante (34 ou 66) et reliee electriquement a la    d'un metal sur
la surface du substrat semi- seconde couche (20' ou 54).
conducteur; 50        c) une formation d'une seconde couche 13. Procede de
fabrication d'un dispositif semi-         d'un autre metal sur la premibre
couche; conducteur solon l'une quelconque des reven-         d) un
enlavement d'une partie periph6rique dications 1 & 6 qui comprend:
annulaire de la seconde couche pour expo- a) une formation sur un substrat
semi-             ser une partie peripherique annulaire cor- conducteur
d'une premibre couche d'un   55         respondante de la premibre couche,
la par- m6tal capable de creer une barribre Schott-       tie peripherique
annulaire ainsi exposde de ky;
la premibre couche etant espacee exterieu- rement du pourtour annulaire
expos6 de la 13    
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semi-conducteur; e) une oxydation de la partle pdriph6rique annulaire
exposde de la promibre couche jusqu'a un premier degrd prescrit on utili-
sant la partie restante de ia seconde couche   5 comme masque, afin de
fournir une premib- re zone d'oxyde de m6tal ayant une pro- mibre
resistance par carrd et crdant une barribre Schottky sur son interface avoc
la zone semi-conductrice;                  70 f) un enlbvement de nouveau
d'une partie p~ripherique annulaire de la partie restante de la seconde
couche pour exposer une seconde partie correspondante de la pre- mibre
couche, la seconde partle ainsi expo-  15 s6e de la premibre couche
s'etendant en travers du pourtour expos4 de la jonction p- n du substrat
semi-conducteur ; et g) une oxydation de nouveau de la seconde partie
exposeo de la premibre couche jus-  20 qu'a un second degr6 prescrit,
inf6rieur au premier degr4 prescrit, en utilisant la partie restante de la
seconde couche comme masque, afin de fournir une seconde zone d'oxyde de
metal ayant une seconde r6sis-  25 tance par carr4 infdrieure & la premibre
resistance par carr4 et crdant une barribre Schottky sur son interface avec
la premibre zone semi-conductrice. 30 15. Proc6de selon la revendication 14
qui com- prend en outre: a) un enlbvement de la plus petite partie de la
partie inoxyd6e de la premiere couche et toute la partie restante de la
seconde cou-  95 che aprbs I'etape g; b) une formation d'une couche
isolante sur les premibre et seconde zones d'oxyde de K>        metal, la
couche isolante ayant une ouvertu- re a travers laquelle la seconde zone
semi-  40 conductrice du substrat est expos6ee; et c) une formation d'une
6lectrode ohmique en contact avec la seconde zone semi- conductrice du
substrat a travers l'ouverture dans la couche isolante.                45
50 55 14    


