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performed to change the phase of the titanium silicide to a phase with
lower resistivity. Background of the Invention                           As
mentioned before, tile problem of oxygen con- tarnination in the nitrogen
atmosphere used for the The present invention relates to integrated cir-
5   silcide reaction process is a serious one. One ap- cuits and methods
for manufacturing them.          proach to preventing oxygen contamination
is illu- Those concerned with the development of inte-   strated in U.S.
Patent No. 4. 690,730, issued to Tang grated circuits have continually
sought new methods   et al. The Tang et al. patent teaches the deposition
of and structures for reducing the resitivity of contacts   a cap of
silicon dioxide or a cap of silicon dioxide, with to the source, gate and
drain of individual transistors  10  an upper layer of titanium nitride or
silicon nitride, pri- as well as reducing the resistivity of
interconnections  or to the first heating step. The cap layer prevents the
between transistors. Various refractory metal sill-  aforementioned
undesirable oxygen contamination. cides have become popular In integrated
circuit de- sign because of their low resistivity, stability, and ca-
Summary of the Invention pability for self-aligned formation.
15 Titanium silicide has recently become popular In     Applicants have
discovered that removing an ox- VLSI applications. In a typical
self-aligned titanium  ide cap, as described above, can present problems.
silicide process, a layer of titanium film is deposited  Those etchants and
etching procedures which re- after the gates and sources and drains have
been    move the oxide also tend to attack the underlying sil- formed. The
titanium is reacted with the silicon on the   20  icide. Thus, the
resistivity of the silicide and the final source/drains, and the gate
polysilicon, thus forming  silicide layer thickness may be adversely
affected by titanium silicide. Usually an oxide spacer adjacent the  the
very process designed to protect It. gate stack prevents bridging between
the source or        The present invention provides a protective cap drain
and the gate because the titanium does not re-  for the silicide which may
be removed (where desired) act will with silicon dioxide. (Other silicides
may be   25  without significant risk of damage to the underlying formed by
similar processes.)                      silicide. The protective cap in
one illustrative embodi- A typical titanium silicide formation process will
ment is made from titanium nitride which is formed now be examined in
greater detail. An approximately  prior to the first heating step that
forms the silicide. 100 nanometers thick titanium film is deposited by  The
cap serves to prevent oxygen contamination dur- evaporation or sputtering
over a partially fabricated   30  Ing the first heating step. integrated
cicuit. The circuit has exposed silicon and    In addition, appilcants have
found that the con- polysilicon surfaces (which will eventually react with
ventional Rapid Thermal Annealing process does not the titanium) and
silicon dioxide or other substances  heat the wafer entirely uniformly.
Consequently, inte- (which do not desirably, react with the tianium.)
grated circuits in one portion of the wafer receive Next, if desired, a
silicon Implant may be directed   35  more heat than integrated circuit in
another portion through the titanium. The silicon implant slightly dam-  of
the wafer. Since the first heating step governs sil- ages the underlying
silicon or polysilicon substrate  icide thickness, integrated circuits in
one portion of and ensures a more consistent formation of titanium  the
wafer may receive a thicker silicide layer then in- silicide. Then the
titanium is reacted with the under-  tegrated circuits in another portion
of th wafer. The lying silicon or polysilicon by heating. The heating   40
present invention, in an illustrative embodiment, also may be accomplished
in a conventional furnace or It   helps reduce the variation in resistance
by making It may be accomplised by Rapid Thermal Annealing   more likely
that all of the metal which is deposited is (RTA), also termed Rapid
Thermal Processing (RTP).               engaged in reaction with the
underlying silicon or The heating process proceeds in a nitrogen at-
polysilicon. In some embodiments of the present in- mosphere, it is
desirable that oxygen be excluded,  45  vention, the protective cap is
removed after silicide since it has been found that the process of oxygen
formation. In other embodiments, the protective cap during the reaction
promotes the formation of titanium  remains in place to serve as an
electrical conductor. oxides. Titanium oxides are insulators, and their
pres- ence dramatically increases the resistivity of the re-  Brief
Description of the Drawing sulting silicide layers. The increased
resistivity is un-  50 desirable. The presence of the nitrogen ambient in
Figs 1-5 are cross-sectional views of a portion of the
an integrated process inherently grows titanium nitride  an integrated
circuit. The views illustrate the process cap with the uppermost portion of
the titanium metal  of the present invention. layer.
Fig 6 is a partial cross-sectional and partial per- After the
abov-mentioned heating step, an etch   55  spective view of an integrated
circuit utilizing aspects with hydrogen peroxide and phosphoric acid is
per-  of the present invention. formed to remove the thin nitride caqp and
any un- 



reactsnt titanium.  Finally, a second heating step is 2    3
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Turning to Fig. 3, protective cap 17 is formed over metal layer 15. If
metal layer IS is titanium, cap 17 is Figure 1 is a cross sectional view of
a portion of  preferably titanium nitride. Layer 17 may be reactive an
integrated circuit during processing. Of course, the  sputter deposited
from a titanium target in a nitrogen Figure Is not drawn to scale and
individual layers are   5   ambient. Alternatively, layer 17 may be
sputter-de- not drawn in relative proportion so that the invention  posited
from a composite titanium nitride target in an may be more easily
understood. The details of indi-  inert atmosphere. Layer 17 prevents
oxygen opntam- vidual transistors have been omitted in the interests
ination during the subsequent heating step. Layer 17 of both clarity and
generality. Reference numeral 11  has a thickness preferably between 30
nanomers denotes a silicon region upon which a silicide may be   10  and 80
nanometers. As an alternative to titanium nitr- formed. Reference numeral
11 may denote a silicon    ide, silicon nitride may be used. The silicon
nitride substrate, or deposited epitaxial silicon, or polysili-  may be
sputter-deposited or deposited in a plasma- con, which may be either doped
or undoped. Refer-    enhanced vapor deposition process. The silicon nitr-
ence numeral 13 denotes a material region which       ide will also prevent
oxygen contamination. (As will does not form a silicide, such as silicon
dioxide.  15  be mentioned subsequently, the silicon nitride layer
Reference numeral 11 might be, for example, the   may be later etched away
in hot phosphoric acid, or source or drain region of a transistor.
Reference nu-  other suitable wet or dry etchants.) meral 11 might also
denote a polysillcon layer on top    During investigation of the mechanics
of the con- of a gate oxide, the pair of layers constituting the gate
ventional siliciding process (without the cap layer 17) stack of a
transistor. Alternately, reference numeral  20  It was found that a thin
(approximately 15 nanome- 11 might denote a polysilicon runner. Reference
nu-   ters) layer of titanium nitride forms over the titanium moral 13
might denote a field oxid formed by any of  during the first (i.e.,
silicidation) rapid thermal anneal- a variety gf processes known to those
skilled In the  Ing step. As the thermal annealing profresses, three art.
Alternatively, reference numeral 13 might denote  competing reactions
occur. Titanium and silicon react a gate spacer.
25   to form titanium sillcide near the titnium/silicon inter- Turning to
Fig. 2, reference numeral 15 denotes  face. Residual oxygen in the heating
system pene- a layerof a refractory metal, preferably titanium. Lay-
trates the upper surface of the titnium and proceeds er 15 is deposited
both upon region 11 and region 13.  inward until it meets the silicide.
undesirably increas- The thickness of layer 15 Is typically between 20
ing the resistivity of the resulting layer. In addition, ni- nanometers and
80 nanometers, and, preferbly,  30  trogen penetrates the uppersurface of
the titanium, about 40 nanometers in one current process. The    forming
titanium nitride. However, because of the amount of metal deposited in the
inventive process is   self-limiting diffusion of nitrogen in titanium
nitride, typically less than the amount of metal deposited in  the titanium
nitride remains principally on the outer conventional siliciding processes
and less than the  surface of the structure. Thus, the resulting structure
amount mentioned in the Tang et al. patent above   35  Is sandwich-like
with a layer of oxygen contaminated (100 nanometers). This reduced
thickness In the In-  titanium silicide followed by a layer of unreacted
tita- ventive process allows for complete reaction of the        nium and
covered by a thin layer of titanium nitride. metal that is deposited on the
silicon region 11.    As mentioned before, the final thickness of the
titani- During investigation of the mechanics of the con-  um silicide
depends upon the heating temperature. ventional siliciding process, the
inventors discovered   40  Unfortunately the titanium nitride formed during
that when 100 nanometers of metal was deposited,   the first heating step
In the conventional process amounts ranging from approximately 40
nanometers      does not prevent oxygen intrusion into the titanium to 60
nanometers were reacted with the underlying    metal. In the present
invention, a thicker titanium nitr- silicon region. The amount of reacted
metal depended  ide cap Is separately formed prior to the heating step.
upon the amount of heat experienced at the reaction   45   This
separately-formed cap serve to protect the un- site. Since the Rapid
Thermal Annealing (RTA) proc-  derlying metal from oxygen penetration
during the ess did not provide a sufficiently uniform heating of
subsequent heating step. the wafer surface, some integrated circuits had
thick-     Returning to Fig. 3, after layer 17 is deposited, an er
silicides than others. Those circuits with thicker sil-  optional silicon
implant with a typical dose of between icides, exhibited somewhat lower
resistivity. A study of   50   1 x [err] ions/[err] and 3 x [err]
ions/[err], preferably 1 the resistivities of silicides formed on various
portions  x [err] ions/[err], at an energy of approximately 110 of a test
wafer showed an approximate 11 percent va-     kev, Is performed through
layers 17 and 15. The im- 



riation in resistivity, depending upon location of the  plant serves to mix
the titanium/silicon interface, thus silicide on the wafer.
promoting more effective slilcidation during the next In the conventional
process, the unreacted titani-  55   heating step (which Is performed to
reduce the reis- um is later etched away. In the present inventive proc-
tivity of the silicide). (If desired, the silicon implanta- ess preferably
all of the titanium deposited on the sil-  tion may be performed prior to
the titanium nitride de- icon regions are reacted.
position.) 3    5                   EP 0 392 725 B1.               6 Fig. 4
is illustrative of what happens during the  natively, etches with sulfuric
acid and hydrogen per- next step. The wafer is subjected to a Rapid Thermal
oxide or with ammonia and hydrogen peroxide may Annealing in a nitrogen
atmosphere at a temperature  he used. If cap 17 Is silicon nitride, it may
be removed typically betwen 600C and [err] for a period of   with hot
phosphoric acid. Unreacted titanium layer 15 time between 20 and 120
second. In a typical RTA   5   is also typically removed by th same etching
proc- process, the temperature is increased by roughly    ess. [err] per
second (typically by means of flash lamps)     By contrast, in the
above-mentioned Tang et al. up to the specified annealing temperature where
it is  patent, a oxide cap layer Is In direct contact with the held for the
specidied period of time. The wafer is then   surface of the titanium
silicide. Applicants' investiga- allowed to cool. The present invention
eliminates an   10  tions have shown that it is difficult to etch away the
hitherto unrealized disadvantage of the increasingly    oxide layer without
risk of some damage to the under- popular RTA conventional processes. These
process-      lying titanium silicide. In that case, the damaged or es have
been employed for both the first and second  thinned titanium silicide will
exhibit greater realativity, heating steps in an effort to eliminate the
possibility  and will be more likely damaged by subsequent etch- of
undesirable oxygen contamination experienced   15  ing. For example, if the
silicide is formed over a during conventional furnace heating. However, as
source or drain region and the above-mentioned thin- mentioned before, much
of the equipment in current  ning occurs, a subsequent window etching
process use does not provide completely uniform heating    may farther
damage or thin the silicide. Later metal across the face of the wafer. Some
portlons of the wa-  contacts may then show undesirable high resistance.
fer surface receive slightly more heat than others. Un-  20
Finally, a second Rapid Thermal Annealing is fortunately, the amount of
heat experienced by any  performed at a temperature typically between [err]
given portion of the wafer determines the amount of  and 950C, for a time
between 10 sec and 60 sec. The titanium which will react with the
underlying silicon or  second RTA step converts the titanium silicide layer
polysilicon, Consequently, integrated circuits of one        formed during
the first RTA step to a more conductive portion of the wafer have thicker
silicides than inte-    25  phase. Specifically, the first RTA step creates
titani- grated, chips on another portion of the wafer. The va-  um silcide
in a high-resistivity phase (termed C-49 by riation in silicide thickness
causes a variation in resis-  those skilled in the art). The second RTS
step con- tivity in contacts and interconnections.                  verts
the high-resistivity phase to a low resistivity Efforts are underway in the
semiconductor in-   phase (termed C-54 by those skilled in the art). dustry
to develop Rapid Thermal Annealing equip-  so   With modern
wafer-processing machinery, the ti- ment which provides more uniform wafer
heating. The  tanium layer 15 and titaniuim nitride layer 17 may be present
invention will, nevertheless, find applicability  deposited in the same
machine, if desired. An exam- even in improved Rapid Thermal Annealing
equip-    ple of such a machine is Varian's, 3180 machine. (By ment because
of the oxygen contamintion problem.   contrast, the oxide cap technique
typically requires a As mentioned before, layer 17 protects the un-  36
separate apparatus for silicon dioxide deposition.) derlying silicide 19
from oxygen intrusion during its  In general, the layer 5 need not be
puretitanium. formation. In a typical reaction, with 40 nanometers  Instead
it may be any one of a wide range of titanium of titanium deposited,
approximately 90 nanometers      alloys or pseudo alloys, as long as their
chemistry is of silicon will be consumed to produce approximately
dominated by titanium, including compositions of tita- 100 nenometers of
titanium silicide 19. All of the tita-  40  nium-vanadium,
titanium-aluminum, titanium-tung- nium in the typical reaction in the
regions 11 is con-  sten, and tianium-yttrrium. sumed. Consequently, the
thickness of the silicide re-  Fig 6 provides an illustration of
application of the gions will be comparatively uniform across the face of
inventive process to a typical MOS transistor struc- the wafer.
ture. Reference numeral 100 denotes a substrate In experiments performed to
test the inventive   45  which may be single-crystal silicon or epitaxial
silicon process, a varlation of silicide thickness of roughly  deposited
thereon. Doped regions 111 and 211 form one percent was observed when
various sites on the  the source and drain of a transistor. Reference nu- 



face of a test wafer were examined. By contrast, as    metal 301 denotes a
gate oxide, and reference  nu- mentioned before, a variation in thickness
of as much   meral 311 denotes a polysilicon layer above oxide as eleven
percent has been observed when using the   50  301. A field oxide is
denoted by reference numeral conventional process.
113. Oxide gate spacers are denoted by reference nu- It may be noted when
examining Fig. 4 that layers  merals 213 and 313. Silicide regions 119 and
219 may 15 and 13 do not exhibit any siliciding reaction.       be formed
over doped regions 111 and 211, respec- Turning now to Fig. 5, protective
cap 17 has been  tively, by the inventive process. Also, silicide region
removed from the upper surface of the wafer. An etch   55   319 may be
formed over polyslilcon gate layer 311. with phosphoric acid and hydrogen
peroxide for ap-  Furthermore, silicide region 319 may he extended to
proximately nine minutes at approximately 80C may  runner 419. be used to
remove the titanium nitride layer 17. Alter-  Furthermore, although Fig 6
depicts only a gate- 4    7                   EP 0 392 725 B1
8 level runner 419, the inventive process may be ap-      forming a
refractory metal silicide on said one plied to create higher level runners,
if so desired.    portion; whereby said forming is accomplished by Hence,
the Inventive process is not limited to salicide  depositing on said
structure a metallic layer com- processes; rather, it may be applied to
silicide-form-   prising said refractory metal; a cap layer Is de- ing
processes on any level. For example, should a sil-   5  posited comprising
a nitride of metal or of silicon icided runner be desired for a higher
level intercon-  on the top surface of said metallic layer; and heat
nection, a layer of polysilicon might be deposited over  Is applied to
react the metillic layer that overlies a dielectric layer, typically
silicon dioxide. The polysi-  said portion of silicon. licon might then be
covered with a layer of metal, such as titanium. Then, per the Inventive
process, a layer  10  2. The method of claim 1 wherein said refractory of
titanium nitride may be formed to cover the titani-  metal is titanium.
um). Next, the aforementioned first heating step may be performed to react
the metal, forming a silicide.    3. The method of claim 1 further
Including the addi- The silicide/nitride stack may then be patterned to
tional step of removing at least portions of said form  runners.
(Alternately, the metal-polysilicon   15  cap layer. stack could be first
patterned and then reacted to form the silicide. Finally, the second
heating step  4. The method of claim 3 further Including an addi- may be
performed to reduce the silicide resistivity.    heating step performed
after removal of The conductive titanium nitride may, if desired, re-
said cap layer, In order to reduce the resistivity of main in place on top
of the silicide runner.     20      said sllcide. The inventive concept may
also be extended to take advantage of the conductive properties of titani-
5. The method of claim 3 wherein said heating step um nitride and its use
as a local Interconnection. For  is performed by Rapid Thermal Annealing.
example, returning to the discussion of Fig. 4, after silicide 19 has been
formed over region 11, it has   25   6. The method of claim 4 wherein said
additional been noted that titanium layer 15  has not reacted with  heating
step Is performed by Rapid Thermal An- substrate 13. Portions of titanium
layer 15 and over-   nealing. lying titanium nitride cap layer 17 may be
covered with a mask, if desired, before portions of titaniumi nitride  7. A
method for fabricating integrated circuit devices layer 17 covering
silicide 19 are etched away. The   30  comprising the steps of: providing a
substrate mask may contain an interconnection pattern which,  having
thereon a partially fbricated integrated for example, might extend from the
source of one         circuit structure, including exposed portions
transistor to the gate and/or rain of other transistors.
comprising silicon; and depositing an overall lay- The mask may be removed
before the second heating        er of a metal comprising titanium, said
layer hav- step, which changes silicide 19 from a high resistivity  35  ing
a thickness between 20 nanometers and 80 phase to a low resistivity phase.
The resulting local in-      nanometers; forming by sputtering a cap layer
terconnect has titanium metal 15 covered by titanium    comprising titanium
nitride on top of said metal nitride 17 exending over region 13.
layer, said cap layer having a thickness between Should this local
interconnection process be util-  30 nanometers and 80 nanometers;
performing a ized, it may be desired to form a titanium nitride lay-  40
silicon implantation directed through said metal er 17 having a thickness
greater than the illustrstion  layer and said cap layer into said formerly
ex- values noted above, so that the resistivity of the local  posed portion
of silicon; heating said layers by 



interconnection is made low. A thickness of as much   Rapid Thermal
Annealing at a temperature be- as 160 nanometers for layer 17 may be
desirable to        tween [err] and [err] to react all of said metal
provide less than 3 ohm per square sheet resistance.  45  layer with said
silicon, forming titanium silicide; Other refractory metal silicides, such
as those         removing said cap layer by etching with hydrogen formed
with tungsten, tantalum, and molybdenum,        peroxide and a material
chosen from the group may advantageously employ the teachings of the
consisting of phosphoric acid, sulfuric acid and present invention,
especially with a silicon nitride pro-  ammonia; and heating said titanium
silicide by tective cap.                                  60      Rapid
Thermal Annealing at a temperature be- tween [err] and [err]. Claims
Patentansprflche 1.  A method for fabricating integrated circuit devices
55 by providing a substrate having thereon a partial-  1. Verfahren zum
Herstellen Integrierter Schal- ly fabricated Integrated circuit structure,
Includ-  tungseinrichtungen mittels Bereltstellen elnes ing at least one
portion comprising silicon, and    Substrate, an welchem sich sIne tblweble
herge-    7                   EP 0 392 725 B1                  8 level
runner 419, the inventive process may be ap-      forming a refractory
metal silicide on said one plied to create higher level runners, if so
desired.    portion; whereby said forming is accomplished by Hence, the
inventive process is not limited to salicide  depositing on said structure
a metallic layer com- processes; rather, it may be applied to
silicide-form-  prising said refractory metal; a cap layer is de- ing
processes on any level. For example, should a sil-   5  posited comprising
a nitride of metal or of silicon icided runner be desired for a higher
level intercon-   on the top surface of said metallic layer, and heat
nection, a layer of polysilicon might be deposited over  Is applied to
react the metallic layer that overlies a dielectric layer, typically
silicon dioxide. The polysi-  said portion of silicon. licon might then be
covered with a layerof metal, such as titanium. Then, per the inventive
process, a layer  10  2. The method of claim 1 wherein said refractory of
titanium nitride may be formed to cover the titani-  metal is titanium.
um). Next, the aforementioned first heating step may be performed to react
the metal, forming a silicide.  3. The method of claim 1 further Including
the addi- The silicide/nitride stack may then be patterned to    tional
step of removing at least portions of said form  runners. (Alternately, the
metal-polysilicon   15  cap layer. stack could be first patterned and then
reacted to form the silicide.) Finally, the second healing stop  4. The
method of claim 3 further including an addi- may be performed to reduce the
silicide resistivity.    tional heating step performed after removal of The
conductive titanium nitrie may, If desired, re-     said cap layer, in
order to reduce the resistivity of main in place on top of the silicide
runner.     20       said silicide. The inventive concept may also be
extended to take advantage of the conductive properties of titani-  S. The
method of claim 3 wherein said heating step urn nitride and Its use as a
local Interconnection. For  Is performed by Rapid Thermal Annealing.
example, returning to the discussion of Fig. 4, after suicide 19 has been
formed over region 11, it has   25   6. The method of claim 4 wherein said
additional been noted that titanium layer 15 has not reacted with  heating
step Is performed by Rapid Thermal An- substrate 13. Portions of titanium
layer 15 and over-   nealing. lying titanium nitride cap layer 17 may b
covered with a mask, if desired, before portions of titanium nitride  7. A
method for fabricating integrated circuit devices layer 17 covering
silicide 19 are etched away. The   30  comprising the steps of: providing a
substrate mask may contain an interconnection pattern which,      having
thereon a partially fabricated integrated for example, might extend from
the source of one        circuit structure, including exposed portions
transistor to the gate and/or drain of other transistors.  comprising
silicon; and depositing an overall lay- The mask may be removed before the
second heating       er of a metal comprising titanium, said layer hav-
step, which changes silicide 19 from a high resistivity  35  ing a
thickness between 20 nanometers and 80 phase to a low resistivity phase.
The resulting local in-  nanometers; forming by sputtering a cap layer
terconnect has titanium metal 15 covered by titanium    comprising titanium
nitride on top of said metal nitride 17 extending over region 13.
layer, said cap layer having a thickness between Should this local
Interconnection process be utli-  30 nanometers and 80 nanometers;
performing a 



ized, it may be desirable to form a titanium nitride lay-  40  silicon
implantation directed through said metal er 17 having a thickness greater
than the illustration  layer and said cap layer Into said formerly ex-
values noted above, so that the resistivity of the local  posed portion of
silicon; heating said layers by interconnection is made low. A thickness of
as much     Rapid Thermal Annealing at a temperature be- as 160 nanometers
for layer 17 may be desirable to     tween [err] and 660C to react all of
said metal provide less than 3 ohm per square sheet resistance.  45  layer
with said silicon, forming titanium silicide; Other refractory metal
silicides, such as those      removing said cap layer by etching with
hydrogen formed with tungsten, tantalum, and molybdenum,         peroxide
and a material chosen from the group may advantageously employ the
teachings of the          consisting of phosphoric acid, sulfuric acid and
present invention, especially with a silicon nitride pro-  ammonia; and
heating sold titanium silicide by tective cap.
so       Rapid Thermal Annealing at a temperature be- tween 800C and 950C.
Claims Patentansprfiche 1. A method for fabricating integrated circuit
devices  55 by providing a substrate having thereon a partial-  1.
Verfahren zum  Herstellen Integrierter Schal- ly fabricated integrated
circuit structure, includ-  tungseinrichtungen mitteis Bereltstellen sines
ing at least one portion comprising silicon, and    Substrate, an welchem
sich sine telweise herge- 5    9                   EP 0 392 725 B1 stolite
intogrierte Schaltungestruldur befiniot,    saure und Ammoniak enthilt, und
Erhitzen des die wenigtoens oenn Silizlum enthaltenden Al>-
Titansilizids mit schnollern thormischon Anne- schnitt umfasit, und
Ausbildon einoe Silizids el-    alen bel elner Temperatur gwisehen 800C und
nee hchasohmlzenden Metls oa tnrem einen             9500C. Atebrhnltt,
wobel -das Ausbilden d4_rch A'gghel-   a don einer rngtolischon Schiht an
der Otrtlr,, dJe 0p hqpghghmelzende Meotll enthilt, weroht
Revendicatlons wrJ, wQb-I an dor oberon Oberfilche dr moti- Ilsh.e. n-Sqht
he Abdecirchicht mit elner Nl-    1. Proc6d6 pour fabriquer des dispositifa
A circuits -trid von .em Metall odor von Sili$vim abg-   0o    Intbgr6s en
fournissant un substrat supportant saan wkrd, und wobel Wirme aufgebracht
une structure de circuit nt*gr6 partiliement ft- wIN. ,Igm Ol mitalUsche
Schifht, di. Qtar dam        briquee, comportantey mons une pertle compro-
A.-nit W $IIIium Ieogt, reoxlernn aij atoo"n.      nant du allclum, at en
formant un siliclure d'un mAtal r6fractalre sur ladito partle, 6tmnt
entendu 2, V~e~rf$Jurn nigh Atieruch 1, in wichemn cp   15      quo la
formation est effectuft perd~pt ourladi- ho.ch.QhmbenndO Metall Titan bet.
to structure d'une couche mrntalique comprenent ledit m6tal r6fractire,
qu'une couch. do recou- . Verfahren nitch Anspruch 1, ferner umfgssend
vrement contenant un nitrale d'un m5te). .u do si- den zvjse(zjtchen
Schritt does Entfernens wenig-     licium estd6poe#9 or lo dctepua dp
Iclitp cQuche etens v.Qn Antfellen der Abdeckichicht,     20
metallique et que de ; Qchlur eet appiqio atfin de fairs r6agir Is couch r
malllque qjl racouvrs 4. Verfahren nech Anspruch 3,fernerumfassend ei-
ladite partie do siliciIm. non X"z4s1ighen Frhitzungschritt, der ng.Ch dem
pntfernen der Abdockeghight durchgphrt     2. Proc~dA solon Ia rovondiction
1, dons iequdl Il- wird,: Wn. den spzitfischen Widerstand des Sill-  25
dit mltal refractalre est du titne. zide zu sinken. 3. Proc~dh solon la
revendloation 1, compronent, S. V  fthren nash Anspruch 3, In welchgm der
on outre, unee tape wuppimentaire consistent b Schrltt. des Erhitzono durch
schndles. therml-       onlever au molns des p.artles de ladite couche de
s,chs Annemlen durchgefihrtvwrd.            30       recouvrornent. f.
Verfphren ngah Anspruch 4, In wochen der zu-     4. Procede solon la
revendication 3, compronant, sitligche ochritt des Erhitzens d. irh
schnelies    en outre, uneAtape suppI~mentaire de chauffeage thermisches
Anneslon durchgeftlhrt wird.             realisee apres I'enlbveomnt de
ladito coucho de 35      recouvrement dens ls but dea diminnuer lo
rilsisti- 7. VYfaihron  ur Herstellung Integriorter Scha!-        vit dudit
siliciure. 



tungsoelnrichtungen mit den Schritten: Bereltatel- Ion inaS Mu~trate mit
slner tellweiss horgootlli-  5. ProcodA so"on la revondigtign 3, dens i.q
usea- gtgn, intoripttn S chstungesnordnung darn.           dit 6tape de
chayffe owt roailshe par recut umfesaendc freigoogleo Sliziunm onthaltande
Ab-  4o  therrnique rapide. achnitte, und Abschelden elner %3eWmtochicht
aueilnem  itell mitTiton, wobel ite $chichtolnI  6. Proc6d6 solon la
revondliqgtn 4, dans loquol la. Di3.oke zplcin Q und 80 NgngMrnm  ht, AUp-
dite Mtaps supplementaire dek chauffeg .et rea- Ilden elner Titnnitrid
entha~tinisn Abd-            1ls6 par recult thermlioe rapids. schicht
oberholb der Motelischicht durch Sput-  46 torn, w.ob, die Abdockschicht
elne Dinke zwl-    7. ProoWdA pour febriquer des dispositife A circuits
pwI'tsn w9 Ngnprnoter und 60 Nnometr hat,
Intdgr6scomportantletape.souivntleo:fourni- V'fhran  einer
Slliziumimplintatlon, die            ture d'un substrst suppqttnt une
structure de dyri die, MtA,9etischicht und die A  dkckschicht in  circuit
intbgri psrtielerment ebriqu.es, compor- don vyrher freilleognden Abschnitt
von Slizium   go  tant des parties. oxpas os oomprenant du sill-
OurrhgehflO  wird, erhitzen der Schichtbn durch     cium; et depit d'uno
$orhe gloaale f'un m~tal ghajjw"- thormirohess Anneulen bel lnr Ternm-    ,
comprenant du titane, silbt couche ayant une Peoilr 6wchgn 600C und 6O', ur
dh go               bpalssour comprise ontro 20 nanomhrtro et 80 jn~t:
Mstailghlpht mit dan Ol zlum reoglgren        nanombtres; formation psr
pulverleelin sgthodl- 44 born Ayobl len von Tinsl.iWi4, 1ntrn0en   s
qu d'une coucho do ramuvremant cQamrenant der Pegkechicht durch Atzen mlt
Wqoretpoff-          du nitrure de tibn pfrf-4gpuo leadge ggugha do pgroxlW
ucd niarn MteWrial, cj aunj dar Qrruppe     mbtal, ladite couphe de
r4Yo3yret yent une ausoewlhit Ist, die PhosphorsOure, S.hwsfel-
epaisseur comprive 0uitre ag nanrngkres et: 8Q 6    11                  EP
0 392 725 Bt                  12    1 !III 1IIII DIII I! R * nanombtres;
r6alisation d'une implintation do sl- 1clurm a travers ladite couche do
m6tal at ladite couche de recouvroment dans ladite partbe de al- Ilblum
prncdedmm nt oxposee; chauffage de.dl- tea coumhefs. par recuit thermique
rpido &. un.   5 tlmporature de I'ordre de 6.000C A 56.0DPC aitn de faireo
r6agr I.s totablf de ltdio couche de metal avoc la It siliolurm, en vue do
former du silIclukr do titane., entbvement de ladit coyche do recou-
vromeOit par Rattequ chimique au peroxyce d'hy-  1o drogpno at unf matlbre
choisle dans lo roupe c6nOtitu6 par a'scide phosphorique, I'mcld suit u-
r(quo ot.'ammonlagque; at chauffago dudit OiWNclu- re de tr.Ono par rowut
thermique repid. A une tWrnpin rtwu o6mprloe entre 80'C at 950OC.  15 20 25
30 35 40 45 50 56 7    


