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Angeles, California, 1986. A composite dielectric layer, [err] over [err],
is patterned to form trench- Technical Field
es into which metal is selectively deposited with the nucleation being
initiated by a silicon implant. This invention relates to semiconductor
inte-   5   Thus, the problems of filling the spaces between grated
circuits and to the metallizations used in    the runners and of obtaining
a planar dielectric such circuits.
surface over complex topography are avoided. Another approach, which also
deposits a metal Background of the Invention                          in a
trench in a dielectric is described by Wu in 10   Electrochemical  Society
Proceedings,  87-4, As the complexity of integrated circuits in-
pp.239-249, 1987. Exemplary  sequences  are creases, numerous approaches
have been taken to      shown in Wu's Figs. 1 and 3. The first sequence
solve the problem of expediently making electrical   forms the trenches,
blanket deposits a metal, de- connections to and between individual
devices.       posits and etches a photoresist thus leaving por- This is an
important problem in integrated circuit  15  tions of the original trenches
full of resist, etches fabrication because not only do electrical contacts
back the metal to expose the dielectric surface and interconnections
require space on the inte-      using the resist as an etch mark, and
strips the grated circuit chip, but the complexity of the inter-  resist
leaving recessed metal in the dielectric. The connections frequently
requires the metallizations   second sequence is conceptually somewhat
similar to be on more than one level. The former consider-  20  although
the unwanted metal is removed by a lift- ation requires minimization of the
size of the metal-  off step. lization, and the latter consideration
introduces pro-   Neither approach teaches how to make win- cessing
complexity.                                  dows that are self-aligned. In
a typical multilevel fabrication sequence,        European Patent
Application EP-A-0 224 013 windows or vias are first opened in a dielectric
25   describes a method of producing an integrated layer to expose selected
portions of the underlying  circuit by metallizing on the circuit by
depositing a substrate and then filled with a metal. Substrate is
dielectric layer, patterned etch stop layer over said used to mean
underlying material and thus may        dielectric layer, and a second
dielectric layer over include the Si wafer, source and drain regions,
said etch stop layer. Then both dielectric layers are prior
interconnections, etc. Metal runners electri-  30    [err] in one step.
cally connecting the filled windows are then formed      According to the
present invention there is on the dielectric. This is typically done by
blanket    vided a method as defined in claim 1. depositing a metal and
then patterning it. Of            We have found that metallizations
including course, care must be taken to insure that the
[err]-aligned contacts may be obtained by a method runners are properly
aligned so that they contact  35  that we term  "the reverse pillar
process." The the windows.                                         method
deposits at least first and second dielectric Although the processing
sequence described is    layers and first and second etch stop layers be-
conceptually simple, at least three problems are     tween the first and
second dielectric layers and on likely to arise. 1) Metals are highly
reflective and  top of said second dielectric layer, respectively, the
optical printing and etching of features in met-  40   patterns portions of
said first dielectric layer and als is difficult and becomes even more so
at sub-    said etch stop layers to form trenches for metal micron
dimensions. 2) After the metal runners have   runners. Portions of said
trenches are now pat- been formed, a dielectric is deposited between the
terned, using the second etch layer to prevent runners. This dielectric
should be free of voids, but  unwanted etching of the dielectric, to form
self- depositing such a layer becomes more difficult as   45  aligned
windows in said first dielectric layer which runners are more closely
spaced and the space       expose selected portions of the underlying sub-
available for the dielectric decreases. 3) Accurate  strate. The first etch
stop layer is typically a dielec- pattern transfer from the mask is most
easily ob-    tric. The openings are now filled with metal. tained with a
planar surface. As the topography          Alternatives are contemplated.
One dielectric becomes more complex, dielectric smoothing by   50  layer,
rather than two and an intermediate etch stop means of flow or
planarization may be required.      layer, may he used if the depth of the
etch used However, reflow is not always an acceptable proce-   for the
first patterning step can be precisely con- dure since the temperature
required for reflow may   trolled. In the preferred embodiment, however, a
impair the integrity of lower metal levels. Planariza-  plurality of layers
is used, typically 4, with the first tion schemes make the processing more
complex.    55  etch stop layer being used to more precisely con- Some of
these problems can be avoided by a        trol the etch depths for windows
and trenches. The 



technique such as that discussed by Thomas et al.     method of the
invention avoids patterning of a in IEDM  Technical Digest, pp. 811-813,
Los          metal layer as the metal is deposited in trenches    3
EP 0 336 660 B1                      4 and windows. Also, the windows and
metal trench-        The photoresist 31 and etch stop layer 29 and es are
filled simultaneously with metal thereby     the two dielectric layers 25
and 27 are now pat- avoiding any interfaces.
terned for the metal runners. This is done by In another embodiment, a
maskless contact is     patterning the photoresist with the desired metal
obtained by depositing a metal after the first pat-   5   pattern. It
should be noted that the mask used is a terning step and etching back to
leave metal       mask of the reverse tone pattern. Well known tech-
sidewalls in the nailhead sections of trenches with  niques are used to
etch the etch stop layer and the normal width portion of the trenches being
both of the two top dielectric layers. Dielectric layer sealed. The windows
are then etched using the       23 acts as an etch stop for the etch of
dielectric sidewalls as a mask, i.e., the metal acts as a mask   10  layer
25. The resulting structure is depicted in FIG. as the bottom  dielectric
layer is selectively re-  3. moved for the contact. Of course, the top
dielectric    The photoresist for the reverse metal pattern- is not etched
because of the etch stop layer.       ing is now stripped and a new layer
of photoresist It will also be appreciated by those skilled in  35 is
deposited and patterned with the window the art that the metal filing
process is a self-  15  pattern. Standard lithographic techniques are now
planarizing process.                                used to define the
window pattern. It is noted that the windows, as defined in the resist, are
oversized Brief Description of the Drawing                    along the
critical dimensions, and the etch stop layer 29 will provide self alignment
during the sub- FIG. 1 is a top view of the layout and lithog-   20
sequent window etch, i.e., layer 29 prevents etch- raphy for metallizations
according to this inven-  ing of the underlying dielectric material thereby
tion;                                            forming self-aligned
windows. The dielectric 23 is FIGs. 2-5 are sectional views along line A-A'
of  etched to expose selected portions of the under- FIG. 1 with
lying substrate. Only portions that were exposed FIG. 2 showing the initial
structure;        25   during the reverse metal etch will be etched to FIG.
3 showing the structure after etching for the  form electrical contacts.
The resulting structure is metal pattern;
depicted in FIG. 4. It is apparent that the etch stop FIG. 4 showing the
structure after etching the    layer, i.e., layer 29, stops the etching of
the over- window pattern;                                   sized portions
of the window pattern as it is not FIG. 5 showing the final structure; and
30  etched by the process of etching the dielectric. FIG. 6 depicts yet
another embodiment which is    However, as the reverse metal patterning
exposed a maskless contact.                               portions of
dielectric layer 23, this layer is etched and portions of the substrate
exposed. Detailed Description                                    The
contact photoresist is now removed, and 35  conventional techniques used to
fill the recessed FIG. 1 is a top view showing the layout and      areas
with metal 37. The resulting structure is lithography for the
metallizations according to this  depicted in FIG. 5. invention. The
structure depicted comprises a plu-      Several techniques can be used for
depositing rality of metal runners indicated as 1 and a plurality  the
metallizations. For example, sputtering can be of windows indicated as 3,
opening to the under-  40   used for aluminum metallization. Tungsten or
other lying substrate. It will be readily appreciated that in  refractory
metals may be deposited by either a typical integrated circuit many more
runners and  selective or blanket chemical vapor deposition. contacts than
those depicted will be present        Selective deposition will result in
the metal being FIG. 2 depicts a cross section of the structure  present in
only the trenches and windows after of FIG. 1 along line A-A'. Depicted are
substrate   45  suitable activation of these areas. For the non- 21, three
dielectric layers 23, 25, 27, etch stop   selective depositions, a uniform
etchback will be layer 29 and photoresist layer 31. Also shown is a
required to remove material from the surface of the conductive runner 33.
The dielectrics have a total  dielectric. The etch stop layer can be
removed thickness [err]. Dielectric layer 23 has a thickness [err]  prior
to or after the metal filling. If the etch stop is and layers 25 and 27
have a combined thickness   50  non-conductive, it does not have to be
removed mt. Layer 25 is thin compared to layers 23 and 27.  and can be used
as an etch stop for the next level 



The term "substrate" is used to mean the materials  of metallization.
underlying the dielectric layers. Choice of dielectric  It will be readily
appreciated that the process and etch stop materials will be apparent to
those   described may be repeated to obtain additional skilled in the art
after reading the following descrip-   55  levels of interconnection. tion
of the etching steps. Methods for depositing      Dielectrics 27 and 23
have an etch selectivity the dielectric and etch stop materials will be
readily  dielectric 25 and may be the same material. Both apparent to those
skilled in the art.             the etch stop layer 29 and dielectric layer
25 have 3    5                  EP 0 336 660 B1                       6 a
high etch selectivity against layers 23 and 27,          trenches in said
at least one dielectric layer i.e., the first and second dielectrics. Layer
25 may       (27) by patterning a resist (35) on said etch thus also be
referred to as an etch stop layer. The        stop layer (29) to form
oversized windows etch stop layers 25 and 29 are typically very thin
aligned with the said part of the trenches and with respect to the first
and third dielectric layers.   5  further etching said first dielectric
layer (27) or In the typical process described, the reverse metal        a
second dielectric layer (23) deposited be- pattern for the trenches is
formed by etching the          tween the substrate and said first
dielectric top etch stop layer and the top two dielectrics, that      layer
(27), said etch stop layer (29) preventing is, dielectrics 25 and 27.
Typical dielectrics are         etching of the underlying portions of said
at oxides and nitrides. It will be appreciated that etch-   10  least one
first dielectric layer (27). ing conditions will have to be changed for the
two layers. Window  patterning is performed, and di-       2. A method of
fabricating a semiconductor in- electric 23 is etched to expose portions of
the            tegrated circuit including the step of fabricating substrate
for the windows. The metal is now depos-         a metallization (37) on
said circuit, said step of ited as previously described.
15       fabricating said metallization comprising: It will be appreciated
by those skilled in the art         depositing at least one first
dielectric layer that the reverse metal patterning is performed first
(27) and an etch stop layer (29) on a substrate, and the window patterning
performed second. This           said etch stop layer (29) covering said at
least sequence is opposite to the conventional alignment         one
dielectric layer; sequences and produces a window which is self-   20
patterning said etch stop layer (29) and aligned to the metal.
said dielectric layer (27) to form trenches for Variations in the process
described are con-            metal, blanket depositing a metal conformally
templated. For example, to avoid the necessity of          in said
trenches, etching back said metal layer using a plurality of dielectric
layers, the depth of       to form  metal sidewalls (39) in oversized the
etches into a single dielectric layer may be   25      trenches and further
etching said first dielectric carefully controlled.
layer (27) or a second dielectric layer (23) A maskless window. may be
formed by blanket            deposited between the substrate and said first
depositing a metal conformally after the first pat-        dielectric layer
(27) to form self-aligned win- terning step. The metal is then etched back
so that        dows or vias. only metal sidewalls 39 remain in the
nailheads in   30 the trenches where there are wider openings while      3.
A method as recited in claim 1 in which said at the narrower runners 40 are
sealed, i.e., filled, with     least one dielectric layer comprises first
(27), metal. This structure is depicted in FIG. 6. Nu-          second (23)
and third (25) dielectric layers, merals identical to those used in
describing pre-          said first (27) and second layers (23) having an
vious figures represent identical elements. Tech-   35     etch selectivity
against said third layer (25). niques for appropriate deposition and
etchback will be readily apparent to those skilled in the art. The   4. A
method as recited in claim 3 in which said sidewalls and the etch stop
layer then act as a            first (27) and second (23) layers comprise
ox- mask as the windows are opened in the bottom              ides.
dielectric layer. Metal is then deposited and, if  40 necessary, etched
back to leave a planar surface.      5. A method as recited in claim 4 in
which said Although there is a reduction of one mask level per        third
layer (25) comprises a nitride. interconnection, self-aligned nailheads are
required in this embodiment.
PatentansprUche 45 



Claims                                                  1. Verfahren zur
Herstellung einer integrierten Halbleiterschaltung mit den Schritten 1. A
method of fabricating a semiconductor in-             des Herstellens einer
Metallisierung (37) an tegrated circuit including the step of fabricating
der Schaltung, wobei der Schritt des Herstel- a metallization (37) on said
circuit, said step of   so  lens der Metallisierung umfa~t: fabricating
said metallization comprising:            Abscheiden wenigstens einer
ersten dielektri- depositing at least one first dielectric layer     schen
Schicht (27) und  einer Atz-Stopp- (27) and an etch stop layer (29) on a
substrate,      Schicht (29) auf einem Substrat, wobei die Atz- said etch
stop layer (29) covering said at least       Stopp-Schicht (29) wenigstens
eine dielektri- one dielectric layer;                       55        sche
Schicht bedeckt, patterning said etch stop layer (29) and
Strukturiererl der Atz-Stopp-Schicht (29) und said dielectric layer (27) to
form trenches for        der dielektrischen Schicht (27), urn Gr~ben fOr
... metal, further etching at least a part of said         Metall
auszubilden, 4    5                  EP 0 336 660 B1
6 a high etch selectivity against layers 23 and 27,          trenches in
said at least one dielectric layer i.e., the first and second dielectrics.
Layer 25 may       (27) by patterning a resist (35) on said etch thus also
be referred to as an etch stop layer. The        stop layer (29) to form
oversized windows etch stop layers 25 and 29 are typically very thin
aligned with the said part of the trenches and with respect to the first
and third dielectric layers.   5  further etching said first dielectric
layer (27) or In the typical process described, the reverse metal        a
second dielectric layer (23) deposited be- pattern for the trenches is
formed by etching the          tween the substrate and said first
dielectric top etch stop layer and the top two dielectrics, that
layer (27), said etch stop layer (29) preventing is, dielectrics 25 and 27.
Typical dielectrics are          etching of the underlying portions of said
at oxides and nitrides. It will be appreciated that etch-   10  least one
first dielectric layer (27). ing conditions will have to be changed for the
two layers. Window patterning is performed, and di-         2. A method of
fabricating a semiconductor in- electric 23 is etched to expose portions of
the            tegrated circuit including the step of fabricating substrate
for the windows. The metal is now depos-          a metallization (37) on
said circuit, said step of ited as previously described.
15       fabricating said metallization comprising: It will be appreciated
by those skilled in the art          depositing at least one first
dielectric layer that the reverse metal patterning is performed first
(27) and an etch stop layer (29) on a substrate, and the window patterning
performed second. This            said etch stop layer (29) covering said
at least sequence is opposite to the conventional alignment          one
dielectric layer; sequences and produces a window which is self-   20
patterning said etch stop layer (29) and aligned to the metal.
said dielectric layer (27) to form trenches for Variations in the process
described are con-            metal, blanket depositing a metal conformally
templated. For example, to avoid the necessity of           in said
trenches, etching back said metal layer using a plurality of dielectric
layers, the depth of        to form  metal sidewalls (39) in oversized the
etches into a single dielectric layer may be   25      trenches and further
etching said first dielectric carefully controlled.
layer (27) or a second dielectric layer (23) A maskless window may be
formed by blanket              deposited between the substrate and said
first depositing a metal conformally after the first pat-
dielectric layer (27) to form self-aligned win- terning step. The metal is
then etched back so that         dows or vias. only metal sidewalls 39
remain in the nailheads in   30 the trenches where there are wider openings
while       3. A method as recited in claim 1 in which said at the narrower
runners 40 are sealed, i.e., filled, with     least one dielectric layer
comprises first (27), metal. This structure is depicted in FIG. 6. Nu-
second (23) and third (25) dielectric layers, merals identical to those
used in describing pre-           said first (27) and second layers (23)
having an vious figures represent identical elements. Tech-   35      etch
selectivity against said third layer (25). niques for appropriate
deposition and etchback will be readily apparent to those skilled in the
art. The    4. A method as recited in claim 3 in which said sidewalls and
the etch stop layer then act as a             first (27) and second (23)
layers comprise ox- mask as the windows are opened in the bottom
ides. 



dielectric layer. Metal is then deposited and, if  40 necessary, etched
back to leave a planar surface.       5. A method as recited in claim 4 in
which said Although there is a reduction of one mask level per
third layer (25) comprises a nitride. interconnection, self-aligned
nailheads are required in this embodiment.
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1. Verfahren zur Herstellung einer integrierten Halbleiterschaltung mit den
Schritten 1. A method of fabricating a semiconductor in-              des
Herstellens einer Metallisierung (37) an tegrated circuit including the
step of fabricating      der Schaltung, wobei der Schritt des Herstel- a
metallization (37) on said circuit, said step of . 5o  lens der
Metallisierung umfaft: fabricating said metallization comprising:
Abscheiden wenigstens einer ersten dielektri- depositing at least one first
dielectric layer      schen  Schicht (27) und  einer Atz-Stopp- (27) and an
etch stop layer (29) on a substrate,       Schicht (29) auf einem Substrat,
wobei die Atz- said etch stop layer (29) covering said at least
Stopp-Schicht (29) wenigstens eine dielektri- one dielectric layer;
55        sche Schicht bedeckt, patterning said etch stop layer (29) and
Strukturieren der Atz-Stopp-Schicht (29) und said dielectric layer (27) to
form trenches for         der dielektrischen Schicht (27), um Grdben fUr
metal, further etching at least a part of said          Metall auszubilden,
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8 ferner Atzen wenigstens eines Teils der Gra-     Revendications I
ben in der wenigstens einen dielektrischen Schicht (27) durch Strukturieren
eines Resists   1. Procedc  de fabrication d'un circuit integr6 a (35) auf
der Atz-Stopp-Schicht (29), um Ober-        semi-conducteur comprenant
I'etape de fabri- grol3e Fenster auszubilden, die zu dem Teil   5
cation d'une metallisation (37) sur lodit circuit, der Graben ausgerichtet
sind, und                    ladite etape de fabrication de ladite
m6tallisa- ferner Atzen der ersten dielektrischen Schicht       tion
comprenant: (27) oder einer zweiten dielektrischen Schicht           le
dep8t d'au moins une premiere couche ;            (23), die zwischen dem
Substrat und der er-          di6lectrique (27) et d'une couche d'arret de
sten dielektrischen Schicht (27) abgeschieden   70   gravure (29) sur un
substrat, ladite couche sind, wobei die Atz-Stopp-Schicht (29) das At-
d'arrdt de gravure (29) couvrant ladite au zen der darunter liegenden
Abschnitte der we-        moins une couche di6lectrique; nigstens einen
ersten dielektrischen Schicht             la formation d'un motif dans
ladite couche (27) verhindert.                                     d'arret
de gravure (29) et dans ladite couche 15      di6lectrique (27) pour former
desdites tran- 2. Verfahren zur Herstellung einer integrierten
chees destin6es a du m6tal, la gravure ulte- Halbleiterschaltung mit dem
Schritt                  rieure d'au moins une partie desdites tran- des
Herstellens einer Metallisierung (37) an         chees dans ladite au moins
une couche di6lec- der Schaltung, wobei der Schritt der Herstel-
trique (27) par formation d'un motif de r6serve lung der Metallisierung
umfaBt:             20       (35) sur ladite couche d'arrdt de gravure (29)
Abscheiden wenigstens einer ersten dielektri-        en vue de former des
fenktres surdimension- schen  Schicht (27) und einer Atz-Stopp-
nees en ligne avec ladite partie des tranchees Schicht (29) auf einem
Substrat, wobei die Atz-      et la gravure ult6rieure de ladite premiere
cou- Stopp-Schicht (29) die wenigstens eine dielek-       che di~lectrique
(27) ou d'une seconde couche :           trische Schicht bedeckt,
25       di6lectrique (23) d6pos6e entre le substrat et Strukturieren der
Atz-Stopp-Schicht (29) und         ladite premiere couche dielectrique
(27), ladite t                   der dieleketrischen Schicht (27), um
Graben           couche d' arret de gravure (29) emp~chant la fir Metall
auszubilden,                              gravure des parties sous-jacentes
de ladite au bedeckendes Abscheidens sines Metalls in mit         moins une
premiere couche di6lectrique (27). den Graben 1bereinstimmender Weise,
30 t                    RUck~tzen der Metallschicht, um Metallseiten-    2.
Proced6 de fabrication d'un circuit integr6 a wande (39) in ObergroSen
Graben auszubilden,         semi-conducteur comprenant I'etape de fabri-
und                                                  cation d'une
metallisation (37) sur ledit circuit, 



ferner Atzen der ersten dielektrischen Schicht       ladite etape de
fabrication de ladite m6tallisa- (27) oder einer zweiten dielektrischen
Schicht   35  tion comprenant: (23), die zwischen dem Substrat und der er-
le dep8t d'au moins une premibre couche :1                   sten
dielektrischen Schicht (27) abgeschieden        di6lectrique (27) et d'une
couche d'arret de ist, urn selbstausrichtende Fenster oder Durch-
gravure (29) sur un substrat, ladite couche gangsoffnungen zu bilden.
d'arrdt de gravure (29) couvrant ladite au 40      moins une couche
dielectrique; d                3. Verfahren nach Anspruch 1,
la formation d'un motif dans ladite couche in welchem die wenigstens eine
dielektrische         d'arret de gravure (29) et ladite couche di6lec-
Schicht eine erste (27), eine zweite (23) und       trique (27) pour former
des tranchees desti- eine dritte (25) dielektrische Schicht umfaBt,
n6es a du m6tal, le dep8t de recouvrement wobei die erste (27) und die
zweite Schicht   45     d'un metal 6pousant lesdites tranchees, la gra- .ni
(23) gegenflber der dritten Schicht (25) ein          vure en retrait de
ladite couche m6tallique selektives Atzverhalten aufweisen.
pour former des parois lat~rales m6talliques in
(39) dans des tranchees surdimensionnees et 4. Verfahren nach Anspruch 3,
la gravure ulterieure de ladite premibre couche in welchem die erste (27)
und zweite Schicht   50    dielectrique (27) ou d'une seconde couche die-
(23) Oxide enthalten.                               lectrique (23) deposee
entre le substrat et ladi. te premiere couche di6lectrique (27) pour for-
z-               5. Verfahren nach Anspruch 4,
mer des fen~tres ou des travers6es autoali- i-                  in welchem
die dritte Schicht (25) ein Nitrid         gn6es. enthalt.
55 id    -                                                               3
Proocde suivant la revendication 1, dans lequel Uir
ladite au moins une couche di6lectrique com- prend une premiere couche
dielectrique (27), 5~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f    9
EP 0 336 660 B1                     10 une deuxibme couche dielectrique
(23) et une troisibme couche dielectrique (25), lesdites
l premibre (27) et deuxibme couches (23) pr6-
c   L   M sentant une selectivit6 de gravure d I'gard de ladite troisibme
couche (25).               5 4. Procdd6 suivant la revendication 3, dans
lequel lesdites premiere (27) et deuxibme (23) cou- ches comprennent des
oxydes. 10 5. Proc6de suivant la revendication 4, dans lequel ladite
troisieme couche (25) comprend un ni- trure. 15 20 25 30 35 40 45 50 55 6


