1 Inproved nethod for nmaking a pattern from Sidewall |mage Transfer
5Background of the invention The invention relates to a nethod for
producing a pattern nade froma first material. 10State of the art The
continuous i nprovenent of performances of integrated circuits, for exanple
in ternms of consunption and/or operatqing frequency, is ineluctably
resulting in a constant reduction of the size of its conponents and in an
15 increased density. In order to produce devices with ever-inproving
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have been ed. Reduction of the size of the transistor especially

| eads to difficulties in large- 20 density definition of the patterns of
smal | di nensions, but also to an increase of the constraints related to
alignnment of the different photolithographic |levels with respect to one
another. To formincreasingly dense patterns, the photolithography and
etching equi pment has to be continuously inproved. This grow ng increase in
t echol ogi Backarovnd ef thesinyensiesx ol i t hogr aphy 25equi pnent is no | onger
conpatible with current equipnment. An alternative path for devel opnent
consists in defining the wwdth and/or length of the required pattern by

deposi ti ndTlee iragkitiog reites tab. methddhics pragucing al patiernonadeffrarhea fist er al

di rensions of the pattern is not defined by
material.

10 State of the art

The continuous improvement of performances of integrated circuits, for
example in terms of consumption and/or operating frequency, is ineluctably
resulting in a constant reduction of the size of its components and in an
15 increased density. In order to produce devices with ever-improving
performances, new techniques for designing patterns of small dimensions

have been instigated.

Reduction of the size of the transistor especially leads to difficulties in large-
20 density definition of the patterns of small dimensions, but also to an increase
of the constraints related to alignment of the different photolithographic levels
with respect to one another. To form increasingly dense patterns, the
photolithography and etching equipment has to be continuously improved.
This growing increase in technological constraints on photolithography

25 equipment is no longer compatible with current equipment.

An alternative path for development consists in defining the width and/or
length of the required pattern by depositing a masking material. In this way,
at least one of the lateral dimensions of the pattern is not defined by
30 photolithography, but by means of deposition of a predefined thickness of

masking material.



30phot ol i t hography, but by neans of deposition of a predefined thickness of
masking material. 2 As illustrated in figure 1, a substrate 1 is covered
by a |ayer nade froma first nmaterial 2, itself covered by a covering |ayer
3. An etching nmask 4 is forned, by any suitable technique, on covering

| ayer 3. 5As illustrated in figure 2,2covering layer 3 is etched, for
exanpl e by plasma, through etching mask 4 to reproduce the latter in the
pattern of etching mask 4. The etching chem stry is chosen selective with
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order to elimnate a part of covering layer 3 W|thout danma |n(f:; first
mat eri al 2materiad @, ﬁgelﬁgovefedpbajtagcnemg yenBnnratshing mask 44s fasmed,

select|V|t with r ct, to first results in particular in 15
degr adati o 8PVFH$§®E$§?WH9U%WM%V§ §%}5‘% ‘ole es and a reduction of the
thi ckness of first material, which is detrinmental to satisfactory
acconpl i shnent of the subsequent step The etching chem stry is
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pattern of rrng ter I'a ned romt terno I ng mask 4.
25As |IIus4rat ed in figure 3, once covering Iayer 3 has been patterned,
first etching mask 4 is elimnated.
The etching chemistry is chosen selective with respect to the etching mask
10 and with respect to first material 2 in order to eliminate a part of covering
layer 3 without damaging first material 2 or modifying the pattern of etching

mask 4.

A loss of selectivity with respect to first material 2 results in particular in
15 degradation of the physical-chemical properties and a reduction of the
thickness of first material, which is detrimental to satisfactory

accomplishment of the subsequent steps.

The etching chemistry is chosen as anisotropic as possible in order to
20 reproduce the pattern of etching mask 4 faithfully in covering layer 3.

This etching step forms a pattern of covering material 3 defined from the
pattern of etching mask 4.

25 As illustrated in figure 3, once covering layer 3 has been patterned, first

etching mask 4 is eliminated.

As illustrated in figure 4, a masking material 5 is deposited and then etched
so as to form one or more lateral spacers. Masking material 5 is deposited in
30 conformal manner and is anisotropically etched so as to localize it on the

side walls of the pattern of covering material 3.



As illustrated in figure 4, a masking material 5 is deposited and then
etched so as to formone or nore |lateral spacers. Masking material 5 is
deposited in 30conformal manner and is anisotropically etched so as to
localize it on the side walls of the pattern of covering material 3. 3 The
t hi ckness of deposited material defings one of the dinensions of the
pattern of masking material 5. This dinension is reduced in the plasm
etching step. In this way, the photolithography step defines the position

of the pat{ gﬁicﬁﬂ%é Bf é{eﬁggﬁéd %t’éFiEPg@finéé%n%aéfefr@ dimREGss @efthaes at

| east one of 5the Tater I mensi ons of these patterns. There again,
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and selective with respect tq firs terial and. t o .coverin terial 3.
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mask 6. 15As illustrated in figure 6, second etching nmask 6, obtained by

t he & dewdtheilategal dimensions af daess pafternss covered by a second covering
material 7. Athird etching mask 8 is formed on second covering material 7.
As illustrated in figure 7, second covering material 7 is etched by neans

of 20t hi r dTieérehagginmetdhiy VR haskaRs aitegdichiuzgsmskemistndtifatristhigyeri al 2
are reache::glr'\isotropic; and selective with respect to first material 2 and to covering
material 3.
10
As illustrated in figure 5, once the lateral spacers have been formed,
covering material 3 is eliminated and the spacers form a second etching

mask 6.

15 As illustrated in figure 6, second etching mask 6, obtained by the sidewal
image transfer technique, is covered by a second covering material 7. A third

etching mask 8 is formed on second covering material 7.

As illustrated in figure 7, second covering material 7 is etched by means of
20 third etching mask 8 until second etching mask 6 and first material 2 are

reached.

First material 2 is then etched by means of second etching mask 6 (the
spacers made from masking material 5) and of third etching mask 8 as

25 illustrated in figure 8 to form a pattern of first material. The design of the
pattern of first material 2 corresponds to the combination of the designs of
second etching mask 6 and of third etching mask 8.

This implementation method is very difficult to use as it is associated with a
30 large number of technological constraints which are spread over the different

steps of the method.



First material 2 is then etched by neans of second etching nmask 6 (the
spacers made from masking material 5) and of third etching mask 8 as 25
illustrated in figure 8 to forma pattern of first material. The design of
the pattern of first material 2 corresponds to the conbination of the
designs of second etching mask 6 and gf third etching mask 8. Thi s

I npl ementation nethod is very difficult to use as it is associated with a
30l arge nunber of technol ogical constraints which are spread over the

di fferent ?bf&i dHthbhRvERtiBRd- 4 bject of the invention It is
observed thal there is a need to provide a method for producing a pattern
partially defined by sidewall inage transfer that is sinpler to 5inpl enent.

This requirenent ten to,be satisfied, b ) 0 L onpri ses
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mat erial coyesAd pavtialyf defihed Obgt SiBewall Msdge Aramsfer ithgt lieysimplerd ta second
etching mask, the covéring layer having a nmain area covered by the second
et chilg neis¥lementn uncovered secondary area, partially etching the
secondary area of the covering |layer by means of the second etching mask so
as to forma salient pattern in the covering layer, 15- depositing and

et ching a Thiskireguireshenti andxo tasbé ostisfied diyernmarspatea smetmdcdvhibe sal i ent

pattern deg:(i)nqipﬁgesa thtehgoflgwﬁmtgcshtieg : mesk,
- providing a substrate provided with a layer of first material covered by a first
10 etching mask, a covering layer and a second etching mask, the covering
layer having a main area covered by the second etching mask and an
uncovered secondary area,
- partially etching the secondary area of the covering layer by means of the
second etching mask so as to form a salient pattern in the covering layer,
15 - depositing and etching a masking material so as to form lateral spacers
around the salient pattern defining a third etching mask,
- eliminating the second etching mask,
- etching the covering layer by means of the third etching mask so as to form
a salient pattern in the covering layer and uncover the first etching mask and
20 the first material,
- etching the layer of first material by means of the covering layer and of the

first etching mask to form the pattern of first material.

25 Brief description of the drawings

Other advantages and features will become more clearly apparent from the

following description of particular embodiments of the invention given for

non-restrictive example purposes only and represented in the appended
30 drawings, in which:



elimnating the second etching nmask, etching the covering | ayer by
nmeans of the third etching nask so as to forma salient pattern in the
covering layer and uncover the first etching nask and 20the first material,
etching the |ayer of first material by nmeans of the covering |ayer and of
the first etching mask to formthe pagtern of first material. 25Brief
description of the drawi ngs O her advantages and features wll|l becone nore
clearly apparent fromthe foll ow ng description of particular enbodinents

of the i nV-e”?igerésgi ¥$B schbnifitaeriprésdnt\s® %@m §te§isrdmm@$er@éﬂmti@md

represented in the appended 30driawi ngs, in i ch: figures 1 to 8
schenmat i cal | pf adipstonetitods ircerossisestignalpievsf i npl enmentation of a first

met hod, in cr.oss-segtignal . vie fi.gures 0 S J cal epkesent
successi Ve slﬂgﬂgesof §i ntgﬂ erjrgnt%ﬁ N at%%"i s%@é%sc?}’?ret%g,ggl'{r’l&cr%%%{ sg)it i onal
view, 5- figihplehteriation't hsatbid RANES nicsostiseadtionahaieiwe enbodi ment with
relation to figure 12, in cross-sectional view figure 18 schematjcally

repr dsent s afigitss s1%esehesmalically everiesemst Rar adefnatiye: arebeimeat nwith |
relation to figure 12, in cross-sectional view,

- figure 18 schematically represents a cross-sectional view of another

alternative embodiment.

10
Description of preferred embodiments of the invention

As illustrated in figure 9, a substrate 1 comprises a support which is covered
by a layer of first material 2. The layer of first material 2 is covered by a first

15 etching mask 4 and covering layer 3.

The support is for example a substrate made from semiconductor material
with active components covered by one or more protective layers. The
support can also be formed by an electrically conducting or electrically
20 insulating material at the surface of which patterns are to be formed. In
advantageous manner, the main surface of the support is formed by one or
more layers of electrically insulating material. The main surface of the

support is covered by the layer of first material 2.

25 First material 2 can be electrically insulating or electrically conducting. In
advantageous manner, if the substrate is of semiconductor type with
insulating layers on its main surface, the first material is electrically
conducting, for example made from TiN, BN, TaN, AIN with a thickness
advantageously comprised between 10 and 50 nm.

30
First etching mask 4 is formed on the layer of first material 2. First etching
mask 4 defines a main area A and a secondary area B on first material 2.



10 Description of preferred enbodi nents of the invention As illustrated
in figure 9, a substrate 1 conprises a support which is covered by a | ayer
of first material 2. The layer of first material 2 is covered by a first
15etching mask 4 and covering |layer 3. The support is for exanple a
substrate nade from sem conductor matgrial with active conponents covered
by one or nore protective |layers. The support can also be forned by an

el ectrically conducting or electrically 20 insulating material at the
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and 50 nm 6 Main area Ais directly covered by first etching nask 4
and secondary area B is directly covered by covering |ayer 3. The design of
etching mask 4 can be of any formand is defined according to the required
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2 and covep BOsthaN &f the AttBRI TharR8t Etching mask can be formed in another
10 material so long as the nature of its constituents is compatible with its
position between first material 2 and covering layer 3.

In advantageous manner, covering layer 3 represents antireflection
properties to facilitate subsequent formation of a second etching mask 6. For
15 example purposes, covering material 3 is a carbonaceous material deposited
by chemical vapour deposition or by spin-coating. For example, the material
used is represented by the formula CxHy which results in a more or less

hydrogenated carbon material.

20 As illustrated in figure 10, a second etching mask 6 is formed on covering
layer 3. Second etching mask 6 also defines a main area C and a secondary
area D on covering layer 3. Main area C is covered by second etching mask
6 and secondary area D is uncovered, and is therefore left free. The design
of second etching mask 6 can be of any form and is defined according to the

25 required patterns, with respect to the design of first etching mask 4. First 4
and second 6 etching masks are covered by covering layer 3.

Second etching mask 6 is for example a photoresist or a material of different
nature. In certain embodiments, second etching mask 6 is made from silicon
30 oxide, silicon nitride, a stack of the latter or another material. When second

etching mask 6 is not a resin, it is advantageous to define its shape by



First etching mask 4 is for exanple a silicon oxide, a silicon nitride, a
m xture or a stack of the latter. The first etching mask can be fornmed in
anot her 10material so long as the nature of its constituents is conpatible
with its position between first nmaterial 2 and covering layer 3. In

advant ageous nmanner, covering |layer 3yrepresents antireflection properties
to facilitate subsequent formation of a second etching mask 6. For 15
exanpl e purposes, covering material 3 is a carbonaceous naterial deposited
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10 uncovered secondary area D, covering layer 3 has been partially eliminated

and this corresponds to a thin area of layer 3.

The design of second etching mask 6 has been reproduced in covering layer
3 through second etching mask 6 and the contour of the design is formed by
15 side walls which are vertical or substantially vertical and which connect the
thin area to the thick area. Etching of covering layer 3 being performed only
on a part of the thickness of the covering material, the height of the side wall

is smaller than the thickness of covering layer 3.

20 Covering layer 3 is therefore patterned so as to form areas with different
thicknesses which results in the presence of salient patterns in the layer of

covering material on a continuous film of covering material 3.

In advantageous manner, first material 2 and first etching mask 4 are

25 completely covered by covering layer 3.

In advantageous manner, etching is performed by plasma imposing the
etching time or controlling the etching thickness by in-situ reflectometry.

30 As illustrated in figure 12, a masking material 5 is then deposited conformally
or as conformally as possible on the assembly and covers covering layer 3

and second etching mask 6. In a conformal deposition, the thickness



7 means of a photolithography step followed by an etching step. Second
etching mask 6 is also called hard mask. As illustrated in figure 11
covering material 3 is etched, by any suitable 5 techni que, by neans of
second etching mask 6. Etching of covering layer 3 is partial. The part of
covering material 3 left free is partgally etched so as to forma salient
pattern in covering layer 3. This partial etching is represented by areas
of different thicknesses. In main area C, covered by second etching mask 6,
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of covering material 3. I n advant ageous manner, first nmaterial 2
and first ®ateiadd- mask 4 are 25conpl etely covered by covering layer 3. In
advant ageous manner, etching is perfornmed by plasm inposing the etching
time or controlling the etching thickness by in-situ reflectonetry. 30As
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confornal I<¥overing material 3 and spacers made from masking material 5 at the
surface. The spacers made from masking material 5 form a third etching

mask 8. The design of third etching mask 8 is partly defined by the design of

second etching mask 6 which imposes the position of the lateral spacers.

15 The design of third etching mask 8 is also defined from the thickness of
masking material 5 deposited and from the etched thickness to define the

lateral spacers.

As illustrated in figure 14, covering layer 3 is etched by means of a third
20 etching mask 8 so as to form a salient pattern in covering layer 3. In the
uncovered areas, i.e. the areas not covered by third etching mask 8, etching
is total so as to reach first material 2 or first etching mask 4. Covering
material 3 is eliminated under the areas initially covered by second etching
mask 6 and in second area D at the places not covered by the lateral

25 spacers.

The patterns of covering material 3 are formed in the thin area, and their
thickness was defined when partial etching of covering material 3 was
performed. The patterns of covering material 3 reproduce the design of third

30 etching mask 8.



or as conformally as possible on the assenbly and covers covering |layer 3
and second etching mask 6. In a conformal deposition, the thickness 8
deposited on the vertical walls is identical to the thickness deposited on
the horizontal walls. Once nmasking material 5 has been deposited, the
latter is etched by any suitable techgi que, preferably with an ani sotropic
pl asma etching to fornlthe | ateral spacers or sidewall spacers (also

called 5 "sidewall"). Etching enables nasking material 5 to be localized on
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14, cover i eevdrimgaayésr gﬁe@tl@l@éﬁgbts/ofrmanatecél spacbis.d 20 etching mask 8 so as
to forma salient pattern in covering layer 3. In the uncovered areas, i.e.
the areas not covered by third etching nask 8, etching is total so as to
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deposition that is conformal or as conformal as possible to be obtained. In
similar manner, this flexibility in the height of the lateral spacers enables
15 more efficient etching methods to be obtained. Performing partial etching of
covering material 3 enables additional degrees of freedom to be obtained in
fabricating the lateral spacers with the required shape. The thickness of
covering material 3 can thus be chosen independently to minimize reflectivity

when lithography is formed.

20
Performing partial etching of covering layer 3 leaves first material 2 and first
etching mask 4 covered by covering layer 3 forming a free flat surface. This
also prevents formation of parasite patterns in third etching mask 8. An
identical result is obtained by completely etching of covering layer 3 above
25 first etching mask 4 and ensuring that the free surface of first etching mask 4

and of adjacent covering layer 3 form a flat surface in the uncovered areas.

As first etching mask 4 is covered by covering material 3, there is no parasite
step between first etching mask 4 and first material 2. Parasite lateral
30 spacers are therefore not formed at the level of this step.



30etching mask 8. 9 This enbodinent is particularly advantageous as it
offers a greater flexibility in definition of third etching mask 8. A
deposition is never perfectly conformal and an etching is never perfectly
anisotropic. This results, in the prior art, in the shape of the |ateral
spacers being limted by the technol ggical 5 possibilities of the equi pnent
or by the m ninmumthickness constraints inposed by other technol ogi cal
steps. In the prior art, the thickness of the covering |layer gives the
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formati on of parasite patte€rns in third etching nmask® 8. An identical result
i S ottt ai necbrsfraintngs étielejchexd n tvep stepsovbeifitgt pasiial ehingesables thirdst

etching mask, 4 and ensur,ing t the free, surface of firstetchi mask 4
and of ~adj 28R ind®) 8%53*@%0@;%%%&**& besf repliaition’; IR o

ar eas. chipleité etcHiig BhBBIRBRRK frhal fadRUBIRAuEyd ¢avetehing firet afat@dial 3, there
is no parasite step between first etching nmask 4 and first nmaterial 2.

Par asi t e | atebeldediosgacers are therefore not forned at the level of this
step. 10 Partial etching of covering material 3 enables the surface

I nequal ities present before deposition of the covering material to be -
smoojfed, Faithexnasrel ahewrfiretetchimkmack 408 mrobatediirecdmamtibnal manheyer of

first material 2 and the surface maskwork between first material 2 and
first etchi®gPyrdstechnique other than transfer of lateral spacers, patterns having a
large width can be obtained. It is then easy to align second etching mask 6
with respect to the first etching mask. In the prior art, first etching mask 4 is
obtained with the sidewall image transfer technique which imposes patterns
20 of small size which makes alignment of the subsequent photolithographic
levels difficult. Furthermore, the second etching mask which defines the most
critical dimensions is made on an important topography, which requires the
use of flattening material. This large topography induces disparities of
reflectivity for the lithography which are detrimental to obtaining the required
25 resolution. This topography also induces local temperature differences,
according to the density of the underlying patterns, which modify the final
dimensions of the patterns. Furthermore, the patterns transferred into second
covering material 7 (figure 7) have a high aspect ratio (ratio between width
and height) which results in problems of strength for these patterns.
30
Unlike the method described, first etching mask 4 which defines the most

critical dimensions is made on a surface without topography and presents a



5 The thickness of covering layer 3 is chosen so as to |limt the effect of
the bottom | ayers and patterns in the definition step of second etching
mask 6. It is then possible to use a covering layer 3 that is thick enough
to mask the effect of the bottomlayers. The thickness of covering |ayer 3
is no longer a 10 constraint as it isqetched in two steps. The first

partial etching enables third etching mask 7 to be defined under the best
conditions. The second conplete etching enables the final nask to be used
for et chi NgnbiidrsthilHeRs! Har? the denfigl 2R fobed” bpetrPsRiewtieinage St
etching mask 4 is pro uceéiln conventional manner, i.e. by a techni que

ot her t hantramsfesfeshnigfuel Jiher effect pd disstsstchiagtraasks 4herv datinition &f gecandit h can
be obtainqu It is tBen eas%mfo &Iign second etching mask 6 with respect to
the first SCRMOTPAFEENS s ©RUCSHi or art, first etching mask 4 is obtai ned
with the sidewall image transfer technique which inposes patterns 20 of
smal | size which nmakes alignnment of the subsequent photolithognaphic | evel s
di f fiscul t . Asillustraterbinefigureel & dirsthetcbinghnagk feand e pattersr foragdtindhempst

critical dj i.0 i j r ' LeR: pres the
use of fla‘?qr{'%ﬁ?\ﬁg@ggt i?'ﬁldae f‘?ﬂnﬁt@%tgﬁgg ’%‘%g‘%g‘;&@gﬁagi n ucgﬁh tl%giogf ﬁﬁtes of
reflectiviinatdrial 2t Mael dé@b&ﬂ’wmmim@tcam etk icorespondotmbddition g t he
required 25 resolution. This topagraphy also indgce.s | ocal ure

te rat
di fferencehe sebdrafieas ob firek edehig: hask #nandnakrnys n%tcgg‘tgté'? . Shi ch
modi fy theniy [ Sj of pat t:gg N t icBat /I ns
transferre ff{eﬁ oc%ecggﬁdbgg\ﬁ/éfieggmﬁgt gfritg% éo%é]‘%wgu?@ét%éﬁg\eﬁlsﬁsg%ﬁaspect
ratifo (ratisotrbpicvenemponetttfordhd theinghg stethreducesdhetsiza of {heopattarss of
strength for th?seaﬁa’tern 30,. 11 snmaller thickness than the etching mask
formed by TRECSIRR Ia|e§trf?3@r?§9i§§f’8?a'fechni que. The effect of first
etching mask 4 on definition of second etching mask 6 is thus reduced. 5As
illustrated in figure 15, first etching mask 4 and the pattern formed in
t he coveriAg illusjrated br figuref tuthée patter ebfirstisiateialchisi formeddhroyghdheni ng

first mategial 2, ,The desiagn of. th th. etchi S rpe to
addi tion oéou'?tﬁeeg%‘l'q% n&?%a%ngf {r}eir?@[ré %Lﬂ%ghfgsgtgﬁmgn@ao%% ?’h?"r?%qgéchi ng
maskqd$. Dbéﬁmrm@@vgaﬁg &xdtétialid. etching of the covering material conprises
an 10i sotropi c conponent or if a trimmng step reduces the size of the

patterns or makes the small est patterns di sappear.
In an alternative embodiment illustrated in figure 17, second etching mask 6

is eliminated before masking material 5 is deposited and before the lateral
spacers are formed. The height of the lateral spacers is defined from the
20 depth of sinking in covering material 3 which leaves the same margins of
operation as in the previous embodiment. This variant is particularly
advantageous as it only requires etching selectivity between the material of
second etching mask 6 and covering material 3, which relaxes the

constraints in the choice of materials.

25
If second etching mask 6 is eliminated after lateral spacers have been
formed, etching selectivity must be ensured not only between the material of
second etching mask 6 and covering material 3, but also between the
material of second etching mask 6 and masking material 5.

30

The lateral spacers forming third etching mask 8 are formed in the same
manner as before and third etching mask 8 is used as before to etch



As illustrated in figure 16, the pattern of first material 2 is forned
through the fourth etching mask and therefore through first etching nask 4
and the 15pattern of covering material 3. In an alternative enbodi nent
illustrated in figure 17, second etching mask 6 is elimnated before
masking material 5 is deposited and Refore the | ateral spacers are forned.
The height of the lateral spacers is defined fromthe 20 depth of sinking
in covering naterial 3 which | eaves the sane margins of operation as in the

previ ous erhag rlgthTHéVfE\%PEtrb&uF@féI'dEHh@éNtM tREvinsteateaus figard t only
requires etchin CtIVI etween the material of second etching mask 6

and cpven‘rﬁ;oﬁﬂnemrewbuSeanChmnenél axes the constraints in the choice of
materials. 25 If second etching mask 6 is elimnated after lateral spacers
have been forned, etching selectivity nmust be ensured not only between the

material qh ﬁﬁ@@ﬁ%r@r%t@ﬁn@&ﬁkccﬁ/eam eRYSE Tl E isTplegfonakd 3py tmearw sf) bet ween
the material of second etchi ng mask and nmaski ntqt mat eri al

coversi ng raelestivel etghingref qavesingsnatesialid avithsrespes Cbﬁ]'rdt%tch'ﬁ'é"tmﬁﬁlf @st rat ed

i:gv]:air ?ﬁger@?gfte&qthr}?g ﬁga%éeék)?%}@ggfe@ﬁv%x ellﬁ}lﬁ%bsel ! | ecgtg Eoggmgé

coveri ng RbRITiad!3. 1Ma(skﬁri‘g1 heftegal 5 io ther seleetivdly regmnm:thdSMtﬁl'msmeoemhi ng
mask 8 is then selective

y elimnated with respect to coveri terial 3.
Maski ng megQveriag mmatesial Adh fewn e 1arerd) SBPWFnEF@ﬁY'\/\?QVW”PSS'BEEE’?% 'Roveri ng
material 340 t\%rf”e{ ﬁ\ﬁw{t@@ it 8 18- mgélﬂﬁ#l%ate?i%\’%r {dgeprBHEES Ahe 3 1S
sel ectively |mna respect to nmasking material 5 to reproduce the
10demi gn otﬂeﬁlg\m sf this thdrdeg¢tchinggmasisB. 8. This particul ar enbodi nent is
extrenely advant ageous as each etching step
This particular embodiment is extremely advantageous as each etching step
is performed with a small number of materials. At the surface of the
substrate, only the material to be eliminated and the material to be kept are
15 present. There is no material to be eliminated in the presence of two
materials to be kept, as is the case in the prior art,. This results in greater
freedom of choice in the methods that can be used to perform etching and/or

in the most robust etching methods.

20 In advantageous manner, in the thin area and the thick area of covering layer
3, first etching mask 4 is covered by covering material 3. Complete covering
of first etching mask 4 by the covering material enables the number of
materials visible in the etching step to be limited thereby facilitating

development and tuning of an etching chemistry.

25
In a preferred embodiment, first etching mask 4 is obtained directly by means
of a photolithography step followed by an etching step. The design of first
etching mask 4 comes directly from the design of a photoresist mask. This
direct definition from the design defined by photolithography enables areas of
30 different sizes to be formed easily, advantageously areas having

considerably larger dimensions than those defined in third etching mask 8 by
the spacers. In this embodiment, an alignment pattern of large size, for



Is performed wwth a small nunber of materials. At the surface of the
substrate, only the material to be elimnated and the material to be kept
are 15 present. There is no material to be elimnated in the presence of
two materials to be kept, as is the case in the prior art,. This results in
greater freedom of choice in the nethhgds that can be used to perform
etching and/or in the nost robust etching nmethods. 20l n advant ageous
manner, in the thin area and the thick area of covering layer 3, first

et chi ng ”Be%!%n‘fplb:itqgé(ﬁ@?%]vmfnlER)\fﬁr ié%rmtd%lfﬁét étchﬁ@rmlaerea crweeralrgw of
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et chi ng mask 4 comes |rectl% fromthe design of a photoresist mask. This
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13 exanple at |least a few nicrons, |sfor first etc k. 4. This
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In the prio e photo grap |c e are reversed, the etching
maskib obt andiedabworermabaalignimentenéthbdrtalbesydaived. bei ng f ormed before the
et ching mask obtai ned by photolithography. This arrangenment of the

| i thography steps neans that a nore difficult alignnent has to be perforned

by neans Oésaér? Wi dlti’étﬁb%&'%%g{dréﬂ@f fiRALSENIAG mbsﬁmﬁhé feirngdghons.
Thi s met ho therefaore enabl es a ter alignnment of

phot ol .thomramnonaWeneeu&dbsnamwdl/l@prcancmWIthdb@éﬂyewqf@rﬁféﬁ@t%l@{%od to be
T L T R e Ry G
firs{g mat enh@dddional covering layer (not shown) can be used to reduce the influence

of substrate 1 when additional etching mask 10 is formed. The additional

covering layer and the additional masking layer 9 are etched and masking

layer 9 forms first etching mask 4. Additional etching mask 10 and the

additional covering layer are eliminated to only leave first etching mask 4 at

20 the surface.

In other embodiments, first etching mask 4 can be obtained indirectly from
the design of the photolithography level used, for example using transfer by

lateral spacers.

25
It is also possible to produce additional etching masks by transfer of lateral
spacers after covering material 3 has been etched by means of third etching
mask 8. The method is then identical to the one described above considering
that what is present on first material 2 is first etching mask 4.

30

When second etching mask 6 is formed by photolithography on covering

material 3, this imposes certain constraints, in particular in the choice of



covered by an additional masking |layer 9 and an additional etching nmask 10.
15 An additional covering |layer (not shown) can be used to reduce the

i nfluence of substrate 1 when additional etching nask 10 is fornmed. The
additional covering |ayer and the additional masking |ayer 9 are etched and
masking layer 9 forns first etching mgsk 4. Additional etching mask 10 and
the additional covering layer are elimnated to only |eave first etching
mask 4 at 20the surface. In other enbodinents, first etching mask 4 can be
obt ai ned '&Weri‘ﬁ?tw tEfigmat %ﬂddﬁ?'tﬁe 9§at§|€etrﬁ8@¥é%|s' tmrcib?éwt beupksaised, for
exanpl e usin ans? er by lateral spacers. 25 It is also'possible to
produce ada:brtstmras |$3ta:faq1@ataetbk$hmoltthwfspby step byareduging frecioblemns er
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to facili tl@ngetdf%cﬁeégb@mlatmmé aAgo itk edrjusnef usable thickkessrdiobied in t he
f oregoi ng, covering |l ayer al so has to enable ng&fl nition of the |ateral
spacers, mnaﬁthpsimtsJSﬂm@omfaﬂaEymthéb%@gpw PFRIY®rial s and/or the ranges
of usabl e thickness to obtain a nethod that is in conformty wth the

i nposed profile. 10Etching of covering material 3 over a part of its

t hi cdoness Eta:hiﬂga:ef tdoweeing anaterial 1& sveo abpadtofl imdhickeess ehbbleselhgged. The

photolltho r step.is rf rne ver a certain,t ess, of_.covering
material 3 ”ISRT%nch %Pﬁe@g ¢3SIcH '@ﬂy J61axed -‘Iqea@hPP(?'ﬁ?%gr?RQy step 'is

phot ol i t hog mecfb%r a-@é?tdl@Yﬁ&krﬁgssc@ﬁ/é‘é\}émugnﬁh&irlaﬂ“3 Jhis tHibletesstished to
forma thick area and a thin area and ference of thickness is
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di mensional ratio Lnitd p I t rger
choi ce of W&Eeef Eflail” égﬁbeac%"&@% %Peforﬁhé @ﬁ(ﬁ{ %&%ﬁt nglglat @R@bgglaﬁgna@éﬂé%f or mal
depofg ti ongifieidrePaf thivkrisedisCadertl td Yadilatd ldekinitibhi dfythenlatdral epacers of a
di fference of thickness between the thin area and the thick area. 20
with the chosen dimensional ratio. Definition of the spacers is facilitated as a
larger choice of materials is accessible, the difficulties to obtain a conformal
deposition being partly eradicated by the flexibility in the choice of a
difference of thickness between the thin area and the thick area.

20



15 d ains 1. A nethod for producing a pattern made froma first
material (2) 5Scharacterized in that it conprises the follow ng steps:
providing a substrate (1) provided with a layer of first material (2)
covered by a first etching nask (4), a covering layer (3) and a second
etching mask (6), the covering |ayer 463) having a main area (C) covered by
the second etching mask (6) and an uncovered secondary area (D), 10-
partially etching the secondary area (D) of the covering layer (3) by neans
of the secepgmet ching mask (6) so as to forma salient pattern in the
covering layer (3), - formng and etching a masking material (5) so as to
formlateral spacers around the salient pattern defining a third etching
mask (8), 15- elimnating the second etching mask (6), etching the
covering layer (3) by nmeans of the third etching nask (8) so as to forma

sal i ent paj t e NpjdihddNerof O¥RIduRmhg 2 Ylattefl Madet FrownCoVRrst tratdrial s@) et chi ng
mask (4) and the first material (2) etching the layer of first

mat ers al  (Charbetenizadén Htat itreorepriassi thg folaMeRg G8BPSind 200f the first etching

mask (4) to_fo h £ . ' | h

mot hod mocoPige & st 1 ERERIAR L A aver Bt PR Blldtiel () soered ™Y

et chi ng nmegK a(ffrst efmig ﬁ%%kt(h?f, 4 eblemig myer ¢ppand e secand dichingt inaskubst rat e
(1) provided with the Tayer o [

maski ng | afer theopoxerintaiaysd disi ihglr"liril%t @Pfg%ﬁ\zé?‘%?agé; P;g%/%%egy t%r\‘/e asrécgg 't onal

etching mask (6) and an uncovered secondary area (D),

10 - partially etching the secondary area (D) of the covering layer (3) by means
of the second etching mask (6) so as to form a salient pattern in the covering
layer (3),
- forming and etching a masking material (5) so as to form lateral spacers
around the salient pattern defining a third etching mask (8),

15 - eliminating the second etching mask (6),
- etching the covering layer (3) by means of the third etching mask (8) so as
to form a salient pattern in the covering layer (3) and to uncover the first
etching mask (4) and the first material (2),
- etching the layer of first material (2) by means of the covering layer (3) and

20 of the first etching mask (4) to form the pattern made from the first material

).

2. The method according to claim 1, characterized in that formation of the
first etching mask (4) comprises the following steps:
25 - providing the substrate (1) provided with the layer of first material (2)
covered by an additional masking layer (9) and an additional etching
mask (10),
- etching the additional masking layer (9) to form the first etching mask (4),
- eliminating the additional etching mask (10).
30



etching the additional masking layer (9) to formthe first etching mask
(4), elimnating the additional etching mask (10). 16 3. The net hod
according to one of clainms 1 and 2, characterized in that the second
etching mask (6) is elimnated before the | ateral spacers are fornmed around
the salient pattern defining a thirdqgtching mask (8).

3. The method according to one of claims 1 and 2, characterized in that the
second etching mask (6) is eliminated before the lateral spacers are formed

around the salient pattern defining a third etching mask (8).



