Met hod \for the production of a spacer |ayer SGICleanQ.-LF"‘Z.

structure . Descri ption £THINAS COPy
present invention reldtes to a nethod for the 5 production of a spacer

| ayer in a structure. Spacer | ayers, so-called spacers, have
acquired great inportance in sem<cqgnductor technol ogy. _

Spacers are produced, for_exanple, in Struc- ture, for _exanple a -
hole or a trench, irmetheq f%"b‘?‘?ﬁ@'ﬂfﬁn {©F A NOACeT lmysr _

i nsul ati on of hol es, passages or ina a stemchuse to deposit so-called seed

| ayers or to incor- porate diffusion barriers. _ Silicon
dioxide (SiJerr]) is typically used as the material for the

production of an insul ating spacer. Be#exiRtiOR A conventional nethod for
t he production of an :

The present invention relates to a method for the
5 production of a spacer layer in a strugture.
Spacer layci.-s, so-called spacers, have acquired
great importance in semiconductor technolegy.
Spacers are prbduced. for example, in a struc-
ture, for example .a hols or a trench, in order to bring
10 about lateral elactrieal insulation of holes, passages or
| trenches, to depeosit so-called sesd layers or to incor-
porate diffusion barriers.
Silicon dioxide (5i0,) ie typically used -as the
material for the production of an'insulating spacer.
5 A conventional method for the production of an
810, spacer is described below with reference tao Fig. 1.
Fig. 1 illustzates a structure 100, which in this
case may be a trench, for example, prior to the deposmi-
. tion of the material forming the spacer. In the example
20 shown in PFig. la, the structurs 100 is formad in a
multilayer structure comprising a first layer 102 and a
second layer 104. :
- The f£irgt layer 102 is typically a silicen
substrate with transistors (front end), and the sacond
- 25 layer 104 is used for the interconnection (metallization)
of the transistoras (back end), the sacond layer beaing
composed of Si0, into which metal tracks are embedded.
After the formation of the structure 100, 810, is
'depoa:!.had, thereby forming an 8i0, layer 106 on the
30 surface of the layer 104, on the side wallg of the
structure 100 and on the bottom of the structure 100, a=s
is shown in Fig. 1lb. '
The spacer is co'nploccd by carrying out aniso-
tropic plasma etching, by means of which the bottom 108
35 of the structure 100 is exposed, as can be seen in Fig.
ie. ' I
At the same time, the 8i0, layer 106 above the



Siq.er;] spacer in described belowwith reference to Fig. 1.

Fig. 1 illustrates a strycture 100, which in this cas a
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produdiinighcths adtriictive| hdepodicinly |herndtariadv Exiche
which the smpacer is to be produced, and the step of
exposing the bottam of the stzructura by an etching
process, the different etaking rates on the surface of
tha wafer and con the bottaom of the structure beconing
increasingly problematic in the oontext of present-day
structures which are becoming aver deesper.

Reference is made to tha fact that the abova-
described conventional method from the prior art is not
sultable solely for rsmoving an 8i0, layer from a bottem
108 of a structure 100, rather $i0, layers ara generally
removed £rom horizontal regions ia this way.

Taking the prior art described abaove as a start-
ing point, the presant inveation is based on the object
of providing a wimplified method for the production of a
spacer layer in a structure. :

This object is achieved by means of a method
aceording te Claim 1.

The present invention provides a method for the
production of a spacer layer in a structure having the
following steps:

- anisotropic dry etching of a layer to be structured,
in order to produce tha structure;
- cleaning etching residues from the structure; and

- deposition of gilicon dioxide with an ozrganic =mili-
con pracursgor and ozone at a pressure of p =« 0.2 -
1 bar and a temperature of 200°C to 400°C.

The presant invention is based on the insight
that the anisotropic dry etching for producing the
structure brings about the occurrence of instances of
damage, modification and/or coantamination or implantation
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-2- . | ayer 104 and a small part of the |layer 104 are renoved by the

pl asma etching, since the, etching rate on the surface of the wafer is
greater than on the bottom of the structure, as can | i kewi se be gat hered
fromFig. 1c. It is evident frog the above description of the

method known fromthe prior art, that 5 this known nethod for the
producti on of rgﬁggﬂ |a,a;aarnetum eC anatraetuzecOolbei darstion sfquence
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required to coaclude the known method acknowledged abave

_ is consequently dispensed with.

15 According to a preferred exexplary embodiment of
the presant invention, the wet-chemical cleaning is
typically carried out by means of a 1-3% strength
hydrofluoric acid (HPF). : _

Accozrding to & further preferred exemplary

20 smbodiment of the present invention, the deposition of
the =silicon precursors takes place by means of an O,
TEOS8-CVD procens.

Further preferred refinements of the inventien
are defined in the subclaims. . :
as Preferred axemplary embodiments of the praunt
invention are described in more detail below with refer-
ence to the appended drawings, in which:
Fig. 1 shows an illustration of the steps necessary for
producing a spacer according to a method of the
ae prior art; and
Fig. 2 shows an illustration of the steps necessary for
producing the spacer according to the method of
the presant invention.
The wmethod according to the invention is

3s described in more detail below with reference to Fig. 2.

Anisotropic dry etching of a layer 200 to be
structured is carried out in a first step, in order to
produce the structure 202.

This first step yields a structure such as the



- . ani sotropic dry etching of a layer to be structured, in order to

produce the structure, 20 so that a bottom of the structure is
pretreated differently fromsidewalls of the structure and
nodi fications of the bottom of the struct4ure are produced, such that
deposition does not happen on the bott dmf the structure; -

cl eani ng et chi th‘glmg“_or{ht PegSt gycture; and - deposi tion of
silicon dioxi with an organi c si F ssure

I con precursor g—ﬁ h
25 of p= 0.2 - mr-mwknwaé&?@-&rtzeﬁ[ 8o[

The present i Wl@ﬂxﬁ%@dxﬁna!m treagit ot hethdlw aimc;oxchmmdiry
etching for rir o%q (r}g# t*uﬁt 4h8. brings about the occurrence of
| ca

i nstances of and/ or cont ari nati on or
i npl em_gnte&ion The layar 200 is a substrate gor a ""ﬁPFmaqu‘i/ on
the bottom of ggeasdgitefit ure. The duration of a follow ng wet etchi ng step

means of 135 otr ARnereRsn SPr AT Pud £p0E Slils WS adydl ady O
short enough fesr bac ssructureds deen; W%thﬁ!@ur‘@ ke paroduced o £Xe® &ut not
for the modifigaidi 106zl rithis! LE Gan 2aldd beebemba o0 € paAluraroved.
Sui tabl e pr oceissi’ %O tlrayle:s, as has already been described with raefer-

enca to Fig. 1.

It is also possible tc use wafers which have -
already been ready processed.

The selection of the type of the layer 200 to be

15 structured depends directly on the intended applicatiecn
and consequently differs in different semiconductor
production technologies.

In the exemplary embodiment described here, the
anisotropic dry etching is performed by means of aniso-

20 tropic plasma etching.

The anisotropic plasma etching process by which
the structure 202 is produced, on the side walls 204 of
which the spacer is to be produced, brings about, on
account of the .anisotropy of the plasma etching

25 processes, the occurrence of instances of damage,
modification and/or contamination or implantation
primarily on the bottom 206 of the structure 202. The
rasult of this is that already, during the production of
the structure, tha bottom 20§ of the structure 202 is

30 pratreated differantly from the side walls 204.

This different preér-;mn: congtitutes a first
essential feature of the method according to the present
invention. Referance is made ¢to the fact that this
different pretreatment can alsc be effectad by other

35 anisotropic dry etching processaes. :

The contamination and etching residues that arise
must be remcved after the Qt:hi.ng' process. This can be
dona, for example, by a wet-chaeamical cleaning step or an -
isotropic plasma cleaning step.



dur i?ng*the subsequent confornmal deposition of the |ayer formng the
spacer has the effect that deposition on the 10 bottom of the structure

does not happen, with<the result that only the desired |ateral spacer
I's produced by the deposition process.- An additional etching step such
as .is required to conclude the known net hod acknow edged above in
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tha spacer. .

On account of the process comtrol, dJdescribed
above with reference ta Pig. 2a, during the production of
the structurs 202, the conformal deposition has the

15 aeffect that deposition does not happen on the bottem 206
of the structure 202. As a result, only the spacer 208 is
produced by the deposition, as can be sean in Fig. 2b.

Lateral electrical insulation is realized, for
example, by this spacer. i

20 According to a preferred exemplary embodiment,
the 510, deposition isg carried cut by means of a wmo-
called TEOS process using TEOS (TEOS = tetraethyl orthe-
s8ilicate) as siliconm precursor. '

Yot again in accordance with a further preferred

as exemplary embodiment of the present invention, the
abovenentioned TEQS process is carried ocut by means of an
0,-TEOS~CVD process. The process parameters requizred for
this proceas are as followa:

Distance between the wafer and gas spray: $-25 mm

3o (A device for carrying out the Q,-TE0S-CVD process
ia known per se by those skilled in the art, so that
the abovementioned distance betwsen the wafer and

the gas spray does not have to be explained in more
detail.) |

3s (Oxygen+ozone) £flow: 1000 - 10,000 sccm



The nethod according to the invention is 35 described in nore detail bel ow

with reference to Fig. 2. Ani sotropic dry etching of a | ayer
200 to be structured is carried out in a first step, in order to
produce the structure 202. . ghis first step yields a structure
such as the -4- one illustrated
in Fig. 2a (TROS+HEBL G Urtawe 202 i || o at agoion st 2a, for
exanple in the formof a trench or a hole, includes side wal I s 204 and
a bottom 206. 5 The |l ayer 200 is a substrate or a wafer, for
exanpl e. : Proﬁbfetmo#iqsman dehthe fact that the layer 200

to be structured dgﬁgg ;ggf oduced & 1.0 | | ayer
rather it can al so ?%rmad roma pl ural - 10§- i?;?agf blya?e.?'g{h%as has

al ready been described with refer- ence to Fig. 1.

Tha 0,-TEQS-CVD process is a so-called SACVD
5 process (SACVD =« subatmospheric chemical vapour deposi-
tion). '
Reference is made to the fact that, ia addition
to the trenches or holes described above, it is also
possible to use other structures ia the case of whiah it
10 is dasired to keep a bottom region of these structuras
frae, whereas spacers or oxide spacers are to be formed

on side walls.



It-is al so possi bI € to use wafers which have al ready been ready
processed. ~The-selection of the type of the I§

structured de on the intended application
consequent | y nm HmHm lmnﬂ ferent senjconductor .
technol ogies. * he exenpl ary enbodi ment descri beo
ani sotropic dry etchl ng IS performeﬂ.j*mﬂql ani so- 20 tropic. pI asnma
et chi ng. The ani sotropic plasma etching process by which

the structure 202 is produced, on the side walls 204 of whi ch the
spacer is to bl produdieched i ¥ae %Womﬂiﬂn ofcaosnacer iareznisorropy
Sf the plasna g&ﬁmmﬁ cﬂéf@% t&iﬁ%l'l%%ﬁgl @eepeist ances  of
anage, nmodi ficatjon and/or, contanjnatign or an

primarily on the b ailf sf‘?‘?%ﬂﬂ 202‘ +ﬁ f@éﬁl %fP®his is
that alreafly, duri rqpt:huzpuﬂiudt: omdef to producs the: sterctureh 620Ny 206 of

the structure 202 i &a‘qd:‘# fiﬁ% Nebun' QA bESuskiLe9208) 204
This different - pret‘?leat -constitut e's a | rst essenti al W?eat)uge of
the nmethod accor di P20 the pr esent i nvention. Reference is nmade to

the fact that this dupoafiiaﬁwaxnaﬂmmauueaﬁﬁnaa.ceﬂtnlan orgehiecatliby
ot her 35 ani sot rop c dr etc [o) con nation
and etching resi due Q%Pgnpé nf?s% rF MRS, {I% %t%aflnng

process. I®is can bk ha: md. a !:cnpa:aturc a£ 200°C to 400°c.

2. Method according to Claim 1, characterized in
that the layer (200) te be structured is a wafer.
3. Method accozding to Claim 1 or 2, characterized

in that, ia the ocleaning step, etching residues are
15 removed from the sids walls of the structure and modifi-
cations of the bottom of the structure (202) are aot
- removad.
4. Method according to one of Claima 1 to 3, charac-
terized in that the layer (200) to be produced is a
20 treach or a hole. '
5. Method according to one of Claims 1 to 4, charac-
terized in that the deposition step includes a depacsition
process with organic precursors.. -
6. Method according to Claim 5, chazacterized in
25 that the deposition process is carried out by maans of an
0;-TEQCS-CVD process, the 0,~TE0S-CVD process having the
following process parameters:

Diastance batween tha wafex

and gas spzay «-5 - 25 mm
30 (Oxygen+ozona) flow = 1000 - 10,000 scem
(TEOS+helium) flow N = 100 ~ 3000 scem
Proportion of ozcne in the
oxygen/ozone mixture = 5 - 20 & by weight
This Sheet Has Be
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done, for exanple, by a wet-chem cal cleaning step or an | sotropic

pl asrma cl eani ng step. ' - In a next step, silicon
dioxide (Siderr]) is deposited with an organic silicon precursor and
ozone, at a pressure of p =0.2 - 1 bar and a tenperature of 200[err]C
- 400[err]C, on the layer 200 to be structyred and in the 5 regi ons of
the structure 202. Organic silicon precursors are known per as by those
skilled in the-art and desig- nate materials which formsilicon

precur sors. Thi s deposition of organic silicon precursors

with the process paraneters specifiegpgbove constitutes 10 sui tabl e
process control for the conformal deppsition of t he spacer.

On account of the proces above with reference to
Fig. 2a, during the prodg ure 202, the conform
deposition has the 15 es not happen on the
bott om 206




of thé structure 202. As a result, only the spacer 208 is. produced by

t'he deposition, as can be seen in Fig. 2b. : Lateral electrical
insulation is realized, for exanple, by this spacer. 20
~According to a preferred exenpl ary enbodi nent, the SiJerr] deposition
is carried out by neans of a [err] cal l ed TECS process using TECS
(TECS = tetraethyl ortho- silicate? an silicon precursor

Yet again in accordance with a further preferred 25 exenpl ary enbodi nent
of the present invention, the abovenenti oned TECS process is
carried out by neans of an J err]-TECS- CVD process. The process
paranmeters required for this process are as follows:

D stance between the wafer and gas spray: 5-25 mm 30 : (A device
for carrying out the C{err]-TECS—SX process is known per se by
those skilled in the art, so that t he abovenenti oned di stance

bet ween t he wafer and 204 th gai aﬁray does not have to be expl ai ned
in nore detail.) é? \ Q ? ygen+ozone) fl ow 1000 -

10, 000 sccm

a
206 200

)




(ﬁECSiheliun) flow 100 - 3000 sccm Proportion of ozone

inthe oxygen/,ozone m xture: 5 - 20 % by wei ght

The Jerr]-TECS-CVD process is a-so-called SACVD 5 process (SACVD =

subat nospheri c chem cal vapour deposi - -tion) Ref erence is
made to the fact that, in addition -to the trenches or hol es descri bed
above, it in also possi bl e to usejpighggost ructures in the case of which
it 10 is desired to keep a bottomregion of these structures free,
wher eas spacers or oxide spacers are to be forned on side walls.

Mathod for the production of a spacer layer
in a structure

In a method for the produstion of a spacar layer
in a structure, in a firgt step a structure is produced
by anlsotropic dry etching, and in a further step an
oxide layer is deposited with an organic silicon precur-
80T at a pressure of p =« 0.2 - 1 bar and a temperature of
200°C to 400°C. |



-7-5 CLAI M5: | Aﬁ _ A mart hod for the production of a spacer |ayer
on sidewal | s of r\l\c»(-ia char acterized by the followng steps: 5 -
ani sotropic dry ptEhing of a Iayer to be structured, in order to produce
the struocture, 2 5 Jugogvgat: a bottom of the structure is _pretreated
differently fronls|dewalls of tge st r¥eRstitte ABeaou 2 Hvi b8 of
the bottom of thp ! pr

oduced, such that deposi tion

does not happen pn the bottom of tlhe stRucture; - cl eani ng etching
residues fromthe structure; and 10 - deposition of silicon di oxi de
with an organic silicon precursor and ozone at a pressure p=

0.2 - 1 bar &aydr 304 ambasmall part of tieoldyerrl0f @re renanyed by rtheplasma etching, smce the
met hod accor%gﬂgtr& ) e Thrkice PR 3G iL 38het thah 38 el dttohBiGhe bfuchife, as can

structured i §
likewise be gathered from Fig. lc.

It is evident from the above description of the method known from the prior art, that
5 this known method for the producﬁon of a spacer in a structure encompasses a complicated
+ sequence of steps, comprising the steps of producing the structure, depositing the material
from which the spacer is to be produced, and the step of exposing the bottom of the structure
by an etching process, the different etching rates on the surface of the wafer and on the
bottom of the structure becoming increasingly problematic in the context of present-day
10 structures which are becoming ever deeper.
 Reference is made to the fact that the above described conventional method from the
prior art is not suitable solely for removing an SiO, layer from a bottom 108 of a structure
100, rather SiO, layers are generally removed from horizontal regions in this way.
Taking the prior art described above as a starting point, the present invention is based
15 on the object of providing a simplified miethod for the production of a spacer layer in a
structure. | '
The present invention provides a method for the production of a spacer layer on
sidewalls of a structure, characterized by the following steps:
- anisotropic dry etching of a layer to be structured, in order to produce the structure,
20 so that a bottom of the structure is pretreated differently from sidewalls of the
structure and modifications of the bottom of the structure are produced, such that
deposition does not happen on the bottom of the structure;
- cleaning etching residues from the structure; and
- deposition of silicon dioxide with an organic silicon precursor and ozone at a pressure
25 of p= 0.2 - 1 bar and a temperature of 200°C to 400°C.-
The present invention is based on the insight that the anisotropic dry etching for
producing the structure brings about the occurrence of instances of damage, modification

and/or contamination or implementation



wafer. 15 3. A et hod arrnr ding to claim1 or claim2, characterized

In that, 1n the etching residues are renove romtne
inthat, in th REFIACEMENT n‘Fo h d d f h

side wal |l s of therst+uettre—an di fications of the bottom of the

structureé are npt A net hod ordln to a e of
claing’1 to 3, char%émﬁga hat the struct 'cBe Eédﬁﬂ\édqaﬁa

trench or a hol &. h t hod accordl_ng_t_qm_aJ_m_AL,_c;haLacterl zed
in that the depgpsition process i s| carriZed out by nmeans of an

d err] - TECS- CVDL-p+oees5+—t-he—63—FECS- CVD pr ocelimuﬁmmll ﬂﬂ " Iovm ng_ 25
process paraneters: D stance between the 5 -
25 mMm (OGIdMS®zone) fl ow =*10 0 - 10,000

sccm (TECS +helium flow = 100 - 3000 sccm

30 Proportion of ozone in the oxygen/ozone mixture =5 - 20 % by wei ght
1. A method for the production of a spacer layer on sidewalls of a structure,

— D

characterized by the following steps:

5 - anisotropic dry etching of a layer to be structured, in order to produce the structure,
so that a bottom of the structure is pretreated differently from sidewalls of the
structure and modifications of the bottom of the structure are produced, such that
deposition does not happen on the bottom of the structure; -

- cleaning etching residues from the structure; and
10 - deposition of silicon dioxide with an organic silicon precursoi' and ozone at a pressure
of p= 0.2 - 1 bar and a temperature of 200°C to 400°C.

2. A method according to claim 1, characterized in that the layer to be structured is a
wafer.

15 .
3. A method according to claim 1 or claim 2, characterized in that, in the cleaning step,
etching residues are removed from the side walls of the structure and modifications of the
bottom of the structure are not removed.

20 4. A method according to any one of claims 1 to 3, characterized in that the structure to
be produced is a trench or a hole.

5. A method according to claim 4, characterized in that the deposition process is carried
out by means of an O,-TEOS-CVD process, the O,-TEOS-CVD process having the following
25 process parameters:

Distance between the wafer and gas spray = 5-25 mm
(Oxygen+ozone) flow | - = 1000 - 10,000 sccm
(TEOS +helium) flow = 100 - 3000 sccm

30 Proportion of ozone in the oxygen/ozone mixture = 5-20 % by weight



