>.8 JAN 2004 WD 01/ 09935 - 1 PCT/ EPOQ 06314 Et chi ng sol ution conpri sing
hydrofluoric acid This invention relates to etching solué)iggzE onpri sing
hydrof l uoric acid and organic solvents for use in the g 9

for the

production of integrated circuits. The etching solutions according to the

i nvention aW@ OpapBBaal arly suitabl e-fdr ~t he sel ecti veGat/BR0YY GEdtid

[ sic)

of doped silicate layers. 10 In the sem conductor industry, various types
of integrated circuit are produced by the deposition of various

dielectric |ayer gtcHigRe scAnmtidn f
(BSG | ayers, phosphorus- silicate g

) | ayers,

d&ﬁ&aémge,hymafﬁ basngi | i cate gl ass
l'ass ( PSG

bor on- phosphorus-silicate 15 glass (BPSG |ayers, oxide |ayers of thernal

: Oxhilg liaxRintidepasdiaded I 08 bebhaahdoRid e | beabei s(AECS) . At
various points of _the,sem conductor progess, doped 20 glass |ayers are

usual |y appPYeaofduarasp&Fig Ard| yeprRICTIRYY et uEa&El MPhotdntB8ped
gl ass (BSG pphcasst FermalhexbeacduPhPsSRhoFuSndeRed tHASEi &SR s OnTRe t her mal

oxi de or

oxi de or

bor on;: phosphor.us-.doped (BPSQ). gl ass on_.a thernal oxide. The
abovenentioﬂEﬁhE89er§9%£}¥9Qﬁ)té?c?ﬁAE%bliEB t FB8 TERYRFURR AREEr these
doped | ayerpahayeubeaedyapphiedshl & habrmushe heeYerbied agaitind) pbares by
etching. De endipg og th% Lgten ed %gggication, It may be necessary to
etch BSG 306°PS F P8 I§§ r§4 glé | Ery to give thermal or TECS oxi de.
Since the doped | ayers exhibit a surface topography,

10

15

20

25

30

35

In the semiconductor industry, various types of
integrated circuit are produced by the deposition of
various dielectric layers. These can be, for example,
deposited borosilicate glass (BSG) layers, phosphorus-
silicate glass (PSG) layers, boron-phosphorus-silicate
glass (BPSG) layers, oxide layers of thermal oxide or
oxide layers deposited from tetraethyl orthosilicate
{TEOS) .

At wvarious points of.the semiconductor process, doped
glass layers are usually 'applied to undoped glass
layers. These are usually boron-doped glass (BSG) on a
thermal oxide, phosphorus-doped glass (PSG) on a
thermal oxide or boron-phosphorus-doped (BPSG) glass on
a thermal oxide. The abovementioned layers can also be
applied to a TEOS oxide.

After these doped layers have been applied, they must
be removed again in places by etching. Depending on the
intended application, it may be necessary to etch BSG,
PSG or BPSG layers selectively to give thermal or TEOS
oxide.

Since the doped layers exhibit a surface topography,
due to the underlying structures, the layer thickness
to be removed is not the same in all areas of the
wafer. However, in order to remove sufficient material
in all areas to be etched, the etching time must be

selected to be sufficiently long for even the thickest
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quality of the etched layer.

However, our own experiments with various commercially
15 available etching media  have shown inadequate
selectivity during etching. It has also been found here
that although selective etching can be achieved with
other mixtures, the uniformity of the etching is,
however, inadequate for the processes.
20
The object of the present invention is therefore to
provide the semiconductor industry with etching
mixtures for the production of integrated circuits
which, while having a high etching rate, also have
25 significantly improved selectivity and result in
uniform etching.

The object is achieved by etching solutions comprising
hydrofluoric acid, an organic solvent, individually or

30 as a mixture selected from the group consisting of
ethylene glycol, propylene glycol, ethanol and
glycerol, and water for the production of integrated
circuits.

35 Hydrofluoric acid is preferably employed in an amount
of 5 - 20% by weight in the etching solutions according
to the invention.
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. ethylene glycol and glycerol in a mixing ratio of from

1:10 to 10:1.

10
Etching solutions which have proven good for the
purposes of the invention are those which comprise, as
organic solvent, ethylene glycol and glycerol in a
mixing ratio of from 1:5 to 5:1.

15

The object on which this invention is based is
furthermore achieved by etching solutions comprising
water in an amount of from 1 to 20% by weight.

20 For the purposes of the invention, the object of this
invention is achieved by etching solutions comprising a

mixture of high-purity individual components.

In particular, the invention also relates to the use of
25 the novel etching solutions described here for the

selective etching of doped silicate layers.

The mixtures developed here enable the selectivities
and uniformity of etching to be significantly improved

30 depending on the process for the deposition of the
individual layers.

It is advantageous that the etching rate achieved with
the solutions according to the invention for the

35 etching of PSG layers, BSG layers and BBSG layers is a
multiple higher (up to > 300) than for TEOS layers or
layers of thermal oxide.
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furthermore greatly affected Dby the amount of
hydrofluoric acid present in the solution and very

particularly by the amount of water present.

15 The hydrofluoric acid content in the mixtures tested as
successful is from 5 to 20% by weight of HF. Suitable
solvents are in particular pure ethylene glycol, pure
propylene glycol, pure ethanol or pure glycerol. In the
case of solvent mixtures, the mixtures of glycerol and

20 ethylene glycol in a ratio of from 1:10 to 10:1, in
particular, exhibited a very selective etching behav-
ior.

Especially in the dip etching process, the etching

25 solutions on which the invention is based exhibit
significantly more uniform etching than in the case of
commercially available etching solutions.

The following table shows some examples of the
30 selectivities achieved between BSG glass and thermal

oxide, achieved in the dip etching process.
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A great advantage over the existing mixtures is the
evenness of the surface after etching. This improved
uniformity has a positive effect on the etching process
since it . allows the over-etching times to be
significantly shortened. Pictures 1 to 3 show SEM
photomicrographs of a BSG layer etched by dip etching
with spin etch F as comparative solution. An undesired
hole which formed in the surface during etching is very
¢lear in photomicrograph 3.

Corresponding holes are not found on use of the etching

solutions according to the invention.

Experiments with the etching solutions according to
invention were carried out in a spin etcher as produced
and marketed by SEZ. The solutions can, however, also
be used on use of comparable apparatuses. The mode of
operation of a spin etcher of this type is explained
diagrammatically in Fig. 1.

Diagrams 1 - 6 show the wafer profile of BSG wafers
after the etching operation with two mixtures which are
the subject-matter of the application and with spin
etch F, a comparative solution. It is clearly evident
from these that the layer thickness after etching with
spin etch F is significantly less uniform than after
etching with the mixtures in accordance with the
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10 acid, the strongest possible hydrofluoric acid grades
are employed for the preparation of the etching
solutions. Instead of 50% hydrofluoric acid, 70%
hydrofluoric acid is therefore used.

15 1In order to illustrate the effect of the amount of
water present in the etching solution, Table 2 shows
how the etching rates, and thus also the selectivities,
change in the ethylene glycol/HF mixture at constant HF .

concentration, but at different water contents.

20
Table 2
Mixture Etching rate | Thermal oxide
BSG glass
70% ethylene glycol + 15% 3310 nm/min 48 nm/min
HF + 15% H,0
78.6% ethylene glycol + 2507 nm/min 14 nm/min
15% HF + 6.4% H;0




change in the ethylene glycol/HF m xture at constant HF concentration, but
at different water contents. 20 Table 2 M xtureEtching rateThermal oxide
BSG gl ass 70% et hyl ene gl ycol + 15%3310 run/mn48 run/mn HF + 15% H20
78. 6% et hyl ene gl ycol +2507 nmim nl4 run/mn 15% HF + 6. 4% H2O 7 PATENT
CLAIM5 2 B ,t..".1 2004 1. Etching solutions for the selective etching of
doped silicate layers, comprising 5 - 26% by wei ght of h§dr¥fidioric acid,
an organic solvent, individually or as a mxture selected fromthe group
consisting of ethylene glycol, propylene glycol and glycerol, and from1l
to 20% by weight of water. 2. Etching solutions according to Caima1,
conprising an organic solvent selected fromthe group consisting of
et hyl ene gl ycol, propylene glycol and glycerol. 3. Etching solutions
according to Caim1, conprising, @ATENTga&RAIMSol vent, ethylene glycol and
glycerol in a mxing ratio of from1:10 to 10:1. 4. Etching solutions
according to Claiml, conprising, as an organic solvent, ethylene glycol
and glycerol inamxing ratio of from1l:5 to 5:1. 5. Etching solutions
accordi ng tlo CE&FhLRY copputtomgy Lan xthee selacghveuretghingi Wwidugloped
conponent s.

silicate layers, comprising 5 - 20% by weight of

hydrofluoric acid, an organic solvent, individually or as
a mixture selected from the group consgisting of ethylene
glycol, propylene glycol and glycercl, and from 1 to 20%

by weight of water.

2. Etching solutionse according to Claim 1, comprising an
organic solvent selected from the group consisting of

ethylene glycol, propylene glycol and glycerol.

3. EBEtching solutions according to Claim 1, comprising, as
organic solvent, ethylene glycol and glycercl in a mixing

ratio of from 1:1C to 10:1.

4., Etching solutions according to Claim 1, comprising, as an
organic solvent, ethylene glycol and glycercl in a mixing

ratio of from 1:5 to 5:1.

5. Etching solutions according to Claim 1, comprising a

mixture of high-purity individual components.



