
*159159* WO 01/09935 - 1 PCT/EP00/06314 Etching solution comprising
hydrofluoric acid VIII  ii aii iii *G00002* This invention relates to
etching solutions comprising  hydrofluoric acid and organic solvents for
use in the 5 process for the production of integrated circuits. The
etching solutions according to the invention are  particularly suitable for
the selective etching both  [sic] of doped silicate layers. 10 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, phosphorussilicate glass (PSG)
layers, boron-phosphorus-silicate 15 glass (BPSG) layers, oxide layers of
thermal oxide or  oxide layers deposited from tetraethyl orthosilicate
(TEOS). At various points of the semiconductor process, doped  20 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 



25 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, 30 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 35 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 imp  layers to be etched through. Since the etching medium in this
so-called over-etching time acts on the underlying thermal or TEOS oxide in
the areas with an originally thinner layer of doped glass, an etching 5
medium is necessary which etches the doped oxides at a much higher rate
than the undoped oxides. For etching in spin etcher operation, preference
is given here to mixtures of concentrated H2SO4 and 50o HF. 10 These
mixtures are already selective in respect of various layers and result
essentially in a uniform 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.  In particular, the object is
achieved by etching solutions comprising only an organic solvent selected
from the group consisting of ethylene glycol, propylene glycol, ethanol and
glycerol. 5 The invention also relates to etching solutions comprising, as
organic solvents a mixture consisting of 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.  These selectivities have been observed in the
case of etching in a spin etcher and during dip etching processes. 5
Organic solvents which can be used are ethylene glycol, propylene glycol,
ethanol, isopropanol, glycerol and mixtures thereof. The etching rates
which can be achieved using these solvents are dependent on the solvents
used and on the mixing ratio of the individual 10 organic solvents with one
another. The etching rate is  furthermore greatly affected by 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 behavior. . 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.  Table 1 No.Organic componentSelectivity (BSG to
therm. oxide) 



1Ethylene glycol97 2Glycerol124 3Ethylene glycol:glycerol = 1:1101
4Ethylene glycol:glycerol = 1:269 5Ethylene glycol:glycerol = 2:176  A
great advantage over the existing mixtures is the 5 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 10 with spin etch F as comparative solution. An undesired
hole which formed in the surface during etching is very clear in
photomicrograph 3. Corresponding holes are not found on use of the etching
15 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 20 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 25 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 30 etching with the mixtures in accordance with the  



present invention. All etching experiments were carried out using the same
parameters. In particular, the etching experiments carried out 5 showed
that an excessively high water content has an adverse effect on the
selectivity of the etching. Good results are accordingly achieved at a
water content of from 2 to 20~ by weight. Since the water content is
essentially determined by the addition of hydrofluoric 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 In 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 MixtureEtching rateThermal oxide BSG glass 70o
ethylene glycol + 15~3310 nm/min48 nm/min HF + 15~ H2O 78.6 ethylene glycol
+2507 nm/min14 nm/min 15~ HF + 6.4$ H2O  WO 01/09935 - 7 - PCT/EP00/06314
PATENT CLAIMS 



1. An etching solution comprising hydrofluoric acid, an organic solvent,
individually or as a mixture 5 selected from the group consisting of
ethylene glycol, propylene glycol, ethanol and glycerol, and water for the
production of integrated circuits.  2. The etching solution as claimed in
claim 1, 10 comprising 5 - 20o by weight of hydrofluoric acid. 3. The
etching solution as claimed in claim 1, comprising an organic solvent
selected from the group consisting of ethylene glycol, propylene glycol, 15
ethanol and glycerol. 4. The etching solution as claimed in claim 1,
comprising, as organic solvent, ethylene glycol and glycerol in a mixing
ratio of from 1:10 to 10:1. 20 5. The etching solution as claimed in claim
1, comprising, as organic solvent, ethylene glycol and glycerol in a mixing
ratio of from 1:5 to 5:1.  25 6. The etching solution as claimed in claims
1 to 5, comprising water in an amount of from 1 to 20$ by weight. 7. The
etching solution as claimed in claims 1 to 6, 30 comprising a mixture of
high-purity individual components. 8. Use of the etching solution as
claimed in claims 1 to 6 for the selective etching of doped silicate 35
layers. 


