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.15 lapping or polishing the wafers. Wet-chemical removal of
further silicon layers then results in almost complete
removal of the damage and in the deliberate production of
defined surface paraﬁeters, such as microroughness and
reflectivity. The object of the etching is to obtain a

20 wafer surface which is as plane-parallel and defect-free
as pessible and has a low microroughness and high
reflectivity. If the etching process is performed in an
acidic medium,  nitric acid is frequently used as
oxidizing agent and hydrofluoric acid as dissolviﬁg

25 agent, optionally in conjunction with a surfactant. Such
a process is described, for example, in US-5,451,267.

. If said acids are used, it has to be borne in
mind that the disposal of them as waste must be
environmentally compatible and therefore generates

.30 substantial costs. The object was therefore to seek waYs
of being able to reduce the acid consumption without at
the same time having to accept an impairment of the
etching result. '

The object is achieved by a process for etching

35 semlconductor wafers with an etching mixture which is
obtained by mixing nitric acid and hydrofluoric acid and
optionally a surfactant and to which either further
hydrofluoric acid or further hydrofluoric acid and nitric
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costs associated with the etching decrease although the
expenditure on safety increases as a function of the acid
coﬁcentration. _ '

The term bath life is to be understood as meaning
the time interval during which the etching mixture can be |
used to etch semiconductor wafers. This is the case for
as long as the microroughness and the reflectivity of the
etched semiconductor wafers are in a desired tolerance
range and the contamination of the etching mixture with
metals, particles and hexafluorosilicic acid does not
exceed a predetermined value.

A lengthening of the bath life is possible, in
particular, if nitric acid having a concentration of 73
to 98% by weight and hydrofluoric acid having a
concentration of > 60 to 95% by weight are used to
prepare the etching mixture.

In addition, it has emerged that the wvalues for

microroughness and reflectivity depend in the case of the

etched semiconductor wafers on the concentration of the
nitric acid used to prepare the etching mixture. They are
all the more favorable, the more concentrated the nitric
acid used is. Nevertheless, even if an etching mixture is
used which contains nitric acid which is of relatively
low concentration within the scope of the range specified
above, semiconductor wafers 'having adequate roughness
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equal to those for whose achievement by usual processes
a material removal is necessary which is one third
higher. Similarly good results in relation to the
lengthening of the bath 1life, but not in relation to
saving silicon, are obtained with an etching mixture
which is obtained by mixing nitric acid having a
concentration of 70% by weight and hydrofluoric acid
having a concentration of 85% by weight.

- To improve the etching further, it is proposed to
add either further hydrofluoric acid or further nitric
acid and hydrofluoric acid to the etching mixture. The

‘further acid added preferably has the same concentration

30

35

as the corresponding acid which has been used to prepare
the etching mixture.

The nitric acid and hydrofluoric acid used in the
etching mixture may be diluted by the further addition
and by water formed during the etching. It is therefore
particularly preferable to counteract this dilution.
effect in that further hydrofluoric acid or further
hydrofluoric acid and nitric acid is/are added and the
further acid added is 5 to 10% more concentrated than the
corresponding acid which has been used to prepare the
etching mixture. The concentrations of the acids for the
etching mixture must, of course, be chosen in this case
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between 0.15 pum and 0.13 um are measured for the

15 microroughness Ra. In the case of etching processes in
accordance with the prior art, on the other hand, the
semiconductor wafers have reflectivity values of only 15
to 20% and microroughnesses of 0.17 um to 0.25 um with
the same etching removal but lower acid concentrations.

20 Two comparison examples in which silicon wafers
were treated with an etching mixture in accordance with
the prior art are contrasted below with an example of the
treatment, according to the invention, of semiconductor
wafers.

25 Thé' reflectivity of the etched surfaces was
determined with a reflectometer, a polished silicon wafer
having a reflectivity of 100% serving as reference. The
microroughness Ra was measured ﬁsing a perthometer
(0.8 um. filter, 4.8 um measurement path). The

30 measurements were made at each of three points over the
isohypse of the wafer,.the measured value being the mean
value from five wafers. _

| Five semiconductor wafers were subjected in each
case to three different etching processes. In these

35 processes, the material removed by etching, the
concentration of the nitric acid and the hydrofluoric
acid were varied; the amount of surfactant added and also
all the other processing parameters (temperature, time

i
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Table 1: Reflectivity and microroughness on varyving the
20 etching process ' '

Comparison | Comparison | Example 3
Example 1 | Example 2

Concentration of HNO, for 70 _ 70 80
preparing the etching
mixture [% by wt]

Concentration of HF for 50 50 - 70
preparing the etching
mixture [% by wt]

Material removed by etching 30 - 20 20

z [pm]

Reflectivity [%] 38 - 18 37
'Microroughness Ra [um] 0.14 - 0.16 0.14
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. . r . 0 A 0
TEtE TR ey Qe e
50 0

result of the lower acid consumption.

Table 2 shows eight examples (Bl to B8) of the
treatment, according to the invention, of semiconductor
wafers with different acid concentrations. An etching

15 process in accordance with the prior art, in which nitric
acid having a concentration of 70% by weight and
hydrofluoric acid having a concentration of 50% by weight
were mixed to prepare an etching mixture, served as
comparison example (V).

20 . The further -addition was carried out in
accordance with the stoichiometric consumption of acids
and the_amount lost when lifting the semiconductor wafers
out of the etching bath.

~
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conmpari son exanple (V). ' The further addition vwE:rms%mgchAS BEEN

out” in 20 accordance with the stoichionetric consunption of ds RepLAGEDH

thé amount | ost 8BeP7LPf{Png Ehe seni condecBor wafers out o —_—
et chi ng bath. -7- [err] - 8-

As becones clear from Table 1 and Table 2, Iengt hened bath |ives and

i nproved surface propertf@s ecqmm&magd fyom STakle arlcoasdy Tablenmmnt
of materi al I eaRYEReR¥d e Rk 1 HRks PEnAC Ninghesh el t BulR§cR" %%sed.ﬁ:ies

according to the_invention
Pat ent d ai ns accompanied by a simultaneously low amount of material

removed by etching can be achieved with the process
5 according to the invention.
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1. A process for etching sem conductor wafers with a ﬁﬂg@ﬁg‘[ HAS BEEN
m xture which is obtained by mxing nitric acid and hydrcfl..uorhgmg‘g‘c_g. .
and optionally &BEflact . Eiand to which e@ither further hydrofluori-e—aetd
or further hydrof luoric acid and nitric acid is/are added, wherein

nitric acid having a concentration of [err] 70% by weight and o
hydr of | uori c aciRgtent iladmsoncentrati on of > 50% by wei ght, or nitric

aci d having a concentraty Q. 9% b : | 0 L.c.acid
havi ng a concerﬂ(’.)'Lr ation odf%&jeczsr r%%o%%%lﬁéﬂﬁi%%gﬁgégﬁ %%g‘rg'%%a}f’é%bhe
etching nixturean etching mixtpreceduichs’ i aphbainsdcityt mixingendteric

nitri 1(3| aci d dlﬁ)dd | N"gnd ﬁyafsﬂﬁtai-ifUae&dz_%gfdgoo%%é%%%/ 5 QQL ?a&gfﬁﬁ?"&re
hydr of | uori ¢. aci ving.a,concentration o 0 IS5 | _
uged to pr e%ar e 3’1‘#;%& é”ﬂ‘ﬁ‘l’&‘ ﬁ’f@?’ﬁr‘e%ur‘:?‘ei hYdr"f-ﬁrémﬁl’-Gcé@éda?rclf&FﬁfBGri n
claimi1 or 2, whydgiafluorifouradiet mrm&mimmiﬂsparéygaagg,gwﬁé%h&norl c
acid and ni ts31:G.sacid. 4 dde t her adde S .
t he sanme concenHletlth:llg a%é-n. dtsﬁg cggrgs%%ﬁgﬁépg%{'## %ﬁﬁc%_%?eﬂggﬁﬁ}g
prepare the etchvidrofluarie acidghavingThe gopbcentrationaiefdsi r6Q% abm 1

or 2. wherein weilght!,ner AYEEatl HOLECKAGIAy X dHLAIAIrIMILRIJAIAr Hheapl
and nitric %cidls re ad edsndi)hefurther %mq added ~ " is 5 to 10%
more concertr at &% ant Rydrethiemt agagdfd S 10Ghi & hCHRSEREEAL LR ppEpar e
the etching m xtus®% by weight alecupedcesspiepalai fhé éﬁcﬁﬂﬁgoﬁiﬁEakgﬁ 1

it g :E:Idi ti o},\m'?(r)ejtzpieaf ﬁ?[ ?]I'Zi'reng%gcgg%ngfs éfaeir%& hiri‘%lrgixng lir,ewhserein £$€Li‘86d
acid having a concentration of 73 to 98% by weight and
hydrofluoric acid having a concentration of > 60 to 95%
15 by weight are used to prepare the etching mixture.
3. The process as claimed in claim 1 or 2, wherein
further hydrofluoric acid or further hydrofluoric acid
and nitric acid is/are added and the further acid added
has the same concentration as the corresponding acid
20 which was used to_prepare the etching mixture. _
4. The process as claimed in claim 1 or 2, wherein
further hydrofluoric acid or further hydrofluoric acid
and nitric acid is/are added and the further acid added
is 5 to 10% more concentrated than the corresponding acid
25 which was used to prepare the etching mixture.
5. - The process as claimed in any of claims 1 to 4,
wherein a. certain volume of the etching mixture is
replaced in addition to the further addition.
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