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whi ch the cgdmlowingastepsactive conponent is on the surface of specifically
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The catal ys‘?°§%‘b%??§ are coated wth the catalytically active conponent by
~conventional nethods (see below). Mnolithic 35 supports are usuall yl &cﬂ@ﬂéﬂﬂz
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impurities. This also applies to inert gases which may be used as
diluting gases, e.g. nitrogen. Processes for the purification of
these gases are the conventional processes known to those skilled
in the art as described, for example, in US-A-5,558,844,
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range from about 2 to 25% by weight. If desired, these solutions

may be further concentrated as described below.

Depending on the desired field of application of the agqueous

45 hydrogen peroxide solution, the preparation may be followed, if
desired, by at least one purification step to remove any
inorganic impurities remaining in the aqueous hydrogen peroxide
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hydr ogen peevxpdiatioayi §enerdllghuh@ér dred pressure. The vapor obtained
contains water and hydrogen peroxide and also volatile inorganic
compounds, if present. These include, for example, hydrogen
35 halides which may be used for stabilization purposes in the
preparation of hydrogen peroxide solutions. Any inorganic
compounds which are nonvolatile under the process conditions are
retained in the bottoms. The resulting vapor is subjected to a
partial condensation to give, on the one hand, a condensate
40 having a higher hydrogen peroxide concentration and, on the
other, a vapor having a lower concentration. The condensation
temperature is generally selected such that a 10 to 35% strength
by weight solution of hydrogen peroxide is obtained. Partial
condensation processes for the workup of hydrogen peroxide which
45 contains remaining organic impurities, for example originating
from the anthraquinone process, are known. They are described,
for example, in EP-A-0 727 388, which is incorporated herein by
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into a rectlflcatlon column. Said rectification column generally
has 30 trays or less, preferably 10 trays or less. The bottoms
product contains the concentrated hydrogen peroxide solution,
whereas the water which has been removed and which preferably has
a hydrogen peroxide concentration of less than 1% by weight is
withdrawn at the top of the column. The rectification is
generally carried out at from about 20 to 100 mbar. Processes for
the workup of hydrogen peroxide by evaporation and subsequent
rectification were known to date for the removal of organic
impurities, for example from the anthraquinone process. Suitable
processes are described, for example, in EP-A-0 529 722 and
US-A-3,152,052. Surprisingly, it has now been found that these
processes are also suitable for the removal of inorganic
impurities. The processes described above are incorporated herein
by reference.

25

30

35

40 When hydrogen peroxide solutions obtained by the abovementioned
process variants contain more than 100 ppm of hydrogen halides
(BX), ion exchange processes to remove these inorganic impurities
are generally costly because of the necessary regeneration of the
ion exchanger.

45

Surprisingly, it has now been found that hydrogen halides can be
removed from a water/hydrogen peroxide vapor by washing with an
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In the preparation of digital memory modules, such as 4M DRAMs,

or other electronic components, such as MOS capacitors, p-n
diodes, etc., the properties of the component may be adversely
affected by microparticles of 100 nm or less or by contamination

35 with organics and metal ions. The microparticles or organic
impurities are deposited on the semiconductor substrate and may
cause, for example, pattern defects during lithography or an
abnormal thickness of the oxide film during oxygen diffusion, or
else generally lead to large variations in diffusion. The effect

40 ©f organic impurities on the removal of metallic compounds is
particularly serious. Small amounts of cations may remain on the
substrate due to the organic impurities from the hydrogen
peroxide and thus reduce the recombination lifetime of the
semiconductor.

45

If, however, these electronic component substrates are treated
with inventive highly pure hydrogen peroxide containing 100 ppb
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291.6 1/h of oxygen and 32.4 1/h of hydrogen (gases referring to
standard temperature and pressure) was then introduced at the

15

bottom of the reactor. The product/gas mixture was continuously

discharged at the top of the reactor. At 22°C and 1500 rpm, the
conversion based on hydrogen was 15.4% and the selectivity based
on hydrogen was 73%. The concentration of the resulting hydrogen
peroxide solution was 8.9% by weight and the space-time yield,

20

based on the cylindrical volume enclosed by the catalyst

monolith, was 60 g of hydrogen peroxide 1-lh-l. The hydrogen

peroxide effluent contained less than 10 ppb of toc.

25 Example 3

The hydrogen peroxide solution obtained in Example 2 (62 g/h) was
subjected to a continuous evaporation in a very clean falling
film evaporator made of polytetrafluoroethylene (diameter: 30 mm,
30 length: 1000 mm) and with liguid recirculation (100 kg/h).
Virtually complete evaporation was achieved at an evaporator
temperature of 80°C and 100 mbar. A concentrated solution mainly
consisting of sulfuric acid, phosphoric acid, hydrogen peroxide,
water and metal ions remained in the evaporator bottoms and was
35 continuously withdrawn. The vapor consisting of water, hydrogen
peroxide and hydrogen bromide was washed with diluted highly pure
aqueous sodium hydroxide (pH 8) and then subjected to a partial
condensation at 33 to 36°C in a very clean condenser lined with
polytetrafluoroethylene. 26.6 g/h of a 20.5% strength by weight

40 hydrogen peroxide solution were obtained as condensate.

This

hydrogen peroxide solution was analyzed for its organics and
inorganics content. The remaining vapor was subjected to a total
condensation at 5°C. Analysis results are listed in Table 1.
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placed on top of each other and rolled up to give a cylindrical
monolith 5 cm high and 5 cm in external diameter. The ends of the

net were fixed by some weld points.

15

The monolith was degreased by treating with ultrapure acetone and
subsequent rinsing with ultrapure water and then dried. The

20 monolith was then treated in a solution of concentrated highly
pure hydrochloric acid at 60°C for 2 h, then removed from the acid
bath and rinsed several times with ultrapure water to remove
residual acid. The dried monelith was placed in 350 ml of
ultrapure water. A mixture of 8.35 g of a PdCl; solution (1% by

25 weight of Pd) and 0.83 g of a H;PtCly solution (1% by weight of
Pt) was added and then 4.33 g of a 1% strength aqueous solution
of sodium hypophosphite were quickly added dropwise. 90 min after
the addition was complete, the solution was heated to 60°C for 30
min. The solution was cooled down and the monolith was washed

30 with ultrapure water. The net roll was then hydrogenated with
hydrogen at 50°C and 50 bar for 90 min.

Example 5

35 A Pd/Pt-coated catalyst as prepared in Example 4 was placed into

the 270 ml autoclave of Example 2. The effective reactor volume
was 208 ml, as in Example 2. The highly pure reaction medium of
Example 2 was used. The medium contained less than 10 ppb of toc.
A stream of 57.0 g/h of this reaction medium, 291.6 1/h of oxygen
and 32.4 1/h of hydrogen (gases referring to standard temperature
and pressure) was then introduced at the bottom of the reactor.
The product/gas mixture was continuously discharged at the top of
the reactor. At 20°C and 1500 rpm, the conversion based on
hydrogen was 17% and the selectivity based on hydrogen was 84%.
The concentration of the resulting hydrogen peroxide solution was
11.1% by weight and the space-time yield, based on the
cylindrical volume enclosed by the catalyst monolith, was 78 g of

40
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vapor was subjected to a total condensation at 5°C. Analysis
results are listed in Table 2.

15 Table 2
H,09 toc z "|Sulfate |[Phosphate
content cations
[%¥ by wt.] |[mg/kg] [mg/kg] [mg/kg} |[(mg/kg]
20 Distillation 23.5 <0.01 <0.0001 <0.01 <0.01
Example 7
25

A Pd/Pt-coated catalyst as prepared in Example 4 was placed in
the 270 ml autoclave of Example 2. The effective reactor volume
was again 208 ml. high purity water was admixed with sulfuric
acid, phosphoric acid and hydrochloric acid to produce a reaction
medium containing 4000 ppm of sulfate, 1000 ppm of phosphate and
600 ppm of chloride. The medium contained less than 10 ppb of
toc. A stream of 264 g/h of this reaction medium, 291.6 1/h of
oxygen and 32.4 1/h of hydrogen (gases referring to standard
temperature and pressure) was then introduced at the bottom of
the reactor. The product/gas mixture was continuously discharged
at the top of the reactor. At 21°C and 1500 rpm, the conversion
based on hydrogen was 23% and the selectivity based on hydrogen
was 57%. The concentration of the resulting hydrogen peroxide
solution was 2.4% by weight and the space-time yield, based on
the cylindrical volume enclosed by the catalyst monolith, was

73 g of hydrogen peroxide 1-lh-l. The hydrogen peroxide effluent
contained less than 10 ppb of toc.
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Semiconductor substrates were coated with photoresit to simulate
organic contamination and then subjected to the customary rinsing
and cleaning steps (treatment with H;S804/H,0, and buffered

hydrogen fluoride solution, in each case with ultrapure water

rinse phases in between). Hydrogen peroxide of customary
semiconductor grade containing 15 ppm of toc was used for the
cleaning steps. After the cleaning steps, the semiconductor was
assessed by determining the recombination lifetime of the holes.

15 The recombination lifetime was 60 microseconds and was thus
significantly reduced compared with a clean reference substrate

(recombination lifetime: 100 microseconds).

>

10

Example 9

20
Cleaning of a semiconductor substrate using inventive hydrogen
peroxide having a low toc content (< 100 ppb)

Semiconductor substrates contaminated with photoresist were
subjected to the customary rinsing and cleaning steps (treatment
with H2S04/H20; and buffered hydrogen fluoride solution, in each
case with ultrapure water rinse phases in between) as described
in Example 8. However, high purity hydrogen peroxide containing
72 ppb of toc was used for the cleaning steps. After the cleaning
steps, the semiconductor was again assessed by determining the
recombination lifetime of the holes. The recombination lifetime
was 100 microseconds, the same as for the clean reference
substrate.

25

30

35
Example 10

Cleaning of a semiconductor substrate which had been exposed to
metal contamination.

40
Semiconductor substrates were immersed for 10 min in a cleaning
solution of HF/H;0, (1% by weight each) which contained either
1 ppm of iron ions or 1 ppm of copper ions, rinsed with ultrapure
water for 10 min and dried by centrifugation. high purity

45 hydrogen peroxide containing 72 ppb of toc was used in the
cleaning solution. The semiconductor was again assessed by
determining the recombination lifetime of the holes and was the
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metallic impurities are not taken up in measurable amounts from
cleaning solutions containing high purity hydrogen peroxide
according to the present invention.
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solution, in each case in water and with the exclusion of
organic compounds and materials which release such
compounds.

4. A process as claimed in claim 3, wherein

- the water, reagents, gases, catalysts and equipment used
are of high purity,

- an aqueous hydrogen peroxide solution is prepared with
the exclusion of organic compounds,

- inorganic impurities are removed, if required, and

- the hydrogen peroxide solution is concentrated, if
required.

5. A process as claimed in claim 3 or 4, wherein hydrogen and
oxygen are catalytically converted over a catalyst which
comprises, as active component, a platinum group metal,
preferably palladium, on an inert support.

6. A process as claimed in claim 5, wherein the catalyst used
has been calcined at from 200 to 900°C prior to the reaction
and/or for regeneration purposes.

7. A process as claimed in any of claims 3 to 6, wherein the
catalytic conversion is carried out in an aqueous medium
containing 100 ppb or less, preferably 10 ppb or less, in
particular 1 ppb or less, of organics.
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or a partial vaporization to remove inorganic impurities and
15 to concentrate said solution at the same time.

11. A process as claimed in claim 10, wherein the hydrogen
peroxide solution is subjected to a partial vaporization and
the resulting water/hydrogen peroxide vapor mixture is washed

20 with a high purity aqueous alkaline solution of a nonvolatile
base.

12, A high purity aqueous hydrogen peroxide solution obtainable
by a process as claimed in any of claims 3 to 10.
25
13. The use of a high purity aqueous hydrogen peroxide solution
obtainable by a process as claimed in any of claims 3 to 11
for treating electronic component substrates.
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