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At the present time various multilayers are being increasingly used in semiconductor
technology, comprising Cu or layers composed only of copper.

25
Being used in particular are multilayers composed of Cu and Ni layers which are closed
off at the top by a noble metal layer (Au) for external contacts and at the bottom by a Ti
or TiW layer.

30 Typically these layers are etched individually using separate efch solutions.
Consequently a relatively large number of operating steps, in accordance with the layer
structure, is needed for patterning. At the same time the number of operating steps
increases the requirements in terms of process accuracy, since possible residual layers
can have extremely disruptive consequences for the subsequent operating step.

35
Layer sequences of Cu and Ni in particular have to date typically been etched in
separate steps using different etch solutions.

Thus, for example, a copper layer can be etched by means of an H202/NH4OH soiution,
40 whereas a nickel layer can be etched by means of an acidic ammonium
peraxodisulfate solution.
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solutions_of this kind which conprise nitric acid
25 The present object is achieved by means of new, stablhzed etch solutions for etching

copper layers and nickel layers, or layers of corresponding alloys, comprising nitric acid
(HNO3), hydrogen peroxide (H20;), citric acid, and water, and in particular by means of
etch solutions which comprise nitric acid in an amount of 5% to 50% by weight, based
on the overall compaosition, and hydrogen peroxide in an amount of 1% to 10% by

30 weight, based on the overall composition. These solutions may comprise citric acid in
an amount of 0.5% to 10% by weight, based on the overall composition. Particularly
good etch outcomes are found with solutions of this kind which comprise nitric acid
(HNO3) in an amount of 15% to 35% by weight, based on the overall composition,
hydrogen peroxide (Hz0>) in an amount of 2% to 6% by weight, based on the overall

35 composition, and citric acid in an amount of 2.5% to 6.5% by weight, based on the
overall composition. In accordance with the invention the new etch solutions may
further comprise additional substances, specifically those which enhance the properties
of the solutions during the implementation of the etch operation and lead consequently
to improved product gualities. Such additions may be additives, such as wetting agents

40  or surfactants.
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HNGa/ H2O2- c ntalnlng etch solutions allows the deconposition of "hydrogen
per oxi de FANFHRDS. presence of copper ions to be largely prevented. Even if
such copper and nickel ions do accunulate in the etch solution, the etching
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Even at a level of such metal ions in the solution of about 5% by weight in total, the

25 etching operation still takes place with a virtually unchanged speed as compared with

the etch rate using fresh etch solution still free from contaminating metal ions.

Furthermore, the inhibiting effect on the decomposition of H20: induced by copper

and/or nickel ions is retained even at relatively high temperatures. It is therefore

possible with these new etch solutions to operate both at low temperatures and at

30 elevated temperatures up to 90°C with almost constant etch rates.

nmet al

The concentration of the added citric acid can be situated in the range of 0.5%-10% by
weight, based on the overall composition, the range from 2.5% to 6.5% by weight being
preferred.
35
Suitable solutions for etching all- copper or all- nickel layer metallizations or
corresponding alloy metallizations may comprise 5% to 50% by weight of HNO3, based
on the overall composition. It is preferred to use etch solutions in which the
concentration is in the range from 15% to 35% by weight. In these solutions the amount
40  of H202 can be in the range from 1% to 10% by weight, based on the overall
composition. Particular preference is given to compositions having an HzO; content in
the range between 2% to 6% by weight.
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with @doling if appropriate, with a neasured anount of concentrated nitric

aci d, and ilibisl abhdabh B tteainh 108 B1BYH the rorbagudtigven sensibl e to

di ssol ve the citric acid in t e diluent water beforehand and to add that
solution to the mxture prepared fromnitric acid in hydrogen peroxide
sol ut i on. Inthe manner described, aqueous etch solutions are obtained which, besides nitric

acid, hydrogen peroxide, and water, comprise citric acid as stabilizer for the hydrogen

25 peroxide present and also comprise, if appropriate, in small amounts, one or more
stabilizers that were present in the concentrated hydrogen peroxide solution. As
already described above, the latter compounds may be compounds such as dipicolinic
acid, EDTMPA or else other stabilizers customarily employed commercially.

30 Without further additions, these solutions are particularly suitable for etching copper
layers and nickel layers or corresponding alloy fayers in semiconductor technology, and
are able to exhibit a virtually unchanged etch rate over a relatively long time in the
etching operation.

35 If necessary it is also possible, for the purpose of improving the etching operation, to
add small amounts of additives suitable for semiconductor technology to these
solutions of the invention, such as wetting agents, surfactants, etc. Additives of this
kind serve to improve the wettability of the metallic surfaces and are able thus to
contribute to improving the etching operation. In the investigations carried out it was

40 found, however, that such additives are not absolutely necessary, since excellent
etching outcomes at high etch rates are obtained generally without further additions.
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25 hydrogen peroxide by Cu and/or Ni ions as well as the contamination of the surfaces by -
etching products. In this context it is also emerged that the etching operation involving
exposure to the compositions of the invention apparently proceeds in accordance with
a different mechanism than when using the etch solutions employed hitherto for these
metaliization layers. The dissolution of the metallization layers apparently takes place
30 not by the simple dissolutive removal of metal particles but also, apparently, by a
dissolutive break-up of the bare metal layers. Accordingly, after the etching operation
has been carried out, it is virtually impossible to find any particles in the etch solution.
This has the particular advantage that there are also no quality detractions as a resuit
of unwanted settling of particles on the wafer surfaces.
35
Moreover, by virtue of the short reaction times, possible etch attack on the exposed

layers and other areas of the wafer is reduced to a minimum.

Since the etch solutions of the invention are capable of etching both copper layers and
40 nickel layers it is readily possible to use these solutions to etch successive copper

layers and nickel layers in a single operating step, so that the existing two-stage

etching operation using different etch solutions for copper and for nickel can be
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is virtually inpossible to find any particles in the etch solution. This
has the particul ar advantage that there are also no quality detractions as a
result of unwanted settling of particles on the wafer surfaces. 35

Mor eover, by virtue of the short reaction tines, possible etch attack on the
exposed |ayers and other areas of the wafer is reduced to a m ninum Since
the etch solutions of the invention are capable of etching both copper

| ayers and 40 nickel layers it is readily possible to use these sol utions
to etch successive copper layers and nickel layers in a single operating
step, so that the existing two-stage etching operation using different etch
solutions for copper and for nickel can be PF 57164 6 replaced by a single
operating step and it is now necessary to use only one etch solution. In
this way the use of the etch solutions of the invention results in

consi derabl e savings in terns of material, time, and costs. 5 Furthernore,

t he one-stage etching step for successive copper |ayers and nickel |ayers
makes it possible to avoid problens which resulted hitherto fromremant
residual |ayers of copper and nickel.
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water. 2. The etch solution according to claim1, conprising nitric acid in
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based on the GYBYATY et ERsen athe airel PRmPesteR, 41 FYARISTHERIREHB 38 506 1 o

6. 5% by wei ghtamavatefd % ko 10% dy oveighi bhasedopdieé Dvemll c@Opdsiticthe et chi ng

sol utiggn according to clains 1 to 4, conprising additives, such as wetting
agents or Sur et ching sol uti.on accordin cl ai ns
2SNt s Of Ut CAELAN S oKl BSe Sl SHE O BRI LR BECR AL L2
copper | ayer s CAR@“nicctsh by wpight biaged ge tecdieml paséiennol ogy, which
conprises inmmersing sem conductor elements having corresponding |ayers in

an ot o S Ut AR AASRS RSt Aahb b Bt 1t Qrdrlele e WL GG an ! 09 i e

and, af ter'the @c)/ & st ep,
removilfig t he SEYRbLe &35547@Wﬂ@trfqeéﬁﬁjPﬂéhee‘?‘@fﬁa‘b‘éﬂm&qsﬁﬁn hXﬂé%Qﬁ%g t hem
w th water, ampdrotide (RgOs)eam amount of 2% to 6% by weight, based on the overall

composition, and citric acid in an amount of 2.5% to 6.5% by weight, based on
the overall composition.

20 5. The etching solution according to claims 1 to 4, comprising additives, such as
wetting agents or surfactants.

6.  The use of an etching solution according to claims 1 to 4 in semiconductor
technology.
25
7. A process for etching successive copper layers and nickel layers in
semiconductor technology, which comprises immersing semiconductor elements
having corresponding tayers in an etch solution according to claims 1 to 4 for a
sufficiently long time and, after the metal layers have been etched away in a
30 single step, removing the semiconductor elements from the etch soiution,
washing them with water, and drying them.



