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Abstract

The dependences of the electrical conductivity of the methanesulfonate copper plating electrolyte on the
concentrations of acid and copper methanesulfonate have been established. It has been shown that an electrolyte
with a composition of 0.6 M Cu (CH3SO3)z + 0.6 M CH3SOsH is characterized by maximum copper ion concentration
and high electrical conductivity. The study of the morphology of the copper coatings obtained in different
hydrodynamic modes showed that smooth fine-grained deposits, well adhered to the base can be obtained from
stirred methanesulfonate electrolyte in a range of current densities of 1 to 7 A/dmZ2.

High-quality deposits from a quiescent electrolyte are obtained at current densities below 3 A/dmz2. X-ray analysis
of copper coatings deposited from a methanesulfonate electrolyte showed that their structure corresponds to a
face-centred cubic lattice. The deposit crystallite sizes decrease with increasing the current density. The
dependence of the dislocation density on the current density is antibate. Stirring of the electrolyte mitigates the
impact of current density on the parameters of the structure of coating , which changes are significantly reduced. It
has been shown that stirring the electrolyte affects the structurally dependent properties of the copper coatings,
such as internal stress and micro hardness. Along with the diminishing crystallite sizes, an increase in the internal
stress and micro hardness of the coatings is observed. Stirring, along with the expansion of the range of coating
current densities can reduce the internal stress of the ones. This is an important factor for obtaining thick layers of
copper.

Keywords: electrodeposition; methanesulfonate electrolyte; copper; electrical conductivity; physical and mechanical
properties; morphology, structure.

EJIEKTPOOCAZAKEHHA MIAI I3 METAHCYJIb®OHATHOT O EJIEKTPOJIITY
Ipuna B. CkHap, I0pi#i €. CkHap, Onekcangpa O. CaBuyk, Osnekcanap C. backeBuy,
Outer B. Koxypa, Terana B. I'punnena
JIBH3 «YkpaincoKkull Ximiko-mexHo02iyHUll yHieepcumem»
AHoTaIs
BcTaHOBJIEHO 3a/1€2KHOCTi eJIeKTPONPOBiAHOCTI MeTaHCy/Ib(pOHATHOTO eJIeKTPOJIITY MiAHEHHA Bij KOHILeHTpanii
KHMCJI0TH i MeTaHcy/ibdoHaTy Miai. [loka3aHo, 110 eJIEKTPOJIIT 3 MAKCUMAJ/IbHOK KOHIeHTpaLi€lo 10HIB MiAi, Ak
XapaKTepU3y€EThCS BHCOKOKW eJIeKTPONpoBigHicTIO, BianoBigae ckiaaay 0,6 M Cu(CHsSOs)z + 0,6 M CHsSOszH.
JocaigxeHHsa mop¢oiorii MiAHUX NOKPUBIB, AKi 6y/10 0CaJKeHO B Pi3HUX riApoAUHAMiYHUX peKUMaX, NOKa3aJjo,
10 NMpPHU nepeMillyBaHHI MeTaHCY/Ib(OHATHOTO eJIEKTPOJIITY MOKHA OTPMMATH TIJIajAeHbKi, ApiGHOKpHCTaIiYHI
ocaAu AoGpe 34yelnJieHi 3 OCHOBOIO B Aiama3oHi ryctuH crpymy 1-7 A/am2. Be3 mepemimyBaHHA fAKicHI ocaau
OTPUMaHO NpPHU TYCTHHI cTpymy HMxk4Ye 3 A/aM2. PeHTreHiBCbKMH aHaJji3 MiJHUX NOKPHUBIB, OCaJKeHHUX i3
MeTaHCY/Ib(pOHATHOTO eJIeKTPOJIITy, MOKa3as, 0 iX CTPYKTypa BiANOBiga€ rpaHeneHTPOBaHii KyGidHiil rpaTui.
Po3Mip KpucTaaiTiB 0cafiB 3MeHIIY€ETHCS NPHU 361/1bIIeHHI TYCTUHU CTPyMY. 3a/Ie)KHiCTh T'YCTUHHU AUCIOKaLii Bif,
TYCTUHU CTpyMy aHTHOaTHA. IlepemilmiyBaHHSI eJIeKTPOJIITY 3rJaJ Ky€ BIUIMB F'YyCTUHH CTPyMy Ha IapaMeTpH
CTPYKTYPH NOKPUBIB, 3MiHU IKMX 3HAYHO 3MeHIIYI0ThCA. [lokasaHo, 1110 nepeMillyBaHHA eJIeKTPOJIITY BIVIMBA€ HA
CTPYKTYPHO-3aJI€KHi BJIaCTUBOCTI MiJHUX IOKPHUBIB, TaKi K BHYTpIilllHi Hanpy>KeHHd i MikpoTBepaicTb. Pasom 3
NOAPiGHEHHSM KPHUCTaJdITiB BiAGYBa€TbCA MiJBMINEHHS BHYTPIIIHiX Hampy:XeHb i MiKpOTBepAOCTi MOKpHUBIB.
BuKOpuUCTaHHA NepeMilllyBaHH#, NOPsAJ 3 PO3IIMPEHHAM AianasoHy TIYCTHMH CTPYMy OCaJ)KeHHA IIOKPHBIB,
JA03BOJISI€ 3HU3UTH iX BHYTPilIHi Hanpy:xeHHs. lle BaximBuii ¢pakTop Npy 0TpUMaHHI TOBCTUX LIAPiB Miji.
Kaiouosi caosa: eneKTpooca/pKeHHs; MeTaHCYJbPOHATHHUH eJIeKTPOJIIT; MiJb; eleKTponpoBifgHicTh; ¢isnko-mMexaHiuHi
BJIACTUBOCTI; MopdoJIorisi; CTpyKTypa
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IJIEKTPOOCAXKAEHUE MEJIU U3 METAHCY/Ib®OHATHOTI'O 3JIEKTPOJIUTA
Wpuna B. CkHap, IOpuii E. Cknap, Anekcanjipa A. CaBuyk, Anekcanp C. backeBuy,

Ouxner B. Koxypa, TaTesna B. 'pugneBa
I'BY3 «YkpauHckuii 20cydapcmeeHHblll XUMUKO-MexXHOo102u4ecKull yHugepcumemn»

AHHoTalus
YcTraHoBJ/1EHBI 3aBUCUMOCTH JJIEKTPONPOBOAHOCTH METaHCYJIb(l)OHaTHOI‘O JJIEKTPOJIUTA MeaHEeHUusA oT
KOHIEHTpAanuu KHCJIOThI )5 ¢ METaH(:yJ'Ib(l)OHaTa Meau. Hoxasaﬂo, qToO JJIEKTPOJIUT MAaKCHUMaAJIBHO

KOHLIEHTPUPOBAHHBIA 10 MOHAM MeJH, XapaKTepH3YyWIIHICcA BbICOKOH 3J1€KTPONPOBOJHOCTBIO, COOTBETCTBYET
coctaBy 0.6 M Cu(CH3S03)z + 0.6 M CH3SO3H. UcciesoBanne Mop¢oI0ruu MeAHbIX NOKPBITUM, MOJy4YeHHBIX B
Pa3HbIX THAPOJUHAMHYECKHX PeKUMaX, I0Ka3aJI0, YTO NPU NepeMellIMBaHNU MeTaHCY/1bPOHATHOIO 3JIEKTPOJIUTA
MO>KHO MOJIYYUTh IJIaJIKMe MEeJKOKPHCTa/UIMYeCKHe O0CaJKH, XOpOLIo CUelVIEHHble C OCHOBOI B JHamna3oHe
IJIOTHOCTEeH ToKa 1-7 A/amM2. KauecTBeHHbIE 0CaJiKU U3 NOKOSIIErocs 3/J1€KTPOIUTA NOIYy4YalTCs MPU MIOTHOCTH
ToKa HmkKe 3 A/aM2. PeHTreHOBCKHUII aHa/M3 MeJHBIX MNOKPBITUH, OCAXKAEHHBIX U3 MeTaHCY/J1bPOHATHOTO
3JIEKTPOJINTA, MIOKa3aJl, YTO UX CTPYKTypa COOTBETCTBYET rpaHEelleHTPUPOBAHHON KyGU4YecKoii pemeTke. Pazmep
KPHUCTA/UIUTOB OCa/IKOB CHIKAETCS IMPHU yBeJIUMYEHHH IVIOTHOCTU TOKA. 3aBUCHUMOCTD IJIOTHOCTU JUC/IOKALMi OT
IVIOTHOCTH TOKAa aHTHG6aTHas. [lepeMelmnBaHUE 3JIEKTPOJIMTA CIJIQXKUBAET BJIMSAHME IUIOTHOCTH TOKa Ha
nmapaMeTpbl CTPYKTYpPbl NOKPBITUI, HW3MeHEHUSA KOTOPbIX 3HAYUTEJbHO YyMeHbmawTcs. Iloka3aHo, 4TO
nepeMellMBaHue 3JIeKTPOJIUTA BJUAET Ha CTPYKTYPHO-3aBHCHUMble CBOMCTBa MeAHBIX NOKPBITUI BHYTpPeHHHeE
HaNps»KeHUus U MUKPOTBepAOCTb. BMecTe ¢ u3MebueHHEM KPHCTA/UIUTOB IPOUCXOAMUT NOBbIIIEHUE BHYTPEHHUX
HaNpsKeHUH M MMKPOTBEpJOCTHM NOKPBITHMH. Hcno/ib30BaHue NepeMellMBaHMA, HapAAy C pacliupeHHeM
JAMana3oHa IJIOTHOCTEH TOKa OcaXKJeHUs NOKPBITHH, NMO3BOJIAET CHHU3UTh MX BHYTPeHHHe HamnpsnKeHHA. JTO

BaXKHbIN (l)aKTOp MpH NOoJIy4€eHHUH TOJICTBIX CJIOEB MeAH.

Karoueswle caosa: 3JIEKTpOOCaXKaeHune,; MeTaHCyJ'lb(bOHaTHbll‘/ll 3JIEKTPOJIMT, MeJb; 3JIEKTPOIIPOBOAHOCTD; (bI/ISI/IKO-
MexaHH4YeCKHe CBOHCTBA; MOpPOJIOTHS; CTPYKTYpa.
Introduction electrolyte used in electroforming and

Obtaining electrolytic copper deposits is one
of the most demanded branches of electroplating
industry, both in terms of quantity and quality.
The main features of copper coatings are
ductility, low stress and good adherence to the
base or other coatings. Due to this, they are used
as a sublayer for the deposition of other metals
[1] and as a material for electroforming [2]. In the
printing industry, copper coatings are applied to
printing rollers. Due to its high electrical
conductivity and solderability, copper serves as
the main current-carrying layer in the
manufacture of printed circuit boards [3], where
more than 90% of the produced electrolytic
copper foil is wused. In addition, the
electrodeposited copper foil is used as a negative
electrode collector in lithium-ion batteries [4].

Depending on the field of application, copper
coatings must have certain mechanical and
physico-chemical properties. The desired
properties are imparted to the coatings by varying
the electrolyte composition and electrolysis
parameters [5-8]. In particular, copper coatings
obtained by electroforming and hydro
electrometallurgical processing should be
homogenous and free from dispersed or dendritic
formations on the surface [9]. At the same time,
these coatings have a considerable thickness; to
reduce the time of their growth, the deposition
current density should be increased. The latter,
however, is limited by permissible concentrations
of copper ions in the electrolyte. A traditional

hydrometallurgy is a sulfate electrolyte containing
copper sulfate and sulfuric acid. An increased
concentration of copper ions in this electrolyte is
limited by a rather low solubility of copper sulfate.
Moreover, increased concentration of sulfuric acid
needed for increasing the electrical conductivity
of the electrolyte causes a further decrease in the
copper sulfate solubility. Copper
methanesulfonate electroplating electrolytes are
good substitutes for sulfate electrolytes
[10]. Methanesulfonate electrolytes have several
advantages, such as high solubility of salts, the lack
of sanitary restrictions on the concentration of
methanesulfonate anions in wastewater, high
electrical conductivity. Great prospects for the use
of methanesulfonate electrolytes in modern
electroplating cause researchers to pay more
attention to these systems [11-16].

The kinetics of copper electrodeposition on
glassy carbon from methanesulfonate and sulfate
electrolytes was studied in [17, 18]. It was found
that the overpotential of copper deposition in the
methanesulfonate electrolyte is significantly
lower than that in the sulfate electrolyte. It was
shown in [19] that copper coatings obtained from
the methanesulfonate electrolyte have finer
crystallites in comparison with coatings deposited
from the sulfate electrolyte. It was found that the
use of gelatine as an organic additive to copper
methanesulfonate electroplating  electrolyte
provides the deposition of glossy copper coatings.
Therefore, copper methanesulfonate
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electroplating electrolytes enhance the prospects
for hydrometallurgical copper production and the
technology of applying copper coatings. The
solubility of copper methanesulfonate in water is
one and a half times higher that of copper sulfate
[20], which allows to use the more concentrated
solution and, consequently, to increase the current
density of copper deposition. An important fact is
that the lead and tin methanesulfonate have high
solubility [20]. This allows to wuse the
methanesulfonate electrolytes to produce copper
by the processing of electrical scrap. Based on the
foregoing, it seems relevant to study the
properties of  copper  methanesulfonate
electroplating electrolytes, as well as copper
coatings obtained from them.

Experimental

Certified reagents of the ‘purissimum’ grade
were used in the study: methanesulfonic acid
(70%) and copper methanesulfonate (36%)
manufactured by BASF. To measure the electrical
conductivity of the electrolytes, a digital E 7-8
L.C.R. meter was used. The volume of the cell was
100 ml; the volume of the solution - 30 ml; the
area of the platinum electrode - 1 cmz2.

The electrodeposition of copper coatings was
carried out at a temperature of 293 K in a two-
electrode cell. A BVP Electronics rectifier was used
as a direct current source. The cathode material
was made of 6 cm? copper foil. A 500 um thick
copper plate with an area of 12 cm? served as the
anode. The working current densities were,
A/dmz2: 1, 2, 3,5 and 7.Prior to the electrolysis, the
cathode was prepared as follows: a 2x3 cm copper
plate was degreased with soda and washed with
distilled water. After that, the plate was activated
for a minute in acid solution of the following
composition: 2 mol/L of H2SO4, 0.5 mol/L of HNOs.
The sample was rinsed with distilled water.

The internal stress of 25 pum copper coatings
was determined by the flexible cathode method,
which is based on measuring the cathode
deformation during the applying of the coating.
The cathode surface was insulated on the one side
with a duct tape so that during the electrolysis an
electrodeposited coating was applied to the one
side of the sample. The copper foil bends under the
action of internal stress arising in the deposit. The
bend deflection was determined by comparing the
projections of the sample before and after
electrolysis.

The equation for calculating the internal stress
o (MPa) has the form [13]:

o= Ekdk(dk + doc)' Z

31%d o

(1)

where E are the modulus of elasticity of the
cathode plate material, MPa;

dx — cathode thickness, m;

d,c — thickness of the copper deposit, m;

I - length of the working part of the cathode, m;

z - the cathode edge deviation after electrolysis
compared to the initial position, m.

The Vickers microhardness of the copper
coatings was measured using a PMT-3 device, at a
coating thickness of 25 pum. The microhardness
was measured using a regular tetrahedral
diamond pyramid as an indenter with an apex
angle of 136 °. The pyramid was smoothly
squeezed into the sample at aload of P =50 g. The
microhardness was determined by the formula

[12]:
1854-P

H= 1854-P ?2 (2)

where [ is diagonal length of the indentation of
a diamond pyramid, microns.

Surface morphology was studied using a
Supereyes B008 optical microscope.

The structure of copper coatings was
investigated by XRD using a DRON-3
diffractometer. The crystallite sizes were
calculated according to the Scherrer formula [21]:

L=k-)1/(B-cos9) (3)

where A is the wavelength;  is the line
broadening of the copper sample; k is an empirical
constant that is approximately equal to unity; 0 is
the diffraction angle.

The density of dislocations was calculated
using the equation [21]:

D=A-p’ 4)

where A is a coefficient that depends on the
elastic properties of the material. In the case of
metals with a crystal lattice of cubic type, A = 2 -
1016 cm=.

Results and discussion

Study of the Conductivity of the Electrolytes. One
of the key features of electrolytes used for the
electrodeposition of metals is their electrical
conductivity. For example, the low conductivity of
copper sulfate solutions requires the addition of
sulfuric acid to the electrolyte. The electrical
conductivity of these electrolytes can be enhanced
by varying their acidity. The same is true for
copper methanesulfonate electroplating
electrolytes.

Fig. 1 shows the dependence of the electrical
conductivity of methanesulfonate and sulfate
electrolytes on the concentration of the copper
salt and acid. An increase in the concentration of
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methanesulfonic acid results in an increase in the

electrical conductivity of the electrolyte. An
increased

concentration of copper
methanesulfonate in the copper plating
electrolyte, on the contrary, decreases the

electrolyte conductivity. The copper salt added to
the electrolyte apparently impedes the charge
transfer by the hydroxonium ion through the relay
mechanism. During the hydration of the ions
formed as a result of salt dissociation, some of the
water molecules are structured around these ions
and do not take part in the transfer of the
hydrogen ion.The conductivity of
methanesulfonate electrolytes is rather high,
although is inferior to the conductivity of sulfate

Q"-cm
=
(o)}

o) Electric conductivitys

electrolytes. The nature of the electrical
conductivity dependence on the concentrations of
the copper salt and acid is similar for
methanesulfonate and sulfate electrolytes. An
increase in the acid concentration is limited by the
limit of copper salt solubility in water at a given
temperature. When the concentration of copper
methanesulfonate is 0.6 mol/L and the content of
methanesulfonic acid is increased to 1 mol/L,
there is reached the solubility limit of the salt, and
it precipitates. Based on the data obtained,
methanesulfonate electrolyte containing Cu
(CH3S03) of the concentration of 0.6 mol/L and

CH3SO3H of 0.6 mol/L was selected for further
studies.

1
=)
(@)}

-1
Q -cm

Electric conductivity,

Fig. 1. Dependence of the electrical conductivity of methanesulfonate (a) and sulfate (b) electrolytes on the acid
and copper salt concentrations

Morphology and Structure of Copper Coatings.

Stirring of the electrolyte during the copper

Electrodeposition of copper coatings was carried
out at current densities of 1 to 7 A/dm? at a
temperature of 20°C in a quiescent and stirred
electrolyte. As can be seen from micrographs (Fig.
2), light and homogeneous copper coatings can be
only deposited from unstirred methanesulfonate
electrolyte at low current densities, not exceeding
3 A/dm2. With a further increase of current
density, dark coarse-grained coatings are
deposited that are poorly adhered to the
substrate. In deposits obtained at a current

density of 7 A/dm? pronounced dendritic
formations are observed.

coating electrodeposition significantly expands
the current density range, in which compact
deposits are formed. The micrographs showed in
Fig. 3 demonstrate that even with an
electrodeposition density of 7 A/dm?, the copper

coatings obtained from a stirred
methanesulfonate electrolyte are light and
homogeneous.

It should be noted that despite a uniform
macroscopic distribution of the current density on
the electrode surface, the local current density at

the coating depressions and protrusions turns out
to be different.
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d

Fig. 2. Micrographs of copper coatings obtained from an unstirred methanesulfonate electrolyte at a current
density, A/dm2:a-1;b-3;c-5;d-7

C

d

Fig. 3. Micrographs of the copper coating surfaces obtained from a stirred methanesulfonate electrolyte at a
current density, A/dm2:a-1;b-3;c-5;d-7

The difference in the conductivity of the
electrolyte and the electrode material leads to the
fact that the electric field is not homogeneous on
the rough surface. Equipotential surfaces deflect
on the boundary, and, accordingly, the field lines
are also deflected. The unevenness of the field
leads to an uneven distribution of current over the
surface. This is of fundamental importance in the
study of the development of surface roughness

during electrodeposition. Near the limiting
current density, the front of the deposit growth
becomes unstable, since any randomly formed
protrusion starts to grow faster than the rest of the
surface and do not disappear. When the current
density of the copper electrodeposition is
approaching the limiting values, the stability of the
deposit growth front is violated; the surface
roughness increases, and dendrites start to grow.
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In this case, the cause of the local increase in
current density is the uneven microdistribution,
which results in a further increase in the local
current density at the microprotrusions evolving
on the rough surface. Under the conditions of the
concentration polarization, the rate of the
roughness growth increases with an increase in
the electrodeposition current density. Stirring of
the electrolyte accelerates the transport of copper
(II) ions to the cathode surface and reduces the
diffusion limitations of the process of their
electroreduction. This positively affects the
conditions of electro crystallization; deposits,
obtained in the range of current densities of 1-7
A/dm? are fine-crystalline and do not exhibit

dendritic growth.
The  structure of  copper  coatings
electrodeposited from methanesulfonate

electrolyte is of face-centred cubic lattice type
with a lattice parameter of 3.6105 A (Fig. 4).
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Fig. 4. X-ray diffraction pattern of the copper coating
obtained from methanesulfonate electrolyte

As can be seen from Fig. 5, an increase in the
current density of the electrodeposition of the
copper coating from methanesulfonate electrolyte
leads to the crystallite fining and increase in the
density of dislocations. Stirring of the
electrodeposition electrolyte has a damping effect
on these parameters. The decrease in the
crystallite sizes and increase in the dislocation
density with increasing the current density is less
significant in this case (Fig. 5).

mmmm without stirring
mmmm with stirring

P
d
~J
wn

\:u.:
[
(=

Dislocation density- 10", 1/em

1 2 3 4 5 6 7 8
Current density, A/dm?

b

Fig. 5. Dependence of the copper coating crystallite size (a) and dislocation density (b) on the current density

Physical and Mechanical Properties. Copper
belongs to the metals with an intermediate
melting temperature and is characterized by low
values of internal tensile stress. During
electrolysis, copper coatings tend to compress,
causing the stretch of the substrate.

Fig. 6 shows the dependences of the internal
stress of copper coatings on the current density of
the deposition from a stirred and unstirred
methanesulfonate electrolyte.

An increase in the current density of the copper
coating electrodeposition leads to an increase in

the values of internal tensile stress. This effect can
be explained as follows. With an increase in the
current density under the conditions of
concentration polarization, the predominant role
is played by the depletion of electrolyte layers
adjacent to the growing faces, because of the ions
participating in the electrochemical process. An
increase in the linear crystallization rate is lower
than the increase in the rate of nucleation of the
centers of crystallization. As a result, the grains
are becoming finer and the total grain surface is
extended. Since internal tensile stress arises as a
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result of a spontaneous movement of dislocations
in newly formed crystals to the periphery and
their annihilation at grain boundaries, the surface
extension facilitates the exit of most dislocations
to the grain surface. This statement is supported
by changes in crystallite sizes and dislocation
densities, observed during X-ray diffraction
studies of the copper coatings (Fig. 4).

25 1 . ..
—e— without stirring

—&— with sturing

Internal stresses, MPa
v

1 2 3 4 5 6 7
Current density, Aldm’

Fig. 6. Dependence of the copper coating internal
stress on the current density of deposition from
methanesulfonate electrolyte

Copper deposits obtained under stirring are
characterized by lower values of internal stress in
comparison with those obtained from an
unstirred electrolyte. They exhibit an almost
threefold decrease in internal tensile stress.
Obviously, this is due to the intensification of the
transport stage of the delivery of discharging ions
to the cathode surface and owing to a decrease in
cathodic polarization.

The microhardness of electrodeposited
coatings is one of the most important parameters
characterizing their mechanical properties. Figure
7 shows the experimental microhardness
dependences on the current density for copper
coatings obtained from a stirred and unstirred
methanesulfonate electrolyte. As can be seen from
the figure, the microhardness of copper coatings,
electrodeposited without stirring the electrolyte
increases slightly with an increase in the current
density.

A similar effect is also observed in deposits
obtained from the stirred electrolyte. However, it
should be noted that an increase in the current
density has a greater effect on the microhardness
of coatings deposited from the quiescent
electrolyte. The microhardness of copper coatings
electrodeposited under stirring is one and a half
times lower than the microhardness of the
deposits obtained without stirring.
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—=&— with stirring
>
=
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w
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=
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Fig. 7. Dependence of the copper coating
microhardness on the current density of the deposition
from methanesulfonate electrolyte

The microhardness of electrodeposited
coatings is determined by the structure and
morphology of their surface. An increase in the
microhardness of copper deposits with an
increase in the electrodeposition current density
is caused by the evolution of additional lattice
defects and a decrease in the mobility of
dislocations.

Therefore, a change in the conditions of
electrocrystallization  depending on  the
hydrodynamic conditions of the process is the
cause of changes in the physicochemical
properties of the resulting copper coatings.

Conclusions

The study provides a comparative analysis of
the electrical conductivity of methanesulfonate
and sulfate electrolytes of copper plating as a
function of the acid and copper salt concentration.
It has been shown that an increase in the acid
concentrations leads to an increase in electrical
conductivity, while an increase in the
concentration of copper ions leads to a decrease in
electrical conductivity. Ithas been established that
copper methanesulfonate electroplating
electrolytes have high electrical conductivity, the
values of which are slightly inferior to the values
of electrical conductivity of sulfate electrolytes.
Based on the maximum electrical conductivity,
copper methanesulfonate plating electrolyte of
the 0.6 M Cu (CHsSOs). + 0.6 M CH3SOsH
composition has been recommended for use. It has
been found that electrodeposited copper coatings
obtained from the methanesulfonate electrolyte
are compact and homogeneous. Fine-crystalline
coatings, well adhered to the base, were obtained
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in the range of current densities of 1 to 3 A/dm?
from the unstirred electrolyte and 1 to 7 A/dm?2
from the stirred electrolyte. It has been shown that
the deposition of copper coatings from the stirred
electrolyte allows to reduce the internal stress of
a deposit, which is important for obtaining thick
layers of copper during the electroforming. An
increase in the current density of the deposition of
copper coating leads to an increase in the deposit
internal stress and microhardness.
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