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Siver an dlver dloys are an important materia for eectronic components especidly for connector
gpplications. The influence of the eectrodeposition conditions onto the formation of the compositiondly
modulated slver-antimony-aloys and there properties such as interna gress, micro hardness,
roughness, electrical contact resstance, wear resstance and the plug-in force was investigated. By the
goplication of current pulses with different amplitude and duration a change of the thickness of the
deposited sublayers and the properties of the layer system can be achieved. The presentation gives an
introduction into the principles of the deposition of multilayer systems and describes the properties of the
resulting layers.
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1. Introduction

The interest in the dectrolytic depostion of slver—antimony aloys is based on the possbility of
depositing layers of improved mechanical and tribological properties compared to pure slver coatings
[1-3], and of dudying the sdf-organization phenomena under eectrochemicdly wel controlled
conditions[4].

A series of previous papers presents investigations on the eectrodeposition of slver [5], on the
phase and elemental composition of the deposited dloy [6], on the Structure of the €l ectrodeposits [7-
9], on the cathodic current oscillations with time under potentiogtatic conditions [10, 11], on the
influence of convection [12], aswell ason the dectrica [13] and mechanica properties of the deposited
dloys [14]. The propagation of waves of different phases on the eectrode surface during deposition
resultsin the spontaneous development of multilayer systems of interesting and unexpected properties
[11,13]. The phases of the dlver-antimony dloy differ in colour, thus dlowing the visudization of the
developing surface structures and the deposited multilayer structures, respectively.

Multilayer structures can be obtained by applying appropriate current pulses or by modification of
the dectrolyss conditions. These multilayer structures are expected to show better properties of the
coatings than the separate metd.

The present paper describes the dectrodepostion of cyclicdly modulated slver-antimony aloys,
their properties are compared to those of the respective thick dloy layers.

2. Experimental details

The invedtigations were carried out with a ferrocyanide-thiocyanate eectrolyte for slver-antimony
deposition [2, 4, 6-14]. The method of preparation and the eectrochemica properties of this eectrolyte
were described recently [5]. The dlver cyanide complex was formed by boiling together AgNQOs;,
K4Fe(CN)s and K,CO;3 for severd hours. After cooling and remova of the iron hydroxide precipitate,
the solution was analyzed and used in different concentrations for the preparation of the eectrolyte. The
electrolyte compositionisgivenin Table 1.

Table 1. Electrolyte composition

Component Concentration / g dm™
Ag 16
K 4Fe(CN)6.3H,0 70-90
K,CO3 20
KSCN 150
K NaC4H406.4H 20 60
Sb as K(Sh0O)CyH4Og.1/2H,0 5.0-7.5

Measurements were carried out of the internal stress, 1S (FEM, Stalzer [18]), the dectrical
contact resstance, Ry (Burster, Resstomat 2323), the Vickers microhardness, Hv (Leitz, Durimet |1
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and Reichert-Jung, Micro-Duromat 4000E Polyvar), the wear resstance, A (Boch-Weinmann test,
Erichsen, Moddl 317), the roughness, Ra (Perthen, Perthometer), and the plug-in forces, F (FEM,
Steckkraftmessgerdt). The methods of measurement of the deposit properties were described in details
in aprevious paper [14].

The dloy dectrodeposition was performed galvanodtatically on copper substrates by means of a
pulse generator (Pragméatic Instruments, Pragmatic 2411A) and a bipolar operationa amplifier
(KEPCO, BOP 20-10 M). In most cases, the current parameter were chosen <o that to ensure the
development of equaly thick sublayers of the respective aloys. By decreasing the thickness of these
sublayers, coatings of different overal compostion were obtaned and their properties were
investigated. The internd stress was monitored in situ during depostion and the rest of the layer
parameters with the exception of dectrica contact resstance and plug-in forces, were measured after
deposition on the same samples, thus dlowing the direct comparison of the results of al measurements.

3. Results
3.1. Internal stress

By variation of the dectrolyss conditions, internd dress of different vaues and sgns could
develop in the dlloy layers[14]. It was shown that at metal ion concentrations Cag = 16 g dmi® and Cg,
= 7.5 gdm® and current density, J, of 0.5 A dm?, layers of negative (compressive) interna stress, are
deposited, which is due to codepostion of antimony and to extenson of the silver lattice.

At ahigher current dengity (J = 0.75 A dmi®), the silver lattice is saturated with antimony, a new
antimony-richer phase is deposited, and the compressive stress decreases. With the further increase of
J (1 A dm?), the compressive stress changes into tensile stress [14]. Under such conditions, one can
observe the formation and propagation of dynamic space-time structures on the electrode surface [4, 7-
12, 14]. They congst of phases with different Sb-content and can be observed as waves, targets and
gpirds with different number of ams. The origin is an dectrochemicd ingability induced by the naturd
convection in the eectrolyte [12].

The parameters of the current pulses for the cyclicdly modulated dloys were chosen in such a
way that the respective sublayers corresponded to the above two cases [15]. 1S measurements in
cydicdly modulated layers using different methods are described in [16, 17]. Using the apparatus
constructed by Stalzer [18], which operates on the principle of the one-sidedly gavanized bendable
cathode, the |'S changes can be monitored in situ during the deposition of the multilayer coatings. The
results of the stress measurements are presented & the output voltage of the sensor, which is more
informative than the caculated 1Svaues[14)].

613



80 T T I T T T

Sensor signal / mV

0 1000 2000 3000 4000 5000
Time /s
Fig. 1. Time dependence of the sensor signal during IS measurement of thick alloy layers and multilayer

coatings. Cpy = 16 g dm?®, Cq, = 7.5 g dri®.

a- 1Adm?,1S= + 2.86kpmm?% b - 0.5 Adm?, IS= - 0.57 kp mm’%;
c-10min-1Adm? /20 min—0.5Adm?.

Inset: cross-section of the multilayer coating.

Figure 1 shows the electric signd detected by the sensor for the two thick dloy layers and for the
multilayer coating, respectively. Under identical conditions, IS is proportiondl to the dope of the
respective curve. The internd dress of the first sublayers corresponds to the stress of a thick dloy
coating of the same composition. The stressin the next sublayersisinfluenced by the previous sublayers
and achangeis observed in the dope of the respective parts of the curves.

The cross-section of the same multilayer sample isshown asan insat in Fgure 1. Despite the high
current dengity at the initid stage, deposition of the more precious slver prevails until its concentration at
the surface of the cathode decreases to zero and the process becomes diffusion-controlled. Only then
does the antimony deposition become noticeable. During thisinitid period, changes are also observed in
the trend of the sensor signd curve, which takes its Sationary shape (corresponding to the bulk
deposit) only after the trangition of the internd stress from compressive to tendile,

Figures 2 and 3 show the IS curves for shorter eectrodeposition periods and their gradua
gpproach to a graight line. The respective cross-sections (insets in Figures 2 and 3) demondtrate that
the multilayer system becomes finer. The IS vaues of the multilayer system are Stuated between the
dress vaues of the separate dloys and the influence of the higher current dendity is responsible for the
pogitive (tendle) I1Sin this case.
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Fig. 2. Time dependence of the sensor signal during IS measurement of thick alloy layers and multilayer

coatings. Cpy = 16 g dm?, Cq, = 7.5 g drri®.
a- 1Adm? b-0.5Adm?*; c-5min-1Adm?/ 10 min—0.5 Adm?.
Inset: cross-section of the multilayer coating.

Similaly to the sublayers presented in Figures 1-3, the sublayers of the multilayer systems in
Figure 4 (curves a-c) are of thickness in the macroscopic range. At a further decresse of the cydlic
modulation period, changesin IS are detected, which visudize the increased influence of the higher
current dengity, i.e. of the tendle sress resulting from the latter (Figure 4, curves d-e). This means that
under the chosen deposition conditions the compressive dtress in the sublayers deposited at a low
current dengity cannot compensate the tensile stress in the sublayers deposited at high current dengity.

At periods shorter than 1 s (Figure 4, curves f-g) the system fails to follow the pulse shape and
the predominant tensle stress decreases. The short high current dengity pulse seems to be insufficient to
ensure the deposition of the antimony-rich phase and deposition takes place at an intermediate current
dengty, which is closer to the low current dengty.
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Fig. 3. Time dependence of the sensor signal during IS measurement of thick alloy layers and multilayer

coatings. Cpy = 16 g dm?®, Cq, = 7.5 g drri°.
a- 1Adm? b-0.5Adm?* c-2min-1Adm?®/ 1 min—0.5Adm?’
Inset: cross-section of the multilayer coating.
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Fig. 4. I Schanges depending on the pulse duration. Cay = 16 g dm? Cg = 7.5 g dm®. Current density ratio

1A dm?/0.5 A dm?Z Pulsedurations:
a—-10min/20min, b—=5min/10min,c—=1min/2min,d—-6s/12s
e—1s/2s, f—250ms/500ms, g—100 ms/ 200 ms
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Similar results are observed under other dectrolysis conditions as well. Figure 5 shows the
behaviour of another dectrolyte (Cay = 16 g dm®, Cs, = 5 g dimi®), prepared by using the complex silver
sat KAG(CN), [14], whereby the deposition is redized at J = 0.25/1 A dm’. In this case, due to the
lower Cg, the thick aloy coatings deposited a a high current dendty exhibit compressive stress [14].
Again, the results show that the internal stress of the thick sublayers correspond to that of the thick dloy
coatings (Figure 5, curves a-c). By reducing the electrodeposition period, the increasing influence of the
compressive stress is noticed (due to the high current dengity) (Figure 5, curves d-g) and at very short
periods, corresponding theoreticaly to sublayer thickness in the nanometric range, a siress decrease is
again detected, asif the high current density cannot produce its effect (Figure 5, curves h-i).
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Fig. 5. IS changes depending on the pulse duration. Cpy = 16 g dm? Cg = 5.0 g dm?®. Current density ratio

0.25 A dmi®/ 1 A dm®. Pulse durations:
a—550s/250s,b—-275s/125s, ¢—138.5s/62.55,d—-55s/25s
e—-275s/125s,f-13.855/6.255,g—55s/255h—-2.755/1.25s
i—1.138s/0.625s.

It isknown that during pulse deposition higher J can be applied for a shorter time. Figure 6 shows
acase of gpplication of the high current density of 2 A dm?, the low current density being 0.25 A dmi®.
The duration of the pulsesis chosen so that to ensure the pure slver sublayer deposited at low current
dengity to be theoreticdly ten times thicker than the antimony-richer sublayer. In the case of curve a
(Figure 6), thiswould correspond to a sublayer thicknessratio of 2 mm to 0.2 nm, and for curved —to
aratio of 0.1 to 0.01 mm. The antimony codeposited & the high current dengty induces the high tengle
dressin the layer, as compared to the very low tensile stress upon deposition of pure slver layers a the
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low current dengity. At the increase of the sublayers number this effect initidly increases due to the
risng number of the interfaces (curve b). At very short pulses the high current dengty cannot be
effective and the tenslle stress decreases (curves ¢, d).
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Fig.6. I Schanges depending on the pulse duration. Cpy = 16 g dm? Cg = 7.5 g dm®. Current density ratio
0.25 Adm?/ 2.0 Adm? Pulsedurations:
a—800s/12s,b—-400s/6s,¢c—-200s/3s,d—-40s/0.6s

Figure 7 shows the influence of the thickness ratio of the two types of sublayers on IS. The total
period of the two current pulses is 200 s and it is repeated 18 times in the course of the experiment.
Eighteen pairs of sublayers of different thickness for different time ratios are deposited. Increasing the
ratio of the two pulse durations, i. e.the thickness of the sublayers in favour of the antimony-richer
sublayer, the influence of the latter increases and the internal stress corresponds to the compressive
dress of the thick alloy monolayer coatings deposited a high current dendty [14]. This conclusion is
additionaly confirmed by the cross-sections of the coatings (Figures 8 a-d). Since the deposition time in
these experiments is 1 hour, the increase of the time ratio of high to low current densty leads to
multilayer coaings of greater totd thickness.
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Fig. 7. IS changes depending on the pulse duration ratio: Cny = 16 g dm®; Cg, = 5.0 g dm?®. Ratio of the

current densities 1.0 A dmi®/ 0.25 A dmi®. Frequency 5 mHz. Sumof both pulse durations = 200 s. 18
sublayer pairs.

Pulse durations:

1:7 — 25s-1.0Adm?/ 175s- 0.25 A dmi?; 613 nm/ sublayer pair; 11.04 rm

3:5-75s- 1.0 Adm?/ 125s- 0.25 A dm? 927 nm/ sublayer pair; 16.65 nm

5:3-125s 1.0 Adm? / 755s- 0.25 A dm? 1195 nm/ sublayer pair; 21.5 nm

7:1-175s- 1.0 Adm?/ 25 s- 0.25 A dm? 1508 nm/ sublayer pair; 27.15 rm

Fig. 8. Cross-sections of the multilayer coatings from Figure 7. Ratio of the pulse durations: a- 1:7, b - 3:5,
c-53,d-71
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Similar changes are observed when the deposition time for a sublayer pair is decreased to 20 and
2 s. A larger number of sublayer pairs (180 or 1800, respectively) were deposited for the same tota
deposition time. The dependence of the internd stress on the higher current density, i. e., on the higher
antimony content in the dloy is amilar. The influence of the higher current dengty is not so clearly
expressed when the deposition time for a sublayer pair is 2 s - it seems to be hampered by the very
short pulse duration. The separate sublayers deposited at pulse periods of 2 and 20 s are suffidiently thin
and cannot be observed in the optical microscope.

The results show that the high current dengty influences significantly the internd dress of the
sublayer of high and intermediate thickness when the pulse duration ratio of the high current dengty to
the lower one is 7:1. At shorter pulses, the high current dengity is not effective and the compressve
dress is reduced. In the other limiting case of pulse duration ratio of 1:7, the influence of the higher
current dengdity is not well expressed and the stress of the coating is independent of the sublayer
thickness, practically unstrained coatings are obtained. At a Smilar current density ratio, the thickness
ratio of the separate sublayersis responsble for the IS vaue in the multilayer coating (Figure 9). By an
appropriate choice of the pulse duration ratio, 1S can be modified in such away, so as to obtain layers
of pogtive or negative stress, and even completely unstrained coatings.

10 ! | ! | ! | ! | !
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&

-10 175s/25 s —]
-15 _
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0 1000 2000 3000 4000 5000
Time /s
Fig. 9. I Schanges depending on the pulseratio (t; : t,) at atotal period (t; + t,) of 200 s.

Cag = 16 gdmi®; Cg, = 5.0 g dm®; KAg(CN),- electrolyte;

Ratio of the current densities 1.0 A dm®/ 0.25 A dm?.

a- frequency 5mHz; 175s—0.25 Admi?/ 25s—1.0 A dm®

b - frequency 5mHz 25s, 175s -0.25 Adm?®/175s, 25s - 1.0 Adm®

The time ratios presented in the figure correspond to the lower part of the tota curve. However, it
should be taken into account that the sublayer siress is influenced by the stress in the previous layers of
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the coating, so that the curve dope for the thick multilayer systems could dightly differ from the dope of
the respective parts of the curve in Figure 9.

The IS measurements lead to the conclusion that the interna stress of the multilayer coating of the
slver-antimony aloy can be modified conveniently by an appropriate variation of the pulse parameters.

3.2. Electrical contact resistance

The contact resstance, Ry , of 6 mm thick multlayers was measured by the Burder
microohmmeter Resstomat 2323 on brass contact pins of diameter 4 mm and length 14 mm at a
pressure force of 2 N. Ry strongly depends on the type of the highest sublayer in the sysem. The
separate sublayers were of equal thickness and were deposited at current densities of 1 and 0.5 A dmi?,
respectively.

Figure 10 shows the results obtained for Ry from measurements againgt gold-plated samples.
The firgt point on the curve corresponds to multilayer systems of sublayer thickness of about 1 nm and
the last point — to the theoreticd thickness of 1 nm. The measurement on coatings with a thicker
sublayer was irrdevant. In this case, Ry of the respective dloy phases would be measured, which is
described esewhere [14]. The results show that Ry is of approximady condant vaue and is
independent of the number, i. e. of the thickness of the deposited sublayers. The deviations are due to
changes in the surface layer. The vaue of Ry corresponds to an dloy composition which, in the case of
the thick monolayer coatings, is deposited from the same dectrolyte at a current dendgty of about 0.75 -
0.8 A dm?[14].
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Fig. 10. Contact resistance of the 6 nm thick multilayer coatings depending on the number of sublayers.

Cag= 16 gdmi®; Cg, = 7,5 g dmi®. Ratio of the current densities J, : J,= 1 Adm?/ 0.5 A dmi”. Ratio of
pulsedurations: t;:t,=1: 2

3.3. Microhardness

The dloying of dlver with antimony ams a the enhancement of the hardness and wear resistance
[1-3]. For thick dloy coatings, it was established [6, 14] that the increase in current dengity, leading to
the rise of antimony content in the coating, results in the increase of the hardness of the deposited layer.
This increased hardness can be attributed to the incorporation of antimony in the siver lattice, forming a
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solid solution (a -phase) and the consequent increase of the Silver lattice parameter [6]. After saturation
of the dlver lattice with antimony leading to the increase of the compressive dress in the deposited
layers, anew antimony richer phase is deposited, resulting in the reduction of the internd stress and of
the microhardness of the deposited layers [14].

In multilayer coatings with thicker sublayers, the highest sublayer has a mgor influence on the
microhardness. The Vickers microhardness, Hv, of the deposited coatings was measured in three
different positions set a a distance of 2 cm from each other dong the sample. Each point of the curves
in the respective figures represents the average of at least nine measurements.
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Fig. 11. Microhardness by Vickers of the multilayer coatings depending on the number of
sublayers. Cpy= 16 g dm®; Cg, = 7.5 g dmi®. Loading 10p. Ratio of the current densities:
®_J.:J,= 1Adm?/0.5Adm?%t,: t, = 1:2; 22 rm(see Figures 1-3)
m-J:),=1Adm?/0.25 Adm?% t;:t, = 1:4; 26 rm
A_J:),=05Adm?*/0.25 Adm? t;: t, = 1:2; 23m

Figure 11 shows the obtained Hv values for three different ratios of J. The pulse durations were
chosen so that the thickness of the separate sublayersis gpproximately the same. The IS changes of the
multilayer coatings a a current dengity ratio J; : J, = 1 A dm?: 0.5 A dm are presented in Figures 1, 2,
and 3. The highest sublayer was aways the slver-richer sublayer. In curve a it corresponds to a
current density of Q5 A dm? and shows considerably higher Hv values then the dmost pure silver
sublayer deposited at 0.25 A dmi?, which is dearly evidenced by the thick sublayers. The comparison
of the two curves b and c for the low current density (0.25 A dmi®) reveds again the influence of the
dready deposited layers on the subsequently depositing ones, as aready established from the stress
measurements. Despite the fluctuations of the experimental values at decreasing antimony content in the
multilayer coating due to the contribution of the lower current dendity, lower values are detected for the
microhardness of the multilayer coatings.
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Fig. 12. Microhardness by Vickers of the multilayer coatings depending on the number of sublayers. Cyy =

16 g dm?® Cq, = 5.0 gdm? KAg (CN), — electrolyte; Loading 2p. Measurement in the cross-section
of the deposit. Vickers microhardness of the copper substrate Hv g0, = 112 kp mmi2.
A_J:3,=025Adm*/1.0Adm%t i t,=22:1; 17rm

®.J:J,=05Adm?/0.25 Adm%t,:t,=1:2; 12rm

The change in microhardness a considerably shorter pulses is shown for another eectrolyte in
Figure 12. Because of the smdler thickness of the coatings, the measurements are conducted at a load
of 2p on the cross-section of the samples. When the sublayers are of the same thickness, the increase in
their number leads to a decrease in the microhardness (curve a). This is probably related to a decrease
in the antimony concentration in the coating. Higher microhardness vaues are regisered in the
multiplayer coaings at pulse parameters leading to another thickness ratio of the separate sublayers and
to an increased totd antimony content (curve b).

3.4. Wear resistance

Smilarly to the measurements of the thick dloy coatings [14], the wear resistance, A, of the
multilayer coatings was determined by the method of BOSCH-WEINMANN. Figure 13, curve a
shows the results obtained by the use of an dectrolyte of standard composition (16 g dm® Ag and 7.5 g
dm® Sb). Thetwo curves A-A (0.5 A dm®) and B-B (1.0 A dmi®) show the respective vaues for thick
dloy layerstypicd of the current dengties applied. Despite certain fluctuations, the values are averaged
between the two limiting cases. Subgtantial changes in wear resistance depending on the number of
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sublayers are not observed. It was dready shown that the aloys deposited at a higher current density
are of lower wear resistance due to the contribution of the antimony-richer phase [14].
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Fig. 13. Wear resistance depending on the number of sublayers.
Curvea(®): Cay= 16 gdm®; Cq,= 7.5g dm?,
Ji:J,= 1Adm? /0.5Adm? t,:t,= 1: 2: average thickness 22 rm
Curveb (A): Cay= 16 g dm®; Cg,= 5.0 g dm®, KAg (CN), —electrolyte;
Ji:J,= 0.5Adm? /0.25 Adm? t,:t,= 1: 2; average thickness 12 rm
A-A-0.5Adm? B-B- 1.0 Adm®

Here, the influence of the higher current dendity is dso manifested in the reduced wear resstance
of the multilayer coatings compared to the coatings deposited a a lower current dengity. This means that
the depogtion of multilayer coatings from slver-antimony dloy aming a the increase of the wear
resistance of slver would be reasonable only at a very low antimony content in the dloy.

Such acaseisredizable a different current dengties of the same ratio, e.g., 0.5 A dm?: 0.25 A
dm’ (Figure 13, curve b). In this case, high wear resistance is achieved and its values at extremely low
sublayer thickness seem to be dightly increased. The wear resistance increases dso with the reduction
of the high current dengity contribution and probably with the increase of the slver-richer phase in the
coating. The results show that higher wear resstance is detected for the ungtrained layers while for
layers of high compressive stress the wear resistance is considerably lower.

3.5. Roughness

The roughness, Ra, of the multilayer aloy coatings dightly differs from that of the monolayer dloys
deposited in the presence of antimony. By codeposition of antimony, due to its effects of brightening and
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of reduction of grain Szes, layers of consderably higher smoothness could be obtained as compared to
the pure slver coatings [14]. No dependence of the roughness of the multilayer dloy coating on the
number of its sublayers was established in the present investigation. In al cases the Ra vaue of the
deposits was lessthan 1 nm.

3.6. Plug-in forces

The measurement of the plug-in forces, F, was carried out on contact pins and jacks using a set
up condructed by FEM, smilarly to the measurements on the thick aloy coatings [14]. The negative
ggn of the forces in this study corresponds by definition to the process of introduction of the pin into the
jack.

'50 I T TTTTTI T TTTTTT T TTTIIT T TTTTTT

-100 — —
Z
LL

-150 |~ —

_200 1 1 IIIIII| 11 IIIIII| 11 IIIIII| L1 il

1 10 100 1000 10000
Sublayer number
Fig. 14. Plug-in forces depending on the number of sublayers. Total thickness- 6 nm.

Cag= 16 gdm® Cq=7.5gdm®J;: J,= LOAdM? /0.5 Adm> t,:t,=1:2

The reduction of the sublayer thickness enhances the plug-in forces. Figure 14 shows the
dependence of F on the sublayers number, thus reveding the influence of the increased number of
interfaces. A maximum of F is observed a a sublayer thickness of about Q03 mm and the values
decrease again at further reduction of the pulse duration. This is probably due to the worsening of the
effect of high current dendity at the extremey short pulses and to the formation of more homogeneous
layers under such conditions.

On the basis of the experimenta results one can conclude that a antimony concentration in the
dectrolyte of 7.5 g dm® and a very high number of the sublayers, the initidly incressing plug-in forces
decrease at constant roughness and wear resistance, at reduced microhardness and unchanged contact
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resstance. The interna stress can be modified arbitrarily by the gppropriate variation of the conditions
of deposition.

4. Conclusons

In the process of dectrolytic depogtion of multilayer systems based on slver-antimony dloys,
coatings of modified properties can be obtained. The interna dress of the first thick sublayers
corresponds to the interna stress of the thick dloy layers, and the internd stress of the subsequent
sublayers is influenced by the previous ones. The influence of the antimony-richer sublayer increases up
to certain limits with the reduction of the sublayer thickness, whereupon at very short current pulses the
effect of the higher current dengity cannot be redlized.

By vaiation of the pulse parameters, the internd dtress of the multilayer systems can be
conveniently modified in order to obtain coatings of compressve dress, tensle stress or ungtrained
coatings.

The eectrica contact resstance is of gpproximately congtant value regardless of the sublayer
thickness.

The microhardness of the multilayer systems increases with the increasing contribution of the
higher current density, i.e. with the increasing antimony content in the multilayer coating.

At very short pulses a reduction is observed of the microhardness, which is attributed to the
worsening of the effect of the higher current density.

The vaues of the wear resistance are between those of the thick aloy coatings deposited at the
respective current dendties. In some cases a very short pulses the wear resistance increases. It
increases aso with the reduction of the contribution of the high current dendity. The ungtrained coatings
are of higher wear resistance.

The roughness of the multilayer coatings corresponds to the roughness of the deposited dloysin
the presence of antimony and is not influenced by the sublayer thickness.

The plug-in forces of the multilayer coatings increase with the reduction of the sublayer thickness.
At very short durations of the current pulses, they decrease again due to the worsening of the effect of
the higher current density under such conditions.
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