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Abstract 

Silver plating processes have become key technologies for connector applications in the past 10 years. The signif- 

icant utilization increase of various pure silver plating types and various silver alloys, for electrical contact surface 

finishing, can be attributed to several factors such as the development of electrical vehicles, the continuous rise of 

many connector operating temperatures up to 150°C and 180°C, where Tin plating cannot be used anymore, the 

increase of smaller-size power connectors requiring higher electrical conductivity than what can be provided by 

hard gold plating, and finally the severe increase of Gold and Palladium metal prices. Connector users sometimes 

have difficulties to understand the performance differences between all the existing silver-based plating offering. 

This work presents a summary between several widely used commercial silver-based deposits such as soft or hard 

pure silver, Antimony or Bismuth based silver alloys as well low friction silver coatings. Some key tribological, 

electrical and mechanical characteristics are compared. Some structural surface analysis is carried out to under- 

stand certain behaviour differences. The objective is to better define the optimal performance domain of each type 

of silver-plating technologies. 

2010, of the first mass-produced 100% electrical vehi- 

cles (EVs), which have boosted, within the electrical 

interconnection systems field, the innovations related 

to Silver based plated connectors. We have entered the 

new world of electrification, which is not only limited 

to the automotive industry, but also to the electronic 

and electrical devices segments, where we need more 

and more autonomy, more electrical conductivity, and 

more resistance to higher temperatures. Electronics are 

progressively switching from classes 70°C and 85°C to 

classes 105°C, 125°C, 150°C, 180°C and more re- 

cently to class 200°C [5]. It is important to note that 

above 125°C, we cannot use Tin plating due rapid oxi- 

dation and formation of Tin Oxide on the surface of 

electrical connector contacts. This progressive change 

of technical specifications and the significant price in- 

crease of gold metal have favoured the development of 

many kinds of new silver-plating processes instead of 

the usual historically known gold plating processes. It 

is useful to make a brief comparison between Gold- and 

Silver-plated layers [6]. Gold presents the ad- vantages 

of being a very good conductive material (electrical 

resistivity of 2.44 μΩ.cm), of being a noble metal with 

excellent resistance to corrosion and of pre- senting 

naturally a very low coefficient of friction mak- ing it an 

excellent solid lubricant, which is favourable for 

connector higher durability (resistance to mating and 

unmating cycles). Gold is also known to have ex- 

cellent resistance to fretting-corrosion, and thus to im- 

prove connectors resistance to vibration. Conventional 

1 Introduction 

Silver plating processes are nowadays very important 

plating processes in the field of the electronic connect- 

ors and overall electrical and electronic interconnec- 

tion applications. Historically, connectors were and are 

still using gold plating (Au/Ni) as the main plating for 

male/female contact interfaces. Gold Flash over Palla- 

dium-Nickel (GF-PdNi) was developed in the late 

1970’s and commercialized starting 1986 [1] as an al- 

ternative. This GF-PdNi plating was globally a very 

successful approach as it was adopted, (still used to- 

day), by almost all connector manufacturers [2]. Sev- 

eral other alternative plating processes to Au/Ni were 

developed and introduced in the early 2000’s such as 

Gold over Nickel-Phosphorus [3]and Gold over other 

various barrier layers like Nickel-Tungsten, Cobalt- 

Tungsten or even Cobalt-Nickel [4]. All these alterna- 

tive processes are, technically speaking, very success- 

ful, but did not become, not yet at least, the “industry 

standard”, in a similar way to Au/Ni and GF-PdNi, for 

the main reason that Gold metal prices were constantly 

increasing, from an average of 300$/TO, in early 

2000’s to nearly 1900 $/TO nowadays. This steady in- 

crease of Gold prices had pushed a lot of researchers 

and companies to start developing Silver based plating 

processes as a more cost-effective alternative. Then, al- 

most simultaneously, we have assisted to the advent, in 

 



silver plating has the lowest electrical resistivity among 

precious metals (electrical resistivity of 1.59 μΩ.cm). 

That is what explains its wide usage, since the mid 

1990’s, in the automotive industry and mainly for 

power applications. Conventional silver is known also 

to have a low hardness (practically lower than 100 

Vickers), low young modulus (practically around 

80~90 GPa) and a very poor coefficient of friction, be- 

tween 0.8 and 1.4 according to applications. That’s 

why Silver-plated connectors are historically rated for 

50 mating/unmating cycles only, although the typical 

silver plating thicknesses on electrical connectors is 

relatively high (between 4μm and 10μm in most of 

cases) [7]. That’s much higher than the usual thickness 

range that is used for Gold or GF-PdNi platings (be- 

tween 0.4μm and 1.27μm). Finally, Silver is very sen- 

sitive to sulfidation and it requires the use of organic or 

inorganic anti-tarnishing solutions for surface protec- 

tion, given that silver sulfide (Ag2S) tarnishing com- 

pounds have an electrical resistivity of 17.3 mΩ.cm, 

that is 11000 times higher than pure Silver. Even if this 

will not degrade signal or low-power connectors per- 

formance till failure, it is still critical for mid- and high- 

power connectors. Although this makes a certain num- 

ber of disadvantages for silver plating, its moderate 

cost added to its good resistance to fretting-corrosion 

overall, does really offset these disadvantages in many 

applications. The huge increase of silver-plated com- 

ponents, connectors and interconnects modules is a 

good proof of evidence. In the remainder of this man- 

uscript, we will refer to this conventional silver plating 

as “soft-silver” or (sAg). 

special hard pure silver or hard silver alloy coatings, 

was to extend silver usage to more and more electronic 

connectors, where the usual 50 mating/unmating (du- 

rability) cycles are not enough, and where typical 200 

and up to 500 durability cycles are needed. In practice, 

these special plating processes started to compete with 

historical Gold and GF-PdNi plating. Moreover, under 

the pressure and the insistent inquiries of hybrid and 

electrical vehicles manufacturers, as well as the de- 

mand of electrical portable device manufacturers 

(handheld professional and retail tooling, autonomous 

household appliances…), we have been assisting to the 

development of many connectors where several thou- 

sands of mating/unmating cycles are required. Battery 

connectors are the perfect application example. In 

practice, such higher durability silver plating is now 

used by most of connectors and interconnect systems 

manufacturers. In the other hand, we are assisting since 

almost five years now, to the development and the 

introduction of low friction silver plating processes. 

These processes are quite different of the historically 

well-known composite silver plating, where we have 

graphite or carbon-black or PTFE particles dispersed in 

a silver metallic matrix. We are talking about commer- 

cialized soft silver (sAg) or hard pure silver (hAg) plat- 

ing electrolytes, where we have special copolymer sol- 

uble additives, conferring to the silver-plated deposits 

much lower coefficient of friction, usually between 0.2 

and 0.4 without the use of an external lubrication layer. 

In the remainder of this manuscript, we will call these 

deposits Silver-Carbon (AgC) for simplification pur- 

poses. These special silver deposits are intended to re- 

duce drastically insertion forces for silver plated con- 

nector with high count of electrical contacts (termi- 

nals), or they are supposed to allow extremely high 

durability for silver plate connector, much higher than 

what can achieve with hAg or with hard silver alloys. 

1.1 Development of various silver-plat- 
ing systems 

Starting in the mid 2000’s, we have seen an impressive 

number of patents and many introductions of new in- 

dustrial processes describing improved or advanced 

silver or silver-alloy surface finishes. Many new silver- 

plating deposits were developed with pure silver but 

showing much higher hardness and Young moduli. 

These commercially available silver-plating baths usu- 

ally use different types of additives to modify the crys- 

tallographic structure of the plated silver and favour 

certain crystallographic textures according to needed 

mechanical properties [8]. Such ‘hard’ silver deposits 

present hardness values ranging between 110 and 140 

Vickers usually. We will refer to this silver plating fam- 

ily as hard pure silver or (hAg). Plating chemicals sup- 

pliers also introduced many silver-alloy deposition pro- 

cesses. These silver alloys show relatively high hard- 

ness such as silver-antimony (AgSb), silver-palladium 

(AgPd) and silver-bismuth (AgBi) [9]. We have seen 

also the introduction of other varieties of silver depos- 

its, but these other types of plating will not be part of 

our current study as we are only focusing on silver-al- 

loys electrodeposits that are mainly used for connector 

separable interfaces coatings. The objective of all these 

1.2 Objective of this investigation work 

In short, connector users have now a very wide offering 

of silver-based surface finishings on connectors and in- 

terconnection modules, making it sometimes very 

complex to understand which type should be selected 

for their applications. The objective of this paper is pro- 

ceed to a comparative benchmark and characterization 

between sAg, hAg, AgBi,AgSb and AgC in order to 

better identify the differences between these deposits 

and better guide connector users during the selection or 

choice of the connector plating. Another interest of this 

work is to offer an objective performance comparison 

of these different coatings on the same test vehicle us- 

ing standard test procedures. Our aim is not to decide 

which is the best surface finishing technology, but to 

give product engineers and designers enough elements 

to determine what could be the best choice for their 

specific application or finished product. Any experi- 

enced scientist or engineer knows perfectly that the ab- 

solute ultimate surface finishing technology does not 

 



exist. What we are looking for is simply the most ade- 

quate plating for a specific application or end-product. 

hardness were determined using an Anton Paar NHT3 

nanoindenter. All 3D profiles were achieved using a 

Bruker Contour GT monochromatic green light interfer- 

ometer. In most of testing, both male and female con- 

tacts had similar plating types. But each time we needed 

to obtain specific comparative electrical or mechanical 

property value, we have used a counterpart which was 

plated with conventional hard gold with a nominal layer 

thickness of 0.82μm ±0.2μm. 

2 Experimental 

Durability testing and fretting-corrosion tests were 

laboratory simulated in the 

using a tribometer and validated, in most of cases, on 

real connector contacts. The tribometer with continu- 

ous low-level electrical contact resistance (LLCR) 

measurements, using 4-wires method, is a Bruker 

UMT3 universal mechanical tester equipped with a 

mechanical reciprocating module interchangeable with 

piezoelectric module. A flat real connector header con- 

tact or a flat plated specimen were fixed on this lower 

module. The upper module has special hemispherical 

coupon with different radii (1.0mm, 1.2mm and 

1.4mm), allowing to simulate different connector ter- 

minals receptacle geometries under different contact 

pressures. A typical plated hemisphere and a schematic 

representation of the contact resistance (Rc) measure- 

ment principle are shown in Figure 1. All durability 

tests were done according to EIA-364-09C standard. A 

stroke length of ±2mm and a sliding speed of 

127mm/min were used. All platings were deposited us- 

ing reel-to-reel plating lines including the flat and the 

hemispherical lab samples. 

2.1 Contact pressure calculation 

In several cases, we cannot simply use normal forces to 

compare plating performance durability accurately. 

Connector designers usually adapt their design geome- 

try and the contact normal forces to the plating to be 

used for the connector. Consequently, an approach us- 

ing contact pressure (Hertz stress) is much more accu- 

rate and representative of reality [10]. The Hertz theory 

is used to calculate the apparent contact area when two 

solids are pressed one against the other, provided the 

part geometries as well as the Young modulus and the 

Poisson coefficient are known. It is important to note 

the fundamental equations we used. If we have two 

solid spheres having an elastic contact under a normal 

force (F), the spheres are characterized by their radii 

(R1) and (R2), their Young moduli (E1) and (E2) and 

Poisson coefficients (ν1) and (ν2). The contact area is a 

disc of radius “a”. From a mathematical point of view, 

the problem is equivalent to the case of a sphere of ra- 

dius R and Young modulus E pressing onto a plane of 

infinite rigidity, R and E being given by: 

Fig.1 : Typical plated hemipshere used for 

durabllity simulations and wiring setup (EQ1) 

The base material used was a commonly used C70250 

(CuNiSiMg) alloy with 43% IACS conductivity. All 

samples and contacts went through electrochemical al- 

kaline degreasing followed by electropolishing before 

plating a ductile (26%) 1.5μm ±0.25μm nanocrystal- 

line nickel. Thick, soft silver (sAg/Ni) or hard pure sil- 

ver (hAg/Ni) layers thicknesses were nominally 4.2μm 

±0.2μm. The hard silver-antimony (AgSb) and silver- 

bismuth   alloys   layers   had   a   thickness   of 4.2μm 

±0.4μm. The silver-carbon (AgC) layers thicknesses 

were  4.1μm  ±0.3μm.  All  layers  were   plated   at 10 

A/dm² current density except for AgC that was plated 

at 6 A/dm². AgSb contained ~1.4% of Antimony (Sb), 

AgBi contained ~1.1% of Bismuth (Bi) and AgC 

contained between 2.4% and 4.3% of Carbon under 

non-identified chemical form (commercial bath formu- 

lation). A Fischer XDV-μ polycapillary X-Ray fluores- 

cence spectrometer (XRF) with 25μm spot diameter, 

was used to measure all plating thicknesses and verify 

base material composition. Scanning Electronic Mi- 

croscopy (SEM) morphological analyses were per- 

formed using a ZEISS EVO MA-10 SEM at 15 kV op- 

erating voltage, equipped with an Oxford Instruments 

XMax EDS probe fitted with a 50mm² detector. Plated 

stack   composite   Young    modulus   and   composite 

The calculation was 

lished by Hertz in 

where “a” is: 

The local contact 

pressure at a dis- 

tance “r” from the 

centre of the disc is 

given by: 

pub- 

1882 (EQ2) 

(EQ3) 

The average (EQ4) 
contact pressure 

is given by: 

The maximum stress 

within the material is in 

the range of: 

(EQ5) 

Each time we needed higher accuracy benchmark, we 

have used this Pm average contact pressure, which 

gives us much better understanding to observed phe- 

nomena. Hertz theory assumes that the material defor- 

mations are purely elastic, and the contact area is small 

compared to the size of the solids. Consequently, we 

avoided, in all our tests to use normal forces that could 

lead us to reach plastic deformation ranges. In real field 
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with various silver based deposits 

applications it is not always the case. Sometimes we 

are obliged to use high normal forces with tiny contact 

geometries, which generates very high contact pres- 

sures at the contact interface. Nevertheless, these cases 

remain relatively limited. Hertz equations consider that 

the surface state is perfect, while in real world contacts, 

we have always a certain level of roughness. In these 

investigations, samples were electropolished during 

plating processing, so we may consider the impact of 

this roughness to be relatively negligible. Plated layers 

could also go through partial plastic deformation dur- 

ing mating and unmating cycles [11]. It is commonly 

admitted that a contact pressure calculation for con- 

nectors is valid for a certain specific moment and cer- 

tain surface state. In other words, the contact pressure 

we are calculating is between male and female contacts 

before durability testing. We call that the nominal ini- 

tial contact pressure. During durability cycles, wear oc- 

curs in the contact area resulting in Hertz stress varia- 

tion, probably due to modifications in contact spot size 

because of elasto-plastic or, eventually, plastic defor- 

mation [10,11]. For simplification, we always refer to 

the initial nominal contact pressure. Finally, Hertz 

stress equations consider only the 2 solids which are 

homogeneous material with well-defined Young Mod- 

ulus. For connectors, we use plated base material and 

to be more representative of reality, we measure and 

calculate the composite Young Modulus of the total 

plated stack using a nanoindentation technique [12]. 

This methodology is commonly used as it gives more 

accurate Hertz stress values, given it takes into account 

the impact of barrier underlayer plating (Nickel in our 

case) as well as the final precious metal(s) layers (dif- 

ferent silver-based layers in our case) [13]. 

with 1.0mm radius. All results are presented in  figure 

1. We do not present on this chart the like-to-like (both 

male and female contacts have the same plating) LLCR 

measurements curves, for the simple reason that we 

wanted to fix the characteristics of the first constriction 

half of the separable interface. We decided to evaluate 

only the intrinsic electrical properties of each deposit, 

while reducing the impact of number of “a” contact- 

spots at the interface. For example, using sAg vs. sAg 

will generate much higher number of contacts spots 

due to the higher known elasticity of soft silver, which 

would not be necessarily the case for a much harder 

silver-based deposit. Measuring LLCR using a gold- 

plated probe will allow us to highlight the electrical re- 

sistivity of each deposit and lead to a higher accuracy 

comparison. At the same time, it is important to meas- 

ure the hardness, using nanoindentation, of these dif- 

ferent types of silver-plating deposits. We also meas- 

ured the deposits’ indentation modulus to have a better 

identification of their elasticity behavior. Figure 2 pre- 

Fig.1 : Contact resistance evolution vs. normal force 

between between Au/Ni hemispheres & flats plated 

3 Results 

In this paper we have decided to compare and study the 

electrical characteristics of the different silver-based 

deposits, then to compare the durability performance 

under 2 different contact pressures corresponding to 

normal forces that are typically used on silver plated 

connectors families. Fretting-corrosion benchmark is 

following, with a clear objective of determining which 

type of silver-based deposits would be more adequate 

for the different connector’s application. We insist on 

the fact, that the main objective of this investigation 

work, is to give objective guide rules for connector 

designers. 

Fig.2 : Hardness (Hvit) measurements, using 

nanoindentation, on flats electroplated with various 

silver based deposits 

sent the hardness measurement results and each result 

is the average of 50 individual measurements. The high 

number of measurements was required to consider po- 

tential plated layers non-homogeneity, potential partial 

recrystallization of silver and differential crystallo- 

graphic texture distribution within the silver-based de- 

posit that may eventually be occurring. Figure 3 is 

showing the indentation modulus for the different sil- 

ver-based deposits. It shows clearly that AgC has much 

higher elasticity than conventional sAg, that have also 

higher elasticity then the 3 other high-hardness silver- 

3.1 Benchmark of generic deposits 
characteristics 

It is evident that electrical properties are the most im- 

portant for a plated deposit to be used for connectors. 

In order to make a straight benchmark, we have meas- 

ured the Low Level Contact Resistance (LLCR) of the 

different deposits vs. a hard gold plated hemisphere, 
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based electroplated layers. Now we have these 2 

above-studied key characteristics, we can try to under- 

stand the electrical behavior of the deposits shown in 

figure 1. All silver-based electrodeposits show excel- 

lent electrical contact resistance as expected, but AgBi 

silver alloy has clearly much higher LLCR which is 

2.5~3.0 times higher than sAg. This is probably due to 

the intrinsic local disorders and joint defects within the 

silver-bismuth alloy [17] which are well documented 

silver, and AgSb, the high durability silver alloy. And 

even if we use the latest AgC, low friction silver tech- 

nology, this difference remains 1.6Ωm and that’s a sig- 

nificant difference for power connectors used for bat- 

teries and for Electrical Vehicles (EV). Knowing that 

this lower normal force area (< 3N) corresponds to a 

contact pressure area between 200 MPa and 600 MPa, 

it is important to note that these are contact pressures 

that can be commonly found on many high durability 

connectors on the market. Potentially, we must be care- 

ful when using high power connectors within this low 

contact pressure area, if we are using these alternative 

silver deposits. We are not talking about a theoretical 

academic approach, but about real field connectors 

which performance can be seriously impacted by the 

choice of the silver-based deposit characteristics. In 

summary, when working with very high durability con- 

nectors (over 2000 durability cycles), lower contact 

pressures are usually used, the choice of silver-plating 

type is crucial if such connector will carry high electri- 

cal current intensity. When dealing with medium dura- 

bility connectors (500~2000 durability cycles), we usu- 

ally use slightly higher contact pressures, lower than 

400~450 MPa in most cases, the performance differ- 

ence between hAg, AgC and AgSb is less crucial alt- 

hough it remains important. For connectors where the 

contact pressure is higher than 600 MPa (the frontier of 

~3N normal force on Fig.1), we have much more 

choice to select the most competitive silver-based alloy 

plating. The studied 5 silver-based electrodeposits are 

all, economically speaking, much more competitive 

compared to typical Gold plating or GF-PdNi plating. 

But the choice should be really function of the contact 

pressure that the connector is designed for, thus the to- 

tal number of durability cycles that are required for the 

application. 
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Fig.3 : Indentation modulus measurements, using 

nanoindentation, of flats electroplated with various 

silver based deposits 

in the literature. The sAg deposit presents by far the 

lowest contact resistance whatever is the applied nor- 

mal force. sAg and hAg both show lower LLCR com- 

pared to plated hard Gold which can be considered as 

the reference in our case. AgC and AgSb show slightly 

higher LLCR compared to Gold without being able to 

reach the same low values as Gold or pure silver de- 

posits, even with quite high normal forces. As a prelim- 

inary remark, we can say that AgBi is much less ad- 

vised for mid- and high-power connectors and ideally 

it should be kept for signal- and low-power connector 

applications. For the remaining deposits, we may dis- 

tinguish 2 areas delimited by the normal force range 

between 2.8N and 3.2N, so an average normal force of 

3N approximately. Above this range, corresponding to 

a contact pressure between 610MPa and 640 MPa, we 

may notice that the LLCR difference between plated 

layers is always lower than 0.8 mΩ, but always respect- 

ing the following order: AgSb>AgC>Au>hAg~sAg. 

Below the average normal force of 3N, corresponding 

to low contact pressure areas, we can see significant 

differences in the electrical behavior of these electro- 

deposits. LLCR is always respecting the following or- 

der AgSb>AgC>Au>hAg>sAg, where hAg shows 

higher LLCR than sAg probably, due to the lower hard- 

ness of sAg and its higher elasticity (so lower measured 

indentation modulus) that leads unavoidably to a much 

larger number “a” contact spots and automatically 

larger contact area [14]. But it is interesting to notice 

the 2.5mΩ difference between sAg and AgSb for the 

lowest normal force, so lower contact pressure. That’s 

a very important increase when we are dealing with 

mid- and high-power connectors. Knowing that sAg 

will not be suitable for more than average 50 mat- 

ing/unmating cycles, there is still practically 2mΩ dif- 

ference between hAg, the high durability pure hard 

3.1 Benchmark of durability 

Following the observations listed before, we decided to 

benchmark the durability of these five silver-based de- 

posits (sAh, hAg, AgBi, AgSb, AgC) at two different 

contact pressures. The first is a 400 MPa, correspond- 

ing to pressure value selected in the low contact pres- 

sure area, and the second is 650MPa corresponding to 

a pressure value selected in the higher contact pressure 

area. Besides, we noticed that several medium and high 

durability power connectors on the market, from differ- 

ent connectors manufacturers, are operating at contact 

pressures very close to these selected values. For prac- 

tical reasons, durability tests were performed using a 

hemisphere of 1.4mm radius. Table 1 gives the normal 

forces allowing to obtain the nominal contact pressure 

used for each type of plating. Using a simple approach 

with a fixed normal force applied on these different sil- 

ver-based surface finishings, would have been less ac- 

curate, given that each of these deposits have different 

hardness and different elasticity modulus [15]. Let’s 

take 2 examples to illustrate the investigation 
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methodology. Figure 4.1 shows the evolution of elec- 

trical contact resistance for AgC deposit (Low friction 

silver-carbon) as well as its coefficient of friction up to 

2000 durability cycles under a contact pressure of 400 

MPa. 

one. Let’s take another example of hAg under 650 MPa 

of contact pressure, Figure 4.2, to see how worn surface 

would look like under more critical operating condi- 

tions. In this example we can notice that the friction 

coefficient of hAg starts at 1.4, a quite common value 

for pure silver-plated layers, then it decreases gradually 

down to a minimal value of 0.45 around 450~550 cy- 

cles, corresponding to a significant contact resistance 

increase. We assume that we have an important wear- 

through occurring at this level. Then we have again a 

Table 1 : Normal forces applied on hemispherical 

coupons during durability tests on flats electroplated 

with various silver based deposits 

We can notice that in all cases, we have very stable 

LLCR, except during the first few cycles where we can 

see minor perturbations. The friction coefficient starts 

at very impressive low value around 0.15 and then it 

gets  stabilized,  beyond 250 durability  cycles, around 

0.33 during the rest of the experiment. This is perfectly 

repeatable and reproducible. Each experiment was re- 

peated 3 times. If we examine for example, in Table 2, 

the 3D interferometric profile of flat surface, we notice 

that after 100 durability cycles, wear is negligible while 

after 2000 durability, we are able to observe a noticea- 

ble wear track. 3D interferometry allows us to calculate 

accurately the worn volume and the maximal wear 

depth. In this case, the maximal wear depth after 2000 

cycles was 1.82 μm out of initially plated 4.2μm. The 

SEM/EDS elemental mapping can confirm that we do 

not have any wear through the silver AgC layer even 

after 2000 cycles. In few words, this AgC deposit can 

low contact resistance around 1.8mΩ and a stabilized 

friction coefficient around 0.8, corresponding probably 

to contact resistance and gradual wear on copper base 

Fig.4.1 : Electrical Contact Resistance and Friction 

Coefficient evolution of AgC silver-carbon 

electrodeposit according to durability cycles 

Fig.4.2 : Electrical Contact Resistance and Friction 

Coefficient evolution of hAg Hard Pure Silver 

electrodeposit according to durability cycles 

be considered for connectors, each time we need ex- 

treme tribological performance, with a limitation for 

certain types of very high-power connectors, given it is 

slightly less conductive than sAg or hAg (both are pure 

silver). If the application can tolerate such slightly 

higher electrical resistivity or if we are only looking for 

lower insertion forces, then this plating is the adequate 

material. This is confirmed by interferometric 3D pro- 

files, given in table 3, that show example of surface 

state. In practice, hAg, as plated and without any 
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Table 2: 3D interferometric profiles and SEM/EDS 

elemental mapping of AgC worn surfaces, under 400 

MPa 

 Normal Force to obtain: 

Plating 

Type 

400 MPa 

Contact Pressure 

650 MPa 

Contact Pressure 

sAg 1.25 N 5.14 N 

hAg 0.72 N 3.08 N 

AgBi 0.69 N 2.84 N 

AgSb 0.61 N 2.64 N 

AgC 1.42 N 5.98 N 

 



subsequent lubrication, can withstand maximum 500 to 

550 durability cycles. SEM/EDS elemental mapping 

clearly shows that at 500 cycles we still silver in the 

wear track, but we also started to have exposed nickel 

and copper base metal. 

earlier), shows surprisingly higher durability perfor- 

mance compared to AgSb and hAg. 

Finally, it is important to note that, although wear 

through of the soft silver (sAg) occurs very quickly, it 

takes a lot of durability cycles, more than 1000 cycles 

(unexpectedly), to reach the copper base material. SEM 

micrographs have shown that continuous galling and 

continuous detachment of silver flakes or particles 

from one side of the interface to the other side, are re- 

sponsible of such “good” performance [16]. With soft 

silver, we don’t see an excessive number of wear parti- 

cles that are pushed out of the contact area. Larger par- 

ticles have clearly the tendency to remain within the 

wear track. In practice, to use hAg, AgSb and AgBi in 

high durability connectors, requiring more than 1000 

mating/unmating cycles, they should be lubricated, if 

the final application allows it, which is not always the 

case. 

3.2 Benchmark of fretting-corrosion 

Pure Silver plating (sAg) is known to have a good re- 

sistance to fretting corrosion. The objective for this 

study is simply to make a summary characterization, to 

determine if the various silver-based deposits also have 

this characteristic. In pure silver plating, we already 

know that the galling mechanisms are typical, and ex- 

plain partially such good resistance to fretting [16, 17]. 

Figure 4.3 shows the fretting-corrosion curves of the 

various silver-based electrodeposits as function of the 

number of fretting cycles. The frequency used for this 

testing is 10Hz for a stroke length of ± 30μm, typical 

of fretting-corrosion regimes [18]. Overall, all silver- 

based electrodeposits have very good fretting-corro- 

sion resistance. Except for AgSb deposits, that showed 

serious electrical contact resistance increase around 

150K cycles, experiments were stopped at 200K cycles 

without noticing serious plated layers failures nor oxi- 

dation. The related detailed fretting-corrosion study for 

all these deposits will be published elsewhere. Finally, 

we did not present SEM/EDS photos of the related 

The interferometric wear depth profiles made every 

100 durability cycles show that the hard pure silver 

(hAg) is fully worn at ~600 cycles, which corresponds 

perfectly to what is given the friction coefficient curve. 

Now that we have given typical example of our meth- 

odology, we can summarize the durability results in ta- 

ble 4, given it is impossible to show in this paper all 

experimentation curves, interferometric 3D profiles 

and SEM/EDS mapping. We can notice the low friction 

silver AgC can exceed all other soft silver or hard silver 

tribological performance by far. The most interesting 

data in this table is the number of durability cycles be- 

fore the silver layer is worn through, and the nickel un- 

derplating is exposed. If we compare the different hard 

silver deposits, we can notice that the highly popular 

AgSb is not necessarily the best performing in terms of 

durability, and that hard pure silver performs better in 

terms of resistance to wear. AgBi, the plating that ex- 

hibits higher resistivity and shows higher contact re- 

sistance compared to the other deposits (as seen 
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Table 3: 3D interferometric profiles and SEM/EDS 

elemental mapping of hAg worn surfaces, under 650 

MPa 

  Number of cycles to 

Plating 

Type 

Contact 

Pressure 

Ni 

exposure 

Cu 

exposure 

sAg 
400 MPa ~70 ~1050 

650 MPa ~50 ~250 

hAg 
400 MPa ~550 ~750 

650 MPa ~270 ~500 

AgC 
400 MPa >2000 >2000 

650 MPa >2000 >2000 

AgSb 
400 MPa ~250 ~350 

650 MPa ~200 ~450 

AgBi 
400 MPa 800 >2000 

650 MPa 350 850 

Table 4: Summary of wear performance of various 

silver-based deposits: Number of durability cycles 

that these deposits can withstand wear through. 
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