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Abstract

HUBER+SUHNER AG and Rosenberger
Hochfrequenztechnik GmbH & Co. KG are
leading suppliers of RF and optical con-
nectivity components including but not
limited to connectors, cables and assem-
blies for telecommunications, space &
defence and test & measurement applica-
tions. Since material plating is a crucial
parameter in defining performance of a
RF connector, both companies have state
of the art plating facilities and R&D capac-
ity for new plating development. In order
to provide the customers with detailed
information about different platings and
their performance regarding RF connec-
tors, HUBER+SUHNER and Rosenberger
have worked very closely together to
create this white paper which can be used
as a reference while evaluating different
plating options. This white paper evalu-
ates traditional state of the art platings as
well a new proprietary plating, SURO720,
developed in partnership by HUBER+SUHNER
and Rosenberger.

To find out the performance of a variety of
platings on RF connectors the study in
this white paper evaluates corrosion
resistance under a 720 hrs salt mist test.
The test investigates performance quali-
ties of five different platings including
silver, white bronze, SURO720, tin-nickel
and electroless nickel-phosphorus.
Contact resistance, wear resistance,
ductility, solderability and passive inter-
modulation properties are investigated.

For contact resistance, silver platings
showed the best results, followed by
white bronze, SURO720 and tin-nickel
platings. Electroless nickel-phosphorus
plating demonstrated the highest contact
resistance.

Regarding wear resistance, electroless
nickel-phosphorus showed the best
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results. Silver platings showed excessive
wear and thus are not recommended for
applications with a high number of mating
cycles. As a disadvantage of its hardness
and wear resistance, electroless nick-
el-phosphorus also shows an increased
brittleness.

For soldering, silver, SURO720 and white
bronze platings are the preferred options.
Electroless nickel-phosphorus plating has
a poor wettability under standard solder
parameters and will presumably cause
problems during soldering, especially for
PIM sensitive applications. Tin-nickel
plating can be soldered but requires very
strict control during the plating process,
part storage and soldering process.
Therefore, tin-nickel is not an ideal plat-
ing for parts which need to be soldered.

With respect to corrosion, simulated by a
720 hrs salt mist test, silver platings with
thiol-based anti-tarnish post-treatment
and electroless nickel-phosphorus plat-
ings, show satisfying results. While elec-
troless nickel-phosphorus platings per-
form better on visual corrosion, silver
platings show virtually no deterioration of
the contact resistance. Tin-nickel platings
are affected by severe discoloration and
show an increased contact resistance.
Without direct contact to aluminium,
standard white bronze plating shows
visible corrosion while the new SURO720
plating shows almost no corrosion. Also,
the contact resistance of SURO720 shows
no significant change after the corrosion
test. Therefore, SURO720 meets the most
important requirements of RF connectors
in terms of corrosion, solderability and
electrical performance while retaining the
significant cost advantage of conventional
white bronze platings.
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Introduction - platings

Introduction

There is a strong trend in the mobile communications market for connectors with increased per-
formance demands on platings, especially for corrosion resistance. Connectors used in outdoor
applications, such as for remote radio heads and antennas, are exposed to extreme environmen-
tal conditions and have to withstand a wide temperature range from arctic winters to tropical
heat. In addition, aggressive atmospheres in heavily polluted industrial and coastal areas attack
the surface of these parts, threatening their functionality. Thus, these connectors require plat-
ing with exceptional corrosion resistance along with fulfilling stringent mechanical and electrical
requirements. Currently many different types of platings are used in the design of RF connectors
therefore a detailed comparison of advantages and disadvantages of different optional platings
is needed to find out which provides optimum corrosion resistance. Thus, an extensive compara-
tive study of the most popular RF connector plating has been performed by HUBER+SUHNER AG
(H+S) and Rosenberger Hochfrequenztechnik GmbH & Co. KG (RT). Numerous tests have been
conducted in order to compare various platings. External partners have been involved in this
study to ensure the best expertise is used to effectively manage special test procedures and to
guarantee a neutral ranking of the test results. The results of this extensive study presented in
this white paper should serve as a guide for product designers to choose an appropriate plating
for each specific application.

Platings

The following platings are most common for outdoor RF connectors and have been investigated
within the scope of this study. For all platings, the thickness was specified to be between 3 and 6 pm.

Silver (Ag)

Silver plating is well-established and known for its outstanding electrical characteristics. As a
noble metal, silver has an excellent corrosion resistance with a drawback that it can tarnish over
time. However, surface discoloration, caused by H,S in most cases does not affect the technical
properties and can be minimized by appropriate anti-tarnish post-treatments. silver plating offers
excellent conductivity, solderability and PIM performance; therefore, it is used as the first choice
of plating on centre contacts and outer contacts for RF connectors, such as 7/16, 4.3-10, 4.1-9.5
and NEX10. In some cases, it is also used as a surface/outer body plating for RF connectors and
other components.

White bronze (CuSnZn)

White bronze is a ternary alloy consisting of copper, tin and zinc. It is known under different trade
names, e.g. SUCOPLATE (H+S) or Optalloy (RT). White bronze is a cost-efficient plating with
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Platings

improved wear resistance compared to silver platings. White bronze offers an excellent and cost-ef-
fective alternative for silver in terms of conductivity and PIM performance, therefore it is used as an
economic choice for plating on bodies of RF connectors, such as 7/16, 4.3-10, 4.1-9.5 and NEX10.

SURO720

HUBER+SUHNER and Rosenberger have jointly developed a new and improved version of white

bronze plating for high corrosion resistant applications. This plating offers similar visual appear-
ance, and electrical and mechanical properties like standard white bronze but with much better

corrosion resistance. Therefore, the new SURO720 plating can replace all existing white bronze

applications, while offering 720 hrs corrosion resistance and PIM stable solderability without any
significant cost increase.

Tin-Nickel (SnNi)

Due to resistance to corrosion, tin-nickel platings, available in the market under different brand
names, have been recently introduced as a possible choice for RF connector platings. Tin-nickel
plating was already developed in the 1950s but has not yet gained acceptance in the commercial
RF connector market. This binary alloy consists of approximately 65 wt% Sn and 35 wt% Ni.
Despite its nickel content, the intermetallic compound is hon-magnetic. The use of tin-nickel
plating requires some caution as there are some versions commercially available which use
chromium as a way to improve resistance to corrosion. Since chromium and especially hexavalent
chromium is under strict regulations for commercial use, tin-nickel plating should always be verified
for chromium.

Electroless nickel-phosphorus (NiP)

Electroless nickel-phosphorus is among the most common electroless platings. For RF connector
applications, the phosphorus content has to be > 10 % in order to achieve a hon-magnetic plat-
ing. Electroless nickel-phosphorus with phosphorus content > 10 % is also called nickel high-phos-
phorus. Nickel high-phosphorus plating shows excellent corrosion and wear resistance, but the
relatively high contact resistance could hamper the use of this plating for applications with high
conductivity requirements.

Test results

HUBER+SUHNER and Rosenberger did extensive testing on each of the above mentioned platings
for different parameters which are critical for the performance of a RF connector. The results of
these tests are summarized below.



Contact resistance

Contact resistance is one of the most important parameters that can significantly influence the RF
performance of a coaxial connector. Contact resistance depends not only on the plating but also
on how the contacts are made between male and female connectors, i.e., whether it has a front/
butting contact or radial contact by sliding/wiping motion.

For contacts with a wiping motion, the contact resistances are generally lower as the isolating
oxide layers on the surface are partially destroyed due to wear, caused by the surface cleaning
effect of the wiping motion. This is particularly valid for non-noble metals, and leads to an expo-
sure of pristine metal that ensures a good electric contact. However, the wiping also causes wear
of the plating. This surface cleaning effect, along with plating wear, is more effective if the ap-
plied contact force is higher. Satisfying contact resistance might only be achieved after repeated
mating and removal of isolating layers. Therefore, two different experimental set-ups have been
performed to simulate contacts without wipe (e.g. butting connetors) and with wipe (sliding/rub
of surfaces).

Contact resistance for non-wiping contacts

For contacts without wipe, silver has by far the lowest contact resistance, reaching values < 5 mQ
even under low normal forces.

SURO720 and white bronze platings show a moderate contact resistance, reaching < 100 mQ
with normal force of 1 N. The higher contact resistance can be attributed to the insulating oxide
layer on the surface of the plating, which is insufficiently removed in the case of a contact without
wiping motion.

Tin-nickel platings (ca. 400 mQ at 1 N contact force) and electroless nickel-phosphorus platings
(ca. 100 mQ at 1 N contact force) have high contact resistance. Therefore, for applications sen-
sitive to contact resistance, tin-nickel and nickel-phosphorus are not recommended for contacts
without wipe.



Contact resistance

Contact resistance - butting contact

1,000

0,100 \

0,00-‘ T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20

Contact Force [N]

Contact Resistance [Ohm]

White Bronze/SURO720

Silver with Thiol-Based Anti-Tarnish Tin-Nickel Electroless Nickel-Phosphorus

Figure 1 Contact resistance as a function of the contact force for contacts without wiping motion

Contact resistance

Experiments were conducted with 3 mm wipe and contact forces of 1 N and 5 N. The tests show
that the general succession of different plating materials is virtually unchanged.

Silver plating exhibits superior contact resistance values < 1 mQ, even under low contact forces (1 N).

White bronze plating/SURO720 and tin-nickel plating have contact resistances in the range of
15 mQ and 2-3 mQ for contact forces of 1 N and 5 N, respectively.

For electroless nickel-phosphorus plating, the contact resistances are generally higher (60 mQ
and 30 mQ for contact forces of 1 N and 5 N, respectively). The impact of the oxide layer is more
severe, resulting in a stronger variation of the contact resistance as a function of the number of
mating cycles. Therefore, the application of electroless nickel-phosphorus plating is not recom-
mended if a low and stable contact resistance is desired.

Tin-nickel plating shows better results than nickel-phosphorus but comparable to white bronze
and SURO720.



Contact resistance

Contact resistance - contact with wiping motion
Contact resistance after 1 mating cycle, for 1 N and 5 N contact force
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Figure 2 Contact resistance after one mating cycle for contacts with wiping motion

In summary, silver plating shows the best results concerning contact resistance and should be
preferred if this parameter is of particular importance for a specific RF connector. White bronze,
SURO720 and tin-nickel platings show satisfying results and meet most RF connector application
requirements. Electroless nickel-phosphorus plating shows a high and unstable contact resistance
and is therefore not recommended for applications which require a low and stable contact
resistance.

Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720

+ + -

Table 1 Rating of contact resistance of different platings



Ductility — wear

Ductility

If a plating is brittle, it can suffer damages by deformation or fracturing and can severely impact
the overall performance of a RF connector. Thus, the ductility of the different plating was investi-
gated by a three point bending flexural test. Most platings were still intact after this test and did
not show significant damage or fissures. Also, tin-nickel plating, which is frequently considered as
brittle, was just slightly affected. Only electroless nickel-phosphorus plating, which is known for
its brittleness, showed severe damage, including detachment of the plating.

Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720
+ + --

Table 2 Rating of ductility of different plating as determined from three point bending flexural test

Wear

RF connectors are specified for numerous mating cycles, e.g., 7/16 and 4.3-10 are specified for
500 and 100 mating cycles, respectively. Therefore, wear of the plating becomes an important is-
sue and has to be taken into account when making a selection of suitable platings for RF connec-
tors. Wear of plating is a function of numerous parameters including the design of the connector.
In particular, the normal force of the contact area and the wipe distance play an important role.
However, the coefficient of friction (COF), frequently represented by p, is dependeant on the con-
tact material itself and is defined as the quotient of the force of friction between two bodies and
the force pressing them together. Thus, a high COF leads to higher insertion forces for connectors
and is frequently associated with increased wear. Particularly silver plating exhibits a high COF.

Results for wear were obtained from the same experiment that investigated the contact resis-
tance with wiping motion. For each plating type, 10 and 25 mating cycles were conducted with
3 mm wipe distance and contact forces of 1 N and 5 N, respectively. Wear tracks were examined
by optical microscopy.



Wear

Wear resistance with 1 N contact force

For 1 N contact force, most investigated platings were still intact after 25 mating cycles. Only sil-
ver plating was worn and the base material was exposed. This behaviour is a well-known problem
of silver plating, as it is relatively soft, ductile and shows a high coefficient of friction (COF) in the
range of > 1. However, certain anti-tarnish post treatments have a lubricating effect during the
first 5-10 mating cycles, which reduces the wear of the plating.

Wear resistance with 5 N contact force

If the contact force increases, the wear of plating becomes a more serious problem. For a normal
force of 5 N, all plating showed damages on the wear track or the rider after 25 mating cycles.
Silver plating was worn after 10 to 15 mating cycles. The COF was around 1.2 and only when
plated with anti-tarnish treatments did it show a lower COF between 0.2 to 1.0 during the first 10
mating cycles. White bronze plating and SURO720 showed moderate signs of damage, mainly on
the rider (exposure of base material after 25 mating cycles). The COF increased from 0.2 to 0.4
after 25 mating cycles. Tin-nickel plating showed a relatively high COF (~0.6); exposure of base
material occurred partially. The best results were obtained by electroless nickel-phosphorus plat-
ing, showing only very little deterioration and no base material exposure after 25 mating cycles.
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Wear

The figure below shows different platings after wear test:

Electroless nickel-phosphorus

Figure 3 Wear tracks after 25 mating cycles (5 N normal force, 3 mm wipe)

Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720

- - +

Table 3 Rating concerning wear of different platings
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Solderability

Solderability (wetting balance)

RF connectors used in cable assemblies are often soldered with cables, especially for PIM stable
applications. Therefore, solderability is an important parameter which has been tested by means
of wetting balance. A Sn96.5Ag3.8Cu0.7 solder (according to IPC J-STD-006/ISO 9453) has been
used for this test. Solderability tests have been conducted on new plated samples as well as after
storage of 10 days at 40 °C/95 % rh to simulate storing according to IEC 60068-2-78. Norm flux
1 (ROLO according J-STD-004, 0.2%CI) and norm flux 2 (ORLO according J-STD-004, 0.5%Cl)
have been used.

Silver, as a noble metal, shows expectedly the best results in this category. Even after simulated
storing, the wettability is still excellent.

White bronze and SURO720 platings show good wettability results as well. For non-aged white
bronze and SURO720 platings, the solderability is comparable to silver platings. After simulated
storing, the wettability of white bronze platings decreases slightly but still provides good solder-
ability to give required electrical and mechanical performance of a RF connector and assembly.

In contrast to these two platings, electroless nickel-phosphorus plating has a very poor solder-
ability and cannot reach wettability requirements defined by the test protocol. Even by using the
more aggressive norm flux 2 (0.5 % Cl), the wettability requirements were not reached. Tin-nick-
el plating is not solderable with standard soldering processes. The soldering of tin-nickel plating
depends on three critical factors, i) quality of plating bath ii) duration of storage of parts before
soldering and iii) type of flux used. The type of flux especially plays a big role in making tin-nickel
solderable. In this test, tin-nickel could only be soldered by using a very aggressive flux and re-
quired extensive cleaning afterwards. Therefore, nickel-phosphorus and tin-nickel plating are not
recommended for connectors which require cable soldering (approximately all of PIM sensitive
cable assemblies) in a cost-efficient way.

Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720

Table 4 Solderability of different platings as determined by wetting balance
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Passive intermodulation

Passive intermodulation (PIM)

For most applications in communications market, passive intermodulation (PIM) is a crucial
performance criterion for RF connectors. In case of a substandard or magnetic plating, the signal
through connector can be disturbed by undesired interference, e.g. generating harmonics or
intermodulation. The presence of corrosion products or plating flitters can also be a potential
cause for PIM. Nickel plating by itself is magnetic and cannot be used for PIM sensitive applica-
tions. However, when combined with phosphorus or tin in specific percentage, the plating
becomes non-magnetic. All platings were tested for their magnetic behaviour via PIM set up using
7/16 connector and following values were obtained:

Plating Initial PIM [dBc]
Silver (thiol-based anti-tarnish post-treatment) -177.5
White bronze and SURO720 -177.6
Tin-nickel -176.7
Electroless nickel-phosphorus -178.3

Table 5 Results of PIM analysis

Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720

Table 6 Rating concerning passive intermodulation effects of different platings
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Corrosion

720 hrs salt mist test

The salt mist test is a popular method to evaluate the corrosion resistance of platings. There are,
however, some doubts whether the results obtained from this test can be transferred to real cor-
rosion situations. Nevertheless, the neutral salt mist test (according to ASTM B117) is a standard
test method and has therefore been applied in this study to examine the corrosion behaviour of
the investigated platings.

Contact resistance after 720 hrs salt mist test

While applying the corrosion test results to RF connectors, it is very important to note that the
electrical contact areas for most RF connectors, such as 7/16, 4.3-10 and NEX10 are almost al-
ways protected with a sealing in mated condition. Therefore, the effect of corrosion is not influ-
encing the RF performance inside the connector instead it is just causing a visual damage on the
outside surface. However, during this test, the contact resistance of various platings were mea-
sured even after the corrosion of surface. The contact resistances of various platings determined
after the 720 hrs salt mist test are displayed below.

720 hrs salt mist test
Contact resistance after first mating cycle,
5 N contact normal force

1,0000

0,1000

0,0100

0,0010

Contact Resistance [Ohm]

0,0001 4

Silver with Thiol-Based Anti- SURO720 Tin-Nickel Electroless Nickel-Phosphorus
Tarnish Post-Treatment

Figure 4 Contact resistance after 720 hrs salt mist test (after 1 mating cycle, 5 N contact force)
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Corrosion

Among all tested platings, samples with silver plating (with specific anti-tarnish post-treatment)
show the best results. The contact resistance after corrosion remains basically unchanged when
compared to original values before corrosion. White bronze plating, including the new SURO720
and tin-nickel plating did not establish a stable contact without wiping motion. For contacts with
wiping motion, the contact resistance of these two plating types after several mating cycles is
twice as high as before 720 hrs salt mist test, indicating a significant deterioration due to cor-
rosion. Electroless nickel-phosphorus platings, which already showed a high contact resistance
before the corrosion test, were also not able to establish a stable contact after salt mist test in
the case of butting contacts. For contacts with wipe, the contact resistance after several mating
cycles is 2-4 times as high as before 720 hrs salt mist test, indicating a severe deterioration
although almost no corrosion is observed visually.

Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720

Table 7 Rating concerning contact resistance of different platings after 720 hrs salt mist test

Visual evaluation of corrosion after 720 hrs salt mist test

For certain customers and applications, the visual impression of the plating after exposure to cor-
rosive environment is of the most importance. Therefore, all plating discussed in this white paper
were subjected to visual appearance standards. For the sake of reference, the standard white
bronze plating, which is specified only till 48-96 hrs, was tested for performance under salt mist
test up to 720 hrs and following results were obtained:

After 48 hrs After 96 hrs After 720 hrs

Figure 5 Standard white bronze (Trimetal) after 48, 96 and 720 hrs salt mist test.
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Corrosion

The results verify the expectations that the standard white bronze plating works well at least till
96 hrs. After this, the corrosion begins to damage the visual appearance and after 720 hrs, the
visual appearance is severely influenced by corrosion.

The visual appearance of the other investigated platings after 720 hrs salt mist test is shown in
figure 6.

Electroless nickel-phosphorus plating shows the best results with almost no signs of corrosion.

Silver plating with anti-tarnish post-treatments and the new SURO720 only show small corrosion
spots. These small corrosion phenomena are regarded to have no significant impact on the func-
tion of the connector.

Tin-nickel platings, however, show distinct corrosion spots near edges or even large areas af-
fected by severe corrosion. The function of the connector could be negatively influenced by the
corroded areas.

it = Silver with thiol- SURO720

. ‘ - -
- . = based anti-tarnish
’sE ‘h“!\
is e

Tin-nickel Electroless nickel-
phosphorus
Figure 6 Corrosion of samples after 720 hrs salt mist test.
Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720
+ + -

Table 8 Visual evaluation of corrosion after 720 hrs salt mist test
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Corrosion

Corrosion of plated connectors mounted on aluminium -
visual evaluation

RF connectors are frequently mounted on aluminium housings. As aluminium is a non-noble
metal with a very negative standard potential in the galvanic series, electrochemical corrosion is
a serious issue if other metals are in direct contact with aluminium. To study this phenomenon,
RF connectors with different platings were mounted on an aluminium plate and then subjected to
720 hrs salt mist test. The screws used were M3 stainless steel DIN7986 cheese head Torx both
with and without an anti-friction coating (Gleitmo605). One important point to consider is that the
aluminium used in this test was without any treatment in order to intensify the test conditions,
but the aluminium used in telecommunications equipment, such as radios and antennas is usu-
ally treated, or has an insulation between connector and aluminium panel. Therefore, the results
below should be carefully used as different applications can have different scenarios of contact
between the connector and panel.

Similar to the results of the 720 hrs salt mist test of individual connectors, silver plating with an-
ti-tarnish post-treatment and electroless nickel-phosphorus plating, show the best results.

Electroless nickel-phosphorus platings are merely affected by corrosion. They exhibit a slight
discolouration caused by passivation of the surface.

Silver platings with anti-tarnish post-treatment do not show any discoloration on surface. Howev-
er, some devices have small spots of corrosion products originating from the base material; very
likely caused by mechanical damage of the plating during handling and transport.

Tin-nickel platings are affected by severe discoloration. White rust or any other base material
related corrosion products were not observed.

In contrast to the results of 720 hrs salt mist test on individual connectors, white bronze platings
show severe corrosion. Even the improved white bronze-based plating SURO720, which was only
merely affected by corrosion as single part, was not able to withstand corrosion.

Regardless of the plating type, raw aluminium was in every case severely affected by corrosion.
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Corrosion

Silver with thiol- SURO720

based anti-tarnish

Electroless nickel-
phosphorus

Tin-nickel

Figure 7 Corrosion of samples after 720 hrs salt mist test on aluminium (without insulation)

Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720

Table 9 Visual evaluation of corrosion of differently plated RF connectors mounted on aluminium
plates after 720 hrs salt mist test
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Costs

For most RF connectors, economic factors are of utmost importance. Thus, it is essential to con-
sider the cost of plating during the design process. The plating on one hand has to fulfil numerous
technical requirements, but on the other hand, the expenditures for the plating should be as low
as possible.

The costs of different plating types vary significantly, and the metal price is not the only param-
eter that has an impact on the total costs of a plating. The type of plating process chosen has a
major influence on the costs as well. In general, platings deposited by electroless processes are
more expensive than platings deposited by conventional electrodeposition processes. For con-
nectors that require soldering onto cables, the ease of soldering, use of flux and after-cleaning
processes can also add additional cost.

Among the investigated platings, white bronze including the new SURO720 is — by far - the most
cost-effective option. One might expect that silver, as a noble metal, might be the most expen-
sive plating; but in fact, it is not as expensive as it might appear. Actually, the costs of silver and
tin-nickel platings are in the same range.

The costs of tin-nickel platings also strongly depend on environmental regulations, as the elec-
trolytes for tin-nickel contain aggressive chemicals. Thus, local safety and disposal regulations
significantly affect the total costs of this plating. electroless nickel-phosphorus platings are the
most expensive option among the investigated platings. The handling of the electrolyte is rel-
atively complex, resulting in a higher price, which — however - is still much lower compared to
gold platings.

Silver White Bronze and Tin-Nickel Electroless Nickel-Phosphorus
SURO720

+/- -

Table 10 Relative comparison of total plating costs for different platings
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Summary

Due to different advantages and disadvantages of each plating type, it is not possible to give a
general recommendation for one plating type that is always the best solution for all cases. The
individual requirements for a certain RF connector have to be taken into consideration by the
product designer, who has to choose the right plating based on technical and economic requi-
rements. The results of this study should act as a reference guide for choosing the right type of

plating for a particular application.

White Bronze
(SURO720)

Silver
(Anti-Tarnish)

Tin-Nickel

Electroless
Nickel-Phosphorus

After corrosion | Contact resistance =
test Visual solo =
(720 hrs salt

mist) on Al -

Contact resistance

Ductility

Wear/abrasion

Wettability (wetting balance)

Passive intermodulation

Relative costs

Table 11 Summary of test results

20




Conclusion

Silver

Silver platings with their excellent corrosion resistance and superior electric properties will be

a suitable option for most RF connectors. The use of silver platings might be restricted for RF con-
nectors with increased demands concerning wear or if a high number of mating cycles is required.
Silver is also the first choice for plating where electrical contacts are sensitive to PIM. However,
silver has the drawback that it can tarnish over time due to H,S which - in most cases - does

not affect the technical properties and the effect can be slowed down by appropriate anti-tarnish
post-treatments.

White bronze

White bronze platings are now state of the art and the preferred option if a cost-effective plating
with acceptable electrical properties and minimum corrosion resistance of at least 96 hrs.

SURO720

SURO720 is an improved version of white bronze plating which provides a much higher level of
corrosion resistance and should meet most requirements of RF connectors regarding 720 hrs
corrosion test. However, due to electrochemical difference, direct contact with aluminium should
be avoided.

One major advantage of SURO720 compared to nickel based plating is its superior solderability.
Since most antenna connectors are in the form of PIM stable cable assemblies, SURO720 offers
one solution which can be used for filter connectors as well as antenna connectors.

Therefore, considering cost, PIM, solderability, corrosion and mechanical properties, SURO720
seems to have an edge when compared to all other plating options.

Nickel based platings
Tin-nickel

Tin-nickel platings are comparable to SURO720 regarding corrosion. However, slightly high-

er costs as well as the poor solderability of tin-nickel platings hamper a widespread use of this
plating type. The corrosion resistance and the electric properties are inferior to silver. Tin-nickel
shows a better wear resistance compared to silver but does not reach the wear resistance of
electroless nickel-phosphorus platings. Looking at the overall performance offering and cost,
tin-nickel does not seem to offer any significant advantages compared to well-established

RF connector platings.
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Conclusion

Electroless nickel-phosphorus platings show superior wear resistance. Therefore,
they might be the preferred plating for RF connectors that are designed for a high number of
mating cycles and at the same time have low requirements concerning the contact resistance.
However, high costs, poor electric properties, poor solderability, and brittleness are disadvantages
of this plating. The corrosion resistance appears to be satisfying by means of visual assessment,
but electric properties show a distinct degradation in the course of a 720 hrs salt mist test if the
electrical contact areas are exposed to corrosion (not typical for RF connectors). Since nickel is
magnetic in nature and can lead to big problems regarding PIM, the percentage of tin and phos-
phorus is very critical in nickel-based platings (tin-nickel/nickel-phosphorus). If the concentration
of nickel becomes higher than specified, the connector can show bad PIM performance and that
can only be detected if specific PIM tests are done on final connectors assembled on equipment or
cable assemblies. This can lead to huge economic damages if the problem is not early detected.

Additionally, nickel and nickel related compounds can cause allergic reactions. Therefore, cer-
tain countries and applications restrict the use of nickel in products where they can be in direct
contact with humans. It should also be carefully evaluated that there is no Cr(VI) involved in the
plating process. Therefore, the use of nickel and nickel containing plating should be carefully con-
sidered for each application.

Note

The information and recommendations in this document are based upon tests and experiences
that HUBER+SUHNER and Rosenberger believe are reliable and done with the best of expertise.
However, the accuracy or completeness of such information is not guaranteed.

22



About the companies

HUBER+SUHNER is a leading international manufacturer and supplier of components and sys-
tems for electrical and optical connectivity. HUBER+SUHNER unites technical expertise in radio
frequency technology, fiber optics and low frequency under one roof and offers a high-quality
product range for the communication, transport, space & defence, test & measurement and other
industrial markets.

Rosenberger is one of the worldwide leading suppliers of controlled impedance and optical con-
nectivity solutions, system components for mobile communications networks, data centres and
test & measurement as well as high voltage contact systems. The Rosenberger group operates
manufacturing and assembly locations in over 10 countries as well as a global sales network.

About the authors

HUBER+SUHNER ROSENBERGER

Christian Rehm Christian Dandl

Process Engineer Research & Development

Radio Frequency Division Plating Shop Rosenberger Hochfrequenztechnik
HUBER+SUHNER AG GmbH & Co. KG
Degersheimerstrasse 14 HauptstraBe 183413 Fridolfing
Herisau, Switzerland Germany

Bernhard Zehentner

Plating Shop

Rosenberger Hochfrequenztechnik
GmbH & Co. KG

HauptstraBe 183413 Fridolfing
Germany

Reinhard Wagner

Research & Development
Rosenberger Hochfrequenztechnik
GmbH & Co. KG

HauptstraBe 183413 Fridolfing
Germany

23



HUBER+SUHNER AG
Radio Frequency Division
Degersheimerstrasse 14
9100 Herisau
Switzerland

Phone +41 71 353 4111
hubersuhner.com

HUBER+SUHNER is certified according to ISO 9001, ISO 14001, OHSAS 18001, EN(AS) 9100, IATF 16949 and ISO/TS

22163 - IRIS.

Rosenberger

Hochfrequenztechnik GmbH & Co. KG
HauptstraBe 1

83413 Fridolfing

Germany

Phone +49 8684 18-0
rosenberger.com

Rosenberger is certified according to ISO/TS 16949, DIN EN 9100, ISO 9001, ISO 14001.

Waiver

Fact and figures herein are for information only and do not represent any warranty of any kind.

4291/4743/07.2020



