Abstract

The developed automated system for vacuum-arc dusting is based on the modern element base and allows
the long-term continuous measurement of the arc current, of the residual pressure in the vacuum chamber, of the
temperature of parts, of voltage, of the simulation of dusting, as well as determination of the optimal values of
controlled parameters and accumulation and storage of measurement results.

During the operation of a vacuum-arc dusting unit, the process parameters and their impact on the quality of
coating were studied. The measurement of pressure in the vacuum system of the unit was performed using three
vacuum gauges 13BT3-003 and magnetic-discharge locking vacuum gauge BMbB-14. The countdown of pressure
was displayed on a computer monitor and recorded by the universal registration unit with the ADC. Temperature

of the surface of details was controlled by a pyrometer BSA with secondary measurement transmitter.

The application of the digital industrial interface RS-485 for connection to a control computer and for data
transmission provides increased noise immunity of the entire system. The system architecture is based on standard
OPC, which allows the application of measuring modules of different manufacturers.

The automated system allows the measurement of parameters of the vacuum-arc dusting, as well as the calculation
of the parameters of the process and generation of the appropriate control influences by modes of dusting
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Jpyrxoseana nnama — ue naacmuna 3 OdieseKmpuxa, Ha AAKil
3’c0nani Misic c06010 KoMNOHEHMU eNeKMPOHHUX npunadie. O0un 3
KiHyesux emanie eupoOHU1020 npouecy — 3abe3newenns noKpum-
ms noeepxui giokpumux uacmun naamu. Ioxpumms noeepxmi
gidizpae eaxcausy ponv 3 060X NPUMUH: B0HO 3AXUULAE MiOHe
noxkpumms niokaaoxu 6io Kopo3zii, a maxoxc Cmeoproe nosepxHIo,
00 K0T NPUNAIOIOMBCA KOMROHEHMU HACMYNHUX emanie CKAa0an-
HA

Knwuoei canosa: noxpumms noeepxui, opyxoeana naama,
BUPIBHIOBAHHS NPUNOIO 2aAPAUUM NOGIMPAM, iMepCiliHe 307104eHHS
no niowapy wixens, opeamniune 3axucte noKpumms
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IHlenamnas naiama — Imo naacmuna uz ousreKmpura, Ha Komo-
poii coedunsaiom medcoy coboll KoMnoHeHMbL INEKMPOHHBIX NPU-
00po6. O0un u3 KoOHeUHLIX IMAN0E NPOU3BOOCMEEHH020 NPOUEC-
ca — obecneuenue NOKPvIMUA NOBEPXHOCMU OMKPLIMBIX UACmell
naamot. Ilokpoimue nosepxnocmu uzpaem 6axcHyr0 poiv no 08yYm
npUMUHAM: OHO 3auguwaem MeOHOe NOKPbLmue NOO00NHCKU Om Kop-
Ppo3uu, a maxice co3oaem no6epxXHOCMb, K KOMOPOU NPUNAUearom-
€L KOMNOHEHMbL CEOYIOUUX IMAN0B COOPKU

Kniouesvie crosa: noxpvimue nogepxnocmu, newamnas niama,
8bIPABHUBANHUE NPUNOSL 20PAUUM 8030YXOM, UMMEPCUOHHOE 3010~
YeHue no NOOCI00 HUKEISl, OP2AHUECKOE 3AUUMHOE NOKPbImuUe
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1. Introduction

Surface finishes on printed circuit boards are applied in
the production process of PCBs to pads and other elements
of the outer layers, not covered with protective mask.

Purpose of the application of such finishes is to provide
adequate soldering surface for assembly on the PCB copper
layers and to protect from oxidation and wear.

The choice of an appropriate finish is determined by
the technology of assembly in the process of population
of bare boars and main parameters for such choice are
solderability and finish’s compatibility with the solder
paste. If this finish is subject to mechanical damage,
one must carefully select its coefficient of friction, wear
resistance, and mechanical strength. When there are

pads and other non-covered electrically conductive areas
that would provide for various functions on a single
board, various finishes can be applied, or only one as a
compromise in regard to reliability.

There is a number of standards that define surface

finishes and among most important of them are:

e J-STD-003 “Solderability Tests for Printed
Boards”: This standard prescribes test methods,
defect definitions and illustrations for assessing the
Solderability of printed board surface conductors,
attachment lands, and plated-through holes; [1]

e IPC 2221 “Generic Standard on Printed Board
Design” This standard is intended to provide
information on the generic requirements for printed
board design. [2];




«  IPC-7095A

“Design and Assembly Process
Implementation for BGAs”: focuses attention on the
design of PCBs using BGA packages [3].

In summary, the main purpose of surface finishes is to
protect the copper surface of the pads from oxidation and
wear, and to provide high quality soldering of electronic
components. This purpose leads to the following
requirements: good material coverage with a solder paste,
long life of solderability, good resistivity to moisture.

Main materials used for surface finishes are metals and
their alloys. The only exception is OSP which is special not
only because it is organic, but also because of his ability to
dissolve and form a bond in the process of soldering.

The following five surface finishes are considered as the
most popular at the present moment:

2. HASL (Hot Air Solder Leveling)

ates the diffusion of copper and can lead to contamination
of the solder. Usually this method is applied only for boards
that do not provide for SMT components placement. [6]

During the horizontal mode tinning process, as the
boards move along conveyor and passes through the solder
bath, then it is blown with air jet. Uniform thickness of coat-
ing is provided here by the location of the conveyor plate and
the hot air knife angle of 45°.

Flux selection is critical to the result of this process. The
flux is responsible for creating the surface conditions required
to achieve a high quality solder deposit on the PCB. Fluxes
are available in a variety of formulations with differing char-
acteristics such as viscosity, foam level, acidity, volatile con-
tent, and type of activator. The type of HASL flux ultimately
selected will depend on the type of chemicals and processes
used in previous manufacturing stages, on the type of solder
mask, and the solder deposit characteristics required.

Tin-lead HASL has been the standard surface finish-
ing method used in the manufacture of double-sided and
multi-layer boards due to its excellent solderability during
assembly.

Solder (1.3-35 micrometers)

Copper/TIN Intermetallic
Copper

Fig. 1. Tin-lead HASL

Until recently, this type of finish was primarily used in
the covering of printed circuit boards due to the excellent
performance of the soldering tin-lead alloy and its relatively
low price. Recently it lost its relevance because of increasing
use of lead-free boards and because of increasing demands
on the density and size of the contact pads for components.

As a result of this process pads are covered with eutectic
alloy layer of lead and tin.

Typical coating thickness specifications are:

-2.5um to 25um with an average;

-1.3um to 2.5um on discrete pads (average around 2um);

-3.8um to 10um coverage on large surface like ground
plane. [4]

During the HASL process, solder mask-coated boards
are first cleaned and etched to prepare the contact surfaces
for the solder. Following the application of flux to a board, a
layer of solder is applied to the copper surfaces by submersing
the panel in molten solder. The excess solder is then blown
away from the board by an air knife, leaving a thin, protective
layer of solder on the exposed circuitry. [5]

The process can be operated either in a horizontal, con-
veyorized mode, or in a vertical, non-conveyorized system.
During vertical mode process the panel is immersed verti-
cally in molten solder at a temperature of ~ 260° C, then
rapidly removed and any redundant solder is removed with a
blow coming from hot air jets known as "air knife".

Finishes of pads with an orientation different from the
airflow are with different thickness: those perpendicular to
the "air knife" are thinner than those parallel to it, as the
airflow blows board’s plane at 90° angle. In this process, the
bottom of the board remains in the bath of molten solder for
4-5 seconds longer than the nominal time, but this acceler-
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Fig.2 Horizontal mode tinning process

The main advantages of this process are excellent
solderabillity, low price, and long shelf life.

A major disadvantage of the HASL surface finish
however is its varying thickness and non-flat pads caused by
the accumulation of solder, especially on large metal areas.
Using HASL is not recommended when designed board
contains components smaller than 0603. [7]

The HASL process in non- RoHS compliant.

3. Electroless Nickel/Immersion Gold (ENIG)

The Electroless Nickel/Immersion Gold finish consists
of a relatively thick layer of nickel (1-8 um) followed by a
thin (~ 0,05-0,2 um) protective layer of gold.
Gold (0.05-0.25 micron)
Nickel (1-8 micron)

e copner

Fig.3 The Electroless Nickel /Immersion Gold finish

The Nickel/Gold process is applied through the
deposition of an initial layer of nickel followed by a thin,
protective layer of gold, onto the exposed copper surfaces
of a PCB. Nickel characteristics such as hardness, wear
resistance, solderability, and uniformity of the deposit make
this a desirable surface finish. The thin layer of immersion
gold preserves the solderability of the finish by preventing
oxidation of the highly active nickel surface. Nickel/Gold
finishes typically can withstand thermal excursions (heating
cycles) without losing solderability.

Immersion gold can be applied to cleaned copper or
to a previously applied sub-layer of nickel. Nickel-plating
is done in slightly acidic solution that allows the deposit
of corrosion-resistant alloy of nickel and phosphorus (8-
10% phosphorus). Tin-less grainy and low-porous layer of
gold applied to the surface provides good solderability and



protects nickel from oxidation. The nickel serves as a barrier
between the gold and copper at preventing their mutual
diffusion and subsequent oxidation of copper.

After the application of ENIG, the use of an organic flux
or such one that does not require washing after soldering is

recommended.
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Fig.4. The Nickel /Gold process

The process is performed in a vertical, non-conveyorized
mode which reduces productivity and increases production
cost.

The application of gold over nickel-plated surface is
possible due to the controlled oxidation of nickel (exchange
reaction). Due to the difficulty in controlling corrosion of
nickel, corrosion could penetrate deeper and closer to the
copper layer. This should create problems with solderability
and durability at the solder joint. As shown in tests done on
BGA packages, solders based on tin-lead alloy and applied
onto a copper surface are more resistant and stable than
solders based on nickel compounds [8].

Due to the different coefficients of thermal expansion,
especially when working with large sizes packages can be
obtained stress in solder joints, which can destroys the solder
joints. The designer selects the PCB material should bear
this in mind that if the device contains BGA or other large
component size, the nickel layers should be avoided.

e The main advantages of this finish are:

«  Excellent corrosion resistance;

¢ Good for aluminum wire bonding;

*  Excellent flatness for fine-pitch technology;

«  Excellent solderability;

*  Excellent shelf life.

It should be noted that most materials applied by chemi-
cal or electrochemical method is suitable for lead-free sol-
dering, thereby meeting the RoHS Directive. But a major
disadvantage is that the condition of high temperature and
humidity makes solder joints easily destroyable.

The most common defects observed in the PCB, using
ENIG process is the formation of porous gold-plating,
“fragile” failures on large BGA packages, extraneous nikel
plating and the effect of gold called “black pads” which is
brittle solder joins.

The formation of a porous layer of finish takes place when
the gold atoms do not form a solid crystal lattice, thereby
allowing nickel atoms to migrate and reduce the quality of
solder joints.

“Fragile gold” occurs when in the outside copper layers of
the board are dissolved large amounts of gold, which forms
brittle intermetallic compound AuSny, at which borders
solder joints are easily broken. This usually can be controlled
by maintaining level of gold in binder not to exceed 4%
by weight and thickness should not be greater than 0,064
um. The way to avoid this problem is reported in standard
J-STD-001. When a component with leads covered with Sn/
Au alloy is to be soldered, the technological process of board
assembly must include a preliminary step before soldering -
dipping component’s leads in solders until partial dissolution
of gold.

The problem was first identified on BGA components.
An open or fractured solder joint sometimes occasionally

appears after board assembly on a BGA pad. The solder had
wet and dissolved the gold and formed a weak intermetallic
bond to the nickel. This weak bond to the nickel readily
fractures under stress or shock, leaving an open circuit.
The incidence of this problem appears to be very sporadic
and a low ppm-level problem, and its occurrence has been
very unpredictable. The problem has occurred on solder
joints of other types of components, such as QFP’s. In spite
of their dissimilar features, leads on the QFP components,
the solder joint does not experience the same stress as on
BGA joints, but defect can still occur. The solder joints
can be touched-up without removing the component and
the defect may not manifest. A BGA solder joint cannot be
touched-up without the component being removed. After
the BGA component is removed, a ‘black pad’ is observed at
the affected pad site. This black pad is not readily solderable,
but it can be repaired. “Black pads” defect appears to occur
more frequently on boards on finer pitched components with
smaller pads, than on larger pads. [9]

Unfortunately, the mechanisms leading to this defect are
not adequately studied, but studies show that it occurs in
the presence of residual phosphorus in the galvanizing bath.

According to an article by Dewey Benson, published in
the journal “Solid State Technology” [9], the use of limited
soldermask is recommended in the design of boards with
BGA components (non solder mask defined pads - NSMD).

4. Immersion Silver (ImAg)

The Immersion Silver finish consists of a silver layer and
a protective organic coating.

Silver (0.1-0.65 micrometers)

Copper

Fig.5. Immersion silver finish

The Immersion Silver finish is produced by the selective
displacement of copper atoms with silver atoms on the
exposed metal surface of the PCB. To minimize silver
tarnishing, an organic inhibitor is co-deposited to form a
hydrophobic layer on top of the silver.

Technology consists of double pre-cleaning and a silver
bath. To prevent migration of silver on the PCB, silver is
applied together with an organic compound, which not only
protects it from migrating, but also from oxidation as it plays
the role of antioxidant preservative coating.

R | -preai-{1BIgro - AL |0y

Water

e

Fig. 6. The Immersion Silver finish process

The thickness of the silver coating is usually in the range
0,08 to 0,65 pum, which is achieved by keeping the board
in a silver bath for 1-4 minutes. The small thickness of this
finish decreases production costs. In the process of placing
components on the board, silver completely dissolvs in solp
der paste creating homogeneous alloy of Sn/Pb/Ag directly
onto copper surface, which gives very good solder reliability,
including when soldering BGA components. [10]



The reliability of this finish exceeds that of the OSP, but
is lesser than than that of ENIG.

During their storage and use, already assembled
boards can acquire a yellowish tinge, which is the result of
environment pollution with sulfates or chlorides. This does
not affect boards’ properties.

The main advantages of Immersion Silver finish are:

*  Excellent flatness for assembling components with

fine-pitch technology;

* Do not contains nikel;

»  High Stability;

*  Long shelf life;

*  Process control simplicity;

e Replenishable Reduced make-up costs.

The disadvantages are high coefficient of friction and
discoloration due to reaction with sulfur in the air which
doesn’t impact solderability.

5. Immersion Tin (ImSn)

The Immersion Tin finish displaces surface copper.

Tin

Fig.7. The Immersion Tin finish

The Immersion Tin process utilizes a displacement
reaction between the board’s copper surface and stannous
ions solution to reduce a layer of tin onto the copper surfaces
of the PCB. The process may use a conveyorized system
or it may be used in a vertical, non-conveyorized mode.
Immersion Tin surfaces are compatible with SMT, flip chip,
BGA technologies, and typical through-hole components,
but it is not a wire-bondable finish.

There are a number of different Immersion Tin systems
available, including those based on methane sulfonic acid,
sulfate, chloride, and fluoborate compounds. Tin surfaces
are compatible with all solder masks, have a shelf life of at
least one year, and can typically withstand a minimum of
five thermal excursions during assembly.

The process of applying immersion tin is another
alternative to HASL and it is a process similar to those used
in finishes with immersion silver, with the exception of the
long residence time in the bath (about 10-15 minutes). We
also conducted additional cleansing to flush away tinned
electrolytes. Same as with the case of bath used with ENIG
plating process, so is the bath for tin-plating an unfavorn
able environment for a protective mask on the PCB, so the
process of applying these masks should be the last application
of immersion tin. Layer thickness is in the range 0,6 - 1,5 um.
There is need to perform tests for solderability of the finish.
The tin is a good soldering surface for SMT components, but
the amount of heating cycles should be limited. The duration
of the process of applying immersion tin is about 35 minutes.
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Fig. 8. The Immersion Tin process

The tin used as finish is characterized with two main
issues: the formation of so-called “whiskers” of tin and the
ability to form intermetallic layers which grows with time
and heat cycles.

Tin “whiskers” (length 150 pm) are thin crystal fibers,
which can provoke occurrence of bridges on electical board
layers. The process of formation has not been completely
studied and there is no simple answer to the question about
their origin or how to prevent their occurrence. It could be
said that the main cause for whiskers appearance is increased
tension in the layer of tin, which occurs as the result from
the formation of intermetallic structures, oxidation, and
corrosion, cyclic changes in temperature or mechanical
stress. [11]

The formation of intermetallic compounds such as
CuxSny can cause worsening solderability. Usually, into
the solder joints, intermetallic layers act as a mechanical
connection, but since the thickness of the tin coating is not
greater than 1,5 pum, in the formation of these compounds,
this thin layer is rapidly absorbed. To avoid these disadvana
tages, a technology for the application of different barrier
underlayers, such as metaloorganic is used. These underlayer
burn during soldering.

Other serious problems are limited capability of high
density boards and limited endurance to multiple assembly/
disassembly of components.

6. Organic Solderability Preservative (OSP)

The OSP finish is an organic (non-metallic) film that
bonds to exposed copper.

| OSP (0.2 - 0.5 Microns) |

Fig.9. The OSP finish

The OSP finish is an anti-oxidant film applied to
exposed copper surfaces that reacts with copper to form
an organometallic layer. This coating is nearly invisible,
and may be applied either as a thick benzimidazole (4 to 20
microinches / 0.1 to 0.5 microns) or thin imidazole [mono-
molecular (30 to 100 angstroms)] layer.

OSP, consisting of an organic layer located on the copper
surface of the outside layers of the boards and protecting them
from oxidation are used as an alternative to metal finishes. [12]
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Fig. 10. The OSP process

The OSP process typically is operated in a horizontal,
conveyorized mode but can be modified to run in a vertical,
non-conveyorized mode. OSP processes are compatible
with SMT, flip chip, and BGA technologies, and with
typical through-hole components, but the OSP finish



cannot be wirebonded. OSP surfaces are compatible with all This finish has some disadvantages though, such as degs

soldermasks and have a shelf life of up to one year. radation at high temperature and because of this, limited
The advantages of this finish are: amount of solder cycles; sensitivity to improper storage and
e Lower cost. transportation (can be easily scratched, and is sensitive to
*  Reduced safety and environmental concerns; fingerprints), limited choice of flux, sensitivity to solvents
e No board warp or twist. Higher yields; used to clean the boards in case of incorrect application of
*  Process/thickness control. Higher yields; the binder paste (alcohol-based solvent wash off 75% of the

*  Applicable to a wide range of assembly requirements;  coverage, while those based on water wash off 15%).
Fast, economical installation. Multiple Final Finish ca-
pability in a single line.
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Abstract

This article describes surface finishes which are the most common and well-established at present time at the
assembly operations of electronic products. The process of further improvement of these finishes is continuing, and
actively develops unlike their less common counterparts - different finishes based on palladium and galvanically
deposited NiSn and SnAg finishes. Outside of the scope of this article remain important issues, such as a detailed
examination of a number of lead-[ree coatings and methods for solderability testing, measuring the surface
resistance of the coating and the shear strength of solder joints in compliance with international standards. These
issues will be covered in future articles on these subjects.

Key words: surface finishes, PCB, HASL, ENIG, OSP
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A, Jlebedes Braodumup Baradumuposun, asmop cmamou “ Yoaponpounvte KoMno3uyuu Ha
ocHoee noauduyuxionenmaouena”, onyoauxosannoi 6 «<Bocmouno-Eeponeiickom sxcypnane
nepedoevix mexnonozuii> Ne5/10(59) (c. 21-23) npunowy céou uzeunenus Awuposy Pomany
Buxmoposuuy (Hayuonanvhwiii ucciedosamenvckuii Tomckuil noaumexnuueckuil ynugep-
cumem, Poccus) 6 ceésa3u c mem, umo 6 HA36aHHOU cmamoe He ObLILO YKAZAHO €20 A6MOPCME0
6 OmHOWeHUU Pe3yTbmamos IKcnepumenmanviolx dannoix. Ilpowy cuumamo smom gaxm
HedoCmamoutol 6HUMAMENAbHOCMbI0 NPU NOO2OMOBKE MHOIO CIAMbU 0151 ONYOIUKOBAHUSL.

IIpowy paccmompemv 603MOHCHOCMb NOOAUU CIMAMbU 8 HOBOU PEOAKUUU, NOCTE CONACO-
6aHUSL MHO10 8CeX HeyumeHHbIX acnekmos ¢ Awmupoevim Pomanom Buxmoposuuem - npedcma-
eumenem xoanexkmusa yuwénovix Hayuonanvrnozo uccredosamenvcxozo Tomckozo nonumextu-
4eCK020 YyHUBEpCcUMema, NPUHUMABUUX YUACTUe 8 NPOBEOEHUU IKCNEPUMEHMATbHLIX padom
U NOJYUEHUU Pe3YTbMAMO8 IKCREPUMEHMOB, NPUBEOEHHIX 6 ONYOIUKOBAHHOU cmambe.




