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from copper contamination on the silver surface.
ENIG has been growing steadily in use. It is the most

expensive of the final finishes but offers the most benefits.
This process also requires the most steps. Parts must be clean
and have a smooth copper surface on which to build. The
electroless nickel is an autocatalytic process that deposits
nickel on the palladium-catalysed copper surface. The process
requires continuous replenishment of the nickel ion and the
reducing agent. Good process control (constituent concentra-
tion, temperature and pH) is the key to a consistent repro-
ducible deposit. It is very important that the nickel be able to
plate a surface with consistent phosphorus levels. Most prefer
a middle range of 6-8% P – too low would easily corrode, but
too high makes subsequent soldering of parts more difficult.

Immersion golds are replacement chemistries. This means
that they attach themselves to the nickel by replacing atoms of
nickel with atoms of gold. The purpose of the immersion gold
layer is to protect the nickel surface until it is soldered. The rec-
ommended gold thickness is 2-4 µin. As the purpose of the gold
layer is to maintain the solderability of the nickel surface, it is
necessary that it be thin (2-4 µin are preferred) and pore-free. 

Immersion gold has had to deal with various issues as it
has grown in use. Early problems included:
■ Background plating (speckled areas on the solder mask not

intended to be plated) and bridging or “Ni foot” (extrane-
ous plating between lines thus causing shorts).

■ Incompatibility with solder masks. 
■ Skip plating (where some pads aren’t plated with ENIG,

though sometimes gold does adhere to the copper) often due
to surface contamination on the copper or a static charge.

■ Black nickel, such that the nickel surface has become passi-
vated or corroded, even if mostly still covered by the immer-
sion gold layer. Black nickel is a serious issue because it is
hard to detect. It results from the combination of a com-
promised nickel deposit coupled with prolonged dwell in an
aggressive immersion gold bath. The compromised nickel
deposit may be due to tin or solder mask residues on the
incoming copper surface, a poorly maintained or a poorly
designed Ni bath. A well maintained Ni bath holds a con-
sistent temperature and pH as well as maintaining the dif-
ferent chemical components in their proper concentration
ranges. A Ni bath should never be run beyond its useful rec-
ommended life in metal turnovers (MTOs). A phosphorous
content below 4% by weight in the nickel will corrode dur-
ing gold deposition and cause black nickel; over 11-12%
makes subsequent soldering difficult or impossible. Even a
good nickel can be ruined by excessive gold thickness, thus
the limited thickness recommended by the IPC specs. When
we have heard reports of black nickel, it has always turned
out to be the scapegoat for poor soldering practice, or poor
plating practice (including a recent case where a large OEM
complained about some black Ni on pads that had a black
material that prevented the ENIG from ever being able to
plate on the copper surface. In short, black may not always
be bad nickel.)

The most successful ENIG chemistries running today have
had several design strengths: low palladium/no chloride acti-
vators for solder mask compatibility and avoiding background

and skip plating; a mid-phos nickel that runs at lower temper-
atures, requires infrequent dummy plating, holds its ability to
perform even after repeated heat-ups, and gives level plating
around the shoulders of pads and lines; and an immersion gold
that has gentle chemistry and is self-limiting in thickness. 

To enhance the performance of the nickels, sophisticated
controllers are being used to make additions and provide his-
tory to the quality department. To maintain a steady state in
the nickel chemistry, the better controllers bleed in the ingre-
dients in measured amounts vs. major ads made periodically. 

With the newer combination immersion golds, the first
microinch is the traditional replacement/immersion type. The
next microinch or two are attached through an autocatalytic
procedure that allows gold to attach itself to gold in a non-
replacing build-up. This gives rise to a non-corrosive bath
that produces a pore-free gold surface.

Direct gold over copper (also called DIG – direct immer-
sion gold) was developed specifically for parts where nickel
could create RF interference. The planarity is exceptional,
again, dependent on the quality of the copper surface. To
avoid the inherent problems of copper migration through the
thin gold surface, it is necessary for these parts to go to final
assembly within four months. Even that period is only possi-
ble with a combined replacement/autocatalytic process. Nor-
mal immersion gold will have trouble properly attaching to
the copper surface and providing the necessary pore-free layer. 

One last option has been developed for more sophisticat-
ed boards intended for gold wire bonding. A neutral pH
autocatalytic electroless gold is in use that allows thicker
gold deposits on top of ENIG without harming the solder
mask (ENEG). The more traditional, high-pH electroless
gold is great for non-solder masked parts.

Electroless palladiums have also been created but have not
grown in use due to the higher, more volatile cost of palladium
metal. ENEPIG is a very versatile surface finish with gold wire
bonding capabilities. Recent studies also show that ENEPIG
may prove to be an ideal soldering surface for SAC type alloys.

All fields in the PCB industry will continue to face constant
change. The successful companies will be open to change while
making wise choices along the way. Not all chemistries are cre-
ated equal, and sophistication demands wiser choices in buying
the process designed for the specific product’s end use.  PCD&M
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ENIG Imm. Sn Imm. Ag DIG OSP

Solderability ++ ++ +++ +++ ++

Electrical contact +++ - ++ +/- --

Shelf life +++ +/- + + ++

Multi reflow +++ + ++ ++ +/-

Chemical cost -- -- +/- - +/-

Productivity + + +++ + +++

Proc. complexity --- + ++ +/- ++

Al Wire bond +++ --- + + ---

TABLE 1. Comparison of a variety of alternate final finishes.




