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Standardization Standardization as a guiding principle of IPC’s standardization efforts.
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 Show relationship to Design for Manufacturability ¢ Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
* Minimize time to market * Keep people out
* Contain simple (simplified) language * Increase cycle time
¢ Just include spec information * Tell you how to make something
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* Include a feedback system on use and be defended with data

problems for future improvement

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment of products, and assisting the purchaser in selecting and obtaining with minimum delay the
proper product for his particular need. Existence of such Standards and Publications shall not in
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not conforming to such Standards and Publication, nor shall the existence of such Standards and
Publications preclude their voluntary use by those other than IPC members, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their adop-
tion may involve patents on articles, materials, or processes. By such action, IPC does not assume
any liability to any patent owner, nor do they assume any obligation whatever to parties adopting
the Recommended Standard or Publication. Users are also wholly responsible for protecting them-
selves against all claims of liabilities for patent infringement.
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by the contract. The TAEC recommends the use of the latest revision. Adopted October 6, 1998
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and publications development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and par-
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procedures to qualify for ANSI approval.
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Specification for Immersion Silver
Plating for Printed Boards
1 SCOPE downtime cannot be tolerated, and the circuitry shall func-

1.1 Statement of Scope This specification sets the
requirements for the use of Immersion Silver (IAg) as a
surface finish for printed boards. This specification is
intended to set requirements for IAg deposit thickness
based on performance criteria. It is intended for use by
chemical supplier, printed board manufacturer, electronics
manufacturing services (EMS) and original equipment
manufacturer (OEM).

1.2 Description IAg is a thin immersion deposit over
copper. It is a multifunctional surface finish, applicable to
soldering. It may also be applicable for some press fit con-
nections and as a contact surface. It has the potential to be
suitable for aluminum wire bonding. The immersion silver
protects the underlying copper from oxidation over its
intended shelf life. Exposure to moisture and air contami-
nants, such as sulfur and chlorine, may negatively impact
the useful life of the deposit. The impact can range from a
slight discoloration of the deposit to the pads turning com-
pletely black. Proper packaging is a requirement.

1.8 Objective This specification sets the requirements
specific to IAg as a surface finish. As other finishes require
specifications, they will be addressed by the IPC Plating
Processes Subcommittee as part of the IPC-4550 specifica-
tion family. As this and other applicable specifications are
under continuous review, the subcommittee will add appro-
priate amendments and make necessary revisions to these
documents.

1.4 Performance Functions

1.4.1 Solderability This primary function of IAg is to
provide a solderable surface finish, suitable for all surface
mount and through-hole assembly applications and with an
appropriate shelf life. The deposit has demonstrated the
ability to meet a shelf life of 12 months per IPC J-STD-003
and industry data, when handled per this specification’s
requirements.

1.4.2 Contact Surface There is a possibility for using
IAg for the following applications. The use of Immersion
Silver is acceptable for the IPC-6010 series Class 1 and
Class 2 applications, but is NOT currently recommended
for the IPC-6010 series Class 3 applications which are for
High Reliability Electronic Products where equipment

tion, when required. Examples of such Class 3 applications
are for life support items and critical weapons systems.

1.4.2.1 Membrane Switches The IAg surface with as
little as 0.1 um [4 pin] of immersion silver has demon-
strated that it is suitable for one million actuations with
negligible resistance change. However the end use atmo-
sphere (temperature/humidity/contaminants) may degrade
this performance. The end user shall determine the impact
of use environments on the TAg deposit.

1.4.2.2 Metallic Dome Contacts Data on this topic
should be submitted to the IPC 4-14 Plating Processes
Subcommittee to be considered for inclusion in upcoming
revisions of this standard.

1.4.3 EMI Shielding IAg is one of the surface finishes
that may be used as an interface between electromagnetic
interference (EMI) shielding and the printed board. A key
characteristic for this application is a consistent metal inter-
face between the printed board metallization and the shield
material. The formation of a highly conductive interface
between the two surfaces will ensure excellent EMI shield-
ing capability, which should also provide resistance to
atmospheric influences on the IAg deposit. The end user
shall determine the impact of the end use environment on
the reliability of the shield interface. Tarnish of surround-
ing areas not in contact directly with the shield is NOT a
reason to reject the printed board/deposit but rather an indi-
cation of the impact of the atmosphere on an active metal.

1.4.4 Aluminum Wire Bonding IAg meets the require-
ments of MIL-STD-883, Method 2011.7. Variables that
affect performance include cleanliness, substrate materials,
wire thickness and surface topography. IAg is not a surface
leveler; the surface topography largely depends on the con-
ditions of the underlying copper surface. While producing
acceptable wire bonds, silver, unlike the other Noble met-
als used for this application, is potentially not stable due to
its reactive nature with the atmosphere in which it exists.
Total encapsulation of the wire bonded sites is recom-
mended in order to ensure consistent and reliable long term
bonds. The committee is actively seeking additional data
on the use of immersion silver as a suitable wire bonding
metallization.
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2 APPLICABLE DOCUMENTS

2.1 IPC!
IPC J-STD-003 Solderability Tests for Printed Boards

IPC-TR-586 Immersion Silver Plating Thickness Round
Robin Investigation Data Set Compendium

IPC-2221 Generic Standard on Printed Board Design

IPC-6011 Generic Performance Specification for Printed
Boards

IPC-6012 Qualification and Performance Specification for
Rigid Printed Boards

IPC-6013 Qualification and Performance Specification for
Flexible Printed Boards

IPC-TM-650 Test Methods?

2.3.25 Detection and Measurement of Ionizable Surface
Contaminants by Resistivity of Solvent Extract

(ROSE)
24.1 Adhesion, Tape Testing
2.6.14.1 Electrochemical Migration Resistance Test

2.6.3.5 Bare Board Cleanliness by Surface Insulation

Resistance

2.2 Mil-Standards?

MIL-STD-883, Method 2011.7 Test Method Standard,
Microcircuits - Bond Strength (Destructive Bond Pull Test)

2.3 Telcordia™ 4

GR78-CORE Surface Insulation Resistance Test section
13.1.4

3 REQUIREMENTS

See Table 3-1 for a summary listing of the immersion sil-
ver (IAg) property requirements.

3.1 Visual IAg surfaces shall be inspected in accordance
with the visual examination sections of the IPC-6011
series, and specifically IPC-6012 which specifies a nominal
magnification of 1.75X (approximately 3 diopters). The
coverage shall be complete and the finish shall be uniform
on the surface to be plated (see Figures 3-1 through 3-5 for
properties visually identified with IAg plated surfaces).

1. www.ipc.org

3.2 Finish Thickness IAg shall be measured and veri-
fied following the IAg plating step in the printed board
fabrication process. The use of X-ray fluorescence method-
ology for thickness determination shall be in accordance
with APPENDIX 5 of this document and shall employ
X-ray fluorescence (XRF) instrumentation equipped with
software and hardware specific for IAg measurement. The
frequency of test and the number of readings per test shall
be agreed between user and supplier.

3.2.1 Immersion Silver (IAg) Thickness

Note that in this revision, an upper limit for immersion sil-
ver thickness has been established. Refer to Appendix 6
and, in turn, TR-586 (Free Download) for details. Also,
industry usage of what is termed “thin” immersion silver
has declined to the point that this revision will no longer
address such a minor portion of the total immersion silver
market. Any further application of such a “thin™ silver
product shall be addressed as agreed upon by the user and
supplier (AABUS).

The minimum immersion silver thickness shall be 0.12 um
[5 pin] minimum at -46 from process mean and the maxi-
mum thickness shall be 0.4 um [16 pin] at +4G from the
process mean as measured on a pad of nominally 1.5 mm
X 1.5 mm [approximately 0.060 in X 0.060 in] or equiva-
lent area of nominally 2.25 mm? [0.0036 in?]. The typical
value ranges from 0.2 um [8 pin] to 0.3 pm [12 pin].

Other thickness ranges may be specified AABUS.

3.3 Porosity The IAg deposit is not totally impervious
and will not pass the requirements of a ‘classic’ porosity
test (Nitric acid per ASTM B 735). For this reason, the test
method and requirement ratings sections for Porosity in
Table 1.1 are marked: Not Applicable (N/A).

3.4 Adhesion The purpose of adhesion testing for IAg
finished boards is two fold. The first is for testing the plat-
ing adhesion of the immersion silver to the copper. The
second is for testing the adhesion of the solder mask to
both traces and laminate. In both cases, testing should be
conducted on regions of high density on the board such as
BGA sites, dams between fine pitch leaded devices or over
areas of high trace density. The tape testing shall be in
accordance with IPC-TM-650, Method 2.4.1, using a strip
of pressure sensitive tape. There shall not be evidence of
any portion of the surface finish or the soldermask being
removed, as shown by particles of plating/pattern or solder-
mask adhering to the tape, unless the particles can be
shown to be either overhanging metal (slivers) or undercut
soldermark.

2. Current and revised IPC Test Methods are available through IPC-TM-650 subscription and on the IPC website (www.ipc.org/html/testmethods.htm).

3. www.dscc.dla.mil
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Table 3-1 Requirements of IAg

Require-
ment
Tests Test Method | Paragraph Class 1 Class 2 Class 3
General
. . Uniform color and appearance and
Visual Visual 8.1 complete coverage of the plated surface.
0.12 pm [5 pin] minimum to 0.4 ym [16 pin] maximum at + ;ks
. . . from process mean as measured on a pad of area 2.25 mm= or
Immersion Silver Thickness APPENDIX'5 321 1.5 mm X 1.5 mm [approximately 0.0036 in® or 0.060 in X 0.060 in];
typical value between 0.2 ym [8 pin] to 0.3 pm [12 pin].
Porosity N/A 3.3 N/A
Physical
Adhesion/Tape Test lP.?I\'AT';Af?O’ 3.4 No evidence of plating removed.
Meets solderability requirements of Category 3 durability -
. ) ) intended for boards likely to experience long storage
Solderability J-STD-003 8.5 (over six months). The storage and packaging materials
are critical if the deposit is to meet this performance level.
Chemical
Chemical Resistance N/A 3.9 | N/A
Electrical
High Frequency Signal Loss" 3.10 suitable suitable suitable
Contact Resistance(" 1.4.2 suitable suitable not suitable
Environmental®
IPC-TM-650, 1.0E+08 ohms
SIR T™ 2.6.3.5 36
GR78-Core 1.0E+10 ohms
IPC-TM-650, Maximum 1.56 pg/cm?
Cleanliness ™ 2.3.25 3.6
GR78-Core Maximum 1.0 pg/cm?
. . IPC-TM-650, No more than one decade drop from initial
Electrolytic Corrosion ™ 2.6.14.1 3.7 resistance and no visible sign of corrosion.

(M An appropriate IPC-TM-650 test method used to generate data for this electrical property is not available at the time of this writing.
® Make note that suppliers meet the requirements.
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Figure 3-3 Another Example of Surface Staining

Figure 3-4 Additional Staining Example

Because of the requirement to test in high density areas, the
potential to leave tape residue that could interfere with sol-
dering exists, especially if the wrong type of tape is used.
Verification of zero impact to solderability shall be demon-
strated for the areas tested, unless the test boards are dis-
carded.

3.5 Solderability This thickness specification contained
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Figure 3-5 Additional Staining Example

Category 3 in IPC J-STD-003, i.e., intended for boards
likely to experience long storage (e.g., 12 months). Caution
needs to be exercised pertaining to the storage and packing
of the IAg boards to ensure that the surface is not compro-
mised and shall meet the Category 3 requirements. Note:
The use of steam conditioning is not an applicable acceler-
ated stress test method for IAg. (See Figure 3-6 for the
Surface Mount Solderability Test Coupon.)

As with all surface finishes, immersion silver solderability
will be impacted by thermal excursions such as baking and
reflow soldering. Data has shown that immersion silver
finish is particularly robust in this regard. Immersion silver
does not form an intermetallic compound with copper,
which enables an extended shelf life and resistance to ther-
mal stress.

3.6 Cleanliness The IAg finish typically will result in a
surface that is “clean’ as defined by Solvent Extract Con-
ductivity (SEC) testing and/or Surface Insulation Resis-
tance (SIR) testing. The process shall be installed and
maintained using [PC-TM-650, Method 2.3.25, Detection
and Measurement of lonizable Surface Contaminants by
Resistivity of Solvent Extract, and shall meet the values
given in IPC-6011 series of 1.56 pg/cm? NaCl equivalent.
Failure to meet this cleanliness specification should trigger
immediate corrective action.

Although proprietary immersion silver chemistries differ,
some of the resulting metallic silver coatings are protected
by ultra-thin organic surface protectants that impart tarnish
resistance and extend the solderability and shelf-life of
those coatings. These ultra-thin organic materials are
readily removed by the alcohol solution used in SEC test-

ing. Because these trace materials cmtriblgoﬁumﬁnts
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Figure 3-6 IPC-2221 Test Speciman M, Surface Mount Solderability Testing, mm [in]

to ensuring solderability, their removal will result in the
immersion silver coating being much more sensitive to
atmospheric exposure, thus compromising the predictabil-
ity of shelf-life and solderability. For this reason, any and
all boards that have been subjected to SEC testing and that
utilize the organic surface protectants shall be removed
from the lot. These boards shall be scrapped or reworked
by a method agreed upon between user and supplier or may
be used immediately.

3.7 Electrolytic Corrosion Testing Silver as a metal is
known to be “active” and prone to electrolytic corrosion
and dendritic formation if used in an application that has
bias voltage (either applied or as a function of dissimilar
metals), and has a source of contamination that is soluble
in the presence of water or moisture. To that end, silver has
typically not been used as a surface finish for the electron-
ics industry. IAg however, has demonstrated its ability to
pass Industry standard electrolytic corrosion testing under
various temperature-humidity combinations with applied
voltage. The supplier of the IAg shall demonstrate capabil-
ity to meet the requirements of IPC-TM-650, Method
2.6.14.1, to any or all of the temperature humidity combi-
nations referenced as per the requirements of the end user.

8.8 Packing and Storage The [Ag deposit is prone to
surface attack as a function of contact with surfaces, e.g.,
paper, shrink wrap, etc., as well as simple exposure to air
contaminants. After silver plating, while still in the manu-
facturing facility, the boards should be kept in a noncorro-

sive environment. See Figure 3-7 for an example of
improper packing and storage.

Figure 3-7 Improper Packing or Storage Can Result in
the Immersion Silver Corroding

Packing and Handling Requirements:

1. Immersion silver boards should be packaged as soon as
possible, to prevent exposure to chlorides and sulfides in
the air.

2. Use sulfur free, pH neutral paper to wrap stacks of parts
and then plastic wrap. Storage should be in sealed bags
or sealed containers to eliminate direct contact with air.

3. Wrapped packages should be stored below 30°C [86°F]
and 75% R.H. Documents
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4. Avoid using desiccant in the packages. Desiccant can
contain/absorb sulfur compounds.

5. Adhesive tape, adhesive labels, stamps, markers and
rubber bands shall not be used in silver plated printed
board applications or inside the exterior, sealed plastic
bags or containers of such boards, even if the interior
packaging is done with sulfur-free paper. All of these
tapes, labels, stamps, markers and rubber bands contain
sulfur bearing compounds that will tarnish the silver
coating. Marking or labeling of each package shall only
be done on the exterior/outside of the final, sealed plas-
tic bags or containers.

6. If the original package is opened and not all of the
boards consumed at the EMS/OEM, they should be
rewrapped as soon as possible and returned to a storage
condition, preferably not-to-exceed 30°C [86°F] and
75% R.H.

3.9 Chemical Resistance Chemical resistance testing of
the IAg finish is not applicable.

3.10 High Frequency Signal Loss The [Ag is typically
applied as a selective finish on an SMOBC construction.
Therefore, the use of the finish in high frequency applica-
tion would have no impact on signal propagation speed.

3.11 Microvoids Planar microvoids, also known as
champagne voids, occur at the interface of the copper and
solder joint. Industry studies have determined their forma-
tion mechanism to be a localized corrosion of copper dur-
ing the silver plating process. Planar microvoids should not
be confused with typical solder joint voids seen during
assembly. Strict adherence to chemical suppliers’ docu-
mented process guidelines substantially mitigates their
occurrence. Excessive planar microvoids (champagne
microvoids) are reason for rejection, AABUS.

4 QUALITY ASSURANCE PROVISIONS

General Quality Assurance Provisions are specified in IPC-
6011 and each sectional specification. Additional require-

ments for a printed board with IAg plating are specified
herein for qualification, acceptance and quality conform-
ance.

4.1 Qualification Qualification of a printed board (see
IPC-6011) is as agreed upon by the user and supplier
(AABUS). The process capability of a supplier of printed
boards with TAg finish shall be evaluated. APPENDIX 3
describes recommended qualification aspects of the IAg
process by a printed board supplier.

4.1.1 Sample Test Coupons Test specimens used for
qualification of printed boards with IAg finish shall be as
specified in IPC-2221 (see Figure 3-6) and each sectional
specification. Specimens for additional testing require-
ments are listed in Table 4-1.

Table 4-1 Qualification Test Coupons

Types Types
Test Type 1 2,3,5 4.6 Board

Physical Requirements
Plating Thickness | M2, M5

M2, M5 | M2, M5 X

4.2 Acceptance Tests The sampling plan and frequency
of acceptance testing, except the solderability and plating
thickness inspections, shall be in accordance with IPC-
6011 and each sectional specification. The sampling plan of
the solderability and thickness of IAg finish shall be
AABUS.

4.3 Quality Conformance Testing Quality conformance
testing shall consist of inspections, as specified, in IPC-
6011 and each sectional specification, with the addition of
regular thickness inspections. The frequency of thickness
inspection shall be one inspection (five XRF measure-
ments) per lot for Class 1 and 2, and AABUS for Class 3
products.
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