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Introduction

During drilling processes in PWB fabrication, the friction between the fast spinning
drill and the PWB laminate material generates a very significant amount of heat,
leading to melting of the dielectric resin. The melted resin residues, referred to as
“smear”, are transferred to the hole-wall surface by moving drills. Since so many
different dielectric laminates and board designs must be processed within a single
PWB shop, to meet end-user requirements, it is very difficult to control smear
generation simply by controlling drilling parameters. It is therefore necessary to
remove smear after drilling, so that a clean hole-wall surface is prepared for the
following metallization process, to both ensure proper adhesion to the dielectric
materials and innerlayer copper and also highly reliable mechanical and electrical
continuity between plated and innerlayer copper.

The process used to achieve this objective is generally called “Desmear”. Figure 1 a)
shows a through hole surface immediately after drilling, with smear on both the
laminate and inner layer copper surfaces, while Figure 1 b) shows the cleaned
through hole surface after desmear.
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Figure 1
a) Smear on hole-wall surfaces b) Clean surface after desmear

Generally, what are the requirements for a good desmear process?

Provide a clean hole-wall surface by removing smear and other residues
effectively from both laminate and innerlayer copper surfaces.

Provide good surface texture, promoting adhesion between dielectric and
plated metal.

Be easy to operate, control and monitor

Use chemistry that is environmentally-friendly

Not effect subsequent processes by contamination or surface residues
Combine excellent performance with cost effectiveness

Desmear Alternatives

Over the three decades since the use of multilayer printed circuit boards became
widespread, four major desmear methods have been used to meet the requirements
described above.
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Sulfuric Acid

The use of high concentration (96~98%) sulfuric acid to dissolve smear and
was widely used in the early years of multilayer PWB manufacture. This
method is seldom used by PWB fabricators today, due to a number of
disadvantages including inconsistent performance, the tendency for dissolved
resin to be precipitated onto the board surfaces during rinsing (leading to
increased formation of ICDs), very short bath life and serious material
handling safety concerns.

Chromic Acid

Chromic acid, used in plating on plastics pretreatment for many years to
create surface roughness, has also been used for desmear applications. In
comparison to the sulfuric acid process, it was easier to control and had
reduced material handling hazards. Nonetheless, due to environmental and
health concerns, most governments have set very strict regulations on Cr®*
concentrations in both industrial environments and in wastewater. As a
consequence, use of chromic acid for PWB desmear applications has been
almost completely phased out in today’'s PWB industry.

Plasma

Plasma is the only dry process used for desmear applications. Before being
used for PWB desmear applications, plasma had already been widely applied
in the semiconductor industry to etch both metallic and non-metallic materials.
The requirement for operation in a vacuum environment and for high voltage
equipment to control the generation of the reactive species results in
relatively high capital equipment costs. The reactive species are a complex
mixture of ionized species and free radicals, whose reactivity can be “tuned”
by variations in the mixture of gases fed to the unit, which include compounds
such as tetrafluoromethane (CF,). The process does not generate any
aqueous wastestreams, as the end-products of the plasma reaction are all
gaseous species. Overall process integration and throughput are limited by
the need to operate in a batch mode and the requirement for additional panel
handling. Nevertheless, compared to other wet desmearing methods, it has
demonstrated performance advantages for very high aspect ratio holes and
on some specialized materials, such as PTFE and polyimide. In the niche
markets, where these materials are used (PTFE largely for high frequency
RF applications and PI for flexible PWB), plasma is considered the preferred
method for desmear technology.

Alkaline Permanganate

Since its first introduction, in the early 1980s, alkaline permanganate has
become the predominant wet chemistry used for desmear applications. The
process provides better dielectric surface texture, contributing to better
adhesion and excellent through-hole reliability. Within the bath, the
permanganate ion functions as the oxidizing agent, while careful control of
alkaline normality allows for an optimum combination of permanganate
oxidizing strength and stability. Addition of surfactant-containing components
is often used to promote hole wetting capability. Both the relatively low
concentration of materials required in the bath and also the ability of the bath
to be continuously regenerated (typically by an in-situ electrochemical method)
enhance the cost effectiveness and also reduce the operational hazards.
Apart from the features mentioned above, a number of additional aspects will
be discussed below.
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Alkaline Permanganate Process

The overall process flow for alkaline permanganate desmear processing is described
below. A three-step sequence of swelling, permanganate oxidation, and finally
permanganate residue neutralization are typically used. Details of these processes
are discussed in the following paragraphs.

Solvent Swelling

The major function of this step is to use organic species to soften and swell drill
smear and dielectric materials at the surface, to improve the effectiveness of the
following permanganate oxidation step. The solvent molecules penetrate into the
cross-linked polymer structure, weakening the intermolecular forces and opening the
structure to chemical attack, as shown in Figure 2.
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Figure 2 Swelling Mechanism
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The swelling performance is controlled by solvent type, the laminate material and the
degree of cross-linking.

A successful sweller should:
Effectively remove drill debris and residues
Evenly swell and soften laminate materials
Be easily waste treatable
Not dissolve resin
Be easily and completely removed by the following permanganate step

There are two major types of solvent swell products available in today's market, ones
based on glycol ether materials and ones based on stronger amide materials.
Products based on glycol ethers are somewhat less aggressive and are generally
used for low Tg laminates. Amide solvents are stronger swellers and are more
suitable for high Tg laminates. However, such products typically operate at much
higher concentrations than glycol ether products, leading to higher running costs.




Permanganate Oxidation

After drill smear has been softened by swelling, this step utilizes the strong oxidizing
activity of permanganate (MnQy,) to attack the resin and break down its cross-linked
structure. The generalized reaction mechanism is shown below.
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Figure 3 Schematic Structure of Epoxy Laminate

Oxidation (etching) reaction of resin
4MnO, + Resin + 40H 4MnO,* + 2H,0 + CO,

Decomposition reaction
4MnQ, + 4H,0 4MnO,” + 2H,0 + O,

Disproportionation reaction
3MnO,* + 2H,0 2MnO,” + MnO, + 40H’

Neutralization/ Reduction

After the permanganate etching step, the PWB surfaces are left covered with
residues, primarily manganese dioxide (MnO,) and soluble manganate compounds.
The main function of the neutralization step is to solubilize these residues, leaving a
clean hole-wall surface. The most common types of chemistry used to carry out this
neutralization step are sulfuric acid/ peroxide and hydroxylamine sulfate.

Failure Modes Caused by Improper Desmear Processing

Interconnect Defect (ICD)

If smear has not been removed effectively, residues on the inner layer copper surface
may degrade the adhesion between inner layer copper and plated copper. The
interface may not be able to tolerate high levels of stress and may fail either during
assembly processes or in subsequent service. Since ICDs represent a very serious

Figure 4 Interconnect Defect




Hole Wall Pull Away (HWPA)

A major function of the desmear process is to provide additional surface texture on
dielectric materials. If the surface texture is not sufficient, the adhesion between resin
and electroless copper will be adversely affected, increasing the possibility of HWPA
as shown in Figure 5.

Figure 5 Hole Wall Pull Away

Desmear Challenges

Lead-Free Assembly

Supporting a global trend towards green technology, many new environment
regulations, such as RoHS, have been introduced. Under RoHS, lead has
become one of the restricted substances in electronic products. In order to
meet the RoHS standards, 63/37 tin-lead solder has been replaced by lead-
free alternative (with higher melting points). Generally, most new solder alloys
require about 20~30°C higher peak reflow temperature during assembly.
These increased temperatures poses great challenges to PCB laminates and
many higher Tg laminates have been developed to meet these lead free
requirements. For example, PN (phenol novolac) has replaced dicyandiamide
(dicy) as a curing agent, to raise the Tg of epoxy resin systems.
Consequently, stronger processing conditions (such as the use of amide type
sweller or plasma) are now needed to achieve the same degree of desmear
performance.

HFR-Free (Halogenated Flame Retardant) Laminates

Following the transition to Lead-Free, requirements for HFR-Free materials
has emerged as a new hot issue. As many OEMs have announced timelines
for their transition, HFR-Free has become a tough challenge not only for PCB
shops but also for material suppliers (including laminate and process
chemicals). For instance, brominated compounds have been the most
commonly-used class of flame retardant used in FR4 laminates. Laminates
using a variety of alternative flame retardants have been developed and are
now available. Many laminate suppliers have also begun to incorporate
particulate fillers in laminate materials in order to both reduce coefficients of
thermal expansion, CTE, (to improve lead-free assembly performance) and
also improve flame retardancy. It is essential that desmear processes to
handle laminates manufactured using new resins and flame retardants, and
containing significant amounts of filler materials, continue to deliver the
required levels of performance (especially reliability).




Fine Line Manufacturing Processes

As demands for ultra-fine line structures has grown, particularly for
semiconductor packaging applications, fine line manufacturing processes
approaches have evolved from subtractive methods towards additive
methods. SAP (Semi-Additive Process), one of the most widely applied
approaches, uses specialized dielectrics to form interconnect structures, via a
series of build-up layers. In such processes, the desmear process is required
to form a very well controlled surface morphology on the dielectric, to allow
optimum adhesion of subsequent electroless copper metallization while
minimizing the degree of surface roughness. So far, only a limited number of
suppliers and dielectric materials have been qualified by customers. However,
as more dielectric suppliers and newly developed dielectrics step into this
market, the challenge is definitely much tougher to meet the higher criteria
from IC Package Substrate.

Summary

Desmear remains a critical process in PWB manufacturing and a range of processing
solutions have been developed to cope with the wide variety of laminate types and
reliability requirements.

Alkaline permanganate remains the most widely used method today, due to its ability
to provide a combination of excellent adhesion, reliability performance and wide
operating window. Permanganate process chemistry is easy to maintain and is very
cost effective.

Plasma desmear has gained an improved market position, based on its capability to
handle more specialized dielectric materials.

Delivery of a high performance, stable and cost effective desmear process, with the
capability to handle the full range of newly developed laminate materials, including
lead-free, halogen-free, and SAP dielectrics, will provide no shortage of challenges
for process suppliers in the coming years.
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