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Abstract

Sandia National Laboratories has established a Cooperative
Research and Development Agreement with consortium
members of the National Center for Manufacturing Sciences
(NCMS) to develop fundamental generic technology in printed
wiring board materials and surface finishes. We are
investigating the effects of surface roughness on the wettability
and solderability behavior of several types of copper board
finishes to gain insight into surface morphologies that lead to
improved solderability. In this paper, we present optical
interferometry and scanning electron microscopy results for a
variety of chemically-etched copper substrates. Initial testing
on six chemical etches demonstrate that surface roughness
can be greatly enhanced through chemical etching. Noticeable
improvements in solder wettability were observed to
accompany increases in roughness.

ROUGH SURFACES AND THEIR IMPLICATIONS FOR

WETTABILITY have been studied by many researchers.[1-10]
These studies established the importance of surface
roughness in wetting phenomena. Work by Wenzel described

surface conditions necessary for wetting. [1] wenzel developed
a relationship showing that increases in roughness produce
decreased contact angles between wetting liquid and solid
substrate. This early result has been investigated for years in
an effort to understand wetting behavior on rough surfaces.

Romero & Yost[®] and Yost et al.[10] have determined that
an additional driving force exists for wetting on rough or
grooved surfaces, namely, flow into open channel capillaries.
Liquid solder flows into the open channels by capillary action.
Solder flow within these V-shaped grooves is dependent on the
orientation and physical dimensions of the grooves.
Electroplated and electroless-plated copper inherently possess
some degree of open capillary roughness that encourages
solder flow. It was our intent to enhance this roughness using
chemical etches. By producing V-shaped grooves through
chemical etching, we would have an opportunity to further
study the wetting behavior of rough surfaces and perhaps
enhance the manufacturability of solder interconnects for
electronic assemblies.
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As the number of interconnections and the operating speed
of electronic devices have increased, the fundamental limits of
existing printed wiring board (PWB) manufacturing
technologies are becoming increasingly apparent. PWB
technology has been challenged to keep pace with advances in
interconnection density and operating speed. The domestic
PWB industry also faces serious foreign competition from
large, well-financed firms.

An industry-wide desire for improved solder joint
manufacturability and reliability has provided the impetus for
our efforts to produce "engineered" rough surfaces. The
following targets have been identified as potential impact
areas:

¢ Enhanced solder flow on fine pitch circuits
s Equivalent Sn/Pb solderability with Pb-free solders
¢ Overcome plated-through-hole "weak knee"

* Improved adhesion of metallic or organic coatings

As finer pitches (i. e. finer spacing between patterned lines)
continue to be de rigueur, the need to ensure complete
coverage of solder pads continues to escalate. Incomplete
solder coverage is a problem that grows more serious with
decreasing pitch. The "defective" region becomes a much
larger percentage of the total solder pad area as pitch
decreases. The effort to maximize board real estate by
increasing density and going to ever finer pitches will certainly
exacerbate the potential for problems.

Conventional Sn/Pb solders exhibit very good area of
spread and low contact angles. However, recent efforts to
reduce or eliminate Pb have produced solders with low area of
spread and alarmingly high contact angles. Wenzel's
equations encourage us to view surface roughness as a
process variable that can be utilized to improve wettability by
increasing area of spread and decreasing contact angle.

Surface roughness has also been successfully used to
improve the plated-through-hole "weak-knee" problem

observed in many PWB applications. 1] The thinning of
solder coatings at convex areas (j.e. plated-through-holes) on
the PWB often leads to diminished solderability in these
locations. During the solder dipping or reflow process, molten
solder may not flow around these edges, producing the so-
called "weak knee". Solder joints at the weak knee are often
very poor and are the source of numerous failures.
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The adhesion of copper with other metallic and organic
PWB materials may be improved by increasing surface
roughness. Large increases in surface area promote simple
adhesion by providing increased contact sites. While
increased surface areas are generally desirable for promoting
adhesion, high surface areas in copper create corrosion
concerns due to water condensation in pores and crevices.
Rough copper surfaces may require protection with an organic

solderability preservative (OSP) coatingl12],
Surface roughness may be enhanced in a variety of ways.
Electroplating can increase the surface roughness of copper

substrates.[10] Electrochemical etching also has the potential
for increasing surface roughness. A literature search

uncovered numerous chemical etches for copper.[11,13-30]
The referenced applications are myriad and do not necessarily
seek increased surface roughness. Applications include
manufacture of semiconductor devices and printed circuit
boards, dissimilar materials joining, microjoining, diffusion
welding, and ultrasonic welding. Table 1 presents a sampling
of chemicals that have been used to etch copper.

Table 1. Sampling of chemicals used to etch copper.

Ammonia Solutions Nitric Acid Solutions
(NH4) 28203 dilute HNO3

NH 4CuClg HNO g3, HNOo

NH 4Cl, (NH4)3PO 4, Cu* v HNOg, Cu(NOg)2
[CuNH3]Cl 2, NHg, NaClOs v HNOg, HoSO4

[CuNHZ]SO 4, NH3, S20g
[Cu(NH 3)4]S0 4, NHg, CI”

HNO g3, CH3SOsH

Sulfuric Acid Solutions Chloride Solutions

¥ H2S04, HO2 FeClg
H280 4, HoOp, NH3 v FeClg, HCI
¥ NapS0 4, HoS0 4, Ha02 CuClo
NapsS20g v CuCly, HoOo, HCI

H2S20g, halide
< initial test suite

Table 2. Chemical composition of etching solutions.

H2S04 /H202 - Prepare 20 vol% H2S0 4 stock
solution (1 part 95-98% HoSO 4 and 4 parts HoO). Add
14 mis H202 per liter of stock solution.

Na2S04 /H2S04 /H209 - Use 20 voi% HoS0 4
stock solution. Add 14 mis HoO2 and 253 g NagSO 4 per
liter of stock solution.

HNO3 /Cu(NO 3)2 - Prepare 50 vol% HNO g stock
solution (equal parts 69-71% HNO 3 and H20). Add 253
g Cu(NO 3)2 per liter of stock solution.

HNOg /H2S04 - Prepare 2 parts 95-98% H2S0 4,2
parts 69-71% HNO g, and 1 part Ho20 solution.

FeClg /HCI - Prepare 50 vol% HCI stock solution
(equal parts 36-38% HCl and Hp0). Add 253 g FeClg
per liter of stock solution.

CuClg /H205 /HCI - Uss 50 vol% HCI stock
solution. Add 14 mils HoO» and 253 g CuCl o per liter of
stock solution.

Materials & Experimental Procedure

We selected six etches to evaluate from the list in Table 1,
two each from Sulfuric Acid Solutions, Nitric Acid Solutions,
and Chloride Solutions. The initial test suite of six etches has
been denoted with check marks in Table 1. The six etching
solutions were formulated as shown in Table 2.

Two different types of copper substrate materials were
investigated in this study: electroless copper (EL) and
electroplated copper (EP). EL and EP copper possess
inherent degrees of roughness as a result of their deposition
techniques. Deposition can be performed from a number of
different copper baths with varying chemistries. The samples
were sectioned from circuit board panels and consisted of FR-4
material (glass-filled epoxy) sandwiched between opposing
copper layers. In their as-received condition they arrived with
an OSP coating (imidazole). Individual test coupons (1 inch x
1 inch) were cut from these panels for testing.

Optical (Non-Contact) Profilometry. The first set of
etching tests produced samples used for surface roughness
evaluation by optical profilometry. Immediately prior to etching,
the samples were soaked for 5 minutes in 100% ethanol to
remove the imidazole coating. They were then rinsed in
deionized water before immersion in the etchant bath.

A surface profile measuring system (WYKO Corporation)
was used for non-contact surface profile measurements. The
instrument uses white light as the source in an interferometer
and measures the degree of fringe modulation or coherence.
The instrument is capable of profiling surfaces with root-mean-
square roughness ranging from 1 A to over 20 pm and with
steps over 100 um. Surface area, arithmetic average
roughness, root-mean-square roughness, and maximum peak-
to-valley measurements are typical outputs available with this
technology. ASME 846.1 describes quantitative parameters to

characterize surfaces from measured profiles.[31] Parameters
are profile-amplitude sensitive, profile-wavelength sensitive, or
sensitive to both amplitude and wavelength.

Fourteen samples (seven etching conditions on two
substrates) were prepared for non-contact profilometry
measurements. Etch times were 60 seconds. Each sample
was measured once. Measurement size was approximately
200 pm x 200 pm.

Wetting Balance. All copper surfaces intended for
solderability tests were cleaned in a standard 10% HCI solution
for 3 minutes at room temperature. The samples were then
rinsed in deionized water before immersion in the etchant bath.
These same samples also underwent scanning electron
microscopy (SEM) analysis to allow close inspection of
resulting surface morphologies to enable correlation between
morphology and wettability. .

Solder wettability was measured with a commercial wetting
balance. This method gives quantitative information on the
wetting behavior of solder on a metal substrate under a specific
set of conditions. The wetting balance tests were performed
with 60Sn-40Pb (wt.%) solder at 245°C. Samples were coated
with a rosin, mildly active (RMA) flux and allowed to dry
approximately ten minutes prior to wetting balance testing.
The immersion times were 10 seconds. The tests used an
immersion rate of 20 mm/s and an immersion depth of one mm
(approximately 0.04 inches).

Seventy samples (seven etching conditions on two
substrates with five replicates) were tested once each for a
total of 70 individual wetting balance traces. Etch times were
60 seconds.



Scanning Electron Microscopy (SEM). Since only a
portion (1 inch x 0.04 inch) of the 1 inch x 1 inch samples were
covered with solder at the conclusion of the wetting balance
tests, unsoldered areas of these samples were evaluated by
SEM to examine their surface morphology. Fourteen samples
from Table 3 (seven etching conditions on two substrates)
were inspected using SEM.

Results & Discussion

Profilometry. Optical profilometry results for EP and EL
copper are shown in Table 3. Path roughness (Rp), arithmetic
average roughness (Rp), root-mean-square roughness (Rq),
and maximum peak-to-valley (RT) were calculated for each
profile. Since it was difficult to interpret peak-to-valley metrics
from EP and EL substrates because of the somewhat rippled
surface produced by the underlying laminate layers in the FR-4
substrate, we restrict our discussion to the surface area metric,
Rp. We also believe that Rp more accurately captures the
wettability behavior of these systems based on research
showing that the roughness ratio in Wenzel's equation relates
to the mean square slope of a surface rather than any measure
of amplitude. [10] while Rp is not mean square slope, the two
metrics convey similar information. SEM's of representative
test surfaces are shown in Figures 1a-1h.

The unetched, HoSO4/H202, and NagS04/H2S04/H 202
etched EP copper samples exhibit very similar roughness
morphologies (Figure 1a - 1c). The Rp, Ra, RQ, and RT
metrics are closely grouped for these three conditions. The
same trends were seen with the EL copper substrate.

The HNO 3/Cu(NO3) 2 etched EP copper shows a significant
increase over the unetched sample in all four metrics. Not only
is surface area increased, but the peak-to-valley dimension (as
evidenced by Ra, RQ, and RT) is increased considerably. An
SEM of this substrate is shown in Figure 1d. The
HNO 3/Cu(NO3) 2 etched EL copper shows the same trend with
respect to peak-to-valley measurements, but surface area does
not appear to be much increased over the unetched sample.

We postulate that the differing morphologies of the EP and
EL copper substrates play a role in determining the result of
the HNO3/Cu(NOg) 2 etch. Perhaps the inherent nature of the
EL copper combined with the chemical action of the
HNO 3/Cu(NO3)2 etch does not promote the roughening
required for increased surface area, although it does seem to
support the creation/enhancement of large peak-to-valley

Table 3. Optical profilometry results.

distances. Based on these results, one would expect to find
large peaks and valleys in the etched EL copper, but with
somewhat smooth walls. The etched EP copper, however,
should possess the same large peaks and valleys, but with an
increased degree of roughening along the walls.

The HNO 3/H 2S04 etched EP copper sample appears to be
smoother than the unetched EP copper substrate. Not only is
the surface area of the etched sample much smaller, but the
peak-to-valley dimensions are slightly decreased as well,
Apparently, the HNO3/H 2S04 etch effectively smoothes the
EP copper surface. The SEM of this substrate, shown in
Figure 1e, confirms this observation.

The action of the HNO3/H2S04 etch on EL copper is not
quite as clear. The surface area appears largely unaffected by
the etch, but the peak-to-valley metrics are slightly increased.
This behavior seems consistent with the HNO3/Cu(NO3g) 2
etched EL copper, where we postulated that the interaction of
the etch with EL copper does not promote the roughening
required for increased surface area, although it does seem to
support the growth of peak-to-valley distances. Based on
these results, one would also expect to find fairly large peaks
and valleys in the HNO3/H2S04 etched EL copper, but again,
with somewhat smooth walls.

The FeCla/HCI etch produced the largest roughness gains
observed on the EP copper substrate. Rp, Ra, RqQ, and RT
reflect very large increases in surface area and peak-to-valley
distances. Figure 1f illustrates the roughened surface. The
geometric shapes on the etched surface are a processing side
effect to be discussed later. The SEM shown in Figure 1g
illustrates the enhanced degree of roughness that can be
obtained through increased etching time (90 second etch time).

The FeCla/HCI etch also produced increased surface area
on the EL copper, although the effect is not as pronounced.
Interestingly, the peak-to-valley metrics are not changed
significantly on the EL copper substrate by etching with
FeCi3/HCI. This behavior is opposite the trend observed with
HNO 3/Cu(NO3) 2 and HNO3/H 2S04 etched EL copper where
we postulated that the interaction of the etches with EL copper
did not promote the roughening required for increased surface
area, although it did seem to support the growth of peak-to-
valley distances. Clearly, the FeCl3/HCI etch interacts with the
EL copper in a different fashion. These observations suggest
that some etches do not perform irrespective of substrate, but
rather that the etch/substrate pair determines the actual result.

Etch of Interest EP Copper EL Copper
Rp RA Ro RT Rp RA Ro RT
Unetched 1.006314 120 152 148 1.017418 316 398 2.92
H2S04/M 70, 1.005707 139 175 1.57 1.017627 282 355 3.13
NapS04/H 2SO 4MH 20y 1.007031 135 172 148 1.020976 299 378 340
HNO3/Cu(NO3)2 1.030769 359 446 3.61 1.019964 461 604 4.59
HNO3/H2S04 1.001754 92 117 1.57 1.016805 375 528 5.05
FeCl3/HCl 1.062241 479 588 3.63 1.026935 310 394 3.08
CuClpHoOp/HCI 1.045913 256 322 258 1.084099 397 498 4.11
60 Second Etch Rp = Surface Area/Lateral Area (um2/um?) Rq = RMS Roughness (nm)
20X Magnification RaA = Arithmetic Average Roughness (nm) RT = MaxPeak To Valley (um)
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Figure 1. SEM's of test surfaces. 60 sec etches and EP copper substrates except as noted. Micrographs a - f at 8000X
magnification with 1 um fiduciary marks. Micrograph g at 7600X mag with 1 pum fiduciary mark. Micrograph h at 2000X mag with 10
um fiduciary mark. a) Unetched b) HoS04/H202 c) NaoSO4/H2S04/H202 d) HNO3/Cu(NO3)2 e) HNO3/HoSO4

f) FeCIz/HC! g) FeCla/HCI (90 sec) h) CuCloH 20o/HCI (EL Cu)




The CuCla/H202/HCI etch was the final condition to be
evaluated. In many ways it was the most successful in
producing the roughness morphology that we believed would
enhance wettability/solderability. Considerable gains in
roughness were achieved on EP and EL copper substrates
with the CuClo/H20o/HCl etch. As shown in Table 3,
surface area (as evidenced by R p} and peak-to-valley height
(as evidenced by Ra, Rq, and RT) are significantly
increased over the unetched state on both EP and EL
copper. The SEM in Figure 1h illustrates the roughened
surface that was obtained using the CuCla/HoO2/HCI etch.
This SEM photo, taken on EL instead of EP substrate,
clearly shows the presence of grooves on the etched
surface. The etch appears to preferentially attack the grain
boundaries of the columnar EL copper structure and also
roughen the grains on a finer scale. EP samples also
possessed this topology. Selective dissolution of grain
boundaries is a well-known phenomenon that is often used
in metallography to achieve visualization of grain

boundaries.[32], To appreciate the size of the grooves,
notice that the magnification of Figure 1h is approximately
four times smaller than in Figures 1a-1g.

Solderability. Wetting balance experiments with the
H2804/M 202, Na2804/H2S04/H 202, HNO 3/Cu(NO3)2,
and HNO 3H 2504 etches demonstrated that no measurable
solderability gains were achieved on EP or EL copper with
these solutions. This is in agreement with the profilometry
results and SEM's which showed no significant roughening
from the three HoSO4-containing etches. The exception to
roughening is the HNO 3/Cu(NOg3) 2 etch, which produced
increased Rp, RQ, and Rt in both EP and EL substrates. In
the EP HNO 3/Cu(NO3) 2 case, Rp was also increased.
Apparently, the increased surface area produced by the
HNO 3/Cu(NOg) 2 etch did not translate into increased
wettability/solderability. Perhaps the degree of roughness
was insufficient to affect solderability. [t is also possible that
some surface morphologies leading to increased surface
area are not conducive to increased solder flow. The major
features on the surface of the EP sample etched in
HNO 3/Cu{NO3) 2, shown in Figure 1d, are stacked, faceted
protrusions with sheer faces. Rod-like fibril shapes are
interspersed across the surface. There appears to be no
connecting pathways or vias to promote or sustain solder
flow. In fact, in many areas the solder flow could actually be
impeded by the protrusions.

The morphologies of the unetched, H2S04/H202, and
Na2S04/H2S04/MH 202 etched samples are nearly
indistinguishable (Figures 1a-1c). Very little roughening was
introduced with these two etches so we would not expect
any major roughness-based improvements in solderability.

The smooth non-homogeneous surface produced by the
HNO 3/H 2804 etch (Figure 1e) is not the type of morphology
we would expect to produce wettability improvements. With
Rp values below their unetched counterparts, both EP and
EL HNO 3/H2S04 etched substrates held little promise for
solderability gains. This prediction was borne out in wetting
balance tests. In fact, wettability was poorer on the etched
EL surface than on the unetched condition. An oxide
detected by SEM/EDS could have been a contributory factor
in the poor performance of the etched EL sample. The
strongly oxidizing nature of the HNO 3/H2S04 etching bath
could be responsible for the oxide signature on the surface.

The very large Rp value of the FeCl3/HCI etch on EP
copper (1.062241 compared to the unetched condition of
1.006314) was a promising indicator of potential wettability
improvements. Figure 2 plots wetting balance results for the
FeCl3/HCI etch vs. the unetched condition on EL copper.
Qualitatively, they are difficult to distinguish. Inspection of
the full data set shows that some of the FeCl3/HCI etched
samples attained a higher wetting force and produced a
greater wetting rate than their unetched counterparts, but it is
unclear if these differences are significant.

Solderability of Electroless Copper
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Figure 2. Wetting balance results for the unetched and
FeCla/HCI etched conditions on EL copper. Three samples
are shown for each condition.

The true performance of the FeCl3/HCI etch was likely
underestimated because the etched samples were not
ideally processed. SEM/EDS analysis detected a chlorine
presence on the surface of the HoO rinsed FeClg/HCI etched
samples. As shown in Figure 1f, CuCl (nantokite) crystals,
as identified by X-ray diffraction, were scattered on the
surface. The presence of these crystals was a side effect of
our etching process. While the nantokite crystals did not
cover a large portion of the surface, their presence was
reflected in the wetting balance results.

Wetting balance results for the CuCloMH20o/HCI etch
were originally poor. In this instance, SEM/EDS analysis
detected a significant chlorine presence on the surface of the
CuCloH202/HCI etched samples. The entire surface
appeared to be coated with crystalline bodies conformal to
an underlying channeled topography. X-ray diffraction again
identified the species as nantokite. As all etches were
concluded with a deionized HoO rinse, we theorized that the
nantokite presence was a result of the interaction between
the copper removed from the surface and the HoO rinse.

If this dragout/quenching were to produce a nantokite
layer on the surface, no subsequent amount of H20 rinsing
would remove the layer since nantokite has a very low
solubility in HoO (.0062 g/100 cc). Nantokite is, however,
soluble in HCl. Since copper is only very slightly soluble in
HCI, we re-ran the CuCla/H202/HCI etch using an HCl rinse
in place of the HoO rinse. We expected that the HCl rinse
would not alter the morphology created by the
CuCloMH20o/HCl etch. As a result of this processing




change, we were able to achieve wetting balance results
similar to the FeCla/HCI etch. However, it is difficult to
capture the improvement with the wetting balance alone.
Figures 3a and 3b show optical micrographs of the
soldered unetched sample and soldered CuCloH202/HCI
etched sample, respectively. In Figure 3c, an enlargement
of Figure 3b, the etched sample exhibited solder branching
not seen on the unetched substrate. Solder was
aggressively wetting the surface. Dendritic fingers have
spread in advance of the bulk. This behavior could be
related to the precursor foot (i. e. Sn-rich front) observed by

others.[33-35] The CuClo/H202/HCI solution was the only
etch that exhibited this behavior.
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Figure 3. Optical micrographs of soldered samples.
a) Unetched b) CuCloiHo02/HCI etched c¢) Enlargement of
b at solder front

Figure 4 contrasts the surface morphology of the
unetched and CuClo/H20s/HCI etched sample. In Figures
4b and 4c, the etched substrate has a matrix of deep,
interconnected grooves spanning the surface. The unetched
sample in Figure 4a shows the typical nodular morphology of
EL copper deposits. Figure 5 contrasts unetched, FeCl3/HCI
etched, and CuClo/H202/HCI etched surfaces at higher
magnifications. The FeClg/HCI etch produces uniform small
scale roughness, but does not produce V-shaped grooves.
The CuClo/H202/HCI etch not only produces small scale
roughness, but also deep V-shaped grooves ideal for
capillary flow of solder.

4a)

4b)

4c)

Figure 4. SEM's of EL copper test surfaces at low
magnification. a) Unetched - 500X mag with 10 um fiduciary
mark b) CuClo/HoO2/HCI etched - 200X mag with 100 pm
fiduciary mark c¢) Enlargement of b - 1000X mag with 10 pm
fiduciary mark
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Figure 5. SEM's of EL copper test surfaces at high
magnification. All three micrographs at 8000X magnification
with 1 pm fiduciary marks. a) Unetched b) CuCloMH 202/HCI
etched c) FeCla/HCl etched

These encouraging results with FeCl3/HCI and
CuCloMH 202/HCI on FR-4 led us to conduct an additional
solder wetting and flow experiment on a Ball Grid Array Test
Vehicle (BGATV). The BGATYV is a series of EP copper
pads and lines of various sizes and widths deposited on a
circuit board. A small subsection of the BGATV is shown in
Figure 6. 63Sn-37Pb (wt.%) solder paste is stenciled onto
the round pad areas in Figure 6 and RMA flux is brushed
onto the exposed copper surfaces. The BGATV is then
passed through a solder reflow machine (N2 cover) at 9
inches per minute where a series of hot plates melt the
solder paste in a controlled manner. The objective is to
induce solder flow down the lines from the pads, completely
filling the interior of each pattern.
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Figure 6. Copper-patterned area of a BGATV.

Experiments with unetched BGATV's have been only
partially successful in realizing the goal of complete solder
coverage. Wide lines (> 20 mils) have successfully
conveyed the solder. Finer lines (< 20 mils), however, have
not supported solder flow. The effects of etching on
wettability can be determined by etching the BGATV's with
FeCla/HCl and CuClo/H202/HCI and measuring solder flow.
Figure 7 shows the results of these initial measurements.
Etching appears to improve wettability down the lines.
Although each of the three cases contained poor performing
lines, the unetched BGATV's had many lines that did not
wet. There were many fewer lines on the etched BGATV's
that did not exhibit some degree of wetting. Optical
profilometry measurements performed prior to BGATV
wettability testing capture the enhanced roughness produced
by etching (Table 4). Measurements were made on three
areas of the BGATV. The etching appears non-uniform as
evidenced by rather large standard deviations in the
roughness measurements. This non-homogeneity in etching
may also explain the large standard deviations observed in
the solder flow measurements.

BGATYV Solder Flow Experiments
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Figure 7. Results of solder flow experiments on BGATV's.




Table 4. Optical profilometry measurements of BGATV's.

Etching Treatment Surface Area Index (i. e.Rp) .
Areal- Area2 - - Area3
Unetched 1.8740.10 1.91+0.10 1.84+0.07
FeCl3/HC] 2.83+0.02 3.3740.50 3.2740.46
CuClp/H 90 /HCI 2.5440.30 2.69+0.40 2.38+0.41 -
60 Second Etch 80X Magnification

Rp = Surface Area/Lateral Area (um2/m?2)

Summary

We produced physically rougher surfaces through
chemical etching of electroplated and electroless-plated
copper on FR-4 laminate board. Roughnesses were
characterized using optical interferometry and SEM. One of
the etches (CuCla/H205/HCI) produced a grooved
topography and demonstrated very good wetting behavior,
perhaps exceeding the FeCl3/HCI etch patented by
Rockwell. We have further tested the FeCl3/HCl and
CuCloMH 202/HCI etchants on a Ball Grid Array Test Vehicle
device board to determine real-world applicability.
Noticeable improvements in wettability/solderability were
observed through chemical etching of copper substrates.
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