Copper Corrosion Inhibition
In Printed Circuit Board Production
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Theinhibiting efficiency of imidazole derivatives (4-me-
thyl-5-hydr oxymethylimidazoleand 1-butyl-5-methylimi-
dazole) on atmospheric corrosion of copper in printed
circuit board production was investigated. The experi-
ments were carried out on single-sided copper boards,
using a procedure based on standards applied in the
electronic industry. The electrochemical investigation
based on potentiodynamic polarization (T afel extrapola-
tion and polarization resistance measurements) on cop-
per in the solutions used was performed at various tem-
peratures (25 to 55 °C). The results obtained were com-
pared with the efficiency of a commercial inhibitor for
copper.

In-process corrosion and resultant yield loss are a costly
problem for electronic components. These components are
exposed to a range of uncontrolled environments, and for
these and other reasons, understanding and control of corro-
sioninelectronicsisachallenging field that will faceincreas-
ing demands as the technol ogies advance.!

On—chip metal lines provide local interconnection to join
acluster of elementsand provide power totheelements.2The
most used conductor material is copper that may be exposed
to aggressive environments. Corrosion of 1Cs during pro-
cessing can be a costly problem.

The application of inhibitorsiscommon inthe electronics
industry for prevention of corrosion of copper under atmo-
spheric conditions and to preserve the solderability of the
copper surface on boards. To provide good solderability of
copper and electronic components onto the printed circuit
boards, formation of corrosion products on copper must be
avoided. The products of copper corrosion adversely influ-
ence the solderability of copper and the wettability of the
copper surface with solder aloy. For protection against
atmospheric corrosion and to maintain solderability of cop-
per, the use of organic inhibitorsisincreasing. In the solder-
ing process, acid flux dissolves the inhibitor coating very
quickly and makes the copper surface active.

The aim of this research was to study the efficiency of
imidazol ederivativesasatmospheric corrosioninhibitorsfor
copper in printed circuit board production.

Experimental Procedure

Theinhibiting efficiency of 4-methyl-5-hydroxymethylimi-
dazole and 1-butyl-5-methylimidazole on atmospheric cor-
rosion of copper in printed circuit board production was
studied. The efficiency values obtained were compared with
those of a commercial inhibitor for copper® under the same
conditions. Becausethecommercial inhibitor contained vari-
ousheterocyclic organic compoundsin 5-pct formic acid, the
inhibitors mentioned were also investigated in 5-pct formic
acid. The mass concentrations of the imidazole derivatives
were 0.5, 1.0, 1.5 and 2.0 percent. The experiments were
carried out on single-sided copper boards, and the procedure
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Fig. 1—Anodic and cathodic Tafel linesfor copper in 5% HCOOH (1) and
with addition of 4-methyl-5-hydroxymethylimidazole at concentrations of:
0.5% (2), 1% (3), 1.5% (4) and 2% (5) at 25 °C.
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Fig. 2—Linear polarization curves for copper in solution of commercial
inhibitor at 25 °C (1), 35 °C (2), 45 °C (3) and 55 °C (4).

complied with the rules based on international standard IEC
326-2.

Cleaning and activation of copper surfaceswere provided
by immersion in a 30-pct solution of cleaner® at 45 to 50 °C
for 3 to 5 min. Microetching removes oxide layers and
ensures bright, clean and uniform micro-roughness on the
surface of the copper boards. The solution was prepared by
dissolution of 90 to 120 g/dm® of acommercial etchtin 1- to
2-pct sulfuric acid for 1 to 2 min at 20 to 30 °C.

Microetching was followed by etching in sulfuric acid
(mass concentration 90 to 120 g/dm?®) for one min at room
temperature. After each treatment, the copper panels were
rinsed in deionized water to remove remainder chemicals.

3gntek Plus Cu-106 A, Enthone-OMI Ltd., Surrey, England
"Entek Cleaner SC-1010, Enthone-OMI Ltd.

¢Entek Micro Etch ME-1020, Enthone-OMI Ltd.

9PARC 263 A

*PARC Model 352/252 SoftCorr.
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Table 1

Solderability & HNO, Tests Before & After Humidity Tests

Before Humidity Tests

After Humidity Tests

Solderability Test: Thistestiscarriedoutin
molten 60/40 solder alloy at 260 °C for five
sec. A smooth, bright, easily wetted copper
surface indicates good solderability of cop-
per samples and a well-protected surface.

I nhibitor

Solderability ~ HNO, Solderability ~HNO, These two methods were applied before
1.(25°C) + + + + and aftt_ar accel er_at_ed aging tests on copper
panels in a humidity chamber. The proce-
2.(25°C) + - + + dure for these tests is described in more

3.(25°C) + + + + detail elsewhere®
3.(35°C) + + + + Inhibitor layer thickness was determined
o _ using UV spectrophotometry by measuring
3.(45°C) + + - + the absorbance of the solution obtained by
3.(55°C) + + + + dissolution of inhibitor layersin hydrochlo-
(+) pass (-) fail ric acid. The procedure is designed to mea-

Inh. 1: 4-methyl-5-hydroxymethylimidazole
Inh. 2: 1-butyl-5-methylimidazole
Inh. 3: Commercial

Table 2

Inhibitor Layer Thickness (D) of 4-methyl-5-hydroxymethylimidazole
& Commercial Inhibitor at Copper Surface at Different Temperatures

D, um
Inhibitor 25°C 35°C 45 °C
1. 0.2 0.4 0.4
2. 0.2 0.3 0.3

Inh. 1: 4-methyl-5-hydroxymethylimidazole

Inh. 2: Commercial

Table 3
Corrosion Parameters for Copper Obtained by Tafel Extrapolation
25 °C
C\O}r(SCE) Jpc.Aofr/cm2 ?ﬁv rrt:{/
5% HCOOH -10.35 21.01 23.58 33.38
Inh.1 (0.5%) -27.37 8.126 19.39 30.48
(1.0%) -27.78 6710 1892  26.67
(2.0%) -41.66 7.969 22.00 33.49
Inh.2 (0.5%) -12.39 12.49 24.00 30.97
(1.0%) -2448 7536 1860  23.45
(1.5%) -28.67 11.05 19.04 30.55
(2.0%) -43.45 11.31 22.66 40.90
Inh. 3 42 .47 1.671 50.17 52.44

Inh. 1: 4-methyl-5-hydroxymethylimidazole

Inh. 2: 1-butyl-5-methylimidazole
Inh. 3: Commercial

The panelswere then immersed in the inhibitor for 60 sec at
room temperature, dried for two min in air, then rinsed in
deionized water and dried inwarm air. Theinhibitor protects
the copper surface against atmospheric corrosion during
storage, transport and handling.

Theprotectiveefficiency of inhibitorswastested by means
of the following methods:

1. Nitric acid test
2. Solderability test

Nitric Acid Test: A drop of 10-pct nitric acid is placed on the
treated copper surface. If no bubbles appear on the copper
surface within 60 sec, the quality of the inhibitor coating is
considered satisfactory.

January 2001

sure the thickness of the corrosion inhibitor
film deposited by a commercial inhibitor.*
Theelectrochemical experimentswerecar-
ried out inaclassic electrolytic cell with the
working electrode made from polycrystal-
line copper rod (99.98%), insulated with
polytetrafluoroethylene (PTFE) tape, such
that the area exposed to solution was 0.785
cm?. The counter-electrode was a platinum

55°C plate and the reference was a saturated
04 calomel electrode(SCE). All potentialswere
03 refereed to the SCE scale. Potentiodynamic

measurements were conducted using a
potentiostat/gal vanostat® and controlled with
corrosion analysis software.®

The corrosion current densities were de-
termined by Tafel extrapolation and polar-
ization resistance measurements, described

CR . earlier.®
mm/iyr % Results
0514 - Resultsindicating the inhibiting efficiency
0.199 61 of imidazole derivatives with respect to at-
0.164 gg Mmosphericcorrosionof copper (solderability
test and HNO, test) before and after acceler-
0.195 62 ated corrosion in a humidity chamber are
0.305 41 shownin Table 1. For comparison purposes,
0.18 64 thestudy asoincluded anaysis of the com-
0.27 47 mercial inhibitor. _ .
' The results of the atmospheric corrosion
0.276 46 tests of copper show that imidazole deriva-
0.041 92 tiveshavegood inhibiting efficiency similar

tothecommercial inhibitor, excepttheHNO,

test before the accelerated corrosion test in

the humidity chamber. The results of the

inhibitor layer thickness determination (D)
calculated beforeand after the humidity chamber arelistedin
Table 2.

The values of the layer thickness of 1-butyl-5-methylimi-
dazole could not be determined because of turbidity of the
solution, especialy at higher temperatures. The layer of 4-
methyl-5-hydroxymethylimidazoleissomewhat thicker than
thoseof commercial inhibitorsinthewholerange of tempera-
turesinvestigated.

Figure 1 showsanodic and cathodic Tafel linesfor copper
in5-pct HCOOH andwiththeaddition of 4-methyl-5-hydroxy-
methylimidazol e at different concentrationsat 25 °C. Corro-
sion parameters and protection degrees for copper in the
tested solutions at 25 °C and obtained by Tafel extrapolation
are presented in Table 3. Figure 2 shows polarization resis-
tance determination using linear polarization of copper inthe
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solution of the commercial inhibitor. Corrosion pa-
rametersfor copperin0.5M HCOOH, with addition
of the imidazole derivatives obtained by polariza-
tion resistance measurements at 25 °C, aregivenin
Table 4.

Table 4
Corrosion Parameters R , B, ], CR & z for Copper

In 0.5 M HCOOH with Addition of Imidazole Derivatives
Obtained by Polarization Resistance Measurements at 25 °C

. . . R B Joorr CR z
Discussion & Conclusions Qem? mv pAlcmz  mmliyr - %
Imldazolesareheterocycl|corgan|ccpmp0u_ndSW|th 5% HCOOH 175.00 6.00 34.99 0.838 _
three carbon and two nitrogen atomsinthering. The
imidazolemoleculeshowsthreedifferentanchoring  nh-1(0.5%) 33347  5.15 15.44 0.377 95
sitesthat are suitable for surface bonding: the nitro- (21.0%) 445.33 4.81 10.79 0.264 68
gen atom with itslone sp2 electron pair, the C(4)H- (2.0%) 506.95 5.77 11.38 0.278 67
C(5)H-"edge” and the aromatic ring. The imida-
zoles are therefore potentially effective inhibitors. Inh, 2(0.5%)  291.63 2agll AR kb AL
The efficiency of some imidazole derivatives as (1.0%) 43795 451 10.29 0.251 67
corrosion inhibitors for copper™® as well as for (1.5%)  284.88 5.10 17.89 0.437 48
iron'* was established. In contrast to most com- (2.0%) 38237 6.32 16.54 0.404 52
mercial inhibitors, imidazoles are not toxic. e ' — 1'0 1'1. T 3.'00 O: 073 -

Inhibiting efficiencies of the imidazole deriva-
tives studied were compared with the efficiency of
a commercial inhibitor used in the electronics
industry for copper corrosion protection in printed
circuit board production.

Results obtained from the solderability and HNO, tests
before and after the humidity chamber show that imidazole
derivatives offer good inhibiting properties (Table 1). All
investigated inhibitors showed good sol derability beforeand
after humidity tests. Only 1-butyl-5-methylimidazol e showed
poor results during HNO, tests conducted before humidity
chamber tests.

Theelectrochemical investigation, performed using Tafel
extrapolation, as well as polarization resistance measure-
ments, showed small corrosion current densitiesfor copperin
all investigated solutions. The study of different inhibitor
concentrations (0.5 to 2.0%) showed that 1.0 percent is
optimal for the imidazole derivatives (Table 3.). The best
inhibiting efficiency was shown by the commercial inhibitor
at higher temperatures.

Although theimidazol e derivatives showed lower inhibit-
ing efficiency than the commercial inhibitor, imidazoles are
potential corrosion inhibitors for copper. Changing of com-
position and structure by introduction of new active substitu-
ents can improve the inhibiting efficiency of imidazoles.

Editor’s note; Manuscript received, May 2000.

List of Symbols Used in the Tables
B constant (mV)
b,b ~ Tafel coefficients (anodic and cathodic) (mV)

CaR ° corrosion rate (mm/yr)
D inhibitor layer thickness (um)
E corrosion potential (mV)

_corr

Joorr corrosion current density (LA/cm?)
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