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ABSTRACT

Copper coating was developed electrolytically oteliconnections in technology used in wafer levatkpging.
These coatings are adherent and uniforms, the diposate reached 23 um/h. The quality of the dsfgsowas
improved by the addition of a cinnamon extracthia plating bath. The morphology of the coatings eseuated
by scanning electron microscopy. The anti-corrogiooperties of copper coatings in the absence aiedgnce of
different cinnamon extract concentrations were mddin a 3% NaCl solution using the potentiodynamic
polarization, electrochemical impedance spectrogcS) and scanning electron microscope (SEM). rEsealt
showed that the presence of 150 ppm cinnamon iraprhe corrosion resistance of the copper substrate

Keywords: Coating; copper; extract of cinnamon; Corrosidtptentiodynamic polarization; electrochemical
impedance spectroscopy (EIS); 3%NacCl

INTRODUCTION

The electrodeposition is a widespread industriathod for metals or metal alloys deposition withrigd
applications ranging from anti-corrosion treatmentlarge surfaces (e.g. steel zinc electrodepositio advanced
electronic industries (copper deposit on chips, meéig heads, etc.[]]. In the microelectronics industry, the
copper coating is an excellent choice as underlayntehas a very high plating efficiency with ekeet coverage
even on difficult substrates to be coated. Indéedome processes, the deposition of aluminum risechout by
CVD on copper coatind?, 3]. Copper and its alloys can be electrodeposited franpus electrolytes including
aqueous citratpt], sulfate[5-7], pyrophosphatg8], oxalate[9]....

Copper and its alloys are highly corrosion resistarchloride medium. So, they are widely employedndustrial
applications such as heat exchangers and electlenices. A good corrosion resistance of these niatgds due to
two reasons. Firstly, in acidic medium, the staddpotential of Cu|Cu(l) is more positive than thgdimgen
evolution potential. The spontaneous corrosionmt@kof copper will be therefore located in themiomity region
in absence of dissolved oxyg€l0]. Secondly, in neutral medium, a uniform and aheadnt film formed at the
metal surface by corrosion products acts as advdayer against aggressive medium. In spite af $bif-protective
effect, copper and copper alloys may undergo a darimadifferent situations. For instance, in ckdermedium, the
corrosion properties of copper are markedly modibig the formation of copper—chloride complex&y.[ Deslouis
et al. concluded that in NaCl 3% medium the curdsmisity is depending on the chloride concentratmtential
and rotation speed of the electrod®]. The favorable effects of organic addition agemtsthe properties of
electrodeposits have been known for a number aky#3-16]. Organic additives, such as thiouféd, 18] gelatin
[19-23]and animal glu¢24] are widely used in copper electrodeposition stheg can produce smooth and bright
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copper deposits. The presence of additives in relgletting baths also produces a better levelingcefbn the
surface of deposits and affects the diffusion afctants in solutiorf25-30]. Recently, considerable attention has
been paid to substances that can be used in igduistr a low toxicity[31, 32—36]

The aim of this work is to study the corrosion sesice of copper coating electroplating connecticeesl in wafer
level packaging technology in a 3% NaCl solutiorthia presence of an essential oil by using thenpioynamic
polarization, electrochemical impedance spectrog€BS) and scanning electron microscope (SEM).

MATERIALS AND METHODS

Electrolysis cell

The electrolysis cell was a borrosilcate glass €R®) cylinder closed by cap with five aperturesréenhof them
were used for the electrodes: Copper interconnesed in wafer level packaging technology (Figured working
electrode, Pt plate as the counter while Ag/AgCéwaed as the reference electrode. All potentialseferred with
respect to this last electrode. All solutions usiugh these experiments were freshly preparet froalytical
grade reagents and distilled water. The temperatasesheld at 25 + 2 °Q’he substrates are degreased in an ethanol
bath and rinsed with deionized water and then pithkh a 1M sulfuric acid bath and rinsed again wigionized
water. All corrosion tests were performed in 3%Na@lution.The optimal conditions are: Cug®5 g/L at pH=1.5
and the current density applied is -17mAfcifo improve the quality of the coating, a cinnaneoiract was added
to baths. The extraction of cinnamon is carried ioubur laboratory. Initially, we prepared the dspmn the
substrates in the presence of essential oil atréifft concentrations to achieve a uniform depasiiod the same
thickness of approximately agh / h.
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Figure 1: Interconnections of Cu used in wafer levgackaging technology

The deposition rate R was determined gravimetsicdcording to the relationship:
R (um/h) = (m—m) / (p xs x 1)

m;: Initial mass (g), m Final mass (g), p: Density of copper (g/cth s: Substrate surface (& t: Deposition
time (s)

Electrochemical measurements

The electrochemical measurements were carried ondy lPotentiostat/Galvanostat/Voltalab PGZ 100 nooed by
a personal computer. Corrosion current densitytrjcand the corrosion potential, Ecorr were obtdifrom the
Tafel extrapolation method. The protectiifi@ency E (%) from the polarization curves was clatad from the
following equation:

COFF

E% = (1 - ) x 100 1)

1Ocorr

Where j.or and iy are respectively the corrosion current valuesavittand with essential oil in the solution.

The electrochemical impedance spectroscopy measuatemvere carried out over a frequency domain fidd

KHz to 10 mHz. Resistance polarization (Rp) waswaked from the linear polarization method. ThiS Epectra
analysis was performed using Boukamp impedasmtalysis software [37]. The charge transfesistance Rct
is obtained from the diameter of the semieir; Nyquist representation. The protectifiéceency E% via the
impedance curves of the coating was found fronfahewing relationship:

E% = ( *;"“) x 100 )

ct
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Where R and R; are respectively the charge transfer resistankeesavithout and with alloy coating of substrate,
respectively.

Characterization

The surface morphology was characterized by scgrelgctron microscopy (SEM) using LEO1530 FEG Soann
Electron Microscope.

RESULTS AND DISCUSSION

Chronopotentiometry

Figure (2) shows the chronopotentiograms with arithout extract of cinnamon. The potential for coppe
electrodeposition in the absence of extract of ainon is equal to -0.20 V. The addition of 100 pgrmamon
extract causes a slight displacement of this piatietat -0.24 V indicating a small variation in tbeposition rate.
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Figure 2: Chronopotentiometric curves with and without cinnamon extract at -17mA/cm

Effect of cinnamon concentration on the depositiomate

Figure (3) shows the variation of the depositiote rat different cinnamon extract concentrationsndty be noted
that the addition of cinnamon does not really imighe deposition rate which remains 20 p/h butffécls the
quality of the coating (Table 1). Indeed, we obedra significant improvement in the quality of dwating with a
concentration of 100 ppm.
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Figure 3: Effect of cinnamon concentration on theleposition rate

The coatings aspect was visually appreciated. Tingber 5 was assigned to the brighter and more umitwmating,
whereas the number 1 was given to the heterogersmliburned one.

Table 1: Appearance of the coating with the cinnamw extract at pH=1,5

C (extract) ppm C(CusSQ) eng/l | (mA/cm?) Appearance
0 15 -17 3
25 15 -17 3
50 15 -17 3
100 15 -17 5
150 15 -17 4
200 15 -17 3
250 15 -17 3
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Corrosion study

Potentiodynamic polarization

Figure 4 shows the stationary polarization curvesopper deposits in 3% NaCl. These deposits weveldped in
the presence of various essential oil concentratinrthe plating bath. We observe a decrease in &oodic and
cathodic currents when the essential oil concdotrain the plating bath increases. This would iatkc an
improvement in the corrosion resistance of theingat We will try to confirm this hypothesis by calating the
corrosion current.

The corrosion current density can be evaluated fiplyang the Stern—Geary relationship [38]. The esgion
calculation using non-linear least-square method a@plied to evaluate the corrosion parameteig;.i, Ecom ba
and bc that are respectively the experimentallyenkable current density, corrosion current densityrosion
potential where the overall current is zero, théelTeoefficient of anodic and cathodic process. €heetrochemical
corrosion parameters obtained from the Tafel poédidon curves are given in Table 2.

We notice a significant decrease in corrosion curigetween the coating produced without additivethn
deposition bath and deposits developed in its peeEseAlso the corrosion resistance of the coatinggoves with
increasing concentration of the additive in thébetation bath. Thus, the corrosion current is etmdl, 51A/cm? in

the presence of 150 ppm of the extract of cinnaamahthe corrosion inhibition efficiency (E%) reast8% (table
2).
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Figure 4: Stationary polarization curves on coppetehavior in the presence and absence of essentidlat different concentrations in a
3%Nacl solution

Table 2: Corrosion characteristics of coating coppein 3% NacCl solution

. Icorr -bc ba
Concentration Ecorr mV/Ag/AgCI WAlcm?  mVidec mvVidec E%
00ppm -194 10 92 45 -
50ppm -205 5.83 90 475 41
100ppm -230 33 85 50 67
150ppm -204 15 71 754 85
200ppm -184 2.8 77 31 72

3.3.2. Electrochemical impedance spectroscopy

The corrosion resistance performance of coppetreldeposited was also investigated by the EIS. ifpedance
spectra of coating realized with and without cinoanextract in 3%NaCl solution are represented goré 5

Although the curves in the Nyquist plot appear ¢osimilar with respect to their shape, they comsibly differ in

their sizes. The capacity loop at the high freqyerepresents the coating response, while the ldojhea low
frequency is associated with simultaneous physieoital phenomena at the metal/coating/solutionrfite or
diffusion phenomena of the oxidant chemical spetfiesugh the porous coatif@4-35, 39-4D. Then, the high
frequency loop gives the double layer capacita@g énd the transfer resistance (Rt) of the oxidateaction of
copper coating. The values of these two parameters obtained by fitting using a simple equivaleintuit R
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(RtCq). The R;and G, values of the coatings are compiled in Table & #éstablished that high values qf iRiply
a better corrosion protective abiliy9, 41]

Thus, we note that coatings elaborated in bathsatong the additive have a resistance which is hmhigher in
NaCl 3% solution than that of the coating elabatatethe basic bath.

Moreover, this resistance is maximal for a con@dian of cinnamon extract equal to 150 ppm andefffieiency
reaches 84.5%. Thus, the EIS results confirm tinelosions of the polarization study.
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Figure 5: Nyquist plots of copper electrodepositionwith and without cinnamon extract in 3% NaCl soluions

Table 3: Corrosion characteristics of copper with ad without extract of cinnamon in 3% NacCl solutionobtained from electrochemical
impedance (EIS) studies

R(Q.cm?) Cgy(UF/icm?) Ry(Q.cm?) E%
00ppm 5 990 1235 -
50ppm 8 246 2088 41
100ppm 6 230 3800 67.5
150ppm 7 210 7950 84.5
200ppm 5 226 4155 70

3.2.3. Scanning Electron Microscopy

The morphology of copper surface electrodepositeéhterconnects from electrolytes with and withoitnamon
extract immersed for 24h in 3% NaCl solution waarebterized. Thus, we observed that the surfatheoopper
coatings produced in the bath without additivetiacked. We note the presence of cracks, pittirdyraitropitting
(fig.6a). Indeed, it is known that the copper disgon in a chloride medium occurs according to folowing
process: oxidation of Cu to Gureaction of Cu+ with Clto generate CuCl and the transformation of the IGaC
CuClI,. This induces an attack of the copper surf@d@ 44]. By contrast, on the copper surface obtained in the
presence of 150 ppm cinnamon, this corrosion pmiserot initiated, the surface was more regularparous and

smooth (fig.6b).
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Figure 6: Micrograph (SEM) of copper deposit realzed (a) Without and (b) with 150 ppm of cinnamon exact immersed in 3% NaCl
for 24h

CONCLUSION

The study focused on the corrosion resistance p&ocoatings developed on interconnections. lvelglothat this
resistance was remarkably improved when such dispasire made in the presence of extract from "G
Indeed, we recorded a significant drop of corrogioment and a significant increase of the transdsistance. The
efficiency was 85% at a concentration of the exteicCinnamon 150 ppm.

Furthermore, the observations in scanning eleatn@moscopy confirm these results. The samples peepm the
presence of Cinnamon extract showed a practicaliyct surface after spending 24 hours in 3% NaQl.tie
contrary, those prepared without the additive vedtacked and their surface has many pits.
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