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Crystal Growth of Electrolytic Cu Foil

Kazuo Kondo** and Haruo Murakami

Department of Applied Chemistry, University of Okayama, Okayama 700-0082, Japan

Electrolytic copper deposited on (1QQ)single crystals forms pyramidal crystals that grow parallel to the substrate at low current
density without stirring. With stirring and higher current density, slanting platelet crystals with {ladigntation are formed.
Chloride and gelatin are typical additives for electrolytic copper foils and the electrolytic copper foils are formed on a titanium
substrate with a stirring rate and high current density. With gelatin, triangular pyramidal crystals form with (ddéptation.

The triangle-shaped side planes of the crystals are the ¢10@nd platelet crystals exist along the (19Q) With chloride and

gelatin, triangular columnar crystals with the (14@prientation are formed. The triangle-shaped side planes of the crystals are the
(100), and the platelet crystals again exist along the ((Q0Yhese platelet crystals are bound by macrosteps, and they are the
growth sites. The morphology of electrolytic copper foils on the titanium substrate does not change with higher current densities
and stirring rates. It was also found that chloride changes deposit orientations in the concentration range of less than 10 ppm.
© 2004 The Electrochemical Society.DOI: 10.1149/1.1756883All rights reserved.
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Electrolytic copper foils have been widely used as the conductorsrolytic copper deposits on the (1QQ)single-copper crystal sub-
for printed circuit boardPCBs. About 90% of the copper foils  strate was kept asiim, and electrolytic copper foils on the titanium
have been produced by the electrolytic process because finer lingubstrate was 3p.m.
etching is possible with thinner electrolytic copper foils. Additives  The (100)., single-copper crystaiGoodfellow Co) was used as
play a major role in controlling the properties of electrolytic copper ;e of the substrates. Surface treatment of the (&09ngle-copper
foils. 1 ) _ crystal is the critical factor for obtaining a good deposit. The surface

Carnevalet al." investigated the effect of morphology and orien- eatment is done with three polishing steps as folléwechanical
tation of elzec_trolytlt_: copper deposits by using different anions. yqjishing of the surface initially with emery paper and secondary
Lamb et al“ investigated numerous electrolytic conditions and polishing with diamond particles of @&m diam. Next, chemical
pointed out that additives have a critical influence on the Cross-mechanically polishing the surface with OP-S suspended solution,
sectional microstructures. Barklet al® observed the electrolytic H,O,, and NH; on Straus MD-Chem cloth available from Struers
copper deposit morphology on copper single crystal by atomic forcecg “The surface was then rinsed in ethanol and deionized water.
microscopy(AFM). It was shown that chloride (C) has an impor- The deposit morphologies were observed by field emission scan-
tant rple in the faceting electroly.tlc copper deposits and a MONOing electron microscopyFESEM, Hitachi S-4300 The crystal
atomic layer growth model was given. ) _ orientations of the deposits were analyzed by X-ray diffraction

CI™ and gelatin are typical additives for electrolytic copper foils. (XRD) (Rigaku-denki, RINT200D and thin film XRD (Rigaku-
Koura et al** proposed pyramidal crystal growth with Cland  denki, RINT2500. The relative XRD is defined as follows rep-
gelatin. Osakeaet al® also reported the role of Cland gelatin for  resents for area of the individual X-ray peak
electrolytic copper foils. Kondet al® recently proposed the crystal
growth model of electrolytic copper foil with Cland gelatin. Un-
fortunately, our previous experiments were done with lower current Relative X-ray intensity=
densities and in an unstirred bath. However, electrolytic copper foils Alargest peak area
are produced in high current densities and with a high stirring rate in
actual production. The electrolytic copper foil is initially deposited
on the titanium substrate and then removed from the substrate. Me-
chanical adhesion between resin and electrolytic copper foil, and Electrolytic copper deposits on the (1@Q) single
anisotropic etching are the critical properties for electrolytic coppercrystal—Figure 1a shows FESEM micrographs of deposits with 60
foils. These properties are related to the morphology, microstructureppm CI” in addition to the basic bath. The deposits are formed at the
and crystal structure of the metal. Morphology, microstructure, andjower current density of 10 mA/cfrand in an unstirred bath. Pyra-
orientation are determined by the crystal growth mechanism. midal crystals of several micrometers in diameter are formed. These

Both (100}, single crystal and titanium were used as cathode pyramidal crystals consist of stacked square platelet crystals. The
substrates. The role of Cland gelatin on the morphology, orienta- edges of the platelet crystals are macrosteps. The platelets grow
tion, and crystal growth of electrolytic copper foils were investi- parallel to the (10Q), substrate, and the platelet size decreases with
gated at high current densities and high electrolyte stirring rate. Werespectively higher stacking levels.
propose a crystal growth model of electrolytic copper foils. Figure 1b shows XRD patterns for the deposits. Since the
(200)c, diffraction produces the strongest intensity, the plane of the
platelet crystals, which are parallel to the substrate, is the ¢L00)

AIndividual peak area

Results

Experimental

Both the electrolytic copper deposits and electrolytic copper foils
were deposited with constant currértokuto denko, HA-151 An-
odes were made of copper plate and two kinds of cathodes were

used; the titanium substrate and the (3Q08ingle-copper crystal Table I. Bath compositions.

substrate. The baths consist of the basic bath of GuSiGO and

H,SO, and additives are gelatin and chloride (Ll(Table ). The Chemicals Concentration

bath temperature was kept at 40°_C. The current _den_sities and stirring Basic bath

rates of the electrolyte were varied. The deposit thickness of elec- ;54 51,0 270 g/L
H,SO, 100 g/L

Additives
* Electrochemical Society Active Member. Gelatin 0, 10 ppm

Z E-mail: kkondo@cc.okayama-u.ac.jp Cl~ 0, 10 ppm
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tated crystals which originally grows epitaxially to the (189)
single-crystal substrate.

Electrolytic copper foils on the titanium substrate at higher
current density and stirring rate-Figure 4 shows FESEM micro-
graphs of deposits formed with different current densities and dif-
ferent stirring rates. At 10 mA/cfof current density and O rpm of
stirring rate and with 200 mA/cfnand 800 rpm(Fig. 4a.,b, the
deposit morphologies are almost identical. On the titanium substrate,
the deposit morphology should not change with higher current den-
sities and stirring rate except the formation of dendrites.

Electrolytic copper foils orientation on titanium substrate with
Cl~.—Figure 5 shows the relation between @oncentration in the
bath and relative X-ray intensities of the electrolytic copper foils.
b The relative X-ray intensities change up to 10 ppm of €bncen-
(200) tr_ation. Without cr_, the (_1_11);u has the strongest diffraction inten-

sity, however, the intensities of (113)and (100}, decrease as the
CI™ concentration increases of up to 10 ppm. On the other hand, the
(110)¢, intensity increased drastically within the Ctoncentration
of 1 ppm. Electrolytic copper foil crystal orientation is very critical
with CI™.

Electrolytic copper foils on titanium substrate with Tland
gelatin—Figure 6 is a FESEM micrograph of electrolytic copper
foils formed with CI" and gelatin on a titanium substrate at 200
mA/cn? current density and 800 rpm stirring rate. Triangular pyra-
midal crystals of 0.Jum in crystal diameter form with gelati¢Fig.
64a). Triangular columnar crystals of 5 andu2n in crystal diameters

N L A " form with CI~, and gelatin and CI (Fig. 6b,0. The two triangle
40 60 8'0 100 planes of these triangular columnar crystals are right-angle isosceles
triangles. Furthermore, the plane of these triangular columnar crys-
29 [ deg ] tals, which is parallel to the substrate, is one of three other rectan-

gular planes(see the illustration of triangular columnar crystal in
Figure 1. FESEM micrograph and X-ray of the electrolytic copper deposit Fig- 6).
on the (100}, single-crystal substrate. Figure 7 shows the result of thin film XRD of the electrolytic
copper foils shown in Fig. 6a,b,c, respectively. With gelatin in Fig.
7a, the copper foil has a (114,) orientation, since the diffraction
intensity of (111}, is stronger than other diffractions. With Tand
gelatin and CI of Fig. 7b and c, the electrolytic copper foils have
(110)c, orientation, since the (11) is stronger than other diffrac-
tions.

Electrolytic copper deposits on the (1@Q)single crystal with
stirring rate and higher current density-Figure 2 shows FESEM
micrographs of deposits formed at 10 mAfcwith different stirring
rates. Without stirring, pyramidal crystals are form{&ly. 2a. The
thin-film XRD pattern for the deposit is shown in Fig. 2c. The  Crystal growth of electrolytic copper foils-Now the growth
(111)c, (200)y, (110),, and (311}, diffractions exist in the  models of the electrolytic copper foils with Tland gelatin are
thin-film XRD and intensity of the (11%), is almost the same as discussed. Figure 8a is a schematic illustration of face-centered cu-
that of the (200y,. At 500 rpm, however, slanting platelet crystals bic (fcc) copper cubic crystal structure. The circles in Fig. 8a do not

form at the side of the pyramidal crystdlrrow in Fig. 2B. Thin- represent the copper atoms and the schematic illustration includes

film X-ray intensity of the (111y, is larger than the intensity at several million unit cells. Side planes of the cubic crystal are the

(200)cy, - (100)c,- Electrolytic copper deposits grow with macrosteps along
Figure 3 shows FESEM micrographs of deposits formed at dif- (100)c, on the (100}, single crystals(Fig. 1). This macrostep

ferent current densities in an unstirred bath. At 10 mA&cpyrami- growth along the (10@Q), plane holds even on the (1QQ)of elec-

dal crystals of stacked platelet crystals fofffig. 33. The (111),,, trolytic copper foils on titanium substrates.

(200)cy, (110)c,, and (311}, diffractions exist and the intensity of Figure 8b and c are the schematic illustration of copper crystals

the (111),, is almost same as the (2QQ) At 50 mA/cn?, however, with CI™ and gelatin. Triangular pyramidal crystals with gelatin
slanting platelet crystals form at the side of the pyramidal crystals(Fig. 63 has the (111), orientation(Fig. 73. The (111}, is par-
(see Fig. 3b, arroyv Thin-film X-ray intensity of the (111g, again allel to the substrate and (1QQ)are triangle-shaped side planes of
is larger than the (20Q),. Slanting platelet crystals have the triangular pyramidal crystals. Platelet crystals of several 10 nm in
(111),, orientation. thickness exists on one of the (1@Q)Fig. 68 and these platelet
The (100}, orientated deposits, pyramidal crystals, are parallel crystals are the macrosteps along (1QQFig. 8.
to the (100}, single-crystal substrate and grow epitaxially to the  The triangular columnar crystals with Gland CI" and gelatin
(100), single-crystal substrate. This epitaxial growth occurs at 0 (Fig. 6b,0 have the (11Q), orientations(Fig. 7b,9. CI~ changes
rpm stirring rate and 10 mA/cfiower current density. At a higher the electrolytic copper foil crystal orientatid(fFig. 5). (110), is
stirring rate of 500 rpm or higher current density of 50 mAfcm  parallel to the substrate, and (1@Q)are the triangle-shaped side
however, the epitaxial growth breaks down and the (¢lajiented planes of triangular columnar crystals. Again platelet crystals exists
slanting platelet crystals start to form. These (Xl ldrientated  on one of the (10Q), (Fig. 6b,0 and these platelet crystals are the
crystals are caused by twin or misfit formation in the (1Q@®rien- macrosteps along (108) (Fig. 80.
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Figure 2. FESEM micrographs and thin-
film XRD images of the electrolytic cop-
per deposits on the (10§)single crystals
at different stirring ratesia,0 0 and(b,d)
500 rpm.
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Figure 4. FESEM micrograph of the electrolytic copper foil on titanium
substrate at different current densities and different flow r&&< rpm, 10
mA/cn?, (b) 800 rpm, 200 mA/crh
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Figure 6. FESEM micrograph of electrolytic copper foil on titanium sub-

strate.(a) Gelatin, (b) chloride, and(c) gelatin and chloride.

Conclusions

The role of chloride and gelatin additives on the morphology,
orientation, and growth of electrolytic copper foils are investigated
at high current densities and high electrolyte stirring rates. A crystal
growth model of electrolytic copper foils is proposed.

Electrolytic copper deposits on the (1@Q¥kingle crystal is made
up of pyramidal crystals, which consist of stacked platelet crystals.
These crystal are formed at lower current density of 10 mA/and
in an unstirred bath. From X-ray diffraction, these pyramidal crys-
tals grow parallel to the (10@), single-crystal substrate.

At a higher stirring rate of 500 rpm and a higher current density
of 50 mA/cnt, the slanting platelet crystals form at the side of these
pyramidal crystals. From thin film XRD, these slanting platelet crys-
tals have their orientation of (114,).
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Figure 5. Effect of chloride concentration on the orientation of the electro- Figure 7. Thin-film XRD patterns of electrolytic copper foila) Gelatin, (b)

lytic copper foil.

chloride, and(c) gelatin and chloride.
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Chloride and gelatin are the typical additives for the electrolytic
copper foils and electrolytic copper foils are formed on titanium
substrate at higher stirring rates and current densities. With gelatin,
the triangular pyramidal crystals form and the (1315 parallel to
the titanium substrate. Triangle-shaped side planes of the crystals are
the (100}, . A platelet crystal exists on one of these (1§0)With
chloride, gelatin, and chloride, the triangular columnar crystals form
and the (11Qy, is parallel to the substrate. Triangle-shaped side
planes of the crystals are the (1@Q) Platelet crystals, again, exist
on these (10Qy,.

Electrolytic copper deposits grow with the platelet crystals along
(100)c, on the (100}, single-crystal substrates. These platelet crys-
tals exist on the (10@), of electrolytic copper foil deposits are the
macrosteps, and they are the growth sites.

The chloride determines the crystal orientations of electrolytic
copper foils and the orientation change is effective up to 10 ppm
chloride concentration.
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