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Texture instability in Ni electrodeposits applied in
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An x-ray diffraction technique was used to assess the thermal transformation of the
crystallographic texture in 300 um thick Ni electrodeposits applied in optical disks
technology. The initially strong (100) fiber texture was transformed during annealing to
(211) fiber and the temperature range for rapid changes was between 300 and 350°C. A
numerical analysis of texture data indicates that the grain boundaries with a low and high
misorientation angle (<30° and >45°) had mobility advantage and their migration
contributed to the growth of the (211) texture. © 2000 Kluwer Academic Publishers

1. Introduction improve the structural stability of the electrodeposits at

Optical recording devices were first developed in 1965levated temperatures.

and today, all personal computers come with CD-ROM This paper contains an x-ray analysis of the texture

drives, and almost everyone who listens to music owngransformation in Ni electrodeposits at elevated temper-

a CD player and CD’s [1]. The major attraction of op- atures. The texture data are used to assess the changes

tical disk systems is a very high data storage capacityof grain boundary character distribution.

virtually instant access to the desired data, fidelity and

low cost [2]. The reason a single disk can hold such a

great amount of data is because of the tightly focuse@. Experimental

laser beams used to create the pits in the disks. The Ni stampers in the form of disks with a diameter
The manufacturing process of optical recording disksof over 130 mm and a thickness of 0.3 mm, electrolyti-

involves their replication from metal templates calledcally deposited from a Watt’s bath by Saturn Solutions

stampers using a high injection molding press. Thdnc., were used as research material in this study. De-

stampers are produced by electrodeposition of Ni orposition was conducted at a temperature ofG@nd

the substrate containing the recording pattern, whichat a current density of 1 A/dfn Annealing was per-

was created by the laser lithography. The structure oformed in a flowing argon atmosphere at temperatures

the electrolytic metal is, however, thermodynamicallyranging from 300 up to 80T for 0.5 h. The textures of

unstable and prone to change at the elevated temperbli after deposition and annealing were measured using

tures of the replication [3, 4]. Since structural changesa D-500 Siemens x-ray goniometer and Mg kadia-

deteriorate the stamper hardness and wear resistan¢m®mn. Pole figures data were collected using the reflec-

which increases the error rate of disks manufacturedjon technique up to a maximum tilt of 8@n 5° polar

their assessment is of engineering importance. and radial intervals. The results were corrected for ab-
Recent studies of the thermal stability of electrode-sorption and defocusing based on the standard random

posits are concerned mainly with nanocrystalline maspecimen, prepared from Ni powder. The experimental

terials in order to preserve their special properties apole figures were then used to calculate the orientation

higher temperatures. Nanocrystalline Ni with an initial distribution functions (ODF) of the grains by applying

grain size between 10 and 30 nm, showed abnormahe procedure described by Bunge [9]. The morpholog-

grain growth at temperatures above 2@0and the ac- ical characterization involved atomic force microscopy

tivation energy ranged from 1.2 to 1.4 eV [5]. There (AFM), Digital Instruments Nanoscope IIl. Microhard-

is no agreement in the literature on how to explain theness was tested using a LECO M-400 instrument with

thermal evolution of the microstructure in Ni electrode- a Vickers indentor under a load of 200 g.

posits. While some studies attribute the changes to grain

growth rather than recrystallization [6, 7], other sup-

ports the presence of all stages typical for recovery3. Results

recrystallization and abnormal grain growth [8]. Our 3.1. Morphology and texture of

preliminary tests revealed that the crystallographic tex- as-deposited Ni

ture seems to be very sensitive to temperature increas€he surface morphology of the electrodeposit, created

Texture studies may, therefore, help to understand anbly the molding of the laser lithography pattern of the
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Figure 1 AFM image of the Ni electrodeposit surface containing the recording pattern.
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Figure 2 Orientation distribution functions (ODF) of Ni grains after deposition (a) and after annealing@66000.5 h (b). The standard coordinates
(91, ¢, ¢2) are used iy, projection according to Bunge's formalism [9].

substrate, is shown in Fig. 1. The essential features of In the as-deposited state, the orientation of Ni grains
this topography, which contains encoded informationwas represented by th@00 fibre texture, with the
are the regular bumps with a width of approximately {100} planes aligned parallel to the deposit surface. This
300 nm and various heights, generally between 15@exture is represented by the ODF in Fig. 2a. According
and 200 nm. to notation by Bunge [9], the standard coordinatgs (
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¢, ) are applied inp, projection. There was some tex- 3.2. Texture transformation during
ture inhomogeneity across the deposit thickness. The  annealing
major change was an increase in pole density from 61.An example of the deposit texture after annealing is
on the outer surface to 64.1 at a depth of approximatelghown in Fig. 2b. While thé100 component disap-
10 um beneath it. Here, we confined our investiga-peared, thg211) fibre dominated the deposit texture
tions to the vicinity of the outer surface, adjacent toin the annealed state. The evolution of the Ni texture
the bumps. The100 texture is essentially expected as a function of the annealing temperature is shown in
for Watt's bath and the current density in the rangeFig. 3. The intensity fo211) texture was taken from
between 1 and 10 A/dfn According to the diagram the centre of th€211} pole figures, which were recalcu-
by Froment and Maurin [10], theLl00 texture should lated from orientation distribution functions. It is seen
be surrounded by thé€l10 texture region for a cur- that critical changes in the texture took place between
rent density below 1A/dfand by the area 0f210) 300 and 350C. The range of the rapid texture changes
and(110 textures for current densities larger than 10coincides with a sharp reduction in the deposit hardness
A/dm?. A lack of texture components other than thefrom above 200 to 85 HV.
(100 suggests that the current densities during deposi-
tion did not exceed the above ranges.
3.3. Structure of Ni grain boundaries
In order to understand the mechanism of texture
100 transformation, changes in the geometry of the grain
boundaries were assessed. Various representations are
developed to describe grain boundary statistics in
polycrystalline materials [11,12]. A grain boundary
can be classified geometrically in terms of the relative
——100 misorientation between the adjacent grains (GBMD),
—=-211 calculated from experimental ODF data. The calcu-
lation was carried out by finding out the misorienta-
tion between an assumed orientation and a randomly
created orientation in accordance with the measured
ODF [13]. The changes of GBMD during annealing
are shown in Fig. 4a in the form of histograms plotted
for four ranges of misorientation angles between grains.
1 ‘ ‘ ‘ ¢ In general, low and high misorientations represent the
- A 2L AbL 800 grain boundaries with low energy. The histograms show
Temperature (C) that annealing leads to a reduction in the percentage of
Figure 3 The semi-logarithmic plot of the texture evolution in Ni elec- gramn bounda”e_s with mls_orlen_tatlon bel_owo;’,ﬂ'he_
trodeposit as a function of annealing temperature. Annealing timelf@ctions of grain boundaries with that misorientation
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Figure 4 The grain boundary characteristics in Ni as-deposited and annealed for 0.5 It &t §@Pmisorientation angle between grains; (b) selected
types of special grain boundaries. Values marked as random are the frequencies expected for material without texture.
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that expected in material without texture. The annealingf the (111) + (100 [19]. In Ni with a nanometer size
led to an increase in the fractions of grain boundariegrains the double texture ¢£11) + (100 transformed
with misorientations above 45For this angle range, to the weak{111) fibre [18]. However, when the same
the fractions of grain boundaries either in as-depositethanocrystalline Ni was heated up rapidly, it developed
or annealed materials were still lower than values calthe(311) fibre instead of th€111). The above examples
culated for the random orientation of grains. indicate the complexity of texture transformation.

In order to complete the grain boundary misorienta- At present, there is no general explanation of texture
tion analysis, special grain boundaries were identifiedevolution during the annealing of electrodeposits. The
Special grain boundaries are described by the parametarodel proposed recently for copper [20] assumes that
3, which is the reciprocal density of common sites inthe recrystallized grains orient themselves so that the
the coincidence site lattice (CSL) model [14]. A bound-minimum elastic modulus direction can be parallel to
ary is usually classified as belonging to a cert@in the maximum normal stress direction of the original
value if the deviation from an exact CSL is specifiedgrains. Since the minimum elastic modulus directions
by Brandon criteria [15]. It is known that the frequency of copper are th€l00), the(100 of the original grains,
of the occurrence of CSL boundaries in polycrystallinebeing the directions of the Burgers vectors, tend to be
materials is affected by texture, correlation between ori-oriented along thé€100 directions of the recrystallized
entations of neighbouring grains, inhomogeneities andrains. Unfortunately, his mechanism cannotbe directly
grain size. adopted for Ni because in Cu the opposite phenomenon

The computer program used in this study allows foris observed. After annealing, tH&00 texture is the
the investigation of the relationship between the presmost stable component, developed in deposits with ini-
ence of special misorientations and texture under théal textures of{100 or (111) [20].
assumption of the absence of a spatial correlation be- Since there is some analogy between electrode-
tween grain orientations [13]. The calculations of CSLposited and cold deformed metallurgical materials, one
and GBMD were carried out for 100,000 grains to mini- should consider mechanisms proposed to explain tex-
mize the statistical error. The resultant CSL histogramsure development during the recrystallization of steels.
are shown in Fig. 4b, where grain boundaries are diThe major theory of th¢110}(001) (Goss) texture for-
vided into several categoriesl, ¥3,X5,X7,%9-19, mation in conventional grain-oriented electrical steel
»21-33 andx35-43. For the purpose of comparison, assumes that grains wifi10}(001) orientation form
the CSL distribution, which is expected for a specimencolonies and, as a result of coalescence during anneal-
prepared from a powder, with randomly oriented grainsjng, develop size-advantage [21]. Another theory as-
is also included. The results show that after deposisumes that thgl10}(001) grains are surrounded by the
tion the total contribution of special grain boundarieshighest number of CSL boundaries, which are supposed
with X1-43 is about 26%, which is significantly higher to have high migration mobility [22]. A recent explana-
than values reported for textured metallurgical materition states thafl10}(001) grains are surrounded by the
als [13]. ExcludingX1-5, the other CSL boundaries highest number of high-energy grain boundaries [23].
have fractions below 1%. The only significant changeThese grain boundaries have a high migration rate due
observed after annealing is a reduction in the percento the fast coarsening of the precipitates. The results
age ofX1 andX5 boundaries. of the numerical analysis of texture data in this study

indicate the changes in grain boundary character dis-

tribution after annealing. It is clear that the growing
4. Discussion of results (211 texture has 15% less in the frequency of grain
These experiments show that the microcrystalline elechoundaries with a misorientation angle below aad
trodeposits are prone to thermal changes, in quite a5% more grain boundaries with a misorientation angle
similar way as that revealed for nanocrystalline struc-above 45. It is known, however, that these boundaries
tures [16]. It is also clear that crystallographic texturehave lower energy when compared to boundaries with
is a very sensitive indicator of structural evolution. Theintermediate misorientations.
(100 texture in as-deposited Ni is typical for Watt's  The explanation of the high mobility of low energy
electrolyte and the intermediate values of current denboundaries in electrolytic Ni can be proposed while
sities [10]. The initial texture is extremely strong and considering its specific microstructure. It consists of a
with intensities exceeding the level of 60 random unitsmixture of micrometer-size grains and ultra-fine grains
is over one order of magnitude stronger than textures rewith a size in the order of a hundred nanometers [24].
ported previously for nanocrystalline Ni and Ni-basedThe ultra-fine grainsin the electrodeposits are attributed
electrodeposits [17, 18]. There is a general belief thato the higher stored strain energy [25]. Since non equi-
the (100 texture in Niand Ni-based alloys is unstable atlibrium grain boundary structure results in high mo-
elevated temperatures. The most common texture aftdyility, the grain growth starts in their regions. While
annealing is thél1l) fibre. considering the nano-size grains, the energy of their

There is no single factor, which totally controls the grain boundaries differs from conventional microcrys-
texture transformation. The initial texture is one of talline materials. In particular, the grain boundaries in
them. Our previous research showed that the coarseanocrystals are highly disordered and their energy is
grain Ni with an initial texture of{110 transformed less anisotropic than that known in microcrystalline
after annealing t¢210 and(100 changedtothél1l).  counterparts [26, 27]. This energy is markedEsin
At the same time th¢211) was replaced by a mixture Fig. 5. A lack of its dependence on a misorientation
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number of grain boundaries with a misorientation angle
below 30 is accompanied by an increase in the number
of grain boundaries with a misorientation abové.45f

all the special grain boundaries wikhbelow 43, there

is mainly a reduction in the fraction &1 andx5.
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Figure 5 The schematic diagram of the energy of grain boundaries in 7.

nano and microcrystalline materials as a function of misorientation angle.
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