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[17] to the high-energy electrically-active Holt IDBs [17].
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In addition to the partials bounding basal-plane SFs, we will consider defects at the

intersections between basal and prismatic SFs as well as at the intersections between SFs and inversion
domain boundaries (IDBs). The crystallography of these defects is summarized in Section 2. Atomistic
simulations of core structures are reviewed in Section 3. In Section 4, high resolution electron microscopy observations of partials are analyzed.
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Basal-plane SFs (BSFs) are the most common planar defects in GaN, and they are usually of intrinsic
character [18, 19]. Two intrinsic BSFs can be distinguished; the first one, I1, corresponds to one violation
of the stacking rule [20], or equivalently to the introduction of one row of sphalerite stacking in the
wurtzite stacking sequence, thus changing the aAbB stacking along [0001] into aAbBaAbBcCbBcC
(Fig. 1a). This BSF can be considered to have been formed by the removal of one monolayer followed
by a 1/3·10 10Ò shear which leads to a total displacement vector pI1 = 1/6·2023 Ò . The second type of
intrinsic BSF, I2, comprises two rows of sphalerite stacking formed by a pI2 = 1/3·10 10Ò shear and the
stacking sequence is aAbBaAbBcCaAcC (Fig. 1b). Extrinsic (E) BSFs having a pE = 1/2 [0001] displacement vector leading to the aAbBaAbBcCaAbBaA stacking (three sphalerite rows) are also possible
[18] (Fig. 1c). In Fig. 1 the interfacial planes for the I1 and I2 BSFs are indicated; a single plane delimiting an upper and a lower wurtzite crystal cannot be assigned to the E BSF, and hence this fault may be
considered to define a quantum-well-like region of sphalerite-structured material. For each BSF-type
there are two variants with mirror-related sphalerite rows due to the dissymmetrization that is caused by
the suppression of the {10 10} glide mirrors [18, 21]. The I1 BSF exhibits the lower energy among the
three reported SF types [22]. A fourth BSF type considered by Stampfl & Van de Walle [22], termed
type III, and comprising two superimposed mirror-related I1 BSFs has the next lower energy but has not
been reported experimentally so far.
The BSFs may be bounded by sessile (Frank) partials (I1 and E) or glissile (Shockley) partials (I2) [20]
(Table 1). In addition, the coexistence of mirror-related variants requires a c/2 step and a partial dislocation with Burgers vector 1/3·10 10Ò for I1 (Fig. 2a) or I2 BSFs [18]. For E BSFs a dislocation dipole
would be created at such coexistence and the overall defect character would be zero (Fig. 2b).
We may also consider the stair-rod dislocations at the junctions between BSFs and { 1 120} prismatic
SFs (PSFs). Two principal
PSF structural models have been distinguished [23–25]; one model has been
s
proposed by Drum [26] while the other has been given by Amelinckx and coworkers [27]. The Drum
PSF has a displacement pD = 1/2 ·10 11Ò , while the Amelinckx PSF introduces a displacement equal to

tension

Magnetic semiconductors are materials that can exhibit both
ferromagnetic and semiconducting properties, and they are widely
studied because of their interesting properties and potential
applications in future spintronic devices. In ZnO the magnetic
properties can be initiated by Co doping. It is important to know
information about the Co location in order to understand the magnetic
ordering of this material. Poor structural characterization of these
materials has led to misinterpretation of the origin of ferromagnetism.
In this work, advanced transmission electron microscopy (TEM) is
used to study the structure and chemistry of Co-doped ZnO magnetic
semiconductor systems.

Aberration-corrected TEM image of a stacking fault in Co:ZnO.
The imaging conditions were + 12 nm overfocus and -10 µm
spherical aberration (C ). The representative strain map is
calculated using GPA method. For GPA, phase image
reconstructed from a focus series was used.

• Magnetron sputtering (Zn1-xCox)O,

A possible core structure was
determined from a HAADF
STEM image. The stacking
fault is I1 type with two partial
Fig. 1 Basal stacking faults in wurtzite. (a) I , (b) I , (c) E. (〈1210 〉 projection. Circle size denotes distinct atomic species. Shadingdislocations.
denotes distinct levels along the projection direction. Interfacial planes are

x=10-30 %
• XPS, XLD, SQUID, XANES, XMCD
measurements

Bright field TEM image of Co:ZnO
film deposited on sapphire.
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Structure and chemistry of Co:ZnO / sapphire interface

• TEM specimens were prepared by Focused Ion Beam (FEI Helios) using
30 and 5 keV Ga ion beam;
• Surface damaged layer was minimized using low-energy Ar ion milling at
900 and 500 eV (Fischione Nanomill);
• (S)TEM studies were performed using FEI Tecnai and Titan microscopes

2 nm

at 200 and 300 keV respectively.

Negative Cs TEM imaging reveals O termination
of sapphire and presence of surface steps that
did not induce defects into the Co:ZnO layer.
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Aberration-corrected HAADF STEM image of the interface shows steps on
the sapphire surface. EELS spectra were recorded from the numbered
layers showing Co enrichment in the first layers of Co:ZnO. L2,3 and Ka,b
ratios confirm the composition change of Co:ZnO close to the substrate.
1st Co:ZnO

Sputtering conditions were optimized to obtain single-phase wurtzite
structure of Co:ZnO. Slight change can change the structure heavily
introducing secondary phases that are responsible for super-paramagnetic
properties and relatively high Curie temperature of the layers.
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HAADF STEM image of the interface and
distribution of O, Zn and Co across the
interface extracted from a EDXS measurement.
The first layers are O-rich and Zn-defficient.

