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Vacancies in Binary Compounds
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Distortions:

contributions to Es.aion

changes of local volume

lowered symmetry

natural asymmetry (V' , complex V-impurity atom, ....)
asymmetry of phonon modes

v

Instabilities:

Jahn-Teller effect

hybridization, including dangling bonds

non-centrality of ion cores, r; (ligands) > or < r; (impurity)
special shift of lattice vibration modes (changed/mixed
frequencies)

polarizability, short range repulsion




Vacancy: Distortion Types in Diamond-
Like Lattice

-Principal difficulties: two interstitial tetrahedral positions T, (A%), T, (B°);
-ring of 6 n.nei. (A-B-A-B-A-B) — hexagonal interstitial = point of transition,
e.g., T1 = Ty

- antisite positions and their complexes;

- asymmetrical configurations, their stability is unknown, there are no

calculations;

Breathing Tetragonal <7

¥ Trigonal

- JT: equivalent configurations, static JT (T¢ans<<texper), dynamic JT

(Ttrans>>Texper)
_ Positron annihilation: 7..,<< Te: and T ans >> Ter



ODEPR of GaN: direct detection of Ga; and three equivalent
Ga nuclei positions in the composition of the point defect

G.D.Watkins, L.S.Vlasenko, C.Bozdog, Physica B 308-310 (2001) 62-65

Material: n-GaN freestanding film, n=10"cm> Ng~10"cm?, ¢ - irradiation, E =2,5 MeV,
F~10"%cm?, Tr= 4,2 K and T=300K

1. Xga-Vn; Vn (shallow donor, EM) is trapped on the Ga sublattice; X : Group-II atom
Mg, ...(acceptors):3Ga » HF ODEPR

2. XN - Via; Via (deep acceptor) is trapped on the N sublattice; X: Group-VI atom,
oxygen (common impurity): 3Ga » HF ODEPR, HF supplying by N n.neigh. is weak,
it provides only to broaden the HF lines

3. JT distorted V.~ (paramagnetic); the inward distortion of n.neigh. N atoms P shift
the part of w.f. onto 3Ga > HF




One — dimensional Angular Correlation of the
Annihilation Radiation (1D-ACAR) in Ga(B°)

The orientation of the unit cell
of the elemental diamond-like
semiconductor or diamond
during the measurements of
the 1D-ACAR curve for
[100] crystallographic direction
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1D-ACAR in the Nitrides AIN and GaN
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AIN: freestanding film, thickness 120 microns, p-type, p ~ 10'® cm™

GaN: layer on the sapphire substrate, thickness 110 microns, n-type,
n~10"cm

- the shape of 1D-ACAR curve P ion-covalent type of bonding

- the HWHM of 1D-ACARD high density of the electron states

- ideal Fermi gas »r, (AIN) = 1,6091a.u. and r,(GaN)=1,6568a.u.

- rynumeric values» broader 1D-ACAR than indicated above )
e’ w. f. localized in vacancy-type defects (?)

- HMC of ACAR » contribution up to ~25% » 3s°2p°®3d"’
electrons of Ga cores ( 2 ), [1s*]2s’2p’ of N ( highly unlikely ? )



HWHM of 1D-ACAR vs Lattice Constant

(comparison with the materials of references)
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Dots are experimental results, triangles are the calculated data obtained on
the basis of ideal Fermi-gas model.

Arrows are directed from dots to triangles
indicating sharp differences in the data for nitrides in comparison with the
materials of references.



Electron-Positron Ion Radii ( 7, ) in Nitrides
and Related Materials

( comparison with the materials of references
'm (Ga) and 7y, (Al))
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Electron Density Around the Positron in the
Nitrides and Related Materials
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Parameter r,” was estimated by the results of 1D-ACAR
measurements; the comparison was done for the undisturbed electron
density calculated for the bulk of defect-""free" crystal lattice on the basis of
ideal Fermi-gas

The magnitude of the decrease of the electron density (arrows)
suggests the positron annihilation from the trapped state in the vacancy
complex

The effective charge » C.A. Coulson, C.B. Redei, and D.Stocker, Proc.
Roy. Soc., A270 (1962) 357.



Systematic Studies of 1D-ACAR in n-GaN
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- » HMC intensity and its HWHM » 3s°3p®3d'’ states of Ga’"
ion cores (?): the positron state in Vy complex (?)

- no changes of the resulting HWHM P no dependency on Vy
concentration (major supplier of EM states) P the saturation
region or the positron w. f. is not associated with Vy — related
complex (?)



Linearized Broad Component of 1D-
ACAR
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The linearized broad component of 1D-ACAR (dots)
corresponding to the positron annihilation in the core region (the
least square fitting is shown by the line):

Electron-positron cation

ion radius, A xz, arb units 02, arb. units.
rm2 (GaN) = 0,65 0,01 0,48 0,17
rm2 (AIN) = 0,62 = 0,01 0,22 0,19

rm2(BN)=0,34+0,01 0,29 0,1




Linearized Narrow Component of
1D-ACAR

oF
1k
2r GaN
3k
a I
'5'5_|.|.|.|.|.|.|.|
= 0 20 40 60 80 100 120 140
£ of
< 4L
~ 2f AIN
Ho '3_ )
(] L
fe 4 :
s 5S¢
\p—f'6_|.|.|.|.|.|.|.|..|.
= 0 20 40 60 80 100 120 140 160
— oof
-0,5_—
-1,0_— * BN
-1,5_—
20 N
250 .. |
0 20 40 60 80 100 120
2 —6 2
¢, 10° (m,0)

The linearized narrow component of 1D-ACAR (dots)
corresponding to the positron annihilation out of the core region
(the least square fitting is shown by the line):

Electron-positron radius,

A %%, arb units 6%, arb. units.
rm2 (GaN) = 1,213 0,07 0,024 1,063
rmz (AIN) = 1,15 £ 0,07 0,1 1,66

Fm2(BN)=0,860,07 0,49 0,46




Antisite-vacancy complex
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1. Inward JT distortion of n.neigh. N » shift of spin w.f. on 3 Ga » V,(2-) and 1
hole in triplet state (degenerated); EM states of 4 N n. negh. do not give HF
structure in ODEPR (G.D.Watkins et. al., Physica B 308-310 (2001) 62 )

2. Vga (triple acceptor)— AV=[Ng,+ V] (triple donor)» in p-GaN: Vg, — AV =
gain in 3,2 eV P strong covalent bonds N-N , the length ~ 1,47 A, twice the
covalent radius of N (D. J. Chadi, APL (1997); isolated Ng, can undergo a
trigonal symmetry distortion (M. Mattila et. al., 1996)

3. Electron-positron ion radius rp; ~ 0,65 A, corresponds to conventional Ga ion
core radius, ~ 0,62 A; low electron density, (r’y/ rs) ~ 1,75 rom; ~ 1,213A (N-N?)

» VGa + Nregular — AV [Nga + Vx| in the vacancy complex, ACAR

(N. Arutyunov et. al. Physica B 308-310 (2001) 110; Semiconductors 36 (2002)
1106)

4. ACAR: Imj + rmz~ 1,85 A P relaxation of cations inward towards Vy ?);
conventional radii: r; (N*) ~ 1,714, r; (Ga*") ~ 0,62 A



