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OUTLINE UND G2
University

- Defects in crystals :  0-D, 1-D and 2-D defects

- Dislocations

- atomic structure

- electronic structure

- optical properties / luminescence

- iInfluence on detector properties

- strain / stress

- visualizing dislocations

- interaction between dislocations

- reduction of the dislocation density during growth
- dislocation assisted generation of intrinsic stress
- tilting of dislocations during off-axis growth

- modification of intrinsic stress by off-axis growth
- interaction of doping atoms with dislocations
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DEFECTS IN CRYSTALS UND
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O-dimensional 1-dimensional 2-dimensional
Point defects (PD) Dislocations (D) Grain boundaries (GB)
intrinsic PD (e.g vacancy) edge type D small angle GB
extrinsic PD (impurity) screw type D large angle GB
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O-dimensional 1-dimensional 2-dimensional
Point defects (PD) Dislocations (D) Grain boundaries (GB)

edge type D

mixed type D Stacking faults
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extrinsic PD (impurity) large angle GB
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DEFECTS IN CRYSTALS UND

O-dimensional 1-dimensional 2-dimensional
Point defects (PD) Dislocations (D) Grain boundaries (GB)
intrinsic PD (e.g vacancy) edge type D

extrinsic PD (impurity)

large angle GB

Stacking faults

General grain boundary: 5 degrees of freedom

i i i % w=\8
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iy
1deg. of freedom, equally spaced dislocations
9 = 2 Diamond § = 1°, b =0.252 nm

General large angle grain boundary (>10°):

D =>D=145nm description by array of individual dislocations fails
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In the dislocation core:

A.T. Blumenau, M.l. Heggie, C.J. Fall, R.

Highly distorted bond angles & lengths or Jones, T. Frauenheim, Phys. Rev. B 65,

205205 (2002).

dangling bonds can generate gap states

Reconstruction to remove dangling bonds




ANALYSIS OF DISLOCATION INDUCED .
ELECTRONIC STATES BY ELECTRON WN D b

University

ENERGY LOSS SPECTROSCOPY
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(b) Measured EEL spectra
(c) Difference spectra

(d,e,f) Calculated spectra

U. Bangert, A.H. Harvey, R. Jones, C.J. Fall, A.T. Blumenau,
R. Briddon, M. Schreck, F. Hérmann, New J. Physics 6, 184
(2004).




THE STRESS FIELD AROUND

y i itit
DISLOCATIONS UN\ G

Constant stress
contours for different
components of the
stress tensor

Edge dislocation

J. P. Hirth, J. Lothe, Theory of Dislocations, Krieger,
Malabar, 1992
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BIREFRINGENCE DUE TO THE STRESS g
FIELD AROUND DISLOCATIONS WND

H. Pinto, R. Jones, J. Phys.:
Condens. Matter 21, 364220 (2009)

((:) 8 K] 4 2 0 2 a 8 8 (d) 8 4 4 2 0 2 F 8 8

Figure 3. (a) Projection of edge dislocation line lying along [001] onto (001). The Burgers vector is indicated by the arrow. (b) Map of | sin §|
which is proportional to the shear strain. (c), (d) Normalized birefringence map in the (001) plane when a crossed-polarizer lies along x and at
45° to x. Note the dipole character in (c) and four-petalled form in (d). Dark arms lie along y for both cases. The horizontal and vertical axes

are in micrometres.

1
ADAMAS Meeting_Trento_2014 11 9



THE STRESS FIELD AROUND

DISLOCATIONS

NATURE JULY 2, 1966 voL. 211

BIREFRINGENCE OF DIAMOND
By Pror. S. TOLANSKY

Royal Holloway College, University of London, Egham, Surrey

On the basis of these observations made on 3,000 fine-
quality micro-diamonds and on 2,000 good-quality gem-
stones, it is certainly not rash to coneclude that the
chances of finding a non-birefringent diamond appear to
be remote. There is clearly now a very strong case for
believing that almost all diamonds are birefringent. My
obgervations on 5.000 good-quality diamonds confirm the
tentative conjecture made by Friedel (in 1924 with his
200 diamonds) that probably all diamonds are birefrin-
gent; however, I am quite unable to aceept the explana-
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OPTICAL SIGNATURE OF DISLOCATIONS WN D b
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Cathodoluminescence: band A CL signal correlates with dislocations visualized
by X-ray topography (XRT)

a b
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band A CL map g = [044] XRT map
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H. Umezawa, Y. Kato, H. Watanabe, A. M.M. Omer, H. Yamaguchi, S. Shikata, DRM 20, 523 (2011)

Charge carriers recombine at the defects emitting electromagnetic radiation
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OPTICAL PROPERTIES OF DISLOCATIONS

IN DIAMOND CRYSTALS
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Polarisation dependence of
the photoluminescence due
to threading dislocations

R.U.A. Kahn, B.L. Cann, H.K. Dhillon, D.J.
Twitchen, I. Friel, presented at 63rd Diamond
Conference, Warwick 2012
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ELECTRONIC PROPERTIES OF
DISLOCATIONS IN DIAMOND CRYSTALS UND G

(@)

Dislocations reduce the local charge

g collection efficiency (CCE)
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A. Lohstroh, P.J. Sellin, S.G. Wang, A.W. Davies, J. Parkin, R.W. Martin, P.R.
Edwards, Appl. Phys. Lett. 90, 102111 (2007)

edge of the contact
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VISUALIZATION OF DISLOCATIONS
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VARIATION OF THE DISLOCATION @ e
DENSITY WITH FILM THICKNESS lNkﬁg%%v
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C. Stehl, M. Fischer, S. Gsell, E. Berdermann, M.S. Rahman, M. Tréger, O. Klein, M. Schreck, APL 103, 151905 (2013)
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INTERACTION OF DISLOCATIONS WN D b
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Burgers vector b
Diamond lattice constant / Slip plane

/

The most common slip system: al2< 110>{111}

Possible Burgers vectors: a/2[101], -a/2[101],
a/2[011], -a/2[011],

a/2[110], -a/2[110], In total:
a/2[-101], -a/2[-101], 24 Burgers-vector/slip-plane
a/2[0-11], -a/2[0-11], combinations

a/2[-110], -a/2[-110]
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INTERACTION OF DISLOCATIONS WN D b
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Reactions between dislocations “i” and “” forming a new dislocation “k”:

b, =b;+b; (sum of the Burgers vectors)

According to Frank’s energy criterion:
b,=0 Annihilation: i + j =» both dislocations stop
b? < b? + by Fusion:i+j=>»k

b2 > b2 + b? Scattering i+ | => i+
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Force betwessn edge dislocations F

& o
<g
.ﬂ'-.’..-l.-“-
-
-
-
/ P
-
- oo
| it
v 'n:.t_
! + ]
% +_f_ ® &
‘ |
1
v
\1" o
]
"\
\ a2
Wy
v
——— -
! =
.hu_
T
: I
o= I
L X

FORCES BETWEEN EDGE DISLOCATIONS

. Gh?  x(x?*—-y?)
Glide Force: F, =
2w (1 —v) (x% + y?)?
o t
0.2 _rﬁ‘“1L repuisive
f |
o fe | b-l' = I’z
Eoy :
| | l ¢1

attractive

Posszible equilibrium configurations

H. Fall, Defects in Crystals, University of Kiel
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INTERACTION OF DISLOCATIONS WN D b
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Mechanism of dislocation density reduction for thick films (> 50 pm) ?

Annihilation of 2 dislocations with opposite Burgers vector
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Annihilation of 2 dislocations with opposite Burgers vector
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INTERACTION OF DISLOCATIONS INDM

Annihilation of 2 dislocations with opposite Burgers vector
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INTERACTION OF DISLOCATIONS INDM
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VARIATION OF THE RAMAN & .
LUMINESCENCE SIGNAL WITH FILM UND e
THICKNESS
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C. Stehl, M. Fischer, S. Gsell, E. Berdermann, M.S. Rahman, M. Tréger, O. Klein, M. Schreck, APL 103, 151905 (2013)
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GAUSSIAN BROADENING (cm™)

RAMAN FWHM vs. ETCH PIT DENSITY
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vs. dislocation density*
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(*) Hordon & Averbach,
Acta Metall. 9, 237 (1961)

C. Stehl, M. Fischer, S. Gsell, E. Berdermann, M.S. Rahman, M. Tréger, O. Klein, M. Schreck, APL 103, 151905 (2013)
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THE ROLE OF DISLOCATIONS FOR THE

FORMATION OF INTRINSIC STRESS

Diamond on Ir/YSZ/Si(001)

Diamond on Ir/YSZ/Si(111)
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M. Fischer, S. Gsell, M. Schreck, A. Bergmaier, APL 100, 041906 (2012)
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TILTING OF THE DISLOCATION LINES BY

OFF-AXIS GROWTH
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M. Mayr, C. Stehl, M.Fischer, S. Gsell, M. Schreck, Phys. Stat. Solidi A211, 2257 (2012)
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CONCLUSIONS TN

DISLOCATIONS
Fascinating - but we should

get rid of them!
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