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Mechanical and Electrical Properties of Lattice Defects in

Bismuth Crystal
Yoshinobu Motodasur, Takao SHIBATA and Syuichi OTAKE

Abstract:—Atomic arrangements around lattice defects, i.e., vacancies, dislocations and

stacking faults in a bismuth crystal are investigated. It becomes evident that vacancies and
dislocations having some edge component in a {001} and a {111} planes have dangling un-
paired electrons along their links or lines. The electrical properties of the vacancies and the
dislocations are discussed in terms of Fermi statistical approximation by Read.

A possibility of dislocation dissociation into the Shockley partials is discussed, and an ex-
pression is obtained for an energy of the stacking fault between the Shockley partialsin a (111
plane:
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where 0 is the angle between dislocation line and the Burgers vector, o (0) is a radius of cur-
vature of the partial, and ry is the dislocation core radius. ‘
It is also discussed that some intersections of primary slip dislocations to forest disloca-
tions, and interactions between the primary dislocations and vacancies cause the work-harden-

ing of the crystal, and it is found that cross-slip of screw dislocations in the (111) plane may

be difficult because of the existence of covalent layers between the (111) planes.

I #& El
Bi #f (EEHHE ) dIFRICRTEHC, M

BT 3 2 FESREIHETED 1€ 3R RO B
LT EBMLN TN S, FEE oI E TBI # & ol
O, #EEBHEICONTH~OG29 (111)<T0>
i b OETY B S BRIl % R 1B e T ke
b FZE{001}) <A1O>NREHTH LA EFERFGIBROE
G2 & i LD & SIcS BB Lo—EE L
CHI O T B DR A5 9 b IC L O3 D)

AT B #5 BP OB F KM, % b bEFEIL, &
i X UBUBR M IC Dl TR 2AREE % 3B~ Thas

DRI N DHHE &L REESOB%R, Fli = BRE
{biC & L iE TR0 ES), BRCiRMIMoxER, 2L o
HIEA, TR v FORRICOWTHREL, SHIER
Fzeflx Lo {001} <ITO>FF Lo (111} <110>
RO O RS %D BATBICIA » T dangling

bond HBHFETHZ EEHOLKCL, TOBIHIEHEIK
DT RE L, EEAERETOEMOME, ik
RO O RFEITE S THTH 5, Lo LIEED
[CHA L0 R D © BT oRMEMEF» b, FO
M EE i b ORBEMA C EMER D, T OKE
FHEC Y o> CHRFK fee, bec, hep, diamond fEHK%ZE
OFEADEHENMALLCINTELLZATH S,

* ZRIRASE T EOEAR T 2R (B SLTh o aEIRAT )
BRI RS B (A RUHRT TR AR )

3k

39



40 FPRFETHETIRER F22%

2 RFRMBOLXFZHEE

Bi OfERHEEE Fig. | WRT L9 B FRT %
SR s & g Lakzc (5 %), (111) HAalk
WEHEEE, SBEABI BRI ELr A lErHL, &

z

y
ol
X

a=6.559A
= 8736

Fig. 1 The structure of bismuth. Each atom
has three nearest neighbors as indicated
by the thick lines.
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Fig. 2 Arrangement of atoms in the (11D close
—-packed planes. White circles, black
circles and thick lines in the figure

represent atoms in an upper layer ,
atoms in an under layer and covalent
bonds between the layers , respectively.
Marks A, A” et al. show vacancy sites.
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possibility of dislocation dissociation into
the Shockley partials.

R, (111) Moz bhAdsEEeBH TRz 20T,
Mo tToORTHEMESBEER -EL b, = b FAE
<LI0>TH B 23, fee, hep K5 & FBRICS —# —=2~



A0, S BiE R OB RO MY L BRI 41

7 b <AT0>DFEEEALL, X — 4 — A~ 2 b g C=bcosec @ (3)
<1 12>0 Shockley B ES (I ICH B BATREME 2B B,  Thi, CCTOOKE X (001} <1T0> 67 Tk
WO~ ANF —F QB L3 B & (100)

4E= ;—r (K163 ~K, 02 —K36% ) 1n rﬁ —r0 (2 @G@GD@@@@@@@@@@@@@@@@@@@

e o i P OO OO O® 0 60 0 ©® ©
THb LB L HEA LS A ol O @ & @ & @ &6 6.8 6 &
EThBo 0T, Ko Ky ENERUID <110, B @ @ & @oepogogjo?o?o?o?
(111)<112> (111) <211 >4 b R o T F 4 @®®®©® @®@5:®@®@®2®2®:®®
F—H T, G EE Lo i%fﬂ%‘—ﬂ’\]@ﬂ‘”iﬁ%;l - ©®@®@® ©® ﬂ%;@@@@@@@@@@@@@
Tehe A &z_ﬁsz@ B b LU b TR0 @@@@@@ @@@5@@@ ®®®®®@@@@@
PLEI12> , 211> FREQA—H =227 b rd @@@@@@@@@5@@@@@@@@@@@@@
KEX, rdBECHEE, REMEOKE SORE, 7 ® 0 ©®@@%¢®@@@@@@@@@@@ fs
EESEALOBAI = A0 £ =, 0 AZTOMR T2, & & & & P10 © © © © ©
Ki Ka Ky & LTHRERBIEIE S 28D 192, @z @@2@2%% ®:@@@@@@@@
19.4 . 19.4( x 10" dyne 4m? ) %\, b1:4.736/01, ® © O ®P° ®.2.0 @
bo. by=2.617TA, Ro=10"m, r, o 26, /88 & 45 &, ? R?OG) ceee
AE=9.14 X 107°= yo(erg/tm) & % Bofit-rCro<9.14 010
X107 7 LA RATEE T b o 7o DR IIC DA TR Bk 35, )

Fig. 4 ({001} Lo BEFEAERLAELDOT K oot a o 01
SASED BRAITDEFIERT, S kT [EY Srmaerent of soms in the {01y
OEFEF R IEHEE CREh TWA T LR T, {001} S represents atoms which combined with
CTT0>i b ROBME o> THBE . 2D FHREHO 2 Covalent bond between the atoms and* &
AR > TEBHOBEF OE DFEARTE R L, W»

W5 dangling bond 7 L T\ A, & @ dangling  bond 4536 A L {001} <I10> & Tii4. 736 Asn Ao
HEHSRREO0I> HFAMIKd b, F kT oRRF

OMBEEC ETHE
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Fig. 6 Stacking fault in a (111

lattice for Bi crystal.
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(a) Representation of a hexagonal

(b) The normal stacking sequence of the
(111) planes is denoted by -+~ abedef-- - .

(¢) Dissociation of a

<110> dislocation into two Shockley partial dislocations separated

by a stacking fault.
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Pig. 7 Formation of an intrinsic stacking fault
as a result of the precipitation of one
layer of vacancies .
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Fig. 8 A jog of an edge dislocation in a (111)
plane. The jog is in the covalent
layer.
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Fig. 9 Intersection of dislocations.
(a) Intersection of edge dislocation with
slip vectors at right angles to each other.
(b) Intersection of edge dislocation with
parallel slip vectors. (c) Intersection
of an edge dislocation with a right-handed
screw dislocation. (d) Intersection of
screw dislocations. (after Read™)
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Interaction between an edge dislocation
in a (111) plane and vacancies.
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