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The critical epilayer thickness for the formation of misfit dislocations at the interface between an
epilayer and a substrate with a finite thickness is derived in the present study. The analysis is based
on the energy approach, in which the self-energy of dislocation, the interaction energy between the
dislocation and free surfaces, and the lattice mismatch energy of substrate and epilayer are
calculated. To satisfy the free surface condition, the methodology of superposition principle and
Fourier transformation are used in analyzing the stress field due to the interface dislocation. The
critical epilayer thickness is compared with those reported in the literature1999 American
Institute of Physicg.S0021-897809)06710-9

I. INTRODUCTION nitely thick substrate to the case of a compliant substrate/

Advances in semiconductor device technology and higﬁapllayer system, Freund and NikN)™ estimated the free

temperature superconducting films rely on the ability to deENEroy change in the semiconductor-on-insulator compliant

posit a single-crystal thin film epitaxially on a substrate.Su.bs.tr"ju.G/eP"a.yer system duc_a to.formatlon .Of an mterfape
However, a lattice parameter mismatch generally exists berplsﬂt dislocation. In their estimation, the thin substrate is
tween the epilayer and the substrate. As a result, the epiIayé"i‘F‘Sum(,:"dttc()j b_e Iree f;tant(:]|ng|]:Nand Zatl' bThe pg(;pose of the
grows with internal stresses due to the constraint of the suresent study Is to refine the modet by providing a com-

strate. These internal stresses provide the driving force fo‘?Iete analysis for the dislocation self-energy. To achieve this,

the formation of mismatch dislocations at the interface be-the methodology of superposition principle and Fourier

. —20 . . .
tween the epilayer and the substfatd that, in turn, de- transformatiot®~?° are adopted in analyzing the stress field

grades the device performance. Hence, the critical film thickdue to the interface dislocation. This stress field satisfies the

ness for the interface dislocation to form in the epiIayer/fr?e surfaqe candition. F"_"a”y' _thg predict_ed critical epilayer

substrate system becomes crucial in materials design. Efforfg'(:kness Is compared with existing solutions.

have been devoted to predict this critical thickness. Due to

the complexity of the problem, the existing analyses assumg. THEORETICAL ANALYSIS

the epilayer and the substrate are isotropic elastic materia!& St distributi

and have the same elastic constdit® Matthews and /- =7€sS distribution

Blakeslee(MB)® considered a thin epilayer on an infinitely Like the MB and the FN modef$?? the present model

thick substrate, analyzed the force exerted by the misfit strainonsiders that the epilayer and the substrate are isotropic

and the approximate tension in the dislocation line, and usedlastic materials and have the same elastic constants. A sche-

the force approach to predict the critical thickness. The MBmatic drawing of an epilayer with a thicknesshgfdeposited

model was subsequently improved by otfiéf€°using the  on a substrate with a thicknesshofis shown in Fig. 1. The

energy approach, in which the work of forming the disloca-Cartesian coordinateg;, X,, andxs, are used with the

tion due to the presence of internal stresses and the seléxis parallel to the in-plane interface, theaxis perpendicu-

energy of the dislocation were analyzed. It has been founthr to the interface, and the origin located at the interfsee

that the critical thickness based on an infinitely thicle., Fig. 1). A dislocation with a Burgers vectdr=[b,b,bs] is

noncompliank substrate is generally too thin to fabricate de-located at the origin. In the present analysis, energies are

vices. calculated per unit length of the dislocation line or per unit
To increase the critical thickness, new approaches talepth of the epilayer/substrate system. The formation energy

grow thick epilayers on compliant substrates have been prosf the dislocationE;, is of primary concern. Whek; is

posed and preliminary results are very promisiig®> To  negative, the dislocation can form spontaneously. Con-

generalize the MB criterion for a thin epilayer on an infi- versely, wherkE; is positive, the interface remains coherent.
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X, ’ where L is the length of the cutr, is the radius of the
A dislocation core, and the integration value iE,, along the
core contow(:ro is the core-traction contribution to the self-

energy. As long as the core-traction contribution is included,
the self-energy of the dislocation is independent of the cut. It
is noted that the cut location changes the dislocation dis-
placement field and hence the core-traction contributn,

X, However,E, also varies with the cut location, such that the
summation ofEy, and E; becomes independent of the cut
location. This issue has been discussed by Fréuim
detail.

The stress field produced by the dislocation is derived
using the superposition principle, in which four components
of stress fieldr®), 0®, ¢®, ando® are considered, and
Fourier transformation. First, a dislocation in an infinite do-
main is considered. Then, an image dislocation with respect

FIG. 1. Schematic diagram of a misfit dislocation located at the interfaceto the free surface of the Epllayer is added such that the stress

between an epilayer of thickness and a substrate of thickness. The  field resulting from the original and the first image disloca-
coordinate system is also shown. tions[i.e., oM+ ¢(?] satisfies the traction-free condition at
X,=h;. Similarly, a second image dislocation with respect
to the free surface of the substrate is added such that the
. . . . stress field resulting from the original and the second image
The formation energy of the dislocatioBly, Consists of tWo g ationgfie., oD+ 03] satisfies the traction-free con-

e e e o a1 o at T, Final. h fourth component o s
strain E.. such that ield, o®), calculate_d using Fourle_zr_ transformation is added,
1 inty such that the traction-free conditions = —hg and x,
1 =h; are satisfied, respectively, whert*) is combined with
Efzzf L(Ua+ Tm)(€a+ €m)dxg dX; the stress fields due to the first and the second image dislo-
cations. Hence, combination of the above four components
1 satisfies the traction-free conditions at the free surfaces of
—§f Lﬁmfmdxl dxo=Es+Ejny, epilayer and substrate.
2 Using the above procedures, the dislocation displace-
ment and stress fields can be expressed as

1
Eszzj Laaeadxl dxz, Eim:f Lameadxldm, U= U+ U@+ U@+ U@ g = oDt gD 4 ¢34 o),

4
whereo and e are the stress and strain, and the subscripts, _ _ o ( )_ .
cation and the mismatch, respectively. The integration dodomal(r;)(l.e., oY) and its two image dislocationse., %(_2)
main, 3, encloses the entire solid including the epilayer and@nd o)) can be readily obtained, determination & is
the substrate but excluding the dislocation core because trid!bjected to the traction-free boundary conditions, such that
ela_stip stress field i_nduced l_Jy t_he dislocati_on is no longer O'i(g)+0'i(§):0(i:1’2’3) at x,=h;,
valid in the core region. Application of the divergence theo- (5)
rem toE, andE;,, yields oy +03=0(i=1,2,9 at x,=—hs.

1 Derivation of 0¥ from Eq. (5) is complex, and the detailed
Eszifs‘fa,ij”jua,idsa Eint= fsam,ij”iua,ids' (20 derivations are given in Appendices | and Il for an edge
dislocation and a screw dislocation, respectively.
where the boundary dincludes two contours;,, andCrO,
and an arbitrary cut, as shown in Fig. 1, andis a unit
vector normal to the boundary. For convenience, a cut along |teraction energy
thex, axis is usually made. The traction-free condition along

the surfaces,=h; andx,= —hg, and the vanishing remote The mismatch stress and strain fields in both the epilayer
stresses of the dislocation stress field reduce(Eqto and the substrate have been derived in the FN model, such
that the stress fieldr,, produced by the mismatch is given
1L 2
ESZEO+EC1 EOZ——f O'aijnjbids, by2
2),
i 3 € =t50L € :_EOL
1 L " Mhg+het TS "Mhgt+hy?
E =—f 0,iiNiUq;ds, E; =—J' omiin;bids,
©2 Cr, T " o M ol =05=Me;, o},=05,=Me,, and othero;;=0, (6)
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whereM=2u(1+ v)/(1—v) is the biaxial modulusu and When the substrate thickness approaches infinity, EQ.
v are, respectively, the shear modulus and Poisson’s rati@l10) is then reduced to

EOm:(aS_ as)/a; is the unrelaxed mismatch strain, aad oh (b2+b2)

anda; are the stress-free lattice parameters of the subs’trate"’“_[t,iJr b2+ (1— ,,)bg]m[_f} _H BT .

and epilayer materials, respectively. Since the mismatc 7(1—v) 8m(1-v)

stress field is an analytic function at the dislocation core, the  _ M| %, |h 1
interaction energy can be calculated by integrating from the m- o
surface to the dislocation core. It results from completing thé=urthermore, when the core energ,, is ignored, Eq(11)

integration of Eq(3) and is given by becomes identical to the previous resifté2°
h.h
E=MeSby - jrk: , (77 Il RESULTS AND DISCUSSION
s f

i In order to verify the analytic results, the contours of
As can be seen in Eq7), the product of théd, component  geqs fields near an edge dislocation and a screw dislocation
of the Burgers vector and the mismaich strain must be negdscated at the origin on the interface are shown, respectively.
tive to ensure a negative interaction energy which is necesgpecifically, the free-surface condition is examined. The sub-
sary in order to form the dislocation. strate thickness to epilayer thickness ratio of 3 is used in the
plot to elucidate the essential trend. Comparison is then
made between present and existing results.

C. Self-energy A. Stress contours of dislocation

When the radius of the dislocation core is much smaller  te contours of stress components, and o, arising
than the layer thickness, substitution of the four parts of the,;y, an edge dislocation with Burgers vectgralong thex,
stress field into Eq(3), yields direction are shown in Figs.(® and Zb), respectively. It

M(b§+ b§) 4h;hg Mbg 2(h¢+hy) can pe seen from Fig.(@ that. Fhe stress componenty,
0=7 1= n (hi+2hJr 4—I R — satisfies the free-surface conditionxgt=—hg andh;. Al-
maTv f s/70 7 7o though contours near the dislocation are similar to those in
S{W(hs_ h¢) M(b§+ bg) 2hg an infinite medium, two local maxima are located near
co - - (+1.4, —0.7). The contours of shear stress;,, shown in
2(hg+h 4a(l— h¢+2h T ; . S 12
(hsthy) m(1-7) f S Fig. 2b) deviate from those in an infinite medium near both
2h? free surfaces. The shear stress is equal to zero at both free
T hr2hy?2| T Eose: ®  surfaces.

The stress contours;,, and o1,, arising from an edge
whereEg 4 is induced by the fourth stress field of the edgedislocation with Burgers vectoh,, along thex, direction
component of the dislocation, calculated via the Fouriergre shown in Figs. @) and 3b), respectively. Note that for
transformatior(see Appendix 1 for detailsThe second term  an infinite medium, the stress fields due to an edge disloca-
containingbs is the strain energy of the screw component oftion with Burgers vector along the, direction can be ob-
the dislocation(see Appendix Il for detailswhich is the tained from those due to an edge dislocation alongxhe
same as the exact solution for a screw dislocation in a platgjrection if x, andx, are replaced by, and —x,, respec-
with traction-free surfaces derived by Esheffywhen the tively. The profiles ofo,, are shown in Fig. @). Although
cut is along thex, axis, the core-traction contribution is the shape near the edge dislocation is similar to that of an
given by edge dislocation in an infinite medium, an additional set of

“ enclosed contours is distributed on each side of dislocation.
=—————[2(b?—bd)+(b?+b2)/(1-v)]. (9) The value of stress, is equal to zero at both free surfaces.
167(1—v) The stress profiles af;, are shown in Fig. ). The value
Combining Eqs(7), (8), and(9) leads to the formation en- Of o1 is equal to zero at both free surfaces, and the free-
ergy for the isolated mismatch dislocation. A zero formationsurface condition is satisfied. There exists two sets of en-

energy yields the critical thickness, which is determined byclosed contours located on each sidexp¥ 0.
The stress contoutr,z, due to a screw dislocation with

Ec

m(bf+b3) . 4h¢hg } M_bg (2(h5+ hy) Burgers vectorbs, along thexs direction is shown in Fig. 4.
d(l—v) |(hi+2hry| 47 7T The stress contours are similar to those of a screw dislocation
> o in an infinite domain except that the circle is deformed in this
E{W(hs_ ht) _ pm(b1+Db3) case. The value of stregsg is zero at both free surfaces as
2(hs+hy) 4m(l-v) expected.
2hg 2h2 N _ _
X|1— hy T 2h, + (hy+2hy)? +Eg4etE; B. Critical epilayer thickness
Most semiconductor materials have the diamond or the
:M|€o by| hshy _ (10) zincblende structure. The principal types of dislocations in
™ hsthy the strong Peierls potential of semiconductor crystals are the
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FIG. 2. Stress contours of an edge dislocation with Burgers végtatong FIG. 3. Stress contours of an edge dislocation with Burgers végtatong
the x; axis showing(a) o, and (b) o, where stresses are normalized by the x, axis showing(a) o, and (b) o, where stresses are normalized by
uby I[27(1—v)h¢]. uby [[27(1—v)hs].

60° dislocation and the screw dislocation lying in #10)  show the predicted mismatch strain magnitUef| as a
direction?” The screw component of a dislocation does notfunction of the normalized critical epilayer thickness at dif-
release any mismatch stress. Therefore, the pure screw digerent values of normalized substrate thicknésgb. For a
location is not considered here. Only the 60° dislocation ly-given substrate thickness, the mismatch strain increases with
ing in the{111} planes is studied hereafter. A thin film epi- decreasing critical epilayer thickness. For the same critical
taxially deposited on theg010 plane of a substrate is epilayer thickness, the mismatch strain decreases with in-
considered in the present study. For a 60° dislocation lying irtreasing substrate thickness. The dashed lines in Fig. 5 show
a{111} plane, the dislocation line is along tki10) direction  the approximate solutions from Freund and KfSince the

and a pgssible Burgers vector in the coordinate system is present work is based on the “FN” model, as expected, the
=b[1/2 1/v2 1/2]. The radius of the dislocation core is taken present result behaves in a similar way as the “FN” estima-
asro="h. Using Eq.(10), the critical thickness of epilayer to tions, except that the present result tolerates a greater mis-
form a dislocation as a function of substrate thickness andhatch strain to reach the critical epilayer thickness for a
mismatch strain can be determined. The solid lines in Fig. ®jiven substrate thickness.

Downloaded 12 Mar 2002 to 128.219.47.178. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/japo/japcr.jsp



J. Appl. Phys., Vol. 85, No. 11, 1 June 1999

X,/hy

X,/he

FIG. 4. Stress contours of a screw dislocation with Burgers vdzt@along
the x5 axis showingo,; where stresses are normalized folg; /[ 27h;].

IV. CONCLUSIONS

A mismatch dislocation at the interface between an ep-
ilayer and a substrate with a finite thickness is analyzed i
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FIG. 5. Condition of critical epilayer thickness for relaxation of cubic crys-
tals with a(100) interface by formation of 60° interface misfit dislocation
through glide on g111) plane (#=0.25).
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the present study using the superposition principle and Fou-
rier transformation. The stress field arising from the interface
dislocation consists of four components: the stress field of
the dislocation in an infinite domain, the stress fields of the
two image dislocations due to the free surfaces of the epil-
ayer and the substrate, and the stress field to remove the
stresses arising from the former three dislocations on the free
surfaces. The fourth stress field is obtained by Fourier trans-
formation. The predicted stress contours are plotted to check
the free-surface condition. Using the above stresses, the self-
energy of dislocation, interaction energy between dislocation
and free surface, and the lattice mismatch strain energy of
both epilayer and substrate are obtained. The critical thick-
ness of an epilayer to form a dislocation at the interface is
calculated. The results show that for a given substrate thick-
ness, the critical epilayer thickness decreases with increasing
mismatch strain magnitude. For a given mismatch strain, the
critical epilayer thickness decreases with increasing substrate
thickness.
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APPENDIX A: EDGE DISLOCATION

In isotropic elasticity treatment, in-plane and antiplane
elastic deformation can be studied separately. For the in-
plane strain, two complex potentiadqz) andw(z) are used
to represent the displacement and stress fields, such that

ot op=2[¢'(2)+¢'(2)],

Op—io=¢'(2)+0'(2)+(2-2)¢"(2), (A1)

1 -
U(Z)=u1+iu2=ﬂ[f<¢(2)—(z—5¢’(2)—w(Z)],

wherek=3—4v.

For an edge dislocation in an infinite domdire., the
first component in Eq4)], the complex potentialsp(*) and
o, have the following forms:

»V=BIn(z), wV=BIn(z),

mbe (A2)

B=am(i—0)’

The second and third components of stress and displace-
ment fields are derived from the traction-free condition along
the epilayer and substrate surfaces, such dfft+ o(?) and
oM+ ¢ satisfy the traction-free condition at=h; and
X>= —hg, respectively. The complex potentials of the sec-
ond and third components are hence given by

be=by+ib,.
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@ =—-BIn(z—i2hs)— B

|2h ’
, (A3
_ i2hy  — (i2hy)
(2)—= _ - -
® B In(z—i2h¢) Bz—ith (z—i2h;)?”
¢®=—BIn(z+i2hg) — ’
z+|2h
(A4)
i2hy — (i2hy)?

B=_pB i
" Bin(z+i2hs) +B o+ B i2n 2

The fourth components of stress and displacement fields
are formulated via the Fourier transformation. For simplicity,
the superscript (4)” will not be used hereafter unless it

causes confusion. Following Willist al’s work,” the dis-
placements and stresses in thepace are, respectively,

u;= i g[A1e|{|X2+Aze_‘év‘X2—A3|§|X2emx2
+Al¢Ixpe 1],

Up=[¢|[ — AselPet Age™ Pt Ag(| £]x,— ) el

+ A ¢xo+ k)e ],

and
o11= 2 Ageltet Ajem 1o — Ag(|f|x,— 2v) el
+AL([L|xp+ 2v)e7 12,
o12=2pi {| L[ AselPe— AjeIte— Ag(| ¢|x,—
+2v)elfhe—Ay(|¢ot1-2v)ee,  (Ae)
Tor= 2/~L§2[ _Ale|§|X2_Azef‘{‘x2+A3(|§|X2—

+2v)elfPe— A (|¢|x+2—2v)eldxe,

The energy part associated with the fourth component of

the in-plane stress field can be expressed in termSasf
Ew=— = [ [(lzlbﬁizbz)Al[al—l]
' V2 J —

1
_(|§|b1_i§b2)A2[a_l_1}_(|§|b1+i§b2)

X Agapay + o[ (k—1)|¢|by+ (k+1)igby]

. az
XAgla;— 1]_(|§|b1_|§b2)A4a_l

1
— 3 (k=D)[¢by— (e + 1)i§b2]A4[a—l— 1”d§-
(A7)

wherea,=|{|h; anda; =exp(@,). Then the boundary condi-
tions along the epilayer surface and the substrate surface may
be re-written in the space as follows(a) traction free along

the epilayer surfac&,=h;, such that

Zhang et al.

_Alal_A2/a1+A3(a2_2+2V)a1_A4(a2+ 2_2V)/
o5

2u "

(A8)

Alal_Azlal_A3(a2_ 1+ ZV)al_A4(a2+ 1_21/)/

3
o (12)

a+ —=0,
b 2indld
and (b) traction free along the substrate surfage= —hg,
such that
—Alaz—Ayazt+Az(—a,—

(2)
022

2+2V)/a3_A4(_a4+2_2V)

az+5—>=0,
3 2/~l’§2
Allag_A2a3_A3(_a4_1+2V)/a.3 A4( a4+1 21(/) )
(2)
012
az+ 5—7=0,
37 2iudld

wherea, =|{|hg andaz=exp@y).
Solutions ofA; (i=1,2,3,4) from Eqs(A8) and(A9) yield

A= Ag(2a,— k) —Aglai+3P1a,],

A= —3[Azal+Ay(2a,+ k) —a; 3],

(A10)
As=(2(ap+ay) [ a3~ 25 a;] [ 1/af—aj]
X[3?/az—a;331)/D,
Ay=([1/a5—-af][SPa;— 35 1a;]—2(a,+ay)
X[Eg_z)/ag_alz?)])/D,
where
D=4(ay+a4)?—[a;a3— U(asas) 1%
o B, A o o
2u? T i2ul|l] 2p? i2plll]
(A11)
o8 A o o
U2, T 2udd” TP T2l 2udd

From Egs.(Al) and (A3) the second component of traction
along the substrate surface is

2 (B+B)xy  2(B+B)(hst+2hp)>
727 T (h+2h)2 [+ (gt 202

i(B—B)hyxi— (hs+2h()?]
[X5+ (hs+2h()?]?

4(B+B)[hshy+h71[x§—3xy(hs+2hy)?]

" [+ (het 2h) 22

4i(B—B)[hsh;+h?][hs+ 2h{][3x%— (hs+2h¢)?]
- [x2+ (hg+2h()?T3 !
(A12)
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2i(B—B)(he+2h;)2x,
[X7+ (hs+2hg)?]?

(2)__ i(B_g)Xl
712 x4+ (hg+2hy)?

(B+B)hgdx2— (hg+2h)?]
[x2+ (he+2h()?]?

4i(B—B)[hsh+h?][x3 — 3x, (he+ 2hy)?]
" [+ (het 2h) 22

, 4B+ B)[hehy+hZ][he+2h][ 3x2— (hg +2hf)2]

[x5+ (hg+2hs)?]3

Also, from Egs.(Al) and(A4), the third component of trac-

tion along the epilayer surface is

2(B+B)(h;+2hg)%x,
[x{+ (hs+2hg)?1?

NC (B+§)xl
722 x4+ (h+2hg)?

i(B—B)h{xi—(h¢+2hg)?]
[+ (hi+2hy)?P?

4(B+B)[hshy+h2][x§—3x,(h+2hg)?]
! DG+ (g + 2hg) 2T

4i(B—B)[ hg h¢+h2][h+2hg][3x5— (hf+2hs)2]

[X{+ (he+2hg)??

(A13)

2i(B—B)(h¢+2hg)%x,
[X5+ (hg+2hg)?]?

(3)__ i(B_g)Xl
712 x5+ (hs+2hg)?

(B+B)hy[x2— (hs+2hy)?]
© [E+(hi+2hg) 2

4i(B—B)[hh+hZ][x3 — 3x,(h¢+2hg)?]
" [X2+ (hy+2hg) 23

_ 4(B+B)[hshy +hZ][hy+ 2h][3x — (hy +2h3)2]

[xi+(h¢+2hg)°T?
Using the Fourier transformations

1 T 1 X1 mil{
— — = J—
X2+ 4h? 2 2ha)’  (xi+4h?) 2 a2’

i, SN (1 . WY L
(xi+4h?)? 2 af’ (x5+4h?)? 2 4hay’

(A14)

4h2—3x%:\/§ & x1<1m2—xi>z\ﬁi§|§|
(X5+4h?)3 2 4hai’  (x(+4h?)3 2 2aj’

the traction in Eqs(A12) and (A13) can be transferred into

the ¢ space, such that

o2 =—imi2exg —|{|(hs+2h)1[(B+B)|¢|/¢

+(B+B)(h +2h;)¢+(B— B) S|g|+2(B+B)

X[heh¢+hZ]¢| | - 2(B—B)[ hehs+hZ] 2],
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0@ =\ml2exg —|{|(hs+2h()[(B—B)|¢|/¢
—(B—B)(hg+2h){—(B+B)hy{|+2(B—B)

X[hshs+h?1¢|¢|—2(B+B)[hsh¢ +h?] 2],

0%y = —iml2exd — || (h+2hy) ][(B+B)|§|/z( 1

+(B+B)(h;+2hg){— (B—B)hs|{|+2(B+B)
X[hsh¢+h21¢|¢|+2(B=B)[ hehy+h21¢2],
oty =ml2exd ~|{|(he+2hg) L(B-B)[Z]/¢
—(B—B)(h;+2hg){+(B+B)hs|{|+2(B—B)
X [hshs+h2]Z]¢|+2(B+B)[hshs+h2]£2].
Note that
B+B=2Cbh,, B-B=—i2Ch;, andC

M
= m (A16)

APPENDIX B: SCREW DISLOCATION

For an antiplane strain, the displacementcan be ex-
pressed as an imaginary part of an arbitrary analytic function,
g(2), such that

1
u3=;Im[g(Z)]. (B1)

where Im denotes the imaginary part of a complex function,
andz=x,+ix,. The stress componenisy; and o3, can be
obtained by differentiating the complex potentigl, with
respect taz, such that

o=0gtio3=[9(2)], (B2

where the prime stands for the differentiation.

For a screw dislocation located in an infinite domjahe
first component in Eq(4)], the complex potential and the
corresponding stress are given by

g(l)_“b3 (1)_ b3

=5 In(2), =5— (B3)

In order to meet the traction-free condition on the epilayer
surface and substrate surface, the complex potential and the
corresponding stress for the second and third components of
stress field are given by

ubs . ubs
2= _ =2 — (2)—_ 772
g 5> In(z=izhy), o Fm(z—i2hy)" (B4)
ubs . ubs
B=_"2 () P M. S
g o In(z+i2hy), o Fm(z+izhy (B5)

Using the same approach for the edge dislocation in Appen-
dix I, the fourth component of the stress and displacement
fields for a screw dislocation can be derived, and the general
solution forus is

us=B,el{*2 4+ B,e~1dxe, (B6)
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where B, and B, are constants to be determined from the
boundary conditions.

The traction free condition at,=h; and x,= —hg re-
quires

ml¢l(Bia—By/ay) + o) =0, (B7)
ml¢(By/ag—Byaz) + o'y =0. (B8)

Calculating the stress components and solving Egjg. and
(B8) lead to

1/(a,a2) +1/a2—
1

whb3 (= 1 a;+1/ai—

_fmlgl

2 ®
_#bs

E =

Zhang et al.

by i 1- 1/a§

2\2x {@Za3-

by i 1—1/a2

Y 2n (&g 1

(B9)

B>

The stress componeng‘{) and the associate energy are given
by

. [2n(hsho)+ 2hat hiJ[2n(hathy) + 20+ ah [ 2n(hst hy) + 4het-2hy]

477 n=0

b2
_ Um(zh +hy)—

[2n(hg+hs) +4he+3h¢][2(n+1)(hg+hf)]?

n(n+3)(hg+h¢)%+ (2hg+ hy) (hs+2hy)

wb3
P
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