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Analysis of a nonorthogonal pattern of misfit dislocation arrays in SiGe
epitaxy on high-index Si substrates
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We have investigated the formation of misfit dislocations resulting from the growth of partially
strained §j /G, 5 epitaxial films on Si substrates with surface normals rotated off ofGB&] axis
toward[110] by 0°, 13°, and 25°. Transmission electron microscopy has shown that the dislocations
form in a modified cross-hatch pattern for samples grown on the off-axis substrates. This modified
cross hatch consists of three arrays along which the dislocations align. This is in contrast to the two
orthogonal arrays found on the on-ax1) substrates. These dislocations correspond well with the
intersection of th&¢111) slip planes with the respective surfaces. We present a simple analysis of the
amount of relaxation due to probable Burger’s vectors for these dislocations, which reveals the most
likely directions for these vectors and shows that the density of dislocations only accounts for a
fraction of the total film relaxation as measured by Raman peak shifts. These studies form the basis
for the use of high index surfaces as components in modern devices, and provide pathways to
possible templates for use in the growth of nanostructures20@4 American Institute of Physics.
[DOI: 10.1063/1.1630362

I. INTRODUCTION mation and therefore are not influenced by the inclusion of
dislocations. Our studies of strain relaxed samples have

The low-index surfaces of silicon are well understdod, shown that surface undulations similar to those found by

and technological applications of SiGe epitaxy on those subothers on strained filni< tend to be organized on the surface

strates, mainly001), are starting to become commercially of a relaxed film and, along the same lines, the misfit dislo-

available? Recent developments, though, in the understandcations follow at the film—substrate interfate.

ing of a large class of high-index Si surfateshave paved The (113 surface at 25.2° has also been studied and is

the way for the study of SiGe epitaxy on those surfacesexceptional in that stable reconstructions have been known

These are the surfaces with normals lying in the plane cong form on this surface of Si for many year&everal groups

taining and between tH@01] and[111] directions. Through-  haye examined Ge and SiGe growth on (b3 surface. A

out this article, these surfaces will be referenced by an anglg_g monolayer film of Ge on this surface of Si grown be-

of rotation, 6, of the surface normal from thE01] axis tween 400 °C and 500°C produces nanowires in[B@2]

toward the[111] direction. Distinguishing this family are sur- direction which are about 20 nm wide by 150 nm long with
face features, either atomic steps or facets, which are a”gnedcetted side& Notably, two groups have investigated the

in the [110] direction. These features are summarized ingrowth of Ge on SiGe multilayers grown on $113

Table I. Relatively little is known about SiGe epitaxy on substrated™1? They found that the multilayers helped form
most of these surfaces or the effect of the steps and facets ®ore uniform wires or dots in some cases, and aided in their

grov;t_h. f ith Il deviati ¢ the low-ind organization. An aspect that has not been extensively studied
| surtaces with smail deviations from the Jow-index tPough, is the process by which SiGe layers grown on these

surfaces have been used in a limited number of studies qhion 5oy srfaces relax plastically due to dislocation for-
SiGe epitaxy’ ‘2 Lapena and co-workethiave grown SiGe mation

on Si surfaces up to 10° off111) toward (00D, i.e., . . e . .
N o . Comprehensive reviews on misfit dislocations in low-
0=44.7°-54.7° in our notation. They have found the surface .
index systems are given by van der Metivand Hull and

morphology to be characterized by large-scale coherent un; =" . ; . .

dulations which vary with the substrate orientation. Ber-rbiealrll' bAS t:eyhefplzilr;izla;tlcbe mlsTiztcr;et?]ieE:axy hias Cltis ¢

bezier and co-workefsnvestigated the surface morphology Shc_:aky ee bc a a(r:]_eh _f_ yac i ca" fc esl,)sl, {e'} a

of samples up to 10° in our notation and also found uniqué IcKNess above which 1t 1S energetically favorab’e 10 form
mnisfit dislocations to relax the strain in the layerThe

surface structures similarly characterized by varying surfac iGe/Si h taxial . Il suited dv latt
ripples. Both groups used coherently strained samples th§', ersl eteroe'pltaX|a system Is well suite .t.o stu y attice
mismatched epitaxy and the concept of critical thickness.

were grown below the critical thickness for dislocation for-__ 7" . ) ) T

This is mainly because Si processing, which is extendable to
SiGe, is so well developed due to the semiconductor industry
dElectronic mail: robernemanich@ncsu.edu that imperfections in the substrates and the growth can, in
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TABLE |. Summary of the family of surfaces betwe&01) and(111) and their major surface features. The A subscript indicates that the dimerization axis
of the higher terrace is perpendicular to the step edge and the B subscript that the dimerization axis is parallel to the step edge.

Surface: bkl) or {6} Terraces Step or facet structure Reference No.
(001 to ~1° (001 2X1 terraces Steps: Single, Sand § 4,5
~1° to ~6° (001 2X1 terraces Steps: ¥, Sg, double Iy (rebonded 3
~6° to ~11° (001) 21 terraces Steps: Prebonded 3
Single domain
~11° to (116) {13.3% (001) 2X1 terraces Steps: Prebonded and nonrebonded 3
Single domain
(116 to (114 (00D and (114 Steps: @ rebonded and nonrebonded 3
(114 {19.5% (114) tetramers 3
(114 to (113 (114 and (113 Facets: Saw tooth mesoscale 3
(113 {25.2% (113 3x2 3
(113 to (5,5,12 (113 and(7,7,1% Facets: Saw tooth mesoscale 3
(5,5,12 {30.5% (5,5,12 2X1 terraces 3
(5,5,12 to ~43° (5,5,12 and (111 Facets: Nanoscale 3
~43° to (111) {54.7% (112) 7X7 terraces Steps: Single and triple 3

many cases, be excluded from consideration. This system Until recently, this does not seem to have been observed
can also exhibit a relatively wide range of mismatch by vary-experimentally. Kightley and co-workéf<ound this type of
ing the Ge concentration which is useful in studying latticedislocation network in InGaAs grown on off-axis GaAs sub-
mismatched epitaxy. This mismatch, defined as the steain, strates. The substrates in their experiments weed) tilted
in a coherent layer of $i,Ge, can be shown to be propor- off-axis toward(010) by ~2°. Since the substrates in their
tional to the Ge concentratior, at room temperature ¥s experiments had tilt components in both {i&0] and[ 110],

€(x)=0.040%. (1) the splitting of the dislocatiqn lines occurred in.both Qirec-

tions. They found a separation 6f2.5° for the dislocation

Accordingly, upon growth to the critical thickness, disloca- network in both thé110] and[110] surface directions. This
tions are predicted to forth and glide along slip planes loosely corresponds with E¢2) which gives a value of
which are known in the diamond lattice to be tELL 1 g° To our knowledge this phenomenon has not been sys-
planes'® Following this initial relaxation step are several tematically studied in SiGe systems, and moreover has not
stages of dislocation motion, multiplication, and interactionpeen confirmed for large angles. In this paper, we will show
which are all kinetically driven and are only recently being that these dislocations appear along directions as predicted
explored theoretically and experimentalfy.**In this ar- 1y Eq. (2) for heteroepitaxial SiGe films deposited on off-
ticle, we will focus our discussion, though, on static charac-yyjs supstrates with large
teristics of the dislocations.

As shown in Fig. 1, there are foyd11} planes which
intersect this family of surfaces. On ti@@01) surface,#=0,
two {111} planes each intersect along thEl0] and[110] I [001]
directions. As the surface is rotated off axis, i.€x0, the
two planes which intersected aloptfL0] begin to split in the
plane of the surface. Specifically, the lines of intersection of
the (111) and (11) planes with the surface now intersect at
an angle,p, given by

cos6) 2+tan 9)? @

¢ 2+3tar(6)?
Since the[110] direction is contained in all surfaces in this
family, the intersection of the two plane€1l) and (11)
remain in the surface along tfi@10] direction.

If we assume that dislocations form in all four of these
glide planes, then we would expect to find a triangular pat-
tern of intersecting misfit dislocations in a lattice mis-
matched heteroepitaxial thin film grown above the criticalF!G- 1. Diagram of(111) planes intersecting the off-axis surfaces indicated
thickness on this family of off-axis substrates. Then,as by the shaded region. This demonstrates how the intersection of #ig (1

. . . nd (111) glide planes with the substrate no longer occurs along parallel
approaches zero the two arrays of dislocations which arﬁnes but along lines separated by an angles the substrate is rotated off of

oriented at angle with respect to each other will align and the[001] axis about th¢ 110] direction by an angle. Similarly, the (111)

become in_d_iStingUiShable from th&10] direction returning  4pq (11} planes are no longer both inclined to the substrate at the same
to the familiar cross-hatch pattern. angle.
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Il. EXPERIMENT

Commercially prepared Si substrates were obtained fro
Virginia Semiconductor, Fredericksburg, Virginia, USA with
surface orientations specified off axis frq@01) to (111) by
0°, 10°, and 22°. The 0° off-axis samples were nominally}
(001) substrates. The 10° and 22° substrates were inspectd
by indexing the plan-view electron diffraction pattern in the
transmission electron microscopyEM) and to within a de-
gree found to b&116) and (113 surfaces, respectively. We
will label these two surfaces as 13° and 25° off of th81)
axis throughout the rest of this article. The substrates wer
subjected to a wet chemical clean for approximately 60 4
using a 10:1 hydrofluoric acid solution diluted in deionized
water. Following loading into the UHV system with base
pressures in the 10°Torr range, the substrates were submit-
ted to a thermal treatment at 950 °C for 10 min to desorb an
residual contaminants. After cooling to 550 °C, and immedi-
ately prior to deposition of the experimental layer, a 20 nm
Si buffer layer was deposited. Auger electron spectroscop
(AES) and low-energy electron diffractiofLEED) were
used on a sacrificial substrate after deposition of the buffer

layer to confirm that the preparation techniques were suffi'o: 2 Plan-view dark-field TEM of 100 nm(Ge, s on (003 Si showing

A A e orthogonal arrays of misfit dislocations. The curved features at the disloca-
cient. The AES showed only Si within its sensitivity, and the tion intersections are mdirfeinges due to superimposed diffraction from the
LEED showed a sharf2x1)+(1Xx2) reconstruction on the layer and the substrate.

(001) substrates. The tilted surfaces showed sharp LEED pat-

terns as well indicating atomically clean surfaces.

Immediately following the buffer layer deposition, the Figure 6 summarizes the measurements 66r several
heteroepitaxial layers were formed by codepositing Si andocations within each of the TEM images. The separation
Ge in a UHV solid-source molecular-beam epitaxy at 550 ocangle, ¢, was obtained from a measurement of the various
at a combined rate of 0.04 nm/s. Layers of SGe,, X angles of intersection as described in the caption for Fig. 6. It
=0.3, were grown to 100 nm on each of the three differentb}.S evident from the plot that there is a distribution in the
oriented substrates. The deposition is controlled and monileasurement af.
tored with dual 6 MHz gold-coated quartz oscillators which  The three different measurements, as described in Fig. 6,
have been calibrated by profilometry. of ¢ should all produce similar results if the surface orienta-

Samples for plan-view TEM were thinned by chemically tion is within our studied family. This seems to be the case
etching from the back side of the sample until it became
electron transparent. The TEM was performed using a JEOL__
2000FX microscope operated at 200 kV. All samples werg .i
imaged in dark field along tH&®01] zone axis for dislocation
analysis.

IIl. RESULTS

Shown in Fig. 2 is a plan-view TEM image displaying
the two orthogonal misfit dislocation arrays that form for k
SiGe growth on on-axif001) Si. This is the familiar pattern
of dislocations reported often for this surfdée.

Plan-view TEM images for the 13° and 25° substrate
are shown in Figs. 3 and 4, respectively. Noticeably, the dis
locations in the surfacgl10] directions, i.e., vertical in the
plane of the paper, have separated and now intersect at g
angle, ¢, which increases with the off-axis anglé, This
pattern of dislocations is diagrammed in Fig. 5 along with |}
that for the(001) surface for reference. All of our samples
have been grown above the critical thickness for relaxatio
of Siy /Ge, 3 0n Si(001).% Therefore, we expect dislocations,
but we have found through Raman measurements that these
SiGe films are only about 60% relax&d. FIG. 3. Plan-view dark-field TEM of 100 nm SiGe, 5 on 13° off-axis Si.
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Dislocation Separation (¢)

0 L) L) L) T L)
0 10 20 30 40 50 60

Angle off-axis (0)

FIG. 6. Plot showing the angular separation of the oblique misfit disloca-
tions. The different measurements: A, B, and C, were found by measuring
the angles as diagrammed in the inset. The angle A is the direct measure-
ment of the separation, and B and C are used to find the angle of separation
assuming that a line bisecting A is normal to the line BC, i.e., assuming that
ABC forms an equilateral triangle. It is immediately evident that the inde-
FIG. 4. Plan-view dark-field TEM of 100 nm $iGey 5 on 25° off-axis Si. pendent measurements of A, B, and C are different, especially for the 25°
sample. This is because of the misorientation between the surface normal
and electron-beam direction that arises when the sample is tilted into a
two-beam diffraction condition. The line labeledis a plot of Eq.(2).

for the 13° off-axis sample with the average ¢£16.8°
which corresponds to a surface off-axis angle of 12° accord-

ing to Eq.(2). _ V. DISCUSSION
The 25° off-axis sample, in contrast, shows three distinct
clusters in the distribution of around an average value of Dislocation arrays which form in the on-axis samples

34.5° which corresponds to a surface off-axis angle of 26have been analyzed by others and have been found to be
according to Eq(2). Each of the clusters within the distri- formed by a complex combination of kinetic effe¢is?
bution is the result of determining from each of the three Which can be influenced by the morphology of the growth
angles of dislocation intersection as described in Fig. 6. Theurface?® These dislocations with Burger’s vector given by
discrepancy between the different measurements is attributdd= (a/2)(110) with a being the lattice constant, are the so-
to the missorientation between the surface normal and thealled 60° type where the angle betweemnd the line di-
electron beam in order to achieve the two-beam condition forection of the dislocation is 63 Misfit dislocations, such as
imaging. This effectively distorts the relevant angles. these, relax the misfit strain by an effective amount given by
b* cosf.), whereb is the absolute magnitude of the Burger’s
vector,b, and\ is the angle betweeb and the direction in
the interface perpendicular to the dislocation line directfbn.
Before describing the dislocations in the off-axis
samples, we should completely list the possibilities for stable
dislocations in th€001) sample. Referring to Fig. 1 in what
follows, consider a dislocation lying in tf&10] direction in
the (111) plane on a001) interface. There are four mini-
mum lattice translation vectors for the diamond lattice in this
case which are the possible Burger's vectors. They hre:
() =(a/2)[110], (a/2)[110], (a/2)[101], or (a/2)[011]. Of
these, only the last two both experience a resolved lattice
mismatch stress and can glide in this system. The first of the
four is pure screw but experiences no resolved lattice mis-
match stress. The second of the four is pure edge type with
A=0°, thus, it may provide a maximum amount of relaxation
if it were to form, but cannot move by glid&.So, it is
expected that dislocations with=(a/2)[101] or (a/2)
X[011], both with A=60°, will form in (001 samples for
(b) the [110] dislocations in the (11) glide plane. Similar re-

FIG. 5. Diagram showing the predicted configuration of misfit dislocationsSUlts hold for the other thred 11} planes shown in Fig. 1 for
for (@) on-axis,(b) 13°, and(c) 25° off-axis Si substrates. the (001) surface.
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In general, there is no reason to expect that the disloca-
tions in the SiGe/31L00 system would consist of any type
other than the #/2)(110) type. But, as the substrate surface
is rotated off of thd001] axis, the variousd/2)(110 Burg-
er's vectors contribute differently to the relaxation of misfit
strain. Effectively, the angl& is no longer the same for all
dislocation directions. A® grows, two of the glide planes,
(111) and (111), each have uniquk’s which we will label
N1 andAggyy. The (111) has the same effective geom-
etry as the (11) plane in the system, and does not need to be
treated separately. We will consider the (9 1plane which
has threex’s which become unique agincreases. We label
two with subscriptsa andb, representing the two directions

Miscut Angle (6)
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of Burger's vectors which could form on the on-axis sub-FIG- 7. Plot showing the effective length, from E(p) for the various

strate. The third is the Burger's vector which would have
formed a screw dislocation on the on-axis substrate, h.e.
=(a/2)[110] and will be labeled with the subscripgt We

Burger’s vectors involved in the relaxation of off-axis SiGe on Si. The long,
medium, and short dashed curves are the Burger’s vectors in101,

' [011] and[110] directions, respectively, for the (1] glide plane. Similarly,
the long, medium, and short dashed curves represeifotit], [101], and

include thec-type here, Since this dislocaﬁon gains edgey11j directions, respectively, for the {1) glide plane. The dashed—dotted
character as the substrate is rotated off axis. The results f@hd the dotted curves are the allowable Burger’s vectors in thi)(and
calculating coé\) for each of these cases assuming the off-the (111 glide planes, respectively.

axis surface is the (i) surface are derived in the Appendix
and summarized here as follows:

is rotated. The array of dislocations which form in {I‘l_ﬂO]

-2 L : : .
COS)\(ln):m—z, directions will all adopt the (11) glide plane, since the Bur-
2ym°+2 gers vector for this dislocation provides the largésk
throughout the entire range @t For the oblique array of
m+2 dislocations, we find a change im as the surface passes
COS)\(lll) y . .
2/m%+2 through the(111) orientation. For these arrays, what would
have been a screw dislocation on t@1) surface would
COS\ .= m(m—1) 3 then be the dominant dislocation providing relaxation in the
a5 (M2+2)(m?+3) interface. Also, we see that for the (1)1 glide plane, the
(a/2)[011] Burger’s vector dominates fof<54.7, i.e.,m
3 m(m-+1) >1, and for the (11) glide plane the g/2)[101] is the
COS)\b_z (m2+ 2)(m2+ 3)' dominant diSlOC&tion.- -
In a fully relaxed interface, we would expect to find an
2m array of dislocations with some regular spacing. We define
COSA = , the following:
¢ 2 (m+2)(m2+3) wing
a,—as ag(l—x)+agX—ag (age—asg)X
wherem is given by g 208 si( ) +ageX Si_ (age—asi) ,
B as as; asi
2
-7 b
M= tane’ @ p= Teﬁ (6)
A plot showing the effective Burger’s vector lengths in .
density=1/p,

the plane of the interface, given by
bey=|b||cos\| 5) wheref is defined as the fractional misfit. Using lattice con-
eff ' stants, ag;=0.543nm andag.,=0.566nm, we havea,
=ag(1—x)+agx for the overlayer with a semi-infinite
given asa/\/2, where the lattice constard, is that of the  substrate of lattice constari,=ag;, we can determine the
film as determined by Vegard’s law. Thig is essentially dislocation spacing, for a layer that is 100% relaxed due to
the amount of strain that will be relaxed by the formation ofdislocations withbg given by Eq.(5). Then, the linear den-
a dislocation in the interfacial plane with the given Burger’'ssity of dislocations would be given byd/ Table Il summa-
vector. rizes the results of this calculation and compares it to data
Figure 7 describes how the interfacial projection of theobtained by counting dislocations in a single array in the
allowed Burger's vectors for each array of dislocationsTEM images. In general, we find that only a fraction of the
changes as the substrate is rotated. Each dislocation wouddrain is relaxed by the dislocations in each sample. A simple
be expected to have the Burger’s vector that will allow forcomparison shows 11% relaxation for 1) sample, 23%
the most strain relaxation. Therefore, we will see the dislo-and 28% for the oblique andl10] directions, respectively,
cations form with different Burger’s vectors as the substrateon the 13° sample, and 32% and 46% for the oblique and

is shown in Fig. 7. Here the magnitude of the vedbois
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TABLE IlI. Calculated forx=0.3[from Eq.(6)] and measured linear dislo- TABLE Ill. The three allowable Burger's vectors for eafti1} glide plane
cation densities for the samples in this experiment. The maximum calculatethtersecting th€001) surface. Note that a factor ef2 has been left off each
densities in the first two columns are taken as the density due to the allowedector.

Burger’s vector that will provide the most relaxation for that dislocation

array. The measured data were taken along a direction perpendicular to ea@iide plane (119 (111) (111) (11m)
array, and excluding dislocations from other arrays. All directions within — —
each respective sample showed similar densities. 1 [101] (104 (104 [101]
b, [011] (011] [011] [011]
- Measured by [110] [110] [110] [110]
Maximum oblique Maximum[110] density
density density (from TEM)
(um™Y) (um™1) (um™h)
0=0° 65.4 65.4 7.0
6=13° 599 50.4 14.0 APPENDIX: CALCULATION OF THE COMPONENT
§=25° 62.6 43.4 20.0 OF THE BURGERS VECTORS IN THE PLANE

OF THE OFF-AXIS SUBSTRATES

We determine the cofactor used to calculate the amount
of relaxation that a dislocation with Burger’s vector, will

[110] directions, respectively, on the 25° sample. Rama roduce on an interface between surfaces with normals of the

measurements have shown that these samples are all betw S (11m) with 0=m<oc in the diamond cubic lattice
55% and 60% relaxeliso there is a considerable amount of '

I ion that i d for by the dis ion densi We begin by discussing misfit dislocation relaxation in
tr_e ax'i:lon tt atl 2'? SOI accc;ur:t% or ty tthe |558((;at|oln et.ns'fhin—film deposition on th€001) surface. We limit the dis-
1es. Floroet al. demonstrated greater than bUv relaxalion, <o to the so-called 60° type dislocations which are writ-
due to morphological changes in certain dislocation fre

Sen as
SiGe films grown on(001) Si. The samples in our study
exhibit large corrugations in atomic force microscopy b a
images® which should account for most of the relaxation not - §<llo>' (7

mediated by dislocations. i ) )
wherea is the lattice constant. The allowéxks are required

to be in the glide plane of the dislocation. In Table Ill, pos-
V. CONCLUSION sible Burggr’s vec_tors are listed for e_ach of t{iﬂ]}_glide
planes which are involved. Note that in each cdmeis the
This study has investigated heteroepitaxial growth ofscrew dislocation allowable on each respective glide plane
SiGe on a family of Si surfaces that has only recently begurior the (001) interface. These dislocations remain screw type
to be fully explored, i.e., those surfaces are betw@1) for the (111) and (111) planes as the surface is rotated off
and (111). We have found that the plastic relaxation of the axis, but for the remaining twéil11} planes theb; Burger’s
stress is facilitated by misfit dislocations which follow the vectors gain edge character, which give them a driving force
lines of intersection of th&11l) planes with the respective to form in those systems.
surfaces. This produces a tiled triangular pattern of disloca- Next, we need to define several vectors. These are not
tions at the interface which should continuously vary fromconceptually necessary on th@01) surface as the labeling
equilateral triangles for #4111 surface to the well known of the Burger’'s vector as 60° type tells us all we need to
cross hatch of dislocations which form for(@01) surface. know about that dislocation but, as we move off axis, they
Generalizing to surfaces in between these limited familieswill be required. They are as follows:
e.g., surfaces of the formm(nl), with —1=<m, n<1, we
would expect to find the dislocations which make up the
bases of the triangles found in our study split into two inter-  g=glide plane normal,
secting dislocations as the twd11} planes that made up
those dislocations become nondegenerate in the plane of the U=dislocation direction, (8)
surface. These generalizations, after logically extending them
to the (mn0) surfaces, with—co<m, n<1w, define the
plastic relaxation for strain relaxation on every crystallo- b=Burger’s vector.
graphic orientation of Si.

n=surface normal,

é&=uXn=normal to u in the interface,

Now, we will define the cofactor by writing the component

of the Burger’s vector which lies in the interface plane nor-
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For the (001) surface, we know from Eq(7) that the
magnitude ob is a/y2. And, it is well known that is 60°
for this surface, thus we have

ber({00L}) = La 10

er({001) =5 7z (10)

But, we can calculate c@s) by taking the dot product of
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the & of its associated glide plane. For each of (h&l) and
(111) planes, we can choose a single Burger’s vector, since
the two in each plane are oriented similarly with respect to
the interface. For the (11 and (111) planes, the vectols;

and b, in each are oriented differently with respect to the
interface plane, but the two glide planes are mirror images of
each other and thus we can just tae and b, from the

b andé. Since all four glide planes are identical here, we car{111) plane, for example. Then, we must also inclibdéor

choose the (11) plane with Burger’s vectoraf2)[101]. In
this caseu=[110] and n=[001], thus é&=[110]. Thus, we

the off-axis surfaces as it, again, gains edge character. With
this, we can now calculate the following:

determine that cg@s)=1/2. m—2
Rotating the substrate toward th&l10] direction by COSN (11)= ="
some anglef, we can write thah=[11m], wherem need 2ym°+2
not be an integer in general. By taking the dot product of this 4o
n with [001], we can determine that COS?\(Hl):m—,
2Jm?+2
V2
m=——. (11
tané m(m—1)
. COSA = , (16)
On these surfaces, now, we no longer have all four glide 2J(m?+2)(m?+3)
planes acting equally, so they will need to be treated indi-
vidually. The(111) and (111) planes still intersect the sur- m(m+1)
face along the same line, so their associatéd will not COS)‘bZZ (2% 2)(m2+3) "
change and can be written as
U(111>:[110]' COS\ .= 2m )
and 2y (m?+2)(m?+3)

where thea andb subscripts delimitate between the and
b, Burger’s vectors in each of the (11 and (111) planes,
and thec subscript represents tliig Burger’s vectors in the
rtlll) and (1L1) planes.

Finally, we use Eq(16) in Eqg. (9) with the known mag-
nitude of the complete Burger’s vector to determine the ef-

The dislocation directions for the other two glide planes
can be determined as follows. To find the lines of intersectio
of the (11) and (111) planes with the (It) plane, we
must solve the following sets of simultaneous equations:

_ X—y+2z=0, fective relaxation due to a misfit dislocation in a film grown
A=)yt y+rmz=o, on one of this family of off-axis substrates. And, using Eq.
(13) (11), we can make this a function @& the off-axis angle.
— —Xx+y+z=0,
(111):[ X+y+mz=0.
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