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Homoepitaxial Layers by Divergent X-Ray Beam Diffraction 

* A. L. Lin and L. F. Donaghey 

Materials and Molecular Research Division, Lawrence Berkeley Laboratory 
and Department of Chemical Engineering, University of California, 

Berkeley, California 94720 

September 1976 

Abstract 

The back-reflection divergent x-ray beam diffraction technique 

has been applied to the characterization of .(111) GaAs and (111) InP 

substrates and homoepitaxial layers with different states of surface 

perfection. Diffraction conditions for generating back-reflection 

pseudo-Kosse1 patterns from (111) GaAs and (111) InP are presented. 

Mechanical polishing was observed to produce x-ray diffraction line 

• broadening. Uneven line broadening was found to be produced by an 

unhomogeneous distribution of dislocations. The diffraction angles 

for pseudo-Kossel lines were influenced by sub grain tilting in 

epitaxial, LP.E-grown layers. A close relationship between diffraction 

line profiles and surface morphology of the epitaxial layer was demonstrated 

with interference-contract optical microscopy and scanning electron 

microscopy. 

* Current address: Kodak Research, Schenectady, New York. 

This work was done with support from the U.S. 
Energy Research and Development Administration. 
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Introduction 

GaAs and InP substrates are the most commonly used III-V compound 

substra~ for devices made by epitaxial growth. Heteroepitaxial 

1 2 layers are often grown on (111) surfaces, ' since this surface 

orientation produces the higher degree of the heteroepitaxial layer, 

as compared to those grown on the other surface orientations. 

Because both crystallographic orientation and lattice imperfections ' 

(bulk and process-induced defects) play an important role in epitaxial 

growth,3 it is desirable to characterize these features by a fast 

and nondestructive technique. 

The utilization of the divergent x-ray beam diffraction method 

4 to characterize crystal was first suggested by Lonsdale and later 

5 6-11 developed by Geisler, Imura, Weissmann and co-workers. This 

method permits a precise determination of individual (hkl) interplanar 

spacings. Since interplanar spacings are directly related to the 

strain in the lattice, it is possible to use the divergent x-ray 

beam method for strain analysis. It has been shown that strains, 

2d/d, as small as 2 x 10-5 are readily measured on high index 

1 . ·1· 11 panes 1n S1 1con. 

When the strain is homogeneous, the whole lattice is distorted; 

the angles and intensities of the whole diffraction pattern are then 

changed. When the strain is inhomogeneous, local line displacement, 

line broadening, and line kinking or discontinuities can occur. 

Hence this method can be used for the analysis of process-induced 

lattice defects. 
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Lighty and Shanefield7 applied this method to study the 

perfection of electrodeposited copper films. Ewing and Smith8 

. have shown the ability of this method to characterize epitaxial 

GaAs l P layer. Recently Donaghey and Bissinger9 used this method 
-x x 

to investigate the relations between lattice perfection and grade-layer 

~omposition gradients in epitaxial GaAsl_xP layers grown on (100) 

GaAs substrates. 

In the present investigation, the diffraction condition required for 

applying the back-reflection diffraction method to the characterization 

of lattice perfection in (111) GaAs and (111) InP is examined. 

Particular attention is focussed on the relations between lattice 

imperfections revealed by the divergent x-ray beam technique and 

the surface morphology. 

Description of Method 

Origin of Pseud6-Kossel Lines 

With a divergent x-ray source, diffraction patterns in 

transmission as well as in back-reflection can be recorded. In this 

work only back-reflection patterns are considered, since these can 

be obtained most conveniently from compound semiconductors with 

industrial useful thicknesses of 0.02 to 0.1 cm. 

The geometry of the back-reflection, divergent x-ray beam 

method is shown schematically in Fig. 1. An x-ray beam, emitted in 

a solid angle of nearly 90°, is generated by a focused electron beam 

impinging on a thin metal foil. The specimen surface with an (HKL) 

_Ii( ! 
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surface normal orientation is placed parallel to a photographic 

film. When the x-ray beam diffracts from an (hk1) plane inclined 

at an angle B from the (hkl) plane, it is diffracted in a conic 

from all points where the Bragg condition is satisfied. The center 

of the diffraction conic lIes along the normal to the (hkl) plane, 

The diffraction conics intersect the film plane in ellipse-

like figures. These are known as pseudo-Kossel lines. In Fig. la, 

Y2YZ indicates the major axis of the ellipse generated from the 

(HKL) sample surface oriented parallel to the film plane. 

From Fig. la the following direct relationships can be established 

between Y2 ' Yz ' B and the Bragg angle 8 : 

Y2 b cot (8 + B) + (a + b) cot (8 - s) 
(1) 

Yz -b cot (8 - B) - (a + b) cot (8 + s) . 

Here a and b are the film-target and target-sample distances, 

respectively. Thus the major axis diameter of the ellipse 

is given by 

Y2YZ = (a + 2b)Ico~ (8 + B) + cot (8 - B)] . (2) 

Each ellipse are symmetric about its major axis. The minor 

axis, which is the largest dimension perpendicular to the major 

axis can be obtained in a similar construction. Fig. 1b shows the 

top view of a plane containing ~hk1 and perpendicular to the (hk1) 

plane. From this figure we can see that the film coordinates of 

pseudo kassel lines are given by 
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x2 = -xi = (a + 2b) sec B cot 8 • 

Hence the minor axis diameter is 

x x' = 2(a + 2b) sec B. cot 8 • 2 2 

Analysis of Pseudo Kossel Patterns 

In order to analyze crystal lattice quantitatively from 

diffraction patterns, each pseudo Kossel line must be properly 

indexed. The diffraction patterns obtain by the divergent beam 

(3) 

(4) 

method from low index planes show symmetric pseudo-Kossel patterns 

which simplifies interpretation of the patterns. With a crystal of 

know orientation, the interpretation of the patterns is, therefore, 

relatively simple. This is accomplished by superimposing a stereo-

graphic projection of the known orientation onto the diffraction 

pattern. The symmetry of equivalent (hk1) diffracting planes provides 

a basis for the superposition. The indexing of (100) back reflection 

conics has been described previously.9 

The directions from the sterogram center to (hk1) projections 

should lie.a1ong the maximum radii of pseudo Kosse1 ellipses. 

Diffraction from these planes parallel to the sample surface should 

appear as circles. For diffracting-plane inclination angle B which 

are smaller than the corresponding Bragg angle 8 , the diffraction 

conic does not exist in back reflection. In the following, indexings 

for (111) GaAs and (111) InP are presented. 
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Table I presents the diffraction parameters required in the 

calculation of pseudo Kossel patterns from (111) GaAs. The planes 

listed are those which can yield finite back diffraction intensity 

for CuKal radiation. From these parameters, the maximum and minimum 

radii of pseudo Kossel lines can be calculated by Equation (1) 

with the known camera constants a and b. The corresponding data 

for (111) InP are given in Table II. For GaAs the Bragg condition 

cannot be met with CuKal radiation because the interplanar spacings 

for {246} planes are too small. However, because InP has 

a larger lattice constant, diffraction ionics ~rom {246} planes can 

be produced. The maximum and minimum radii of pseudo Kossel ellipses 

for all planes we ploted in Figs. 2a and 2b for (111) GaAs and 

(Ill) InP , respectively, with the camera constant ratio alb = 6 • 

These figures give the direction of the major axes of diffraction 

conics. Pseudo-Kossel patterns obtained with different camera 

constant ratios alb can be analyzed with Fig. 2 by drawing 

additional film plane lines, using the sample';"'to-source distance as 

a unit of distance. 

The stereographic projections of the back-reflection diffracting 

planes listed in Tables I and II are shown in Figs. 3a and 3b 

for (111) GaAs and (111) InP ',respectively. The stereographic 

projection indicates the directions of the major diameters of 

pseudo-Kossel diffraction conics. The pseudo-Kossel patterns are 

easily indexed by superimposing the stereogram onto the pattern and 

locating their major axis intersections Y2 

of ,Figs. 3a and 3b. 

and y' , with the aid 
2 



Table 1 

Pseudo-Kosse1 Reflection Diffraction Parameters for (Ill) GaAs 

hk1 d(A) (1) 6 (deg) (2) S(deg) (3) 6+S 6-S cot(6+S) cot(6-S) 

III 3.25736 13.67853 0.00000 13.67853 13.67853 4.10885 4.10885 
222 1. 62868 28.22585 0.00000 28.22585 28.22585 1. 86297 1. 86297 
331 1. 29434 36.52073 22.00171 58.52244 14.51901 0.61226 3.86143 
422 1.15165 41. 97836 19.47122 61. 44958 22.50714 0.54410 2.41336 
333 1. 08579 45.18794 0.00000 45.18794 45.18794 0.99346 0.99346 
440 0.99736 50.56280 35.36439 85.82719 15.29841 0.07296 3.65578 
531 0.95366 53.87308 28.56083 82.43391 25.31225 0.13283 2.11435 
531 0.95366 53.87308 46.91138 100.78436 6.96180 -.19048 8.18948 
442 0.94032 55.00184 15.79317 70.79501 39.20867 0.34833 1. 22547 
620 0.89206 59.70976 43.08872 102.79848 16.62104 -.22717 3.34994 
533 0.86038 63.54399 14.42007 77.96406 49.12392 0.21321 0.85660 
622 0.85055 64.90786 29.49621 94.40407 35.41166 -.07701 1. 40653 
622 0.85055 64.90786 58.51785 123.42571 6.39002 -.66002 8.92924 
444 0.81434 71. 06663 0.00000 71. 06663 71.06663 0.34303 0.34303 

I 
551 0.79003 77 .16346 27.21492 104.37838 49.94854 -.25635 0.84063 0-

I 
551 . 0.79003 77 .16346 43.31386 120.47732 33.84960 -.58851 1.49099 
711 0.79003 77.16346 43.31386 120.47732 33.84960 :-.58851 1. 49099 
711 0.79003 77 .16346 55.53404 132.69750 21. 62942 -.92269 2.52193 
640 0.78239 79.90562 36.80867 116.71428 43.09695 -.50326 1. 06874 

(1) d = a /Jh2 -~ k2 + ~2 ,a = 5.64191 A(15) 
o 0 

(2) 6 = sin-1 [A/(2d)] , A(CuK
a1

) = 1.540562 A 

(3) S = cOS-1 [(h + k + ~)/Jc.3) (h2 + k2 + )/,2)] 
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Table 2 

Pseudo-Kossel Reflection Diffraction Parameters for (Ill) InP 

hkl d(A) (1) 6 (deg) (2) S (deg) (3) 6+S 6-S cot(6+SL cot(6-S) 

III 3.38832 13.14016 0.00000 13.14016 13.14016 4.28364 4.28364 
222 1. 69416 27.04356 0.00000 27.04356 27.04356 1. 95893 1. 95893 0 
331 1. 34638 34.89757 22.00171 56.89928 12.89586 0.65191 4.36768 
422 1.19795 40.01569 19.47122 59.48691 20.54447 0.58935 2.66831 C: 

333 1.12944 43.00026 0.00000 43.0026 43.00026 1. 07236 1. 07236 "-", 440 1. 03746 47.94220 35.26439 83.20659 12.67781 0.11913 4.44538 
531 0.99200 50.94060 28.56083 79.50142 22.37977 0.18531 2.42861 0 
531 0.99200 50.94060 46.91128 97.85188 4.02932 -.13791 14.19629 
442 0.97812 51. 95321 15.79317 67.74638 36.16004 1.36833 .'" 0.40918 ~'. 

620 0.92793 56.10963 43.08872 99.19836 13.02091 -.16194 4.32428 
O~ 

533 0.89498 59.39215 14.42007 73.81222 44.97208 0.29030 1.00098 
622 0.88475 60.53107 29.49621 90.02727 31.03486 -.00048 1. 66199 0 
444 0.84708 65.41370 0.00000 65.41370 65.41370 0.45755 0.45755 
551 0.82179 69.60653 27.21492 96.82145 42.39160 -.11962 1. 09546 

I 
.,t; 

551 0.82179 69.60653 43.31386 112.92038 26.29267 -.42284 2.02400 "'-l 

711 0.82179 69.60653 112.92038 26.29267 2.02400 
I 0" 43.31386 -.42284 

711 0.82179 69.60653 55.53404 125.14057 14.07248 -.70387 3.98928 U 640 0.81385 71.16753 36.80867 107.97620 34.35887 -.32446 1. 46271 
, 

642 0.78424 79.17174 22.20765 101. 37939 56.96409 -.20126 0.56030 ~ 
642 0.78424 79.17174 51. 88707 131. 05881 27.28467 -.87109 1. 93874 
624 0.78424 79.17174 72.02472 151.19646 7.14702 -1.81873 7.97511 

(1) d = a IJh2 + k2 + ~2 a = 5.86875 1(16) 
o ' 0 

(2) e = sin-1 [A/(2d)] , A(CuKa1) = 1.540562 1 

(3) S = cos-1 [(h + k + 9.,)/ ~3) (h2 + k2 + 9.,2)]. 
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Lattice Parameter Measurement 

It has been known that the precision measurements of the lattice 

parameter is greatly dependent on the accuracy of measurement of 

camera constants a and b. To eliminate this error, Ellis and 

5 co-workers suggested a multiple exposure technique, with exact 

measurements of horizontal film movements between each exposure. 

Donaghey and Bissinger9 proposed a sample displacement method which 

offer greater selectivity for certain pattern lines and is easier to 

carry out for incomplete elliptical figures on the film. Both of 

these methods become very time consuming, however, especially when 

the diffraction patterns are complex. In this work, lattice parameters 

were calculated from the diameter of both (444) and (333) diffraction 

conics with accuracte1y measured camera constants a and b. 

Since (111) is the specimen surface orientation, both (333) and (444) 

diffraction traces appear to be circles on the film. From 

Equations (2) and (4) with B equal to e , we find the diameter D 

for the reflection circle is simply, 

D = 2(a + 2b) cot e . (5) 

The accurate values of a and b can be obtained through the use 

of precision spacers which have been calibrated by a nearly perfect 

GaAs single crystal. The exact lattice constant of this reference 

GaAs was then deduced by the method suggested by Donaghey and 

Bissinger. 9 

Accurate lattice constant can also be obtained by another simple 

method when both (333) and (444) diffraction circles appear. From 
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Equation (5) the following relationship can be established between 

the diffraction circle of (444) plane and that of (333) plane: 

D444 cot 8444 --= cot 8
333 

• (6) 

From the equation of Bragg condition and the relation between the 

lattice spacing and lattice parameter in cubic crystal, Equation (6) 

becomes 

[ 

. ':'1 148 A

J cot s~n 
D444 aao --- = ----~----------~ 
D333 

(7) 

. Since Equation (7) contains only one unknown a, the ratio D444/D333 

can be obtained easily by the method of successive approximation. 

This value is very close to the true lattice parameter obtained from 

a Nelson-Riley extrapolation, and can be easily corrected with a 

Nelson-Riley plot. 

When the specimen surface are of 8 angle from (111) plane, 

then both (444) and (333) diffraction will not appear as a true 

circles. In this case, we can find the maximum and minimum axis 

diameter and solve for 8 and 8 simultaneous from Equations (2) 

and (4). 

Strain Measurement 

Lattice strain can be deduced directly from the pseudo-Kosse1 

pattern since the pseudo-Kosse1 line positions are strongly dependent 
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on lattice plane orientations. From equation (1), the relation between strain 

value ~d/d and major axis displacement ~Y2 is given by 

M ~2 
d = 2 2 (8) 

tan 8 (b csc (8 + S) + (a + b) csc (8 - S)] 

When inhomogeneous strain exist in the lattice, line broading effects 

will be observed. In this case, maximum strain can be calculated 

by Equation (8) from the maximum displacement ~Y2' 

Experimental 

-Preparation of GaAs (111) and InP (111) substrates followed 

the standard sequence. Wafers were sliced from a (lll)-orientation 

boule, lapping with 3200 grit SiC abrasive, polishing mechanically 

down to 3 ~m diamond paste and finally polishing chemically. A Br -
2 

Methanol polishing mixture was used for InP (lll)B and GaAs (lll)B 

surfaces and a NH40H:H202:H20 chemical p,olish was used for the 

GaAs (lll)A surface. All surfaces were optically flat. One 

InP (lll)A wafer was polished only mechanically in order to investigate 

the effect of mechanically polishing damage on the pseudo-Kossel 

pattern. Scratches by the 3 ~m diamond particle were visable under 

an optical microscope with interference contrast. 

The LPE growth of GaAs on GaAs (lll)B substrates was 

carried out by a horizontal sliding-graphite boat system where an 

As-saturated Ga melt was placed above the substrate. A constant 

cooling rate of 2.3°C/min was used during the growth process. 
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A Rigaku-Denki "Microflex" apparatus was used to generate the 

divergent x-ray beam. The electron beam was focused by an electro

magnetic lense to a small spot «10 ~m dia) onto a thin Cu foil 

placed at the end of a vacuum tube. The x-ray source, the film 

holder and the specimen goniometer were supported on an optical bench 

which permits accurate positioning. The copper target was generally 

operated at 35Kv and 50 ~A. Exposure times varied from 5 to 10 

minutes. The film to source distance was kept at 35 mm. While 'the 

sample distance was changed from 1.9 to 6.5 mm depending on the 

sample size. 

The film used was single-emulsion, duPont Cronar-base graphic 

arts film, 25.4 x 30.5 cm in size. After exposure, the film was 

developed in Kodak D-19 for 240 s, rinsed in Hunt safety stop for 

10 s and then fixed in Kodak acid fix 360 s. After a wash of 300 s, 

the film was immersed in photo-flo solution for 30 s, drained briefly 

and air dried. The film shrinkage was found to be negligibly small 

by comparing the size before and after photographic processing. 

Photometric traces of the line prof~ of pseudo-Kossel patterns 

were measured by Jarrell-Ash mic~ophotometer. The selected slit 

width and slit length of the photodetector were 20 ~m and 0.1 mm, 

respectively. 

Results 

Figure 4a shows a fully indexed, back~reflection divergent beam 

patterns from the (lll)A surface of an InP substrate. Except for 

some incompleted lines caused by the small sample size, all expected 
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diffraction lines are present. 

Among the conics the {444}, {246}, {246}, {026}, {044}, and {224} 

conics have relatively higher intensity due to the large structure 

factor. Because of favorable Bragg conditioris, {224}, {026} and {044} 

conics have relatively higher magnification. Since Fig. 4a includes 

only a small portion of the {026} and {044} conics, lattice imperfections 

are most easily observed from {224} <wnics. 

Figure 4b shows the line profiles at major axis intersections of 

three {224} conics indicated by points A, Band C in Fig. 4a, for the 

mechanically polished (lll)A surface. Line profiles at the equivalent 

points for a chemically polished substrate are also presented for 

comparison. The line broadening effect represented by the residual 

strain left from mechanical polishing work is evident from this 

comparison. Meieran has reported similar effect observed by x-ray 

17 topography. Within the same ellipse, the line broadening effect 

was found to be unevenly distributing along the diffraction conic. 

The origin of this phenomena will be discussed below. 

The chemically polished InP (lll)B surface was found to give 

residual lattice strains which were comparable to those measured 

for the chemically polished InP (lll)A surface. 

No characteristic difference could be detected. All pseudo-

Kossel lines were generally smooth and sharp, and only occasionally 

inhomogeneous line broadening was observed. Also, no gross defects 

were detected. 

Figure 4a shows that the specimen surface was tilted 1.20 from 

the (111) plane in the (100) direction. Interplanar spacing for 
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(444) and (333) planes and the off angle f3 were obtained by solving 

e and a simultaneously from Equations (2) and (4) through the 

measurement of maximum and minimum axis diameter. Lattice parameter 

was found to be 
o 

5.8692 ± 0.0002,A . Average strain, 6.a/a , were 

calculated by Equation (8) and were found to be 0.097%. 

The pseudo Kossel pattern obtained from the chemically polished 

(lll)A surface of a GaAs substrate is shown in Fig. Sa. As mentioned 

earlier, a difference in the diffraction pattern for the (111) GaAs,:: 

and the (111) InP substrates is that the {246} conics 

cannot be produced from (111) GaAs due to the smaller interplanar 

spacing of GaAs. 

The pseudo-Kossel line profiles of {224} reflections from the 

(lll)A surface of GaAs are shown in Fig. 5b. These profiles 

show that the pseudo-Kossel line broadening was anisotropic. The 

effect was particularly pronounced for the {224} reflections, as can 

be seen by a comparison of the line profiles at the symmetrically 

identical points A, B, and C shown in Fig. Sa. 

The calculated lattice parameter, average strain and camera 

o 
constant for this sample were found to be 5.6431 A and 0.072%, 

respectively. 

Figure 6a shows an indexed back-reflection divergent beam 

pattern of a liquid phase epitaxial GaAs layer grown on a 

GaAs (lll)B substrate. Except for the ends ,of some incompleted 

lines, indicated by the arrows, all diffraction lines appeared 

smooth and sharp. This figure shows that the crystal lattice 

' .. 
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perfection is rather uniform and t~e defect density is low. Taking 

into account the different diffraction conditions for Figs. 5a and 

6a, the pseudo-Kossel lines from the GaAs epitaxial layer are in 

general much sharper than those from the GaAs substrate. The 

estimated average dislocation density of the epitaxial layer is less 

than 4 2 10 fcm • The average lattice strain is calculated to be 

0.049%. 

Under optical microscopy with interference contrast, very 

uniform surface terraces were observed on the epitaxial layer surface, 
\ 

as shown in Fig. 6b. The broadening and undulation of diffraction 

lines indicated by the arrows in Fig. 6a suggest local inhomogeneous 

strain and moseic structure at certain area near the edges of the 

specimen. In these areas irregular terraces were also found, and 

shown by Fig. 6c. Such moseic grains have never been observed in 

GaAs substrate. The origin of moseic grains and of irregular LPE 

growth can be caused by surface contamination which is often found 

near the edges of the substrate due to an insufficient cleaning 

process. 

The calculated lattice parameters and maximum lattice strains 

for all samples measured are summarized in Table III. 

Discussion 

The lattice parameters of the Sn-doped GaAs substrates and 

epitaxial layer were found to be 0.02% larger than that reported 

15 by Gooper. This difference is attributed to the effect of the 

',' .. 
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InP (lll)A 

InP (lll)B 

GaAs (lll)A 

GaAs (lll)B 

GaAs (lll)B 
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Table 3 

Lattice Constants and Average Strain of 
(Ill) InP and (Ill) GaP Samples 

Lattice C<;lnstant 
Surface Preparation a 2(A) 

0 

Mechanically polished 5.8692±0.0002 
to 3 ].lm finish 

Chemically polished 5.8692 
Br - Methanol 

Chemically polished 5.6431 
NH4OH-H202-H2O 

Chemically polished 5.6431 
Br - Methanol 

LPE-grown epitaxial 5.6430 
layer, Sn doped 

Average Strain 
!J.a/a(%) 

0.097±0.OOl 

0.080 

0.072 

0.071 

0.049 
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Sn dopant on the lattice parameter. A smaller increase of 0.008% 

in lattice parameter was found for the InP samples, over that 

reported by Giesecke and Pfister. 16 

Taking into account the different diffraction conditions 

for Figs. 4a and Sa, the pseudo-Kossel lines from the GaAs substrate 

are in general broaden than those from the epitaxial GaAs. Line 

broadening in the GaAs substrate sample was found to be anisotropic. 

The effect was particularly pronounced for the {224} reflections as 

shown by photometric tracings. 

For the (111) GaAs substrates, we found no characteristic 

difference between the pseudo-Kossel patterns obtained from the 

(lll)A surface and that from the (lll)B surface, even though different 

chemical polishes were used on these two surfaces. Similar results 

were found for chemically polished (lll)A and (lll)B surfaces of InP. 

In our experiments, we found pseudo-Kossel lines are not sensitive 

to point defects such as inclusions. This result is understandable, 

since pseudo-Kossel line positions are only sensitive to interplanar 

spacings. The influence on interplanar spacing by point defects is 

expected to be much smaller than that produced by dense clusters of 

dislocations. 

Within each diffraction conic from (111) GaAs sample, line 

broadening was found to be irregular. This effect can be seen by 

comparing the line profile traces at different points of . {224} 

ellipse shown in Fig. 5. At point D, CuKal and CuKa2 doublets 

are very sharp. However, relatively broadened doublets are observed 
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at points near E. To elucidate the irregularities in line profiles, 

microdensitometer traces were taken between points D and E, 

separated by 0.5 rom on the film. The results are shown in Fig. 7. 

If the defect density is evenly distributed in the crystal, we would 

expect line-width increases to vary gradually from trace (1) to 

trace (6), where magnification increases due to the Bragg condition. 

However, an irregular broadening effect was found, as is shown 

clearly in Fig. 7. This implies that the dislocation density is 

probably unevenly distributed, since line broadeni:ng effect can be 

caused by interp1anar spacing changes around dislocation line. To 

test for dislocations, the sample surface was etched in a solution 

of 1H
2
N0

3
:2H20. The density of etch pits was found to be higher 

in certain areas than in others, as shown in Fig"! 8. ~For the area 

close to diffraction at point D in Fig. 5, the average dislocation 

density was about 1.3 x 104/cm2 , whereas for diffraction near point 

C , the dislocation density of 1.5 x 105/ cm2was found. It can be 

concluded that pseudo-Kosse1 patterns can be used as a nondestructive 

method for determing the uniformity and distribution of dislocations 

densities in crystalline substrates. 

Conclusion 

The back reflection divergent x-ray beam method appear to be 

a useful method of studying the defect structure of single crystals. 

The method is simple to apply, nondestructive and rapid, and can 

simultaneously provide several important crystallographic features, 

i.e. crystal lattice spacings, surface orientation, lattice imperfections 
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and specimen uniformity. 

In this paper, (111) InP , (111) GaAs substrate and homoepitaxial 

GaAs layer were characterized by divergent x-ray technique. Fully 

indexed (111) InP and (111) GaAs pseudo-Kossel patterns are 

presented. Conditions for the appearance of each (hkl) ellipses on 

the film from (111) InP and (111) GaAs crystals on sample size 

and camera constant are given. Polarity of the surface (A face or 

B face) are found to have no influence on pseudo-Kossel lines as 

long as the surfaces are optically flat. Inhomogeneous surface 

strain due to mechanical polishing work has been observed to increase 

the line width of diffraction conics. Uneven line broadening was shown 

to arise due to an inhomogeneous distribution of dislocations. 

Undulations on pseudo-Kossel lines from GaAs homepitaxial layer 

caused by misorientation ofmoseic grains was found to correlate 

strongly with the surface morphology. 

J • 
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Fig. 3 Stereographic projections for (a) (lll)GaAs arid 
(b) (Ill) InP, showing all {hkl} poles contributing to 
back-reflection pseudo-Kossel patterns. 
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profile at points A,B, and C: (b). 
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Fully' indexed pseudo-Kossel pattern of LPE-grown, 
epitaxial GaAs on a (Ill) GaAs substrate: (a). 
Optical micrograph showing (b) the uniform 
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area, and (c) the area near the edge. 
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solution for 300 s, showing unevenly distributed 
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