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Abstract: 

It is demonstrated that transmission electron microscopy of cross-

section specimens combined with AlxGa1-xAs marker layers can be used to 

monitor MBE growth of GaAs films. A similar method could be used to 

study growth morphology of any other film provided that very small 

mismatch marker layers are available. This technique has potential for 

quantitative assessment of the surface diffusion during thin film depo-

sition. 

1. Introduction: 

Thin epitaxial films of binary and ternary III-V compound semicon-

ductors find increasingly wide application in electronic and optoelec-

tronic devices. These applications range from solar cells, heterojunc-

tion bipolar transistors modulation-doped field effect transistors, to 

opto-electronic devices like heterostructure lasers and photodetectors. 

These devices consist of films with very high concentration gradients 

and therefore require that the films be grown at relatively low tempera-

ture. 
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Two techniques, Molecular Beam Epitaxy (MBE) and Organo-Metallic 

Chemical Vapor Deposition (OMCVD) are especially suitable for growth of 

such heteroepitaxial films. Although these techniques have been used 

for thin film growth for quite some time there is still not sufficient 

understanding of the origin of observed morphologies and their depen-

dence on type of substrate, lattice mismatch between substrate and film, 

substrate surface prepa-ration, temperature, etc. Therefore a technique 

for monitoring the growth front morphology during MBE or OMCVD deposi-

tion will provide important insight into the growth mechanism of the 

films. In this work it is demonstrated how TEM combined with thin MBE 
., ',~~ 

grown AlxGal-xAs marker layers can be used to monitor the GaAs growth 

front during MBE deposition. Examples are provided of growth of GaAs on 

Ge (small lattice mismatch -0.1%) and GaAs on Si (large lattice mismatch 

"-0.4%) substrates. The convenient marker layers can be ternary AlxGal-

xAs alloy or pure AlAs both of which have a very small lattice mismatch 

with GaAs «~.04%). 

2. Experimental Procedures: 

The GaAs, AlxGal-xAs layers were grown by MBE on (100) 2° [OllJ Ge, 

(100) Si and (100) 2° [OllJ Si substrates. Details of substrate surface 

preparation prior to MBE deposition and deposition conditions are 

described elsewhere [1,2J. The thicknesses, and compositions of layers 

and order of their deposition are shown in Fig. 1. Cross-sections with 

<011> oriented surfaces for TEM observations were prepared as previously 

described for cross-sections of Si02 films on Si [3J. The observations 

were performed in a Philips 301 (operating at 100 kV) and a JEOL 200 CX 

(operating at 200 kV and equipped with a high resolution~Cs 1.2 mm 
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pole piece) e1ectron microscopes. 

1. Experimental Results: 

The growth of GaAs on Ge has been reported earlier to result in the 

growth of pyramides [4,5]. Figure ~ shows a low magnification bright 

field image of a cross-section of a GaAs/AlxGe1-xAs, film grown on a 

(100) 2° [011] oriented Ge substrate. The morphology of the growth 

front at the top of the first layer, as revealed by the interface 

between GaAs and the AlAs marker layer is not planar. It undulates with 

a period of 0.2-0.25 ~m and an amplitude of 10-15 nm. Apparently, the 

interface consists of pyramids with facets approximately normal to the 

<116> directions. Figure 3 which is from a different area of the same 

specimen shows in greater detail defect contrast that most probably 

corresponds to antiphase domains near the Ge/GaAs .interface. Interest-

ingly, the valleys between pyramids is associated with the presence of 

these defects in the vicinity of the GaAs/Ge interface. An additional 

interesting feature of these MBE layers is revealed in Fig. 4 which 

shows a reduction of the undulation of the growth front at a distance of 

2 ~m above the first AlAs layer. This is illustrated by straight layers 

of 40-period (10.0 nm AlO.25GaO.75As/15.0 nm GaAs) superlattice. The 

high resolution image in Fig. 5 illustrates the good match of lattice 

planes across the marker layers and GaAs. 

In contrast, the growth of GaAsl AlxGa1-xAs layers on (100) Si 

resulted in the hill and valley surface morphology indicated by arrows 

in Fig. 6. It was observed that some of the defects, most probably 

dislocations, that propagated from the SilGaAs interface, terminated at 

valleys on the surface. High resolution TEM observations (Fig. 7 and 
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Fig. 8) suggest that dislocations can be formed at the intersections of 

stacking faults and microtwins originating at the substrate/GaAs inter

face as well as directly at the interface due to the mismatch. Propaga

tion of the defects into the growing layers affects the flatness of the 

growth front. By alternately depositing layers of GaAs and AlxGal-xAs 

as a superlattice it was possible to monitor morphology of the growth 

front for increasing thickness of the GaAs film. This is demonstrated 

for GaAs grown on (100) 2 0 [OllJ Si substrate in Fig. 9. Growth of this 

superlattice was initiated a distance of 0.125 ~m away from the Si/GaAs 

interface. The waviness associated with the presence of defects indi

cates that atoms from the molecular beam arriving at the surface can 

diffuse considerable distances to the growth site along the advancing 

growth front. 

Work is now in progress to determine the exact nature of the 

observed defects, their origin, and the detailed mechanism of their pro

pagation. 

Conclusions: 

Transmission electron microscopy of cross-sectional specimens com

bined with AlxGal-xAs marker layers will be a very useful technique for 

determining the MBE growth mechanism, the origin of defects and their 

influence of the morphology of GaAs films. In addition the technique 

could provide quantitative information about the rate of surface diffu

sion during MBE growth at different growth temperatures. By analogy the 

epitaxial growth of any other thin film could be studied in a similar 

fashion provided that very small mismatch marker layers are available. 
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Figure Captions: 

1. Schematic of thicknesses and compositions of the MBE grow,n films. 

2. A low magnification bright field image of the cross-section of 

GaAs/AlxGal-xAs layers grown on (100) 2° [OllJ Ge. 

3. A higher magnification bright field image of a different area (the 

same specimen) showing undulation of growth front as indicated by 

GaAs/AlAs interface. 

-4. A fragment of 40 period superlattice 2 ~m away showing reduction in 

undulation amplitude. 

5. A high resolution image of GaAs/AlxGal-xAs superlattice. 

6. A low magnification image of GaAs film grown on (100)Si substrate. 

7. A high resolution image of defects near CaAs/Si interface. 

8. A high resolution image of defects near GaAs/Si interface (a dif

ferent area of the same specimen). 

9. A low magnification bright field image 

grown on (100)2°[011J Si substrate. 

of GaAs/AlxGal-xAs layers 

Notice undulation of the 

growth front near GaAs/Si interface where density of defects is the 

highest. 
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a 

500 A AI.2SGa.7sAs 

40 x (150A GaAs/100A AI.2SGa.7sAs) 

2 ~m GaAs 

500 A AlAs 

0.1 ~m GaAs increased growth rate 

250 A GaAs slow 'growth 

(100)2° [0111 Ge Substrate 

b 

500 A AI.2SGa.7sAs 

2.0 ~m GaAs 

0.1 ~m GaAs increased growth rate 

250 A GaAs slow growth 

(100) Si substrate 

'-

c 

50 A GaAs (SI) 

350 A AI.3Ga.7As (Si) 

30 A AI.3Ga.7As 

2.0 ~m GaAs 

75 X (50 A AI.2SGa.72As/50A GaAs) 

0.1 ~m GaAs increased growth rate 

250 A GaAs slow growth 

(100)2° [0111 Si Substrate 

....:J 
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Fig. 5 XBB 840-8826 
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