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Characterization of GaAs/AlAs
by High Resolution Transmission

l. Introduction
t^lith the aim of developing quantum effect

devices such as resonant hot electron

pai d to extremely
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Interface Structure

Electron Microscopy
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One way of studying the position of an

interface 'is to use <100> direct'ion lattice
. 5-7'images. " However, <1 10> projection i s

widest lattice-spac'ing in the <100> direction,
i.e. dZ0O=2,83A for GaAs, is shorter than that
in the <110> direction, i.e. dt.tt=3.3A for
GaAs. Thi s makes the observation of the
lattice-images in the <110> direction easier
than that in the <100> direction.

Herer we describe one means of
determining the atomic configuration at the
GaAs/AlAs i nterface and its atomic step

structure by usi ng <1 I0> di recti on TEM 'images.

By comparing the TEM 'images and computer-

simulation images we can show that the
brightness variation at the interface in the

lattice image is a good indicator of the

interface position.

2. Experiment

GaAs/AlAs SLs with 9-by-9 atomic 1 ayers

were grown for 60 periods on (001 )-oriented
GaAs substrates by convent'ional molecular beam

epitaxy (MBE) at substrate temperatures of
500'C (sample A) and 700"C (samp'le B).
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By comparing Transrnission Electron M'icroscopy (TEM) images and computer-
simulation images, w€ have shown that the brightness variation at the
interface of a lattice image is a good indicator of the atomic configuration
and atomic step structure at the GaAs/AlRs interface, 0n the bas'is of the
obtai ned resul ts, the growth temperature dependence of the 'i nterfaci al
configuration was studied. The he'ight and dens'ity of the atomic step in a

sample grown at 500"C are a monolayer (2.8 A) for each length longer than 100
A, while they are one or two monolayers (5.6 A) for each length less than 30 A

for a sample grown at 700"C.
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configurat'ion is of great

as the interface influences the

and el ectroni c propert'ies of
structures.

High-resolution transmission electron
microscopy (HRTEM) is employed extensively in
such investigations. Usua11y, the interface is
studied by observing a cross section of the

sample, with the electron beam parallel to
the <110> direction.3-7 The pos'ition of the
'interface on a mi crograph i s deduced f rom the

difference in the background intensity of the

i ndicator of the pos'ition of the

SC/SC i nterf ace or i ts atomi c conf i gurat'ion. 5-7
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The preparation of the samples prior to
TtM is essentially the same as that used by

Lidbury et al.B The TEM apparatus used is an

Akashi EM-002B operat'ing at 200 kV with a

spherical aberration coefficient of 0.4 mm and

a chromatic aberration coefficient of 0.8 mm.

The Sherzer defocus9 i s about -380 A and the
po'int-to-poi nt resol uti on power about 1 .8 A.

3, Results and Discuss'ion

3.1 Lattice imaqes

Figure I shows a cross-section TEM

lattice image of a GaAs/AlAs superlattice
grown at 700"C. The growth direction is from

bottom to top, as indicated in the figure.
Th'is image was taken at a defocus of about

300 A under [1T0] axial illumination. The

thickness of the TEM sample is less at the

bottom than at the top.
In Figure 1 one white dot corresponds to

one molecule of GaAs or AlAs due to a lack in
the resolution (the projected distance between

Ga and As, or Al and As is 1.4 A wh'ile the TEM

resolution is 1.8 A).

bJe can use the background intensity to
distinguish between the GaAs and AlAs layers

-- black for GaAs and white for AlAr.3-6 The

difference in the background intens'ity in GaAs

and AlAs closely depends on the sample

th'ickness. Contrast i s intensif ied at some

appropri ate thi cknesses as i s cl early shown 'in

region B of Figure l. However, it i s

di ffi cul t to accurately determi ne the
'interf aci al atomi c conf i gurati on f rom the

background i ntens'ity. Therefore, we

concentrated on the amays formed at the

interfaces by the brightest spots, indicated
by the arrows in Figure'l .

clearly 'in regions A and C, but not in reg'ion B.

(3) They form an array correspond'ing to one

monolayer. Doubf ing of arrays is sometimes

observed, together with a stepped interfacial
confi gurati on.

To c1arify the origin of the brighter
spots and determ'ine the atorri c conf i gurati on

at the i nterface we had to use computer

cal cul ati on.

3.2 Computer simulation images

We ran a computer simulation of the HRTEM

latt'ice image using Cowley-l4oodie multisl'ice
methodsl 

0' 1 1 
wi th the parameters I i sted i n

Tabl e 1 , us'i ng FACOM VP-200 and VP-400

supercomputers. A superlatt'ice is composed of
an alternat'ing stack of nine GaAs monolayers

and n'ine AlAs monolayers with an atomic step

structure on one side of the two interfaces. A

large unit cell was constructed. It included

18 monolayers in the [001 ] direct'ion (growth

direction), 30 monolayers in the [110]
d'irection, and two monolayers in the [1T0]
direction (electron beam direction).

Figure 2 shows the through-focus images

of the simulated lattice images of the 64 A-

th'ick GaAs/AlAs superlattices, together with
the actual lattice arrangement. The defocuses

are (a) -300 A, (b) -380 A, (c) -460 A, and

(d) -540 A. A monolayer step is situated at
the interface of the lower side of the AlAs

layers (1ower interface).
Figure 3 shows the thickness dependence

of the simulated lattice images for a defocus

of -460 A. The th'icknesses are (a) 40 A, (b)

80 A, (c) 120 A, (d) 160 A, and (e) 200 A. A

monolayer step is at the interface of top side

in AlAs layers (top interface).
The dependence of the background

'intensity on the sample thickness is clearly
shown in Figure 3. Thi s dependence

corresponds to the changes of the (0 J/18 0)

J=*1 , *3, *5, """, satelIite-reflect'ion
i nt"nri tr.3' 

- 12 From thi s resul t, we

The bright spots

featu res.
(1 ) They appear on one

AlAs/GaAs and GaAs/AlAs

(?) The clarity of the

thickness of the sample.

have the fol lowi ng

side only of the two

i nterfaces.
spots depends on the

They can be observed
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estimate the thickness of the TEM sample to
be about 100 to 150A at region B of Figure'l .

For the arrays of bright spots at the
interfaces, our computer simulation revealed:
(1) They belong to the AlAs layer rather than
the GaAs 1ayer. The asymmetric appearance on

one side of two interfaces is caused by the
asymmetric alignment of the Al and Ga atoms at
the two interfac.r.5
(2) They are particulary marked when the
sample thickness is between 60 and 80 A at the
Sherzer focus.
(3) They are intensified by under-focusing
about 100 A from the Sherzer focus,
(4) tlle can read the atomic step structure on

the upper interface more easily than that on

the lower interface because the bright spot

amays are a good i nd i cator of the step

structure.
In consequence, it can be said that an

arrays of bright spots in the lattice image is
a good means of accurately obtai ni ng the
pos i ti on of the i nterf ace and the atom'i c

conf i gurat'ion.

4. Growth temperature dependence of the
interfacial configuration in SLs

We stud i ed the d i f ference 'i n the
i nterfac'ial conf i gurat'ion between sampl e A

(grown at 500'C) and B (grown at 700'C), us'ing

TEM as shown i n Figures a(a) and ( b),
respectively. The th'ickness of these samples

is about 60 to 100 A, as estimated from the
background intensity of the GaAs and AlAs
'layers and from the appearance of the bright
spots.

For the SL grown at 500oC, the arrays of
bright spots corresponding to one monolayer is
observed over a range w'ider than 100 A along

Table 1, Values of
computer simulations.

Accelerating voltages
Latti ce parameter
Slice thickness
Numbers of beams
Divergence angle
Spherical aberration
Chromatic aberration

parameters used 'in the

coeffi ci ent
constant

-c,+r
3(J
t-
(5

Fi g.
of

(o)€00 A (d-380 A (c)-460 A (d)-s40 A

Fig. 2. Through-focus images of
lattice images of the 64 A-thick
superl atti ces, and the actual
arrangement.

1. A cross-sectional IEM lattice image
the GaAs/Rtns superlattice grown at 700o4.
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GaAs/AlAs

I atti ce

the interface, as shown in Figure

this, w€ can estimate that the
density of the atomic steps are one

(2.8 A) for each length longer than
(o) 40 A (b) B0 A

Fig. 3. Thickness
lattice images for

(c) 120 A (d) 1604 (e) 200 A

dependence of the simulated
a defocus of -460 A.

a(a). From

height and

monol ayer

100 A.

and density
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are one or two monolayers (5.6 A) for each

length less than 30 A for the SL grov/n at
700"C, because tire s i ng 1 e array of bri ght

spots extends for oniy 30 A and many doubling

arrays are observed. A possible reason for
the doubling of arrays is that some arrays at

different positions on the interface overlap

when observed along the [1T0] direction. This

is caused by the dominant step distance being

shorter than the sample thickness, which

allows overlapping to occur.

We can, therefore, find out directly that
the sample grown at 500"C has an interface
with fewer steps than that grown at 700"C.

5. Conclus'ion

t,.Je have studied a means of determining

the atomi c conf i gurat'ion at the GaAs/Al As

interface and its atomic step structure by

us'ing <ll0> direct'ion TEM images. An arrays

of the bright spots in the TEM lattice image

is used as an indicator of the interfacial
configurat'ion. We can estimate the height and

densi ty of the atomi c steps to be one

monolayer (2.8 A) for each length longer than

100 A for a superlattice grown at 500"C, one

or two monolayers (5.6 A) for each 'length less

than 30 A for one grown at 700"C.

Acknowl edgments

We would like to thank Dr. S. Horiuchi of

the Nat'ional I nsti tute for Research 'i n

inorganic Materials for his advice on the

treatment of the super'l atti ce un'i t-cel I i n the

computer simulation, 0. Ueda and N. Shimizu

for techn i cal cooperati on i n the TEM

observation, and I. Umebu and Dr. 0. 0htsuki

for their valuable advice.

Thi s work was performed under the

management of the R & D Association for Future

Electron Dev'ices as a part of the R & D

Project of Basic Technology for Future

Industries sponsored by AgencY of

Science and TechnologV, MITI.

Fig. 4. Growth temperature dependence of the
'i nterf ac i al conf i gurati on i n GaAs/Al As

superlattices. (a) 500oC, (b) 700oC.
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