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A b s t r a c t  
We have measured far-infrared cyclotron resonance in n-type AlAs in pulsed high magnetic fields up to 150T. At 
a wavelength of l19/~m, a prominent resonance peak was observed at 42T corresponding to the heavy effective 
mass of ~ = 0.47 4-0.01m0 on the ellipsoidal equienergy surface at the X-point. Also observed a shoulder- 
like structure centered at 22T. Assigning it to the light effective mass rn;, the effective masses were determined 
as m~=O.25±O.Olmo and m~=0.88-t-0.06m0. 

The importance of AlAs has been increasing as an 
electronic material for barrier layers in quantum wells, 
superlattices and heterostructures incorporated with 
GaAs. It is well known that AlAs is an indirect semi- 
conductor which has conduction band minima near the 
X-points[l]. However, neither its band parameters nor 
the carrier effective masses have been accurately deter- 
mined, because of the difficulty in growing good quality 
single crystals and of the low carrier mobility. Due to the 
lack of accurate data of the effective masses, only theo- 
retical values [2] or the values obtained from an indirect  
method such as the Faraday rotation[3] have been em- 
ployed for the effective masses in analyses of the GaAs- 
AlAs or GaAs-A1GaAs 2-dimensional electron systems. 

In III-V compounds, there is a possibility that the 
conduction band minina may have a "camel's back stru- 
ture" due to the lack of inversion symmetry[4]. The 
camel's back structure has been actually observed in the 
conduction band minima near the X-point in GAP[5]. 
Bimberg et al. have reported that their experimen- 
tal results of the luminescence spectra in G~0.0sA10.92As 
can be explained only by taking account of the camel's 
back structure[6]. In case of the camel's back struc- 
ture, the effective mass should exhibit an unusual non- 
parabolicity[4,5]. Detailed investigation of the conduc- 
tion band in AlAs is of interest also from such a view- 
point. 

The recent development of the techniques for pro- 
ducing ultra-high magnetic fields has opened up many 
new possibilities in solid state physics[7]. Particularly in 
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the viewpoint of cyclotron resonance, it has extended the 
range of low mobility materials on which we can study 
by means of cyclotron resonance, because the condition 
wet > 1 can easily be satisfied. By using the single-turn 
coil technique, we can apply very high magnetic fields 
up to a few megagauss to samples without destroying 
them[8]. In this paper, we report the first observation 
of the cyclotron resonance in the conduction band of 
n-type AlAs in ultra-high magnetic fields up to 150T 
produced by the single-turn coil technique. 

An epitaxial AlAs thin single crystal was grown on 
semi-insulating GaAs substrates with < 100 > surfaces 
by Horikoshi's group of NTT using the MBE technique. 
The thickness of the epitaxial layer was 5/~m. Si was 
doped to the concentration of 5.0 × 1016cm -3. On top 
of the AlAs layer, an undoped GaAs cap layer of 15nm 
thick was grown for protecting the deliquescent AlAs 
layer. 

The block-diagram of the experimental apparatus 
is shown in Fig. 1. Pulsed high magnetic fields up to 
150T were produced by the single-turn coil technique. 
The fields were produced by supplying short large cur- 
rent pulses of about 2.5MA to thin single turn coils from 
a fast capacitor bank with a storing energy of 100kJ at 
40kV. The pulse duration was about 7ps. The single- 
turn coils were made from copper plates with a thickness 
of 3mm. Both the bore diameter and the length of the 
coils were 10mm. The magnetic field was measured by a 
pick-up coil wound on the samples. The error of the field 
measurement was less than 3% [9]. The cyclotron reso- 
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Fig.1 Block-diagram of the experimental set-up for mea- 
suring cyclotron resonance in ultra-high magnetic fields 
in the megagauss range using the single-turn coil tech- 
nique. 
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nance was measured by using a pulsed H20 laser with a 
wavelength of 119pm, synchronized with the magnetic 
field pulse. The pulse duration of the laser was about 
lOOps. The intensity of the radiation was almost con- 
stant during the magnetic field pulse. As a far-infrared 
detector, we used the extrinsic photoconductivity of Ga- 
doped Ge cooled to liquid He temperatures. The re- 
sponse time of the detector was fast enough to detect 
the cyclotron resonance even in the short pulse fields. 
The magnetic field pulse and the signal from the de- 
tector were recorded by digital recorders[10]. By using 
a liquid flow-type cryostat, temperature of the samples 
was varied in the range between about 4K and room 
temperature. 

Figure 2 shows an example of the recorder traces of 
the field pulse and the transmitted radiation from the 
sample. The resonance absorptions are observed twice 
in one pulse in the rising and falling slopes of the mag- 
netic field. The coincidence of the two traces ensured a 
sufficiently fast response of the detector system and the 
accuracy of the measurement. In Fig. 3, the cyclotron 
resonance spectra at various temperatures for different 
polarizations of the incident radiation. 

A broad but prominent absorption peak of cyclotron 
resonance was observed at 42T for the electron active 
circular polarization a, or linear polarization L. A very 
small absorption was observed for the opposite circu- 
lar polarization ah at the same position. From the res- 
onance field position, the effective mass was obtained 
as 0.47+0.01m0. A shoulder-like structure was also ob- 
served at around 22T in the low field side of the most 
prominent peak. A small abosorption peak at about 6T 
is ascribed to the cyclotron resonance of the GaAs cap 
layer. The position of the resonance peak at 42T did 
not show descernible temperature dependence, but the 
peak intensity had a maximum at about 150K. At room 

Fig.2 Recorder traces of the magnetic field pulse and 
the transmitted radiation by the sample. The tempera- 
ture was 149K. 

temperature, the peak becomes very broad due to the 
decrease of the mobility, whilst at temperatures below 
about 30K, the resonance becomes very weak due to the 
carrier freeze-out. 

The value ofw~v was estimated as 3.1 at 145K, lead- 
ing to a mobility of 7.3 × 102cm2/Vs. When we tilted the 
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Fig.3 Cyclotron resonance absorption spectra in AlAs 
at various temperatures and different incident radia- 
tion polarizations. The wavelength of the radiation was 
l l9pm. 
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angle between the magnetic field and the normal of tl/e 
sample by several degrees, the peak position shifted to a 
lower field. This suggests that the observed peak is due 
to the cyclotron resonance corresponding to the heavier 
mass ~ of the ellipsoidal equienergy surface at the 
X-minima. In order to obtain m~ and m~ separately, we 
need to know the value of roT. Resosnance peaks corre- 
spondi'ng to the lighter mass m 7 have not been observed 
as aseparate peak. However, the shoulder-like structure 
on the lower field side of the main peak is considered to 
be due to the cyclotron resonance corresponding to the 
lighter mass m~. In order to separate the peaks, we 
decomposed the absorption spectra for the a, polariza- 
tion to a sum of Lorentzian curves as shown in Fig. 4. 
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Fig.4 Decomposition of the cylotron resonance absorp- 
tion spectra for cr~ polarization into two Lorentzian reso- 
nance curves. (a) Experimental curve at 145K. (b) Two 
Lorentzian resonance curves for light and heavy effective 
masses, m; and ~ (dashed curves), and their sum 
(solid curve). The assumed parameters are m~=0.25m0, 
~ = 0 . 4 7 m 0 ,  w¢7-(rn;) = 4.2, and w c r ( ~  = 
3.1. (C) The experimental curve after subtracting the 
theoretical curve of the resonance for ~ .  

Subtraction of the resonance curve for ~ yields a 
well-defined peak at around 22T as demonstrated in Fig. 
4(c). On the other hand, the sum of the two Lorentzian 
curves (b) reproduces the experimental curve (a), their 
agreement being excellent. By such an analysis the ef- 
fective mass m7 was obtained as 0.254-0.01mo. 

From these values, the electron effective masses of 
AlAs are determined as m~ = 0.25 5= 0.01m0, and rnT= 
0.884-0.07m0. The effective masses of the electrons re- 
ported in previous papers are listed in Table 1, together 
with the present results. The value of the effective mass 
~ =  0.47mo obtained in the present work is consid- 
erably smaller than the value ~ = 0.55mo reported 
by Maezawa et al.[ll] from the temperature dependence 
of the Shubnikov-de Haas effect, but is cole to the value 

= 0.46mo reported by Rheinl~nder et al. from 
the Farnday rotation experiment[3]. 

It should be noted that the anisotropy factor K = 
rnT/rn ~ of AlAs obtained in the present study is sig- 
nificantly smaller than for GAP[5] which has also con- 
duction band minima near the X-point. This suggests 
that the effect arising from the camel's back structure is 
small. However, more experiments with different pho- 
ton energies are required to clarify the more details of 
the conduction band structure, including the problem 
whether the camel's back sturucture really exists in AlAs 
or not. The photon energy used in the present ex- 
periment 10.4meV is considerably smaller than the LO 
phonon energy in AlAs 50.2meV[12]. Therefore, the po- 
laron pinning effect should be small. 

The present results provide the first data of the di- 
rect measurement of the effective masses and will in- 
crease the accuracy of various arguments concerning the 
quantum wells and superlattices based on the GaAs- 
AlAs system. 
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Table  1 Effect ive masses  in the  conduc t ion  band  of  A l A s  so far  r e p o r t e d  (in un i t s  of  m0) 

Reference rn~ m 7 ~ K = m~/rn~ Method 

Rheinl£nder et al.[3] 0.19 1.1 0.46 5.8 

M~ezawa et al.[ll] 0.554-0.05 

Hess et al.[2] 0.24 1.48 0.60 6.2 

Present results 0.254-0.01 0.885=0.07 0.47 4- 0.01 3.55=0.4 

Faraday rotation 

Shubnikov-de Haas effect 

Theory 

Cyclotron resonance 
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