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Abstract. Surface acoustic wave (SAW) propagation patterns along different crystallographic 

orientations of CdZnTe surface are measured. Rayleigh and pseudo-surface waves are detected. 

Group velocity of the waves is determined for the set of crystallographic surface orientations 

and propagation directions. It is shown that CdTe elasticity tensor can be successfully used for 

SAW modelling at a low (~5%) Zn concentration in CdZnTe plates. The modelling allows for 

determining of local crystallographic surface orientation. Strong scattering of SAW by twin 

boundary is revealed. 

1.  Introduction 
The majority of extended defects in II-VI compound semiconductors are characterized by considerable 

local disorder. Therefore a detailed study of extended defects requires methods that provide 

information on both local structure distortions and modifications of the electronic subsystem to which 

these distortions lead. 

Conventional methods of optical spectroscopy are usually successful only with the second part of 

this task, but are inefficient in terms of crystal structure analysis, in particular for the assessment of 

local changes in the crystallographic orientation. The use of contactless optical methods could be 

promising to overcome these limitations: the anisotropy of the surface acoustic waves (SAW) 

propagation can be used to determine the local crystallographic orientation and reveal local lattice 

distortions [1]. This approach coupled with the conventional methods of optical spectroscopy is 

promising for combined studies of the local crystal structure, the electronic spectrum and dynamic 

processes in the electronic subsystem with a spatial resolution of about 1 µm. 

The main goal of this work is to study SAW propagation anisotropy along the low symmetry cuts 

of Cd(Zn)Te single crystals as well as SAW propagation through and scattering by twin boundaries. 

2.  Experiment 
The experiments were performed on Cd0.95Zn0.05Te plates cut from a bulk crystal grown by vertical 

directed crystallization using the Bridgman method. Three of the selected plates were single crystals 

with the crystallographic orientation of cuts being (1 1 1), (2 1 1) (1 4 0), respectively. One of the 

selected plates contained a twin boundary )111(  separating two crystallites with the crystallographic 

orientation of cuts (1 1 1) and )511( , see Figure 2. Crystallographic orientation of the plates was 

verified using X-ray diffraction analysis. To enhance the efficiency of SAW optical excitation Au 

films with a thickness of 50 nm were thermally deposited on the surface of each plate. SAW was 

excited by the frequency-doubled radiation of a mode-locked Ti: sapphire laser generating a periodic 
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train of 160-fs-long light pulses with the pulse energy of 0.1 nJ at a repetition rate of 76 MHz. Second 

harmonic generation was used to provide central wave length of 400 nm. The excitation laser beam is 

focused into a 1.5 µm spot on the sample surface using a 6-mm-focus micro-objective located in front 

of the sample surface so that the surface is near its focal plane. The minor (10
−6

 ÷ 10
−3

) changes in the 

amplitude and in the phase of the first-harmonic pulse of the same laser beam (λ=  800 nm), which 

was reflected by the sample under investigation, were detected with a Sagnac interferometer [2]. In 

this interferometer type, the laser pulse is split into two beams: the reference beam and the probe beam 

propagating along the same axis. The pulse from the reference beam reaches the specimen before the 

pulse from the probe beam does. The typical time delay of ∆T~500 ps between the reference and the 

probe pulses ensures registration of SAW with frequencies of up to ~1.5 GHz. The interference of the 

reference and the probe pulses at the detector generates signals proportional to the phase difference 

δφ= φ(τ)−φ(τ−∆T), as well as to the sum of relative changes in the modulus δR(τ)/R+δR(τ−∆T)/R of 

the reflection coefficient at times τ (delay time of probe pulse with respect to the excitation pulse) and 

τ−∆T. The sensitivity was ~1 µrad for the phase and ~10
−6

 for the amplitude of the reflection 

coefficient, respectively; the spatial resolution was ~1 µm, and the time resolution was <1 ps. To study 

the spatial distribution of the elastic wave field (SAW pattern), the surface of the specimen was 

scanned with probe beam spot. The experimental setup made it possible to vary the time delay τ 

between the exciting and probing pulses within an interval of 0 to 4 ns. 

3.  Discussion 

Figure 1 shows spatial distribution of the elastic wave field measured for SAW propagating along 

(1 1 1), (2 1 1), (1 4 0) and )511(  CdZnTe cuts. As it follows from the crystal structure (1 1 1) 

surface has the highest symmetry among others (axis of symmetry of the third order). The measured 

SAW pattern reveals the set of repeated concentric shapes corresponding to the sequence of the 

excitation pulses. Symmetry of each shape is governed by the crystallographic symmetry of the 

corresponding sample surface. In particular, each shape in Figure 3a is characterized by the third order 

axial symmetry. At the same time different type of shapes can be clearly resolved. Similar to some 

previous studies [3], calculations of phase and group velocities as well as the vector describing the 

energy flow have been performed to assign these shapes with the definite type of SAW.  

a)  b)  

c)  d)  

Figure 1.  SAW patterns for (111), (211), (140) and )511(  surfaces of CdZnTe. Probe pulse are 

delayed relative to the pump by 3.8 ns (a,d) and by 0 ns (b,c). 

Despite the fact that the orientation of a plate surface was known in advance, to reproduce SAW 

pattern we determined the crystallographic orientation using calculations in the framework of elasticity 



theory. In each case we selected rotational transform of CdZnTe elasticity tensor ensuring the best fit 

of the experimental data. From our analysis it follows that pure CdTe elasticity tensor [4] can be 

successfully used to fit SAW pattern at low (~5%) Zn concentration in CdZnTe plates. Note a good 

agreement of the calculations with the experimental data, as listed in Table 1. 

 

Table 1. SAW propagation velocity, µm /ns. 

Cut surface 
SAW propagation 

direction 

Experiment Calculations 

VR VPSAW VR VPSAW 

( )111  ]011[  1.12 1.71 1.152 1.72 

( )211  ]110[  1.14 1.48 1.158 1.60 

( )140  ]100[  1.41 1.47 1.42 1.49 

( )511  ]101[  - 1.50 1.16 1.50 

( )511  ]105[  1.33 1.69 1.31 1.71 

 

In Figure 1a the inner ring corresponds to the skimming bulk L-wave, internal hexagon is a front of 

Rayleigh wave while star-shape external structure corresponds to the pseudo-surface wave with the 

phase velocity exceeding the velocity of a slow bulk quasi transversal mode. Similar measurements as 

well as the analysis of SAW propagation pattern were carried out for the plates with (211) and (140) 

surfaces (see Figure 1b and Figure 1c, respectively). As one can see, SAW pattern for (211) surface 

has second order axial symmetry while SAW propagating along (140) surface has no rotational 

symmetry but exhibits mirror symmetry in )100(  plane. Group velocity of Rayleigh waves remains 

approximately constant along [ ]014  direction (1.25 µm/ns). At the same time, group velocity of the 

pseudo surface wave changes from 1.70 µm/ns to 1.74 µm/ns in the bottom and top part of Figure 1c, 

respectively. 

As one can see from Figure 2, twin ( )111  boundary transforms high symmetry (111) surface into 

the low-symmetry one with ( )511  crystallographic orientation. For the latter case SAW pattern 

(Figure 1d) is similar to that for )100(  direction as the angle between ( )511  and )100(  planes is 

close to 16º. However, the lowering of symmetry (from the fourth to second order) is clearly seen. 

Thus, by comparing the experimental and calculated pattern of SAW it is possible to determine the 

local orientation of crystal surfaces. 

]511[  [111] 

]111[

 

109.5° 

70.5° 

Sample surface 

Twin  
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Figure 1.  Crystallographic scheme of CdZnTe plate with twin boundary. 

 

Figure 3 shows SAW patterns obtained near ( )111  twin boundary. In case of Figure 3a excitation 

spot is located at the distance of 10 µm from the visible twin boundary on the (111) sample surface.  

From Figure 3a it is clearly seen that the wave front breaks when SAW crossing the twin boundary. 

The wave front breaking is accompanied by the formation of pseudo-surface waves. The elastic field 

amplitude in the area corresponding to ( )511  surface is significantly smaller than for the region 

corresponding to (111) surface but at a normal to the boundary, and at an angles of ±22º to the normal 

three intense beam can be clearly resolved. 



Figure 3b shows SAW pattern obtained when the excitation spot was shifted on ( )511  surface at a 

distance of 50 µm from the twin boundary. Similar to Figure 3a the amplitude of SAW decreases 

drastically when it passes through the twin boundary. Formation of the reflected wave can be clearly 

resolved as well. Thus, physical mechanisms of SAW scattering by the twin boundary are qualitatively 

the same for both patterns in Figure 3. 

Detailed interpretation of SAW patterns in Figures 3a,b requires more careful modelling. The 

reduction of SAW amplitude observed in Figure 3 is apparently due to a conversion of the surface 

waves into the bulk and/or interface modes propagating along the twin boundary. The calculations that 

allow one to answer the question about the existence of interface modes near a twin boundary are 

carried out at present. 

a)  b)  

Figure 3.  SAW patterns recorded near ( )111  twin boundary (marked by light lines). a) excitation 

spot is located at the distance of 10 µm from the visible twin boundary on the (111) sample surface. 

b) excitation spot is located at the distance of 50 µm from the twin boundary on ( )511  sample 

surface. The delay between the pump and the probe pulses is equal to 3.8 ns for both figures. White 

arrows indicate reflected waves. 

4.  Conclusions 
Thus, it is shown that the analysis of SAW propagation enables determination of local crystallographic 

orientation of CdZnTe surfaces as well as visualizes planar defects which this surface intersects. 

Meanwhile, the defects can be obscured from the standard microscopic analysis of the surface. A 

strong scattering of SAW by twin boundary is revealed. 
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