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We employ the spectroscopic ellipsometry technique to study the optical properties in Ge 2Sb2Te 5/Si superlattice-like thin 

films because of the potential use in optical storage. In the reflectivity measurements on the amorphous state, it is found that 

the reflection spectra could be substantially modified by changing the film thickness, the polarized direction of the light and 

the incident angle θ, respectively. It is believed that more Ge atoms in ultrathin films are tetrahedrally coordinated instead  of 

the defective octahedral-like sites and brings about the evolution of the optical reflectivity. The isotrop ic resonant bonding 

environment in the crystallization state is  also observed by the reflection spectra. 
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1. Introduction 

 

Ge2Sb2Te5 (GST) is a popular reversible phase-change 

compound, as it widely used in optical storage (DVDs) 

and also in electrical phase-change memory devices [1]. 

The basic concept of the reversible phase-change memory  

is based on the rapid reversible phase change between 

amorphous and crystalline states induced by Joule heating 

[2]. There is a huge deference in the resistivity between 

the amorphous state and the crystalline state for GST, this  

difference is attributed to a significant change in bonding 

between the two phases [3-4]. The amorphous phase is that 

expected of a covalent semiconductor, Ge atoms generally  

prefer to be sp
3
 hybridized and tetrahedrally coordinated 

when forming covalent bonds with its neighbors [5]. In  

spite of this, resonant bonds are partially preserved in the 

amorphous phase, as is evidenced by the existence of 

so-called defective octahedral sites [6]. In the crystalline 

state, crystalline phase is strongly enhanced by resonant 

bonding effect, each atom is bonded to its first nearest 

neighbors [7]. Covalent (tetrahedral and/or pyramidal) 

configurations characteristic of the amorphous phase and 

resonant configurations characteristic of the crystalline  

phase [8]. 

It has been demonstrated that when the thickness of 

phase change film decreases, size effects will play an  

important role  in the crystallizat ion temperature, 

crystallization speed and other parameters of the material 

[9]. Yu et  al. has indicated the drastic effect of film 

thickness on the local order of Ge sites in amorphous 

GeTe u ltrathin film, more Ge atoms in  ultrathin films are 

tetrahedrally coordinated instead of the defective 

octahedral-like sites [10]. Although such macroscopic 

properties of phase change have been widely investigated, 

the microscopic structural evolution o f the amorphous 

films is still not clear. Because of the differences between 

the tetrahedral and defective octahedral sites were rather 

small and hard to be detected in the amorphous state [11]. 

Generally, the reflection spectra in the amorphous phase 

could demonstrate pronounced differences between the 

tetrahedral and defective octahedral-like sites [8]. Because 

the optical reflectiv ity is determined by the combination of 

the refractive index and extinction coefficient [12]. 

In this report, we employ the spectroscopic 

ellipsometry technique to study the optical properties in 

GST/Si superlattice-like (SLL) thin films in both 

amorphous and crystallization states. SLL GST materials  

have been widely investigated because it can fulfill the 

requirement for ideal phase-change materials with high  

crystallization speed and thermal stability [13]. In  the SLL 

films, a high interface -to-volume rat io can induce larger 

structure modificat ion because of the surface reactivity 

and chemical affinity [14]. Stress effect in the interface 

will be exacerbated with the decreasing layer thickness 

and result in a considerable interfacial atomic arrangement  

[15-17]. As the result, the optical properties in  the SLL 

films will be changed. It is very important to investigate 

the optical properties because of the potential application  

in optical storage. In the reflection spectra measurements, 

the optical properties and the evolution of atomic bonding 

environment in these samples are discussed. 

 

2. Experimental 

 

The [GST(10nm)/Si(10nm)]10, [GST(8nm)/Si(8nm)]10 

and GST(6nm)/Si(6nm)]10 SLL thin films were sputtered 
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as previous report [17]. Briefly, the GST/Si SLL thin films  

were sputtered on a SiO2/Si(1 0 0) wafer by alternately  

sputtering GST and Si targets using controlled deposition 

cycles at room temperature. The background pressure was 

below 3×10
-5

 Pa and the sputtering pressure was 0.5 Pa. 

Both the sputtering power of GST and Si target were set to 

20 W. The total thickness of the GST/Si SLL films was 

controlled by deposition time. The as -deposited films  

surface was GST and the GST were in  the amorphous 

phase. The amorphous phase and the crystalline state (after 

annealing at 200 °C in air for 5 min) were examined by 

X-ray diffract ion, using Rigaku Dmax-rB diffractometer. 

Optical constant of the prepared SLL films was obtained 

from the analysis of spectroscopic ellipsometry data 

measured using an ellipsometer with an  automatic rotating 

analyzer (VASE, J. A. Woollam Co., Inc.), in the 

wavelength range 600nm-1650nm. All measurements were 

carried out at room temperature. 

 

3. Results and discussions 

 

In order to intuitively understand the chemical 

bonding origin of optical contrast of the three samples, in  

as-deposited state and the crystalline state, spectroscopic 

ellipsometry data were determined. Fig. 1 illustrates the 

schematic view of the experimental setup in the optical 

reflectivity measurement. The s -polarized and p-polarized  

lights were performed in the study. Incident angle θ 

dependence of the reflection strength were also carried  out 

to estimate the chemical bonding evolution. Fig. 2 

illustrates the optical spectra for amorphous [GST 

(10nm)/Si (10nm)]10, [GST (8nm)/Si (8nm)]10 and GST 

(6nm)/Si (6nm)]10 with polarized excitations. In fact, the 

incident angles θ, are 45º, 50º, 55º, 60º and 65º to the 

sample normal are selected in the experiment. However, 

too many curves in  the figure is hard to distinguish it  

clearly fo r readers. As the result, spectra from three angles 

are selected in the figure  and does not affect the data 

analysis. 

 

  
Fig. 1. Schematic of the polarized light and incident 

angle θ dependence of the reflection intensity 

measurements. The s and p indicate the  s-polarized and  

             p-polarized light, respectively 

 

Those visible characters in the spectra should be taken 

into account: 1. film th ickness dependence of the 

reflection spectra; 2. the d ifferent reflect ion spectra for 

s-polarized and p-polarized excitations; 3. the evolution on 

reflection spectra the variation of incident angle θ. Those 

characters enable us to give an unambiguous interpretation 

for optical properties and the bonding environment in the 

amorphous state. 

In Fig. 2, the reflect ion spectra show a single 

absorption peak (the low reflectiv ity reg ion, marked with  

vertical lines). The reflect ion spectra are changed 

substantially with adjusting the layer thickness . Table 1 

illustrates the absorption peak positions in the reflection  

spectra for the three samples. This peak is found gradually  

moved to higher energy with decreasing the layer 

thickness. Generally, this remarkable change belonging to 

the appreciable structural rearrangement  [12].  In  the SLL 

structure, atomic arrangement at the interface is important 

because of the relatively  high coordination number of Ge 

element, which can strengthen of the covalent bonds with 

neighboring atoms [8]. In the amorphous GST, Ge atoms  

can occupy both the fourfold and tetrahedral sites [7]. 

More Ge atoms in ultrathin films tend to tetrahedral 

coordinated rather than the octahedral one, while the latter 

is more similar to its local structure in crystalline phase 

[10]. The layer thickness dependence of the shift in the 

absorption peak positions should be related with the Ge 

bonding environment change. 

 

 
Fig. 2. The reflection spectra of amorphous [GST 

(10nm)/Si (10nm)]10, [GST (8nm)/Si (8nm)]10 and GST 

(6nm)/Si (6nm)]10 with the s-polarized (hollow symbol) 

and p-polarized (solid symbol) excitations. The incident 

angles θ,  are 45º, 55º and 65º to the sample normal are  

               selected in the experiment 

 

The reflection spectra for s-polarized and p-polarized  

excitations are qu ite different as can be seen in Fig. 2.  It  is  

believed that weaker Ge-Te bonds will be broken during  

the displacement of Ge atoms in the structure [18]. The 

displacement of Ge atoms could be enhanced when 

excit ing with p-polarized excitation, as the p-polarized  
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excitation would generate stronger anisotropic 

photo-excited carrier d istribution rather than the 

s-polarized excitation [19]. This in turn brings about the 

evolution of optical reflect ivity. Very small d ifference of 

the peak position between s -polarized and p-polarized  

excitations in GST (6nm)/Si (6nm)]10 could be observed, 

as seen in Table 1. The anisotropic photo-excited carrier 

distribution is easier to be generated in the amorphous 

[GST (6nm)/Si (6nm)]10 because of the enhanced covalent 

bonding environment [20]. 

The evolution of reflection spectra with various 

incident angles, should be related with the electronic 

polarizability and the chemical bonds. In the amorphous 

GST, majority of Ge atoms are  covalent bonded with other 

atoms in tetrahedral or octahedral environment [21,22]. In  

the isotropic resonant bonding environment of the 

crystalline state, each atom is bonded to its first nearest 

neighbors, the absorption properties are not sensitive to the 

excitation d irection of the lights. It is understandable that 

the θ dependence of the position are negligib le s mall when  

excit ing with s-polarized lights  in amorphous [GST 

(10nm)/Si (10nm)]10 (see table 2). And the stronger peak 

shift in amorphous [GST (8nm)/Si (8nm)]10 and GST 

(6nm)/Si (6nm)]10 could be observed. Still, this behavior is  

stronger when exciting with p-polarized excitations. 

 

Table 1. The absorption peak position in the reflection spectra for amorphous [GST (10nm)/Si (10nm)]10, [GST (8nm)/Si (8nm)]10 and 

GST (6nm)/Si (6nm)]10. The s and p indicate the s-polarized and p-polarized excitations, respectively. Δsp indicate the difference of peak 

position between s- and p-polarized excitations 

 

 45° (eV) 55° (eV) 65° (eV) 

s p Δsp s p Δsp s p Δsp 

[GST (10nm)/Si (10nm)]10 0.816 0.821 0.005 0.822 0.834 0.012 0.829 0.856 0.027 

[GST (8nm)/Si (8nm)]10 0.882 0.901 0.019 0.892 0.922 0.03 0.906 0.960 0.054 

GST (6nm)/Si (6nm)]10 1.194 1.191 0.003 1.214 1.213 0.001 1.241 1.240 0.001 

 

Table 2. The evolution of the absorption peak position from 55° to 45° and 65° to 55° in the polarized reflection  

spectra for amorphous [GST (10nm)/Si (10nm)]10, [GST (8nm)/Si (8nm)]10 and GST (6nm)/Si (6nm)]10 

 

 55°-45° (eV)  65°-55° (eV) 

 s p  s p 

[GST (10nm)/Si (10nm)]10 0.006 0.013  0.007 0.022 

[GST (8nm)/Si (8nm)]10 0.01 0.021  0.014 0.038 

GST (6nm)/Si (6nm)]10 0.02 0.022  0.027 0.027 

 

 

Fig. 3. The reflection spectra the crystalline [GST (10nm)/Si (10nm)]10, [GST (8nm)/Si (8nm)]10 and GST (6nm)/Si (6nm)]10 with the 

s-polarized (hollow symbol) and p-polarized (solid symbol) excitations. The three crystalline samples were annealed at 200 °C for 5 min 
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Because of the phase change, large d ifferences could 

be expected in the reflection spectra between amorphous 

and crystalline state. The reflection spectra of crystalline 

[GST (10nm)/Si (10nm)]10, [GST (8nm)/Si (8nm)]10 and 

GST (6nm)/Si (6nm)]10 are illustrated in the Fig. 3. The 

distinct reflection characters between the amorphous and 

the crystalline state can be observed, which has been used 

for the rewritable optical media DVDs [23]. Because of 

the large d ifference of the thermal expansion coefficient  

between GST and Si, considerably large stress will be 

generated and applied to the crystalline GST. The thicker 

the GST layer thickness, the stronger the influence to the 

GST. There is no distinct difference of the reflection  

spectra in the three samples, as can be seen in Fig. 3.  

Resonant interaction is believed dominated in crystalline 

GST. It could be inferred that the Ge isotropic resonant 

bonding nature plays an important on the reflection  

properties, rather than the stress effect. 

 

 

4. Conclusions  

 

The optical properties on Ge2Sb2Te5/Si SLL films are 

investigated by polarized excitations. We found the 

reflection spectra in the amorphous phase show 

pronounced differences in the three samples . Those 

behaviors are believed to be related with the changing of 

Ge bonding environment, this in turn brings about the 

evolution of optical reflect ivity. The Ge2Sb2Te5/Si SLL 

films may have the potential for optical storage 

applications. 
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