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Abstract 
 
  SrBi2Ta2O9 (SBT) /SiO2/n-Si stacked structures have been characterized by 
photoreflectance spectroscopy (PRS).  The spectrum near E1 critical point energy is 
enhanced by deposition of SBT film.  Annealing effect of the spectral intensity corresponds 
to that of (115) peak in XRD pattern of SBT film.  Moreover, the PRS intensity increases 
when SBT film is poled by negative voltage.  These spectral changes depend on the Si 
surface potential increase induced by remanent polarizations in the SBT film.  The Si 
surface potential increase is 0.05 eV for –3 V poling.  Critical point energy was estimated by 
peak positions of the PRS and large tensile stress is increased by the poling.  It has been 
found that the spectral intensity closely corresponds to the ferroelectricity of the SBT film. 
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1. Introduction 
 

Metal - ferroelectric - insulator - semiconductor (MFIS) FET nonvolatile memory has 
attracted much attention, as non-destructive read-out is possible and a scaling law is 
acceptable.  SrBi2Ta2O9 (SBT) is famous for its excellent fatigue endurance among 
ferroelectric materials [1].  However, MFIS-FET is not in practical use because of difficulty 
in forming ferroelectric film directly on a gate oxide film.  It is required to acquire the good 
controllability of Si surface potential and stress.  Photoreflectance Spectroscopy (PRS) is a 
photo-modulated reflectance spectroscopy and useful for in-situ characterization of 
semiconductor.  It is very sensitive to energy band structure at surface and interface between 
thin film and substrate because the penetration depth of the probe light is about 10 nm in the 
case of spectral range for the E1 critical point (3 - 4 eV) in Si [2].  Moreover intensity of the 
spectrum relates to potential of semiconductor surface, relating to traps, stress or damage [3]. 

In this work, the interface of MFIS structure has been characterized through optical 
property of Si evaluated by PRS. 



 
 
2. Theoretical Analysis 
 

When the modulation light irradiates the Si surface, photo-carrier generation occurs, and 
gives surface potential of Si inappreciable change.  Dielectric function is modulated by this 
perturbation of the surface field, and this change is sharply reflected to optical property 
around band edge.  According to the third derivative theory by Aspnes [4], the modulation 
reflectance spectrum at a low electric field region is expressed as a function of photon energy 
E (=hν) by the following equation, 
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where C and θ are amplitude and phase factors, respectively, and the critical point energy 
(Eg) and broadening factor (Γ) determining the energy position and peak width of the 
spectrum, respectively.  The n value is number dependent of dimensionality of band edge, 
such as 3 for the E1 (Λ3 - Λ1) critical point. 

The intensity of PRS spectrum is expressed as a function of Si surface potential Ψs by 
following equation, [3] 
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where A is a constant and Pm is power intensity of modulation light power, respectively.   
 
 
3. Experimental Procedures 
 

Si wafers (n-type, resistivity ~0.01 Ωcm) were cleaned and dipped into dilute HF.  Then, 
to grow SiO2 film, they were baked in oxygen atmosphere.  SBT films were deposited by 
the sol-gel method.  A precursor solution was spin-coated on the SiO2/Si substrate, pre-
baked for 30 minutes at 400 degree C in the air and post-baked at 500~1000 degree C in 
oxygen atmosphere. 

Optical and structural properties of the samples were characterized by PRS, ellipsometry 
and XRD.  For PRS measurement, the reflectance and its small reflectance change 
modulated by laser irradiation (Ar ion laser, wavelength 488 nm, power 0.2~1.0 W) were 
measured in the spectral range from 3.2 to 3.7 eV.  All PRS measurements were carried out 
at room temperature (~300 K) in the air. 
 
 
4. Results and Discussion 
 

Figure 1 shows PRS spectra of SiO2/Si and SBT/SiO2/Si stacked structures.  It is found 
that E1 critical point peak around 3.4 eV is enhanced by deposition of SBT film.  Figure 2 
shows XRD patterns of SBT film post-annealed at 600~900 degree C in O2 atmosphere for 
10 minutes.  SBT (115) peak is well found above 700 degree C.  Figure 3 shows E1 peak 
intensity of PRS spectrum and the intensity of (115) XRD peak as a function of annealing 
temperature.  It is considered that PRS spectral intensity increases with the ferroelectricity 
of SBT film. 

The SBT film was poled by DC voltage (-3~3V).  Figure 4 shows the PRS spectral 
intensity and E1 peak energy estimated by peak positions as a function of applied poling 
voltage.  If negative voltage is applied, Si surface potential is enlarged by remanent 



polarization in SBT layer so that PRS spectral intensity increases as shown by Eq. (2).  The 
negative shift of E1 energy with poling means increase of tensile stress.  The poling at -3 V 
induces tensile stress of ~ 40 MPa.  The intensity of PRS depends on modulation laser 
power.  The Si surface potential can be estimated by comparing the experimental data with 
theoretical curve of Eq. (2).  The Si surface potential linearly increases with increasing 
negative poling voltage as shown in Fig. 5.  The potential increase is 0.05 eV about -3 V 
poling.   
 
 
5. Conclusions 
 
  The PRS spectrum near E1 critical point peak is clearly observed by deposition of SBT 
film.  It is considered that Si surface potential is upraised by remanent polarization in SBT.  
The PRS spectral intensity is closely related to SBT (115) peak intensity in XRD pattern.  
PRS spectral intensity linearly increases with negative poling voltage because Si surface 
potential is enlarged by remanent polarization in SBT.   
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Fig. 1. PRS spectra of SiO2/Si and SBT/SiO2/Si structures. 

 
Fig. 2. XRD patterns of SBT/SiO2/Si structure annealed at different temperatures.  SBT thin 

films were deposited by sol-gel method in O2 for 10 min. 



 

 
Fig. 3. Spectral intensity of PRS and intensity of XRD (115) peak as a function of annealing 

temperature.

 
Fig. 4. Spectral intensity and E1 peak energy of PRS as a function of poling voltage. 

 



 
Fig. 5. Si surface potential obtained from PRS spectra as a function of poling voltage. 

 


