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Abstract 

This study evaluated minority carrier lifetime in 
FZ-Si affected by Si-IGBT processes. Silicon   
gate-oxidations deteriorated lifetime due to the for-
mation of the interface states between silicon and oxide. 
Therefore, the cross-sectional photo-luminescence imag-
ing shows that the lifetime around trench is lower than 
that of the bulk region. The high temperature thermal 
treatment for the B-base/P-emitter layer activation after 
gate-oxidation improved the interface, thus resulted in 
the recovery of the lifetime. 
 
1. Introduction 

Si insulated gate bipolar transistors (IGBTs) are attrac-
tive for the implementation to large commodity markets [1]. 
Performance improvements in the trench-gate Si-based 
IGBT have been developed on the base of 3D scaling that 
enhances carrier injection [2]. In addition to the 3D scaling, 
the minority carrier lifetime control is an important issue [3], 
for further performance improvement.  

For this purpose, we have evaluated minority carrier 
lifetime in FZ (Floating Zone)-Si affected by the IGBT pro-
cesses, especially gate oxidation, poly-Si deposition and the 
following thermal treatment for the B-base/P-emitter layer 
activation. The evaluations were performed using the pho-
toconductive decay method [4], cross-sectional and conven-
tional plan photo-luminescence (PL) imaging [5]. 
 
2. Experiment 

Samples were fabricated using 3-inch n-type (001) 
FZ-silicon substrates. The trench-gate structure, whose 
width and depth of 3 and 6 µm, were fabricated by a con-
ventional lithography and dry etching process along <110> 
direction. The substrates with and without trench gate struc-
ture after appropriate cleaning including a sacrificial oxida-
tion for the trench structures were oxidized by the wet 
(900°C, 12min, H2O ambient) or dry (1050°C, 16min, O2 
ambient) conditions. Then p-doped poly-Si was deposited to 
fill the gate electrode for some of the trench samples. The 
samples without trench-gate were thermally treated at 
1050℃ for 60min in an N2 ambient to simulate the activa-
tion process for the B-base/P-emitter layers. 

Lifetime was measured by the photoconductivity decay 
method using Sinton CT-120 [4]. The lifetime measurements 
were performed for the silicon with oxide films formed by 
dry/wet oxidations, and for the silicon with surface pas-
sivation by quinhydrone methanol [6] after removing the 

oxide film.   
   Cross-sectional PL imaging was carried out for the sam-
ple with trench-gate. The excitation wavelength of 808 nm, 
whose penetration depth into Si is approximately 10 µm, 
was used so that the surface damage due to the cross-section 
preparation processes did not affect significantly. The filter 
infront of the InGaAs imager was band pass filter (1140± 90 
nm)) to observe band edge PL emission. It is well-known 
that the band edge PL intensity is proportional to the lifetime 
[7]. The cross-sectional sample was formed by Ar+ ion etch-
ing with metal mask.  

For the PL imaging from the surface thorough the oxide 
film was performed with the UV(355 nm) excitation which 
is transparent for SiO2 and quinhydrone passivation with the 
penetration depth into Si of approximately 10 nm. Thus, we 
can evaluate the lifetime close to the interface. The same 
band pass filter and InGaAs imager as for cross-sectional PL 
imaging were also used for the evaluation.  
 
3. Results and Discussion 

 The lifetime measurement results for the samples with 
oxide film formed by dry/wet oxidations and for those with 
quinhydrone methanol passivation after removing the oxide 
films are shown in Fig.1. This figure shows that (1) the life-
times for quinhydrone methanol passivation after oxide film 
removal are higher than those with oxide films, and that (2) 
the lifetime is higher in the order of “dry oxide without 
trench” > “dry oxide with trench” > “wet oxide without 
trench” > “wet oxide with trench”. 
 

 
Fig. 1 Lifetime after oxidation by dry/wet conditions and 

with quinhydrone methanol passivation after remov-
ing the oxide films 
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Fig. 2 Cross sectional PL imaging for the trench structure 

after poly-Si deposition and SEM image 
 
The result (1) indicates that lifetime degradation after gate 
oxidation is not caused by bulk defects, but by the interface 
states between silicon and oxide film. It is also confirmed 
the density of interface states with wet oxide film is larger 
than that with dry oxide film which is verified by the C-V 
measurements. The result (2) shows that the lifetime de-
creased by the trench fabrication, which can be explained by 
the increase of the interface area and the (110) interface 
contribution. 
  

The cross sectional PL image for the trench structure 
with poly-Si gate electrode after dry oxidation and the SEM 
image are shown Fig. 2. As shown in Fig .2, the PL intensity 
around the trench is lower than that of bulk region. It means 
that the lifetime around trench is lower than that of the bulk 
region.  
 
   The PL images from the surface before and after thermal 
treatment for the samples with oxide film formed by dry and 
wet oxidations are shown in Figs. 3 and 4, respectively. 
These figures show that PL intensities after thermal treat-
ment are higher than those before the annealing. This may 
reflect the decrease in the interface states by the thermal 
treatment for the P/B activation simulation. 
 
4. Conclusions 
   We have evaluated minority carrier lifetime in FZ-Si 
affected by the IGBT processes, especially gate oxidation, 
poly-Si deposition and the following thermal treatment for 
the base/emitter activation. Conclusions are as follows. 
1: Silicon gate-oxidations form interface states between sil-
icon and oxide, where the states density by the wet oxidation 
is larger than the dry oxidation. This interface states causes 
in the lifetime degradation in FZ-Si.   
2: A cross-sectional photo-luminescence imaging shows that 
the lifetime around trench is lower than that of the bulk re-
gion.  
3: The high temperature thermal treatment for the 
B-base/P-emitter activation after gate-oxidations improves 
the interface between silicon and oxide. 
We believe this study can contribute to the improvement for 
the trench-gate Si-IGBT fabrication processes. 

 
 

We believe this study can contribute to the improvement 
for the trench-gate Si-IGBT fabrication processes. 
 

  
 
Fig. 3 PL images before and after thermal treatment with 

dry oxidized film. 
 

 
 
Fig. 4 PL images before and after thermal treatment with 

wet oxidized film. 
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