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CHAPTER 8 
------------------------------------------------------------ 

Carrier dynamics in Er-doped 
SiO2 sensitized with Si 
nanocrystals 
------------------------------------------------------------ 

 
Transient induced absorption spectroscopy of Er-doped SiO2 
sensitized with Si nanocrystals is presented in this chapter. 
Ultrafast carrier dynamics from this material presents some 
unique features which were absent in samples which contain 
only Si nanocrystals but are otherwise prepared by the similar 
procedure. This specially concerns the fast, of the order of few 
picosecond, negative transient induced absorption signal 
appearing in the visible probing energy range. This negative 
signal arises most probably due to the hot-carrier emission from 
Si nanocrystals.  
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8.1 Experimentals 
The samples used in this study are ~ 2 μm thick layers containing Si NCs in SiO2 
co-doped with Er3+ ions and are fabricated by a magnetron co-sputtering 
technique. The deposition was followed by annealing in N2 for 30 mins  at 1100 
°C. The two samples further investigated have different concentrations of Er3+ 
ions and Si NCs. This has been obtained by varying the amount of Er2O3 tablets 
and excess Si during the deposition procedure. Sample A: [NC] = 2.1×1018 cm-3, 
[Er3+] = 2.8×1019 cm-3 and dNC = 3 nm. Sample B: [NC] = 4.1×1018 cm-3, [Er3+]  
= 5.8×1019 cm-3 and dNC = 3.5 nm. A similar pump-probe setup as described in 
the previous chapter is used for TIA experiments. Also similar pump pulse 
energy (Epump = 3.65 eV) and probing photon energies from near-IR (Eprobe = 
0.95-1.35 eV) to the visible (Eprobe = 1.6-3.25 eV) range are used. TIA signals 
have been recorded for different time delays between the pump and probe pulse, 
with a maximum of ~ 3.5 ns.  
 
8.2 Results 
8.2.1 Near-infrared probing  
Figure 8.1 shows the TIA spectra (a) and TIA dynamics (b) of sample A for the 
near-IR detection regime. Since the absorption cross section of Er is very low, 
there is almost no absorption by Er3+ ions and the excitation energy is absorbed 
by Si NCs to create free charge carriers which are later monitored with 
absorption of the delayed probe pulse. The TIA amplitude shows a rapid initial 
decrease on a picosecond timescale and later has a long lifetime, not decaying to 
zero within 1 ns time window.  

 
Figure 8.1: TIA spectra (a) and TIA dynamics (b) in the near-IR probing range 
for sample A ([NC] = 2.1×1018 cm-3, [Er3+] = 2.8×1019 cm-3 and dNC = 3 nm) 
with pump energy of Epump = 3.65 eV. 
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A similar behavior is observed for sample B as is shown in Fig 8.2, with slightly 
lower TIA amplitude and where the signal completely vanishes in 1 ns. 
 

 

Figure 8.2: TIA spectra (a) and TIA dynamics in the near-IR probing range for 
sample B ([NC] = 4.1×1018 cm-3, [Er3+] = 5.8×1019 cm-3 and dNC = 3.5 nm) with 
pump energy of Epump = 3.65 eV. 
 

 
8.2.2 Visible probing 
Figure 8.3 shows the TIA spectra (a) and TIA dynamics (b) for sample A in the 
visible probing regime.  
 

 

Figure 8.3: TIA spectra (a) and TIA dynamics (b) in the visible probing range 
for sample A ([NC] = 2.1×1018 cm-3, [Er3+] = 2.8×1019 cm-3 and dNC = 3 nm) 
with pump energy of Epump = 3.65 eV. 

 
The spectra and dynamics are different from those of IR probing. For some 
specific energies a strange trend is seen where the signal decays towards zero for 
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very short delay times, and then recovers in a few picoseconds and subsequently 
does not decay to zero in a 1 ns time window. The dip observed at specific 
wavelengths is not seen for samples without Er3+ ions, prepared by the similar 
technique and having same concentration and sizes of Si NCs [127], and 
therefore must be Er-related. Figure 8.4, shows the TIA spectra (a) and TIA 
dynamics (b) for sample B. A clear difference in comparison to sample A can be 
seen. Here the signal becomes negative for some specific probe energies in the 
time window of a few picoseconds, after which it recovers and does not fully 
decay in 1 ns time delay range. 
 

 
Figure 8.4: TIA spectra (a) and TIA dynamics in the visible probing range for 
sample B ([NC]  = 4.1×1018 cm-3, [Er3+] = 5.8×1019 cm-3 and dNC = 3.5 nm) 
with pump energy of Epump = 3.65 eV. 

 
8.3 Discussion 
In case of IR probing, for both samples, the TIA signal increases towards the 
lower probing energy range. This is consistent with the theoretical description of 
the TIA cross section by the Drude model [128] and semi-empirical sp3d5s* tight-
binding calculations [129], and also experimentally observed for Si NC without 
Er3+ ions [127]. In the visible probing range, for high energy, we observe that the 
TIA signal is not decaying to zero even after 1 ns. Such a behavior has been 
observed before [127] and is assigned to the formation of the self-trapped 
exciton state; when captured in that state carriers can be probed only by photons 
whose energy exceeds a certain threshold. In the present study, we are unable to 
see the threshold of this process. Further experiments are required to confirm and 
explain the observed features. The appearance of a dip/negative signal is 
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something which has not been observed for the sample having only Si NCs. 
Figure 8.5 shows the fitted amplitude of the negative signal which represents the 
spectral dependence of the negative TIA; the difference between the two samples 
might arise from different characteristics, for example different sizes of Si NCs. 
Comparing the current results with those of Ref [130], we note that the negative 
TIA spectra matches the ‘hot PL’ spectra from Si NCs observed in that study. At 
this point we can only speculate that Er3+ ions somehow facilitate the ‘hot PL’ 
which appears in TIA spectroscopy and is responsible of the observed negative 
signal. This effect  has not been seen in Er-free sample. Further experimental 
investigations are required to confirm the proposed interpretation. The 
experimental efforts in this direction is going on at the time when this thesis is 
being written. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.5: Spectral dependence of the amplitude of the negative TIA signal. The 
amplitudes of the negative signal are obtained by fitting the TIA dynamics for 
1.7-2.7 eV probing range. 
 
 
 

 




