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1. Introduction 

With the aim of possible application to ultrahigh sensi-
tive solid-state imaging sensor and highly functional image 
sensor, we have been conducting fundamental research on 
photoconductive films consisting of nanometer-sized sili-
con dots (Si nanodots). 

Si nanodots are expected as a novel photoconductive 
material from the following reasons: (1) Spectral response 
characteristics are controlled by changing the bandgap with 
the crystal size of the Si nanodot. (2) Impact ionization rate 
of the single crystal Si nanodot is thought to be higher than 
that of amorphous Se and amorphous Si. (3) The impact 
ionization rate should be further enhanced by using the 
semi-ballistic carrier transport1 induced in the Si 
nanodot/SiO2 system. 

We have reported that multilayered Si nanodots 
(Si-nanodot multilayer) with the dot size of 3-5 nm, which 
are prepared by repeating low-pressure chemical vapor 
deposition for dot formation and subsequent thermal oxida-
tion for dot isolation, exhibits a significant photosensitivity 
in the photon energy region above 2 eV.2 The quantum effi-
ciency of the Si-nanodot multilayer was, however, much 
lower than that of conventional photoconductive materials. 

In this study, the relationship between the fabrication 
condition and photoconductive properties has been investi-
gated for Si-nanodot multilayers. Key issues for the im-
provement in the quantum efficiency are clarified. 
 
2. Experimental 

Si-nanodot multilayers were prepared through the fol-
lowing procedure.  (1) After RCA cleaning of n-type c-Si 
(100) wafers with a resistivity of 0.01 Ωcm, the wafers 
were oxidized in O2 at 600 or 800 oC to grow a 
<1-nm-thick SiO2 layer. The oxidation pressure and time 
were fixed at 8 Torr and 120 sec, respectively. (2) A single 
layer of Si nanodots was deposited using LPCVD from 
SiH4 on the oxidized Si substrates immediately after the 
oxidation process. The deposition pressure, temperature 
and time were fixed at 6 Torr, 545 oC and 30 sec, respec-
tively. (3) Prepared Si nanodots were oxidized under the 
same condition as the process (1) to cover each dot surface 
with a tunnel SiO2 film (<1-nm-thick). (4) Such deposi-
tion/oxidation steps were repeated for 60 times. (5) Finally, 
the samples were annealed in N2 at 1000 oC for 60 min to 
reduce defects in Si/SiO2 interface region.  

The dot size and density of Si-nanodot multilayers were 
determined from the transmission-electron-microscopy 

(TEM). 
The photoconductive characteristics of the Si-nanodot 

multilayers were measured using a cell structure with 
semi-transparent Au electrodes deposited on the Si-nanodot 
multilayer. Monochromic light with a power of 50 µW/cm2 
was irradiated from the Au electrode side with the Si sub-
strate positively biased. 
 
3. Results and Discussion 

Cross-sectional TEM images for Si-nanodot multilay-
ers formed with the oxidation temperature of 800 oC (sam-
ple A) and 600 oC (sample B) are shown in Fig. 1. A Si 
nanodot observed in both samples is a spherical single 
crystal and separated by SiO2 from each other. The dot size 
distributions estimated from the TEM images are shown in 
Fig. 2. The density of Si nanodots for sample B is about 
two times as high as that for the sample A.  

Figure 3 shows current-voltage characteristics for sam-
ple A and B under the illumination by 4.1 eV monochromic 
light and in the dark. The photocurrent for sample B is 
about an order of magnitude as large as that for sample A, 
indicating the tunneling probability of photo-excited carri-
ers between nanodots is increased, since the distance be-
tween Si nanodots for sample B is shorter than that for 
sample A. The quantum efficiency at an applied voltage 
of 3V for sample B is about 34% which is almost compara-
ble to conventional photoconductive materials. The quan-
tum efficiency, however, tends to decrease at lower applied 
voltages possibly due to carrier trapping by dangling bonds 
at the Si nanodot interfaces. 

To terminate the residual Si dangling bonds, sample B 
was annealed at 300 oC for 120 min in the ambience of 
atomic hydrogen species generated through cracking hy-
drogen molecules by a tungsten hot filament (temperature: 
1500 oC) at a pressure of 5 Torr. In Fig. 4 are shown the 
ESR spectra before and after the atomic hydrogen anneal-
ing. The ESR signal at g=2.0055, which is attributed to Si 
dangling bonds, for the sample after annealing (sample C) 
is much smaller than that for sample B. 

Figure 5 shows the current-voltage characteristics for 
sample B and C. Though the dark current for both samples 
is comparable with each other, the photocurrent for sample 
C is about two orders of magnitude higher than that for 
sample B and quantum efficiency of 51% is achieved at an 
applied voltage of 1V. This improvement in the quantum 
efficiency can be explained as a result of hydrogen termi-
nation of the dangling bonds followed by sufficient sup-
pression of recombination loss of photo-excited carriers.  
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4. Conclusions 
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The photoconduction quantum efficiency of the Si 
nanodot film was extremely improved by increasing spatial 
density of Si nanodots and passivating interfacial dangling 
bonds with hydrogen termination. Under appropriate proc-
essing parameters, high quantum efficiency over 50% was 
obtained even at low bias voltages. Further enhanced 
photoconductivity would be attained by the assistance of 
the electric field effect.  
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Fig. 3. Current-voltage characteristics for sample A 
and B under illumination by 4.1 eV monochromic 
light. 
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Fig. 4. ESR spectra before atomic hydrogen anneal-
ing (sample B) and after atomic hydrogen annealing 
(sample C). 
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Fig. 1. Cross-sectional TEM images for Si-nanodot 
multilayers with oxidation temperature of 800 oC
(sample A) and 600 oC (sample B). 
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Fig. 5. Current-voltage characteristics for sample B 
and C under illumination by 4.1 eV monochromic 
light. Fig. 2. Dot size distributions estimated from TEM 

images. 
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