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Abstrad. We have achieved production of porous silicon (PS) that emits blue light at a peak 
wavelength of 460 nm. On storing it in air for three months. or illuminating if with the 365 nm 
line of a uv lamp, its photoluminescence intensity and pe& wavelength remain stable. With 
Fourier-msform infmed (mR) measurements, we have studied the surface chemical bonds 
of the Ps emitting blue light. and compared i u  FrIR specvum with those of the as-prepared PS 
emihing red-orange light, and those of the processed PS emitting no light. We consider that the 
blue light emission originates from the SiO, layers covering nanoswle silicon units in PS. 

Since Canham [ l ]  first reported the photoluminescence (PL) of porous silicon (PS) at room 
temperature in 1990, many researchers have observed red, yellow, and green light, some of 
them [1,2] attributing the PL to the quantum size effect. However, the blue light emission 
ranging from 4240 to 4912 A is seldom observed in Ps. To our knowledge, only Toshimichi 
It0 er al [3] and X Chen et a1 [4] have ever observed blue light, but not in detail. As 
we already know, blue light is one of the three primary colours in Nature (red and yellow 
being the other two); it is important for realizing a full-colour display. However, when the 
as-grown Ps  was illuminated or stored in air, its PL degradated with time [5,6]. Afterwards, 
the stability of PL was given much attention by researchers. In this paper we report blue light 
emission at the peak wavelength of 460 nm, with both its intensity and peak energy stable. 
With Fourier-transform infrared (FTIR) measurements, we study the surface chemical bonds 
of the Ps  emitting blue light, and compare its FI'IR spectrum with those of the as-prepared 
PS emitting red-orange light, and those of the processed Ps emitting no light. 

The samples used for the experiments were made from p-type (100) oriented 
silicon wafers, with a resistivity of 63 Q cm, one side of which was deposited with 
aluminium. The electrolyser for fabricating PS was similar to that of [7]. An electrolyte 
(CzHsOH:H20:40 wt% HF = 1:l:l) was used, and the electrolysing current density and 
electrolysing time were 50 mA cm-* and 8 min, respectively. The PS with a porosity of 
69% was grown under illumination using a 250 W tungsten lamp at a distance of 20 cm 
from the PS; it then received a 350°C thermal treatment (30 min) and a subsequent 550°C 
thermal treatment (10 mins) in dry oxygen. The blue light spectrum was measured using 
a photoelectron multiplier, and the FTIR spectra were taken using a Nicolet-7000 with a 
resolution of 2 cm-'. 

The as-prepared PS samples emitted red-xange light. After oxidation in dry oxygen, 
the Ps  samples of a dark grey colour were emitting no visible light. We stored the Ps  
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samples in air for several weeks and measured their PL spectra again. To our surprise, 
under illumination with the 365 nm line of a uv lamp, the samples emitted blue light that 
could be observed by the naked eye. Further experiments demonstrated that the observed 
phenomenon was reproducible. Figure I shows a measured PL spectrum, with a peak 
wavelength of 430 nm. After a spectrum-response correction, the peak wavelength shifts to 
460 nm. In order to study the stability of blue light emission, we illuminated the Ps samples 
with the 365 nm line of a uv lamp and measured the PL intensity against illumination time. 
We found the PL intensity was stable under illumination which can be seen in the inset to 
figure 1. Even when the illumination time was increased to 4 h or so. the PL intensity was 
still unchangeable 
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Figure 1. A PL specuum mensured under illumination from the 365 nm line of a uv lump, The 
inset shows the PL intensity Yenus illuminalion lime. 

When PS samples began to emit blue light, we continually stored them in air and 
measured the PL spectra against storage time, Figure 2 shows the intensity and peak 
wavelength of PL as a function of storage time. We can see, during monitoring of 
three months, that the PL intensity fluctuates within lo%, which is probably caused by 
measurement error, and the PL peak position always locates at 2.7 eV, These results prove 
that the blue light emission of our PS is stable. 

Using V I R  measurements, we have studied the surface chemical bonds of Ps samples. 
Figure 3(a) shows the WIR spectrum of an as-prepared Ps sample with a PL peak wavelength 
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Figure 2. (a)  the PL intensity venus storage time in air. 
(b)  The PL peak position versus storage time in air. 

Figure 3. mR spectra for: (a),  %-prepared PS sample: 
(b). oxidized after (a): (c). stored in air for 4 weeks 
after (b); (d ) ,  Lreated in HF for 30 E after (e ) .  

of 680 nm, fabricated by the method mentioned above. We can see the 627 cm-l, 667 cm-' 
peaks (SiHz, SiH deformation mode [SI), the 907 cm-' peak (SiHz scissors mode [9 ] ) ,  and 
the 2116 cm-' peak (silicon hydrogen stretching mode [lo]) in the spectrum, but the peaks 
related to oxygen do not exist. After the as-prepared Ps sample received dry oxidation, as 
mentioned above, the processed PS sample emitted no visible light, and we measured the 
FTlR spectrum of this processed PS sample. The result is shown in figure 3(b), where we 
observe that all those peaks related to hydrogen disappear, but the 454 cm-I, 800 cm-I, 
1090 cm-' peaks (Si-0-Si asymmetric stretching mode [ 1 I]) and the 1170 cm-' peak [ 121, 
all related to oxygen, appear. We stored the dry oxidation PS sample in air, where it began 
to emit blue light, and we measured its FTIR spectrum. The result is shown in figure 3(c). 
Obviously, there are no FTIR peaks related to hydrogen, and the peaks related to oxygen 
are nearly the same as those in figure 3(b). This means that neither the hydrogen- nor the 
oxygen-related bonds at the surfaces of nanoscale silicon units are responsible for the blue 
light emission. Finally, we dipped the Ps sample emitting blue light in HF (wt 10%) for 
30 s and found that the PS sample did not emit any visible light again. Figure 3(d) shows 
the FTIR spectrum of this PS sample. All the peaks related to oxygen have gone, and we 
can see no FTIR peaks related to hydrogen. SEM observations justify the existence of the PS 
layer after HF dipping although its thickness had been thinned to ;. 

Because a 2.7 eV (460 nm) band has been observed in silicas [13], we believe that the 
blue light emission originates from the SiO, (n - 2) layers covering nanoscale silicon units 
in PS, and tend to think that the excited electron-hole pairs in nanoscale silicon units tunnel 
into the SiO, layers and recombine through their luminescence centres [141. As for the 
reason that processed PS samples do not emit blue light until after several weeks' storage in 
air, we think this is  probably because the formation of luminescence centres in SiO, layers 
of PS needs time. 

In summary, we have found a way to produce PS emitting blue light at a peak wavelength 
of 460 nm, and on illumination with the 365 nm line of a UV lamp, or storing it in air, both 
its PL intensity and peak position were unchangeable. Using FTlR measurements on the PS 
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samples which emitted blue light, we found on their surface that the chemical bonds related 
to oxygen were strong, and all those related to hydrogen did not exist. F7iR studies indicate 
that neither the hydrogen- nor the oxygen-related bonds at the surface of nanoscale silicon 
are responsible for blue light emission. The SiO, layers at the surface of nanoscale silicon 
units are essential for the stability of blue light emission from PS. 

References 

[ I ]  Canham L T 1990 Appf. Phys. tell. 57 1046 
I21 Voos M, Uzan Ph, Delalande C and Bastard G 1992Appl. Phys. Len. 61 1213 
131 It0 Toshimichi, Ohla Toshimichi and Hiraki Aldo 1992 Japan. J,  Appl. Phys, 31 LI 
141 Chen X. Utramchandani D, Trager-Cowan C and ODonnell K P 1992 Semicond. Sci. Techno!. 8 92 
[SI Xschler M A, Collins R T, Stathi J Hand Tsang I C 1991 Appl. Phys. Lefr. 60 639 
[61 Canham L T, Houlton M R. Leong W Y .  Pickering C and Keen 1 M 1992 Appl. Phys. 70 422 
171 Tumer D R 1958 3. Electrochem. Soc. 105 4M 
[a] Bordsky M H, Cardona M and Cuomo J 1 1971 Phyr. Rev. B 16 3356 
191 Wagner H. Bun R, Backes U and Bruchmann D 1981 Solid Store Co,nnrun. 38 1155 

[IO] Venkleswm Rao A. Onanam F and Chawlvie I N 1991 J.  Electrochem. Soc. 138 I53 
[ I  11 Tsni C. Li K-H. Saralhy .I. Shih S. Cvnpbell J C. Hance B K and White J M 1991 Appf. Phys. Len. 59 2814 
[I21 Kaiser W, Kech P H and Lange C F 1956 Phys. Rev. 101 1264 
[I31 Nishikawa H,  Shimyama 7. Nakamun R and Ohki Y 1992 Phys. Rev, B 45 586 
[I41 Qin G G and Jia Y Q 1993 SolidSIote Commun. 86 559 


