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A method of manufacturing a silicon optoelectronic device, a 
silicon optoelectronic device manufactured by the method, 
and an image input and/or output apparatus including the 
silicon optoelectronic device are provided. The method 
includes preparing an n- or p-type silicon-based substrate, 
forming a microdefect pattern along a surface of the substrate 
by etching, forming a control ?lm With an opening on the 
microdefect pattern, and forming a doping region on the 
surface of the substrate having the microdefect pattern in such 
a Way that a predetermined dopant of the opposite type to the 
substrate is injected onto the substrate through the opening of 
the control ?lm to be doped to a depth so that a photoelectric 
conversion effect leading to light emission and/or reception 
by quantum con?nement effect in the p-n junction occurs. 
The silicon optoelectronic device has superior light-emitting 
e?iciency, can be used as at least one of a light-emitting 
device and a light-receiving device, and has high Wavelength 
selectivity. In addition, the silicon optoelectronic device 
panel having the two-dimensional array of the silicon opto 
electronic devices can be applied in the image input and/or 
output apparatus capable of directly displaying an image 
and/or inputting optical information in a screen. 
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METHOD OF MANUFACTURING SILICON 
OPTOELECTRONIC DEVICE,SILICON 

OPTOELECTRONIC DEVICE MANUFACTURED 
BY THE METHOD, AND IMAGE INPUT AND/OR 
OUTPUT APPARATUS USING THE SILICON 

OPTOELECTRONIC DEVICE 

BACKGROUND OF THE INVENTION 

[0001] This application claims the priority from Korean 
Patent Application No. 2003 -3259, ?led on J an. 17, 2003, in 
the Korean Intellectual Property Of?ce, the disclosure of 
Which is incorporated herein in its entirety by reference. 

[0002] 
[0003] The present invention relates to a method of manu 
facturing a silicon optoelectronic device, a silicon optoelec 
tronic device manufactured by the method, and an image 
input and/or output apparatus having the silicon optoelec 
tronic device. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] An advantage of using a silicon semiconductor sub 
strate is that it provides excellent reliability and alloWs highly 
integrated density of a logic device, an operation device, and 
a drive device on the substrate. Also, a silicon semiconductor 
material can be used in fabrication of a highly integrated 
circuit at much loWer cost than a compound semiconductor 
material, due to the use of inexpensive silicon. That is Why 
many integrated circuits use silicon as their basic material. 

[0006] In this regard, studies on fabrication of silicon-based 
light-emitting devices have been continued to compatibly use 
them in fabrication of integrated circuits and to obtain inex 
pensive photoelectronic devices. It has been demonstrated 
that porous silicon and nano-crystal silicon have light emis 
sion characteristics. 

[0007] FIG. 1 depicts the section of a porous silicon region 
formed at a bulk monocrystalline silicon surface, and an 
energy band gap betWeen the valence band and the conduc 
tion band of the porous silicon region. 

[0008] Porous silicon is the result of anodic electrochemi 
cal dissolution of the surface of bulk monocrystalline silicon, 
for example, in an electrolyte solution containing a hydrof 
luoric acid (HF). 

[0009] When bulk silicon is subjected to anodic electro 
chemical dissolution in a HF solution, a porous silicon region 
70 having numerous pores 70a is formed at the surface of the 
bulk silicon, as shoWn in FIG. 1. The pores 7011 have more 
SiiH bonds, relative to intact areas 70b Which have not been 
dissolved by a HF solution. The energy band gap betWeen the 
valence band energy (Ev) and the conduction band energy 
(Ec) of the porous silicon region 70 has a shape contrasting to 
the porous silicon region 70. 

[0010] Depressions betWeen prominences in energy bands, 
i.e., the intact areas 70b betWeen the pores 70a in the porous 
silicon region 70 exhibits a quantum con?nement effect. 
Therefore, the energy band gap of the depression becomes 
larger than that of the bulk silicon, and electrons and holes are 
trapped in the intact areas 70b, thereby inducing light-emit 
ting recombination. 

[0011] For example, in the porous silicon region 70, When 
the intact areas 70b betWeen the pores 70a are formed in the 
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shape of monocrystalline silicon Wires that exhibit a quantum 
con?nement effect, electrons and holes are trapped in the 
Wires, thereby inducing light-emitting recombination. A 
light-emitting Wavelength can vary from a near-infrared light 
area to a blue light area Wavelength according to the siZes 
(Widths and lengths) of the Wires. In this case, the period of 
the pores 70a may be about 5 nm and the maximal thickness 
of the porous silicon region may be 3 nm, as shoWn in FIG. 1. 

[0012] Therefore, When a predetermined voltage is applied 
to monocrystalline silicon having the porous silicon region 70 
in a porous silicon based light-emitting device, light of a 
predetermined Wavelength band can be emitted according to 
porosity. 

[0013] HoWever, a porous silicon based light-emitting 
device as described above does not yet provide reliability as a 
light-emitting device and exhibits external quantum e?i 
ciency (EQE) as loW as 0.1%. 

[0014] FIG. 2 is a schematic sectional vieW of an example 
of a nano-crystal silicon light-emitting device. 

[0015] Referring to FIG. 2, a nano-crystal silicon light 
emitting device comprises a stacked structure of a p-type 
monocrystalline silicon substrate 72, an amorphous silicon 
layer 73 formed on the substrate 72, an insulator 75 formed on 
the amorphous silicon layer 73, and loWer and upper elec 
trodes 76 and 77 formed on the loWer surface of the substrate 
72 and the upper surface of the insulator 75, respectively. 
Nano-crystal silicon quantum dots 74 are formed in the amor 
phous silicon layer 73. 

[0016] When the amorphous silicon layer 73 is recrystal 
liZed by rapid heat treatment at 7000 C. under an oxygen 
atmosphere, the nano-crystal silicon quantum dots 74 are 
formed. In this case, the amorphous silicon layer 73 has a 
thickness of 3 nm and the nano-crystal silicon quantum dots 
74 have a diameter of about 2 to 3 nm. 

[0017] In a light-emitting device using the nano-crystal 
silicon quantum dots 74 as described above, When a reverse 
voltage is applied across the upper and loWer electrodes 77 
and 76, a high electric ?eld is generated at both ends of the 
amorphous silicon layer betWeen the silicon substrate 72 and 
the nano -crystal silicon quantum dots 74, thereby generating 
electrons and holes of high-energy states. Therefore, the tun 
neling of the generated electrons and holes into the nano 
crystal silicon quantum dots 74 occurs, thereby resulting in 
light-emitting recombination. In this case, a light-emitting 
Wavelength in a light-emitting device using the nano-crystal 
silicon quantum dots 74 decreases as the siZes of the nano 
crystal silicon quantum dots decrease. 

[0018] HoWever, light-emitting devices using the nano 
crystal silicon quantum dots 74 have problems in that it is 
dif?cult to control the siZes of the nano-crystal silicon quan 
tum dots and to obtain the uniformity of the nano-crystal 
silicon quantum dots, and light-emitting ef?ciency is very 
loW. 

SUMMARY OF THE INVENTION 

[0019] The present invention provides a method of manu 
facturing a silicon optoelectronic device Which has excellent 
light-emitting e?iciency, can be used as at least one of a 
light-emitting device and a light-receiving device, and has 
high Wavelength selectivity. The present invention also pro 
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vides a silicon optoelectronic device manufactured by the 
method and an image input and/ or output apparatus used the 
silicon optoelectronic device. 

[0020] According to an aspect of the present invention, 
there is provided a method of manufacturing a silicon opto 
electronic device comprising: preparing an n- or p-type sili 
con-based substrate; forming a microdefect pattern along a 
surface of the substrate by etching; forming a control ?lm 
With an opening on the microdefect pattern and forming a 
doping region on the surface of the substrate having the 
microdefect pattern in such a Way that a predetermined 
dopant of the opposite type to the substrate is injected onto the 
substrate through the opening of the control ?lm to be doped 
to a depth so that a photoelectric conversion effect leading to 
light emission and/or reception by quantum con?nement 
effect in a p-n junction occurs. 

[0021] Forming the microdefect pattern may comprise: 
forming a mask layer on the surface of the substrate; forming 
openings of a desired siZe and period in the mask layer; 
etching the surface of the substrate corresponding to the open 
ings of the mask layer to form the microdefect pattern along 
the surface of the substrate; and removing the mask layer. 

[0022] Forming the openings of a desired siZe and period in 
the mask layer may be carried out using a single probe or a 
multi-probe having an array of a plurality of probes. 

[0023] The probe may be an atomic force microscopy 
(AFM) probe. 
[0024] The control ?lm may be a silicon oxide ?lm to alloW 
the doping region to be formed to the depth such that a 
photoelectrical conversion effect by quantum con?nement in 
the p-n junction betWeen the doped region and the substrate 
occurs. 

[0025] The microdefect pattern may have a period corre 
sponding to the Wavelength of light emitted and/or received. 

[0026] The microdefect pattern may be formed to a single 
period to emit and/ or receive light of a single Wavelength. 

[0027] When the control ?lm is formed With a plurality of 
openings on the microdefect pattern and a plurality of doping 
regions are formed through the openings, an array of a plu 
rality of silicon optoelectronic devices may be obtained. 

[0028] When the microdefect pattern is formed to a plural 
ity of microdefect pattern regions having different periods, 
the control ?lm is formed With a plurality of openings corre 
sponding to the periods, and a plurality of doping regions are 
formed through the openings, an array of a plurality of silicon 
optoelectronic devices that emit and/or receive light of a 
plurality of Wavelengths may be obtained. 

[0029] According to another aspect of the present inven 
tion, there is provided a silicon optoelectronic device manu 
factured by at least one of the methods as described above. 

[0030] According to yet another aspect of the present 
invention, there is provided an image input and/or output 
apparatus comprising a silicon optoelectronic device panel 
having a tWo-dimensional array of silicon optoelectronic 
devices, each of Which inputs and/or outputs an image, 
formed on an n- or p-type silicon-based substrate, each of the 
silicon optoelectronic devices comprising: a microdefect pat 
tern formed along a surface of the substrate by etching; and a 
doping region formed on the surface of the substrate having 
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the microdefect pattern using a predetermined dopant of the 
opposite type to the substrate to be doped to a depth so that a 
photoelectric conversion effect leading to light emission and/ 
or reception by quantum con?nement effect in a p-n junction 
occurs. 

[0031] When both input and output of an image are pos 
sible, some of the silicon optoelectronic devices may input an 
image and the others of the silicon optoelectronic devices 
may output an image. 

[0032] When both input and output of an image are pos 
sible, each of the silicon optoelectronic devices may input and 
output an image. 

[0033] Electrodes may be patterned on the substrate to 
carry out the input and/or output of an image from the silicon 
optoelectronic device panel on a pixel-by-pixel basis. 

[0034] The silicon optoelectronic device panel may com 
prise three or more of the silicon optoelectronic devices per 
each pixel. 

[0035] In this case, the three or more of the silicon opto 
electronic devices corresponding to each pixel may have the 
microdefect patterns of different periods and may emit and/or 
receive light of different Wavelengths to represent a color 
image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The above and other features and advantages of the 
present invention Will become more apparent by describing in 
detail exemplary embodiments thereof With reference to the 
attached draWings in Which: 

[0037] FIG. 1 depicts the section of a porous silicon region 
formed at a bulk monocrystalline silicon surface and an 
energy band gap betWeen the valence band and the conduc 
tion band of the porous silicon region; 

[0038] FIG. 2 is a schematic sectional vieW of an example 
of a nano-crystal silicon light-emitting device; 

[0039] FIGS. 3 through 6 depict processes of manufactur 
ing a silicon optoelectronic device according to an embodi 
ment of the present invention; 

[0040] FIG. 7 is a schematic vieW shoWing a principle of 
forming an opening in a mask layer using an atomic force 
microscopy (AFM) probe; 
[0041] FIGS. 8A and 8B depict various tips used in the 
AFM probe; 

[0042] FIG. 9 is a schematic vieW of patterned openings 
formed in a mask layer using anAFM single probe or anAFM 
multi-probe; 

[0043] FIG. 10 is a schematic vieW of a microdefect pattern 
having triangular protrusions formed along a surface of a 
substrate, i.e., a triangular microdefect pattern, as vieWed in 
tWo dimensions; 

[0044] FIG. 11 is a schematic vieW of a microdefect pattern 
having trapeZoidal protrusions formed along a surface of a 
substrate, as vieWed in tWo dimensions; 

[0045] FIG. 12 is a schematic sectional vieW of a silicon 
optoelectronic device according to an embodiment of the 
present invention; 
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[0046] FIG. 13 depicts microdefect patterns having periods 
TR, TG, and TB respectively corresponding to a red light 
Wavelength band, a green light Wavelength band, and a blue 
light Wavelength band, arti?cially formed along a surface of a 
substrate of a silicon optoelectronic device according to the 
present invention; 

[0047] FIG. 14 depicts a microdefect pattern self-as 
sembled along a surface of a substrate, like in US. patent 
application Ser. No. 10/122,421; 

[0048] FIG. 15 is a graph shoWing simulation results of 
light emission characteristics of tWo silicon optoelectronic 
devices having respectively periodic triangular and trapeZoi 
dal microdefects formed along the surfaces of substrates as 
shoWn in FIGS. 10 and 11, and a microdefect-free silicon 
optoelectronic device, i.e., a silicon optoelectronic device 
having a planar substrate surface; 

[0049] FIG. 16 is a schematic plan vieW of an image input 
and/or output apparatus according to a ?rst embodiment of 
the present invention; 

[0050] FIG. 17 is a schematic exploded perspective vieW of 
an image input and/or output apparatus according to a second 
embodiment of the present invention; 

[0051] FIG. 18 is a schematic plan vieW of the structure of 
a color ?lter in the image input and/ or output apparatus shoWn 
in FIG. 17; 

[0052] FIG. 19 is a schematic plan vieW of an image input 
and/ or output apparatus according to a third embodiment of 
the present invention; 

[0053] FIG. 20 is a schematic vieW ofan embodiment ofan 
image input and/or output apparatus according to the present 
invention in an aspect of image input and output; 

[0054] FIGS. 21A and 21B are schematic vieWs of another 
embodiment of an image input and/ or output apparatus 
according to the present invention in an aspect of image input 
and output; and 

[0055] FIG. 22 is a schematic vieW of a digital television 
using an image input and/or output apparatus according to the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0056] The present applicant has suggested a silicon opto 
electronic device having an ultra-shalloW doping region to 
form a quantum structure in a p-n junction of a silicon-based 
substrate under US. patent application Ser. No. 10/122,421 
?led on Apr. 16, 2002, titled “silicon optoelectronic device 
and light-emitting apparatus using the same”. In the silicon 
optoelectronic device disclosed in the above application, sur 
face ?ections, i.e., microdefects of a desired siZe and period 
that serve to increase Wavelength selectivity are self-as 
sembled under a speci?c oxidation condition and a speci?c 
diffusion process. For this reason, uniform formation and 
reproduction of the surface ?ections are very dif?cult. 

[0057] As mentioned in the above application, the Wave 
length of a silicon optoelectronic device having light recep 
tion and/or emission characteristics by a quantum structure 
formed by an ultra-shalloW diffusion process is determined 
by micro?ections formed along a surface of the silicon opto 
electronic device. In this regard, in order to select a desired 
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Wavelength band, the micro?ections having a desired siZe 
must be arrayed in a desired period. 

[0058] A silicon optoelectronic device according to the 
present invention is characterized in that a desired ?ection 
structure, i.e., a microdefect pattern is arti?cially formed by 
controlling the surface shape of the silicon optoelectronic 
device to thereby increase the selectivity of a desired Wave 
length band, unlike in the above application in Which ?ections 
are self-assembled along a surface of a silicon optoelectronic 
device during the fabrication of the silicon optoelectronic 
device. Of course, a silicon optoelectronic device according 
to the present invention can both emit and receive light, like 
the silicon optoelectronic device disclosed in the above appli 
cation. 

[0059] A selected Wavelength band and the degree of 
ampli?cation are determined by the siZes and shapes of sur 
face ?ections, and the gap betWeen the surface ?ections, i.e., 
the period of the surface ?ections. In this regard, When the 
pattern of the surface protrusions is optimiZed according to 
the applications of silicon optoelectronic devices, light-emit 
ting e?iciency can be increased. Further, only light of a spe 
ci?c Wavelength band can be e?iciently emitted and/or 
received. 

[0060] FIGS. 3 through 6 shoW processes of manufacturing 
a silicon optoelectronic device according to an embodiment 
of the present invention. 

[0061] Referring to FIG. 3, ?rst, an n- or p-type silicon 
based substrate 1 is prepared. The substrate 1 is made of a 
predetermined semiconductor material containing silicon 
(Si), for example, Si, SiC, or diamond, and is doped to an 
n-type. 

[0062] Next, a microdefect pattern 7 is arti?cially formed to 
a desired siZe, shape, and period along a surface of the sub 
strate 1 by etching, as shoWn in FIGS. 4A through 4E. Open 
ings 5 have been exaggerated in FIG. 4B and the microdefect 
pattern 7 has been exaggerated in FIGS. 4C through 4E and 
FIG. 12 as Will be described later. 

[0063] FIGS. 4A through 4E shoW an example of a method 
of forming surface ?ections to a desired shape and siZe. 

[0064] In order to arti?cially form the microdefect pattern 
7, ?rst, a mask layer 3 is formed on a surface of the prepared 
substrate 1, as shoWn in FIG. 4A. The mask layer 3 is formed 
by coating a photoresist layer of a desired thickness on the 
surface of the substrate 1, folloWed by hard baking. 

[0065] Next, the openings 5 of a desired siZe and period are 
formed in the mask layer 3, as shoWn in FIG. 4B. 

[0066] The openings 5 may be formed using an atomic 
force microscopy (AFM) probe. 

[0067] The AFM is a type of a scanning probe microscopy 
(SPM) that can obtain stereoscopic information about the 
surface structure of a matter and can relatively easily obtain 
information about atomic arrangements of surfaces even to 
angstrom (A) levels. The AFM can obtain three-dimensional 
surface information by scanning a matter surface in tWo 
dimensions using a small and sharp probe called as a tip. The 
AFM uses a principle of imaging a spatial distribution of the 
height of a probe While keeping constant a repulsive force 
betWeen the probe and the sample surface, i.e., a distance 
betWeen the probe and the sample surface. Since a repulsive 
















