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Abstract: SiOx (X <2)-based electroluminescence material has rapidly developed recently, thus it is necessary to review practical Si—based
light emitting devices consisting of ion—doped SiOx, Si—nanocrystal implanted SiO,, porous silicon, hydrogen amorphous Si(C) and MOS
structures in this paper. On the basis of these, electroluminescent mechanism has been discussed and at the same time some problems such as
low quantum efficiency and poor stability have been clarified that carrier balance injection is must, in the electroluminescent system with

impaction of excitons and recombination of carrier, to improve quantum efficiency. Finally development on SiOx (X <2)-based LED are

suggested.
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16 Vol.24 No. 02 2006 (Sum No. 212)

MOS Si0,
° , Si0,/Si ,
Si0,/Si . MOS
(high vacuum prebake technology),
Si0, (Liquid—phase deposition, LPD)
MOS =,
Si0, 10~20 nm s
1.2 nm,
MOS o LPD Si0,
Si0, s Si
, Si0,/Si
. 3 MOS ( )
Si0,/Si /
° , Si0, ,MOS
Si0, Si ,
~10 nm s >107,
A. Irrera 28] M/
Si0x(x<2)/p-Si ,  SiOx(x<2)/p-Si
(1 100~1 250%C) Si-nc () Si
, Si SiOx o EL
900 nm , SiOx  Si ( x<2),
- RE o A. Irera

RE Er(7x10"/cm?)  Tm(1x10"%cm?) , Yb(6x10"/cm?)

EL , 1 540 nm(‘I13,—>T15,) .
780 nm(*F,;—"Hg) 980 nm(Fs5,—>F;,), RE
,Si RE
MOS ,DiMaria  Cartier
“HR Si/Si0,
, ; D H
o , C.H.Lin @ ,
, Si0,/Si Si
, ( 9), Aslii N =
2~25 nm  MOS s
Al 5id, =5l
. ————,
Hil—
- |
ol m—
drpr s |01 w—
— /
iactr Feed
9 PMOS

Fig.9 The speculative mechanism of the trap formation
in the oxide of the PMOS device under
hole injection stress

Pucker G

= Au/Si0,(4.5 nm)/Si(1.1 nm)
550 nm, <0.7 s,
, Si0,



LY Ea

., :SiOx(X<2)

Tiiamnc: REVTEW

(d=2nmm) ( )

<]

Toshihiro Matsuda B Au/Si0,/p-Si MOS

(S1 Si0, 50 nm), Si 3x10'%cm?,
450 nm . MOS EL 5
256V (Si ).1.6eV (Si

Si0, ). 1.9 eV ( ).2.5 eV(
) 28 eV(Si ),
G=M; exp|—(hv—hv)/2(Ahv;)]
M hv, Ahv,
HWHM,
3
SiOx ,EL p-Si/SiGe
(quantum cascade, QC) Bl p-Si/Se
132 Sj—nanodots a—SiNx MOS 1331 n—

p-Si ,Ag. Au Al ,sp—Si(spark—processed Si)
B EL R
, SiOx 10°~107(
) ), o Si—-nc/
Si0, , RE
Si0x s s
-EL ,
&l , SiOx  LED
(References)

[1] HELM M, SUN J M, POTFAJOVA J, et al. Efficient silicon based
light emitters[J]. Microelectronics Journal, 2005: 1-6.

[21 WU X M, ZHUGE L J, TANG N Y, et al. Strong green electrolum,
inescence from silicon based oxide films[J]. Surface and Coating
Technology, 2002(154): 82-87.

[3] LU M J, WU X M, YAO W G. Correlation between microstructural
and electroluminescent properties of Ge —-SiO, compositee films
[J]. Materials Science and Engineering B, 2003(100): 152—155.

[4] SUN J M, DEKORSY T, SKORUPA W, et al. Efficient silicon light
emitting diodes by boron implantation: the mechanism[J]. Optical
Materials, 2005(27): 1 041-1 045.

[5] OVCHINNIKOV 'V, NOVIKOV S, TOIVOLA T, et al
Electroluminescence from B - and P -doped silicon nanocluster
[J]. Microelectronics Journal, 2005(36): 502-505.

[6] GEBEL T, REBOHLE L, SUN J, et al. Electroluminescence from
thin SiO, layer after Si— and C—coimplantation[J]. Physica E, 2003
(16): 366-369.

[7] GUSEV O B, KUZNETSOV A N, TERUKOV E I, et al. Room -
temperature electroluminescence of erbium —doped amorphous
hydrogenated silicon [J]. Applied Physics Letters, 1997, 70(2):
240-242.

[8] NAZAROV A N, VOVK Ja N, LYSENKO V S, et al. Charge
transport, trapping and electroluminescence in erbium doped a-
Si: H/n-Si light—emitting heterodiodes [J]. Materials Science and
Engineering B, 2003(105): 61-64.

[9] PACIFICI D, IRRERA A, FRANZO G, et al. Erbium —doped

Sinanocrystals:optical properties and electroluminescent devices
[J]. Physica E, 2003(16): 331-340.

[10] VLASENKO N A, DENISOVA Z |, KHORNCHENKO V S.
Electroluminescence of SiOx-LnF; thin films[J]. Phys. Stat Sol.(a),
1984(81): 657-660.

[11] GARRIDO B, LOPEZ M, RODRIGUEZ A P, et al. Optical and
electrical properties of Si—nanocrystals ion beam synthesized in
SiO,[J]. Nuclear Instruments and Methods in Physics Research B,
2004(216): 213-221.

[12] CHEYLAN S, ELLIMAN R G. The effect of hydrogen on the
photoluminescence of Si nanocrystals embedded in a SiO, matrix
[J]. Applied Physics Letters, 2001(78): 1 225—1 227.

[13] OVCHINNIKOV V, SOKOLOV V, FRANSSILA S. Luminescence
study of silicon nanostructures prepared by ion beam mixing [J].
Microelectronics Journal, 2003(34): 579-581.

[14] BALBERG |, SAVIR E, JEDRZEJEWSKI J. The mutual exclusion
of luminescence and tuansport in nanocrystalline silicon networks
[J]. Journal of Non-crystalline Solids, 2004(338-340): 102-105.

[15]TORRE J D, SOUIFI A, LEMITI M et al. Optical and electrical
transport mechanisms in Si—-nanocrystal-based LEDs(J). Physica
E,2003,17:604-606.

[16] , ..

[J]. , 2004, 19(4): 308-321.

[17] TIMOKHOV D F, TIMOKHOV F P. Influence of injection level of
charge carrier in  nanostructured porous silicon on

electrolumininescence quantum efficiency [J]. Microelectronic
Engineering, 2005, 81(2-4): 288-292.

[18] KIM D A, SHIM J H, N H. Cho. PL and EL features of p-type
porous silicon prepared by electrochemical anodic etching (J).
Applied Surface Science, 2004(234): 256-261.

[19] HUANG XiaoHui, MA TianFu, XU Jun, et al. Visible
electroluminescence from amorphous hydrogenated silicon
carbide prepared by using organic carbon source [J]. Diamond
and Related Materials, 2003(12): 1 932—1 935.

[20] NG W L, LOURENCO M A, GWILLIAM R M, et al. An efficient
room-temperature silicon based light emitting diode [J]. Nature,
2001(410): 192-194.

[21] GREEN M A, ZHAO J, WANG A, et al. Efficient silicon light -
emitting diodes[J]. Nature, 2001(412): 805.

[22] BRESLER M S, GUSEV O B, TERUKOV E I, et al
Electroluninescence  from  amorphous —crystalline  silicon
heterostructures[J]. Journal of Non-Crystalline Solids, 2004(338-
340):440-443.

[23] SUOMINEN T, PATURI P, HUHTINEN H, et al. Conductivity and
distribution of charge on elcctroluminescent Si/SiO2 structures
investigated by electrostatic force microscopy [J]. Applied
Surface Science, 2004(22): 131-137.

[24] PORJO N, KUUSELA T, HEIKKILA L. Characterization of fotonic
dots in Si/SiO, thin film structures [J]. Journal of Applied Physics,
2001(89): 4 902-4 906.

[25] LIN Ching —Fuh, SU Ting -Wien, CHUNG Peng -Fei, et al.
Enhancing electroluminescence from metal —oxide -silicon
tunneling diode by nanostructures of oxide grown by liquid phase
method[J]. Mater. Chem. Phys., 2002(77): 430-433.

[26] IRRERA A, IACONA F, FRANZO G, et al. Correlation between
electroluminescence and structural properties of Si nanoclusters
[J]. Optical Materials, 2005(27): 1 031-1 040.

[27] LIN C H, YUAN F, HSU B C, et al. Isotope effect of hydrogen
release in metal/oxide/n—silicon tunneling diodes [J]. Solid-State
Electronics, 2003(47): 1 123-1 126.

[28] ASLI N, SHULEKIN A F, YOKER P D, et al. Impact of oxide
damage on the light emission properties of MOS tunnel structures

24 2006 02 ( 212 ) 17



Stenocara

B i Stenocara 553 Bk

Desert Beetle and Water Extraction from Air

/ZHANG Xin-ru, /LIU Cui—cui,

/YANG Yi-fei

NIANG Ze-vyi, /ZHANG Xin—xin,

, 100083

Department. of Mechanical Engeering, University of Science & Technology Beijing,Beijing 100083, China

EE , o Andrew
Stenocara , , Stenocara
[X &) , Stenocara , , , [PES%S] TKiI24

[ #kiRiREB] A [XE4HSB] 1000-7857(2006)02-0018-04

Abstract: Stenocara beetles in the Namib Desert collect drinking water from the air on their backs. Water extraction from air (WEA)is an
effective solution for water shortage, but the low water collection rate is a restriction to its wide application. Based on the analysis of the
present WEA technology, the conclusion that the application of the beetle’s bionic surface to WEA may increase the water collection rate is

drawn in the paper. This provides new ideas for the WEA technology and might become the basis for the large—scale artificial schemes to

gathering water from the air.
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