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Electroluminescence at silicon band gap energy from mechanically
pressed indium—tin—oxide /Si contact
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Room temperature electroluminescefige) corresponding to Si band gap energy is observed from
mechanically pressed indium—tin—oxid&@0)/Si contact. The intensity of luminescence is pressure
dependent and highly related to the current—voltage characteristics. Increasing pressure
simultaneously reduces the rectification property and the luminescence. The physical reason for EL
is attributed to the formation of an air gap between the ITO and the Si substrate. The role of the air
gap is similar to the oxide layer in the metal—-oxide—semiconductor structure. The influence of
surface quality of the Si substrate on the luminescence spectrum is also studied, and found to be
significant. © 2001 American Institute of Physic§DOI: 10.1063/1.1359138

Silicon has been popularly used by the integrated-circuitvays'® On top of the Si substrate, the pressure was applied
industry. However, its applications in areas of optics andhrough a micrometer that was tightly held to the glass, so
optoelectronics are much less due to the indirect band gaime pressure could be varied by turning the micrometer. A
nature that makes it hardly emit light. To monolithically in- stainless-steel ball was used to press down the Si wafer in
tegrate electronics and optoelectronics well, many efforts hadrder to maintain a nearly uniform distance between the Si
been devoted to converting silicon to a light-emitting mate-surface of the X2 mn? area and the ITO surface.
rial or causing luminescence on silicon substrates. They in-  Without the applied pressure, the Si surface has no close
clude porous-silicon-based devides nanocrystalline St>  contact with the ITO surface, so no current flows through the
Sit-implanted SiQ,%’ Er-doped SP° deposition of polymer  structure. Under a certain pressure, current appears when the
on Si substrate¥, growth of GaN on Si substratés!? structure is under forward bias. Increasing pressure causes
metal—oxide—semiconductdiMOS) structures with native both forward- and reverse-biased currents to gradually in-
oxide*'* and so on. Among them, the obstacle of indirectcrease. Figure 2 shows the pressure-deperidevitcharac-
band gap nature of Si was never overcome, so no specifigristics for the experiment usingtype Si. The rectification
emission at Si band gap energy was observed. Recently, wagharacteristics are obvious, but are reduced as the pressure
discovered that MOS structures on Si with the oxide grownincreases. Botlp-type andn-type Si had been experimented
by the well-controlled rapid thermal oxidatidRTO) could  on and showed similar behaviors, except with different volt-
have the electroluminescen¢®L) corresponding to Si band age polarities.
gap energy>'®In this work, we report the further discovery The mechanically pressed ITO/Si contact behaves like a
that the insulation layer does not have to be the oxide growmetal—insulator—semiconduct@MIS) tunneling diode be-
by RTO. Room temperature EL corresponding to Si bandrause an air gap is formed between the Si substrate and the
gap energy could also occur from mechanically pressedil O surface to serve as the insulation layer. When the air gap
indium—tin—oxide(ITO)/Si contact. The pressure-dependentiS harrow enough, carriers could quantum-mechanically tun-
current—voltage I(-V) characteristics and the luminescencenel through. Under forward bias, EL could be measured even

are investigated. The influence of the Si surface quality owith a current density as low as 0.6 A/énfFigure 3 shows

the luminescence is also examined. the EL spectra at different injection currents. The spectral
The experimental setup is schematically shown in Fig. 1shape of the band edge emission is similar to that measured

A piece of glass with one side deposited with ITO was usedrom the MOS structure with the RTO grown oxidfe!® No

as the base to support the structure. The native oxide on tHeminescence is observed when the structure is reverse-

polished side of the Si substrate was removed by the bufferbiased.

oxide—etchantBOE). Aluminum metal was deposited on the

other side of the Si substrate for electrical contact. Then the Mechanical Pressure

Si substrate was placed on top of the glass with its polished

surface facing the ITO surface of the glass. Two wires were @

connected to the metal side of Si and the ITO on the glass, si

respectively. Either forward- or reverse-biased voltages were ITO

applied to the setup through these two wires. Here, the for-

ward or reverse bias is defined according to the conventional Glass

dElectronic mail: cflin@cc.ee.ntu.edu.tw FIG. 1. Schematic setup of the mechanically pressed ITO/Si contact.
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FIG. 2. Pressure-dependdntV characteristics witm-type Si used in the

experiment. FIG. 4. EL emission strength vs micrometer readiagplied pressuje

From thel -V characteristics and the emission Spectrumyenis the MIS structure from having direct contact of ITO
the physical reason for the EL should be similar to the MOS, g g everywhere, so electrons or holes could still accumu-

- . 115,16 : -
with the RTO grown OX"?'é- The formation of a potential |56 at the oxide/Si interface in some area, for the generation
well at the Si/insulator interface is crucial for the EL. For ;¢ g1

n-type Si, a huge amount of electrons accumulate in the po-

tential well when the structure is under forward bias. Theg, the surface quality of the Si wafer. To change the surface

tunneling holes also simultaneously appear in the well regiofyaity, the polished side of the Si substrate is lapped using
for enhanced radiative recombination. Fetype Si, similar o454 pape(No. 400. This Si substrate is then put in the
behaviors also occur, except that the roles of electron angetup shown in Fig. 1 with the lapped side facing the ITO
hole are switched. The carrier confinement in the potential,iface of the glass. Such a MIS structure also exhibits EL,
well causes the wave function to be localized, and so creat§$t has a very broad spectrum. Figui@5shows the mea-

the spread of the lattice momentum in the reciprocal latticeg,eq spectrum from 1.0 to 1m, limited by the spectral
Plus, with the band-filling effect other mechanisms, such %ange of the InGaAs detector. Because lapping creates many

interface roughness, phonon, and impurity scattering, could,,face states with their energies situating in the band gap,
then mt?re te;asﬂy provide enough momentum for the radiativ@jectrons in the conduction band could transit to those sur-
recombination.

The EL emission strength also depends on the applied

The EL spectrum is discovered to be highly dependent

pressure, as shown in Fig. 4. Under the constant forward 6.0x10”
current the EL decreases with the pressure, and eventually 30V, 23.5mA
vanishes before over-pressure breaks the glass. The large
pressure also reduces theV rectification characteristics. ’3‘ 4.0x10"
The reason is because the ITO surface has more direct con- &
tact with Si surface under great pressure. The direct contact 2
of ITO with Si is nearly ohmic and causes no electrdos % 2 010" 4
holesg to accumulate near the Si/insulator interface, reducing £ '
EL. Si substrates with the native oxide remained on the sur-
face have also been experimented on in the setup. The ex- 0.0 :
periment shows that the EL efficiency also decreases with 1000 1200 1400 1600
the applied pressure, but not to zero. The native oxide pre- (a) wavelength (nm)
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FIG. 5. EL spectrda) with lapped Si surfaceb) Chemically repolished Si
FIG. 3. EL spectra from the mechanically pressed MIS structure. surface.
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face states. The measured EL indicates that such transitidition between the band edge emission and the transition
could be radiative. Such transition also reduces the emissiatrough surface states.
at the band gap energy. As the lapped Si surface is chemi-

cally repolished, the EL again has a major emission at the 1S work is supported in part by the National Science

band gap energy, accompanied with relatively small EL afcouncil, Taipei, Taiwan, R.O.C. under Contract Nos. 89-
2215-E-002-059 and 89-2112-M-002-076.
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