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Optoelectronic characteristics of aSiC:H- 
based pin thin film LEDs having a thin MO 
buffer layer in contact with ptype aSi:H 

Yen-Ann Chen,  Yung-Hung W u ,  Wen-Chin Tsay, 
Li-Hong Laih, Jyh-Wong Hong and Chun-Yen Chang 

To improve the electroluminescence (EL) properties of the a- 
SiC:H-based pin thin film light-emitting diodes (TFLEDs) with 
the promotion of hole injection efficiency, a thin MO metal film 
was used as a buffer layer to prevent reactions between the IT0 
(indium-tin-oxide) electrode and the p+-a-Si:H layer. With the 
formation of semi-transparent MO silicide after annealing, a lower 
EL threshold voltage and a significantly higher brightness for a 
finished TFLED were achieved. The brightness of the obtained 
device was 1300cdmz at an injection current density of 600m.U 
a,, and its EL threshold voltage was 14V. 

Introduction: Owing to their high conductivity and transmittance 
coefficients for visible light, the indium-tin-oxide (ITO) and tin- 
oxide (TO) are usually used as the front electrode for optoelec- 
tronic devices. When these transparent electrodes are in contact 
with H,-plasma, both physical and chemical reactions are initiated 
[l - 31. Usually, various amorphous films are deposited with a 
plasma-enhanced chemical vapour deposition (FECVD) system 
and their source gases are diluted in H,, hence, these reactions 
take place during f h  deposition for device fabrication. These 
reactions cause the penetration of In and Sn into the consequently 
deposited p+-a-Si:H layer. The p+-a-Si:H film contaminated by Sn 
and In would possess more defect states and a lower concentration 
of free holes [4]. The injected holes from the external I T 0  elec- 
trode might easily be captured in the degraded p+-a-Si:H layer. 
Moreover, the accumulation of holes in p+-a-Si:H could build up a 
potential barrier to suppress the hole injection efficiency. 

Several semi-transparent metals, such as thin Cr and MO films, 
have been proposed for insertion between the IT0 and p+-a-Si:H 
as a buffer layer [3 ~ 51. The thin MO film has several advantages: 
it has a high visible-light transmittance and forms a stable MO sil- 
icide with p+-a-Si:H film. With a thin MO film coated on the ITO, 
the migration of the Sn and In oxides in the I T 0  caused by the 

would be formed. 
In this Letter, a 3nm MO buffer layer [3, 61 inserted between the 

I T 0  and p+-a-Si:H layers was adopted to improve the perform- 
ances of a thin film light-emitting diode (TFLED). Moreover, as 
shown in Fig. 1, to reduce the effects of the notch barriers existing 
at the pi and in interfaces of a TFLED, a composition-dopant- 

JX-plasma would be suppressed and no oxidsed p+-a-Si:H layer 
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graded (CDG) gap structure has been employed [7]. CDGl could 
increase the hole injection efficiency. At the same time, CDG2 has 
an additional low-resistance a-SiCGe:H layer to further improve 
the electron injection efficiency 171. 
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Fig. 1 Schematic cross-section and flow-rates of source gases o j  
obtained a-SiCtH-based TFLED 
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Fabrication of device: Fig. 1 shows a schematic cross-section of the 
fabricated device and the flow-]rates of the source gases used in 
this study. After a dry cleaning l~rocess of IT0 with a H,-plasma, 
the ITO-coated-glass substrates were put into the chamber of a 
sputtering system equipped with an MO target. A 3nm MO layer 
was then deposited onto the IT0 film. These MO-coated samples 
were reloaded into the PECVD chamber to deposit the required 
amorphous films for a TFLED. The fabrication process is detailed 
in [7]. The MO silicide is then formed during p+-a-Si:H deposition 
and post-metallisation, annealing as will be mentioned in the fol- 
lowing [3, 61. 
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Fig. 2 J- V and B- V characteristics of devices I (without MO layer) and 
2 (with MO layer) 
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Results and discussions: 
(i) J-V and B-V characteristics: Fig. 2 depicts the J-V and B 
(brightness)-V characteristics of devices 1 (without an MO layer) 
and 2 (with an MO layer). As can easily be seen, device 2 had a 
lower clcctroluminescence (EL) threshold voltage, V,, = 14V, and 
a higher current density under the same applied voltage as com- 
pared to device 1 for which V,, = 14.5V. Device 2 also had a 
brightness as high as 1300cdim2 while for device 1 it is only 620cdi 
m2 for the same current density of 600mAcm2. Thus, the stable 
MO silicide was able to improve ithe brightness of a TFLED. Con- 
versely, the inset of Fig. 2 shows the curves of log(B) against 
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log(J) for device 1, device 2 and a packaged HP  HLMP-8405 high 
orange brightness LED. The brightness of device 2 was 1300cd/mz 
which was -10 times less than that of the H P  HLMP-8405 orange 
LED and -2 times higher than that (62OccVm2) of device 1, at  a 
current density of 6 0 O d m z .  The mechanism of radiative recom- 
bination for a TFLED could be determined from the slope, n, of 
the log@) against log(J) curve. As is shown in this inset, the val- 
ues of n for devices 1 and 2 were very close to 1,  so the radiation 
mechanism of a TFLED was considered to be monomolecular 
and/or tail-to-tail state recombinations [8]. As can be observed 
from the inset plot, the larger the n value, the higher the bright- 
ness of devices, and the n value for device 2 was slightly greater 
than that of device 1. So it was believed that the higher brightness 
of device 2 was due to an improvement in the quality of the inter- 
face between p+-a-Si:H and IT0 with a thin MO layer. 

(ii) EL spectrum: As is shown in Fig. 3, the EL spectra of devices 
1 and 2 peaked at wavelengths of 670 and 620nm, respectively. 
The peak wavelength of the emitted light may be related to the 
energy level of the injected carriers, as can be observed from the 
inset plot of Fig. 3 which depicts the EL spectra of device 2 under 
various applied voltages. Device 2 had a shorter peak wavelength 
as compared to that of device 1 at the same applied voltage. 
Moreover, in Fig. 3, the full-width at half maximum (FWHM) of 
the EL  spectrum was 200nm for device 1 while that of device 2 is 
160nm. These values provide evidence that the injected holes in 
device 2 had a higher energy level and a narrower energy distribu- 
tion, due to the thin MO layer employed. 
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Fig. 3 E L  spectra of devices I (without MO layer) and 2 (with MO 
layer) under applied voltage of 15 V 
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(iii) Effects of annealing: The qualities of the amorphous films in 
the device and the ohmic contacts between the external electrode 
(ITOIMo or Al,) and the contacted layer (p-a-Si:H or n-a-Si:H) 
could be improved by the technique of rapid-thermal-annealing 
@TA) in an H2 ambient. Device 2 was annealed with a tempera- 
ture of between 260 and 320°C for l0min. The lowest average 
value of V,, and highest average value of B for TFLEDs were 
obtained at an annealing temperature of 280°C. An annealing 
temperature of 300°C was considered as a critical temperature at  
which the hydrogen started to diffuse out of the amorphous mate- 
rials 191. So, the devices that were annealed at a temperature of 
>3OO”C showed poor performances. To find the best time dura- 
tion of rapid thermal annealing (RTA) for device 2, various RTA 
time durations, 8, 10, 12, and 14min, were tried, while the temper- 
ature was kept at 280°C. It was found that the best RTA time- 
duration was lOmin. Hence, the optimal conditions of RTA for 
device 2 were 10 min duration at  280°C in an H2 ambient. 

Conclusion: From the results of this study, it was obvious that the 
thin MO buffer layer inserted between the IT0 and p+-a-Si:H 

layers could be used to improve the optoelectronic performances 
of TFLEDs. The TFLED with (without) an MO layer had a lower 
(higher) device resistance, a lower (higher) EL  threshold voltage of 
14V (14.5V), a higher (lower) brightness of 130Ocdim2 (62Ocd/m2) 
at  J = 600mAim2, a shorter (longer) EL peak wavelength of 
620nm (670nm), and better (poorer) EL stability. The optimal 
conditions of annealing for the proposed TFLED with a thin MO 
layer were 10 min duration at  280°C in an H, ambient. 

6 May 1998 0 IEE 1998 
Electronics Letters Online No: 19980981 
Yen-Ann Chen, Yung-Hung Wu, Wen-Chin Tsay, Li-Hong Laih and 
Jyh-Wong Hong (Department of Electrical Engineering, National 
Central University, Chungli, 320, Taiwan, Republic of China) 
Chun-Yen Chang (Institute of Electronics, National Chiao Tung 
University, Hsinchu, 300, Taiwan, Republic of China) 

References 

THOMAS , J.H. 111: ‘X-ray photoelectron spectroscopy study of 
hydrogen plasma interactions with a tin oxide surface’, Appl. Phys. 
Lett., 1983, 42, pp. 794-196 
THOMAS, J.H. 111, and CATALANO, A.: ‘Auger electron and x-ray 
photoelectron spectroscopy analysis of the hydrogenated 
amorphous silicon-tin oxide interface: Evidence of a plasma- 
induced reaction’, Appl. Phys. Lett., 1983, 43, pp. 102-104 
GRILLO, G., et al.: ‘Damage control at the SnO,/Si interface in 
optoelectronic amorphous-silicon devices: An Auger and electrical 
study’, ZEEE Trans. Electron Devices, 1989,36, (12), pp. 2829-2833 
SMOLE, F , TOPIC, M., and FURLAN, J.: ‘Correlation between TCOip 
and pii heterojunction and effect of niTC0 heterojunction on a- 
Si:H solar cell performance’. Conf. Record of Twenty Fourth 
IEEE Photovoltaic Specialists Conf., 1994, Vol. 1, pp. 496-499 
SEKI, K., et al.: ‘Semitransparent silicide electrodes utilizing 
interaction between hydrogenated amorphous silicon and metals’, 
Appl. Phys. Lett., 1984, 44, pp. 683-685 
CABARROCAS, P.R., et al. : ‘Improving tin oxideihydrogenated 
amorphous silicon interfaces for solar cell applications’. Conf. 
Record of the Twenty First IEEE Photovoltaic Specialists Conf., 
1990, Vol. 2, pp. 1610-1613 
CHEN, Y.A., et al. : ‘Optoelectronic characteristics of a-SiC:H-based 
p-i-n thin-film light-emitting diodes with low-resistance and high- 
reflectance n+-a-SiCGe:H layer’, ZEEE Trans. Electron. Devices, 
1997, 44, (9), pp. 1360-1366 
KRUANGAM, D., et al.: ‘Carrier injection mechanism in a-SiC p-i-n 
junction thin-film LED’, IEEE Trans. Electron Devices, 1988, 35, 
(7), pp. 957-965 
HAQUE, M.s., et al. : ‘Hydrogenated amorphous siliconialuminum 
interaction at low temperatures’. Mat. Res. Soc. Symp. Proc., 1992, 
Vol. 258, pp. 1037-1042 

Picosecond switching due to electron 
tunnelling and avalanche in GaAs/AI,Ga,+As 
diode 

A. Geht i s ,  A. Krotkus, A. Reklaitis and M. Asche 

A new semiconductor heterostrostructure diode with an S-type 
current-voltage characteristic that can be used for high-speed 
voltage switching is proposed and demonstrated. This behaviour 
is caused by the electrons tunnelling through the potential barrier 
and initiating avalanche multiplication in a small energy gap base 
region. 

introduction: Two-terminal semiconductor devices with nonlinear 
current-voltage (I- V, characteristics are widely used in various 
ultrafast signal shaping and switching applications. Two extreme 
cases of such nonlinearity are I- V characteristics corresponding to 
N-type negative differential conductivity (N-NDC) and to S-type 
NDC (S-NDC). Devices exhibiting N-NDC are more numerous; 
Gunn diodes, tunnelling diodes and resonant tunnelling diodes are 
the best known examples. In contrast, the development of semi- 
conductor diodes with S-NDC was less successful, although the S- 
NDC effect is preferable to N-NDC for high-power switching and 
tunable high frequency generation applications. 
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