
quantum well. Such a configuration is now under development but 
reauires addtional investigations into the OW growth conditions 

I . -  
in order to minimise the dark current. 

To date, convenient pseudomorphic growth conditions have 
been established for wavelengths ranging from 1.8 to 2.1Spm u s i g  
MOCVD epitaxy. Conditions for extension up to 2 . 3 ~  have been 
obtained experimentally by SSMBE using InAsifnGaAs fractional 
monolayer superlattice growth to increase the thickness of the 
strained QW [5]. 
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Characteristics of Sic-based thin-film LED 
fabricated using plasma-enhanced CVD 
system with stainless steel mesh 

Yen-Ann Chen, Ming-Lung Hsu ,  Li-Hong Laih.  
Jyh-Wong Hong and Chun-Yen Chang 

A conventional plasma-enhanced chemical vapour deposition 
(PECVD) system with a stainless steel mesh attached to a cathode 
was used to hbricate an Sic-based thin-fh lightemitting diode 
(TFLED) at a low temperature (-180°C). The obtained TFLED 
had a brightness (E)  of 1060cd/mi at an injection current density 
(4 of 600mAicm2 and a threshold voltage (V,J of 12.6V, which 
wert much better than those of 330cdlm' and 18.5V for an 
amorphous Sic-based TFLED fabricated by the same PECVD 
system without a stainless steel mesh. 

Intyoducfion: Hydrogenated amorphous silicon (a-SkH) has been 
studied widely. In 1976, Pankove et al. first reported infrared elec- 
troluminescence (EL) from the Schottky bamer interface of a-Si:H 
and also from an a-Si:H pin junction at low temperature [I, 21. 
Recently, a series of visible thin-film light-emitting diodes 
(TFLEDs) made of a-SiCH have been presented by Hamakawa et 
al. [3 - 71. As compared to convcntional crystal LEDs, a-SiCH- 
based TFLEDs possess several disadvantages, e.g. lower bright- 
ness (B) and higher threshold voltage ( V J .  The brightness of 
a-SiCH-based TFLEDs has to date been insufficient for practical 
applications. 

In 1993, silicon epitaxial growth with PECVD and a stainless 
steel (s.s.) mesh at a low temperature (-30OOC) was reported 18, 91. 
In this Letter, we describe the use of this idea to fabricate simple 
SiCbased thin-film TFLEDs at low temperature (-180°C). We 
used this method to improve the characteristics of SiCH-based 
TFLEDs. 

Device fabricafion: The PECVD system (ULVAC CPD-1108D) 
with an S.S. mesh, used in this study, is shown in Fig. 1. A 40 mesh 

S.S. screen was attached to a cathode. The S.S. mesh can maintain 
the plasma between the mesh and the lower electrode, allow the 
energetic precursors to pass, minimise the high energy bombard- 
ment of ions on the substrate surface, and reduce the deposition of 
polymer on the substrate surface [SI. The PECVD system with S.S. 
mesh enables the epitaxial film to be deposited at a lower temper- 
ature [XI. 

I 

heater Substrate 

I 
m 

Fig. 1 PECVD sj'slem with stuinlers steel mesh used fop depositingfilm 

~ 
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I 3  n-Si:H 30nm 

I i-SiC:H 50nm 

glass substrate 

E+! 
Fig. 2 Schematic diagram showing cross-section of obtained SiC:H- 
based TFLED 

voltage, v 

3 
Fig. 3 Current density und brightness against applied voliage for the 
TFLEDs fabricated using PECVD system with and without stainless 
steel mesh 

The schematic cross-section of the simple SiC:H-based TFLED 
is shown in Fig. 2. All of the S E  and Si films in the TFLED were 
deposited with a PECVD system with or without an S.S. mesh. The 
p-(lSnm) and n-(30nm) type Si f h s  were deposited using the 
SIN, (25% in HI) source gas, and the dopants B,H2 (1% HJ and 



PHI (1% in HJ, respectively, and the i-type S iCH layer (50nm) 
was grown with Si& (25% in HJ and C,H, (pure) source gases. 
The external AI electrode was then deposited by using an E-gun 
deposition system. Finally, the samples were placed into a rapid 
thermal annealing system and annealed under a hydrogen ambient 
at 280°C for 3 m .  to reduce the contact resistance between the Al 
and Si:H layer. 

I 660 n 

0 
400 500 600 700 800 900 

1, nm 
E 

Fig. 4 EL spectra of TFLED fabricated with and withour sminlzss 
mesh 
Applied voltage = 15V 
__mesh 
_ _ - -  no mesh 

Results and discussion: Fig. 3 shows the J (current density)-V and 
B (brightness)-?' curves of the obtained Sic-based TFLED. As 
can be seen from this figure, the Sic-based TFLED had a B = 
1060 (330)dm2, at J = 600mA/cm', and a V,>> of 12.6 (18.5)V 
when fabricated using a PECVD system with (without) an S.S. 

mesh. was defined as the x-axis intercept obtained by linearly 
extrapolating the linear portion of the B- V cuwe. Therefore, if an 
s.s mesh was used in the PECVD system, the Band V,h of TFLED 
could be improved sigdcantly. 

As shown in Fig. 4, the EL spectra of the TFLEDs fabricated 
by using a PECVD system with and without an S.S. mesh peaked 
at 680 and 660nm wavelengths, respectively. The peak wavelength 
of the EL spectrum would be related to the energy levels of 
injected carriers and the optical bandgap of the S iCH layer. The 
TFLED fabricated with an S.S. mesh had a longer peak wave- 
length compared to that of the TFLED fabricated without an s . ~ .  
mesh at the same applied voltage (-lSV), and the longer peak 
wavelength might result from the slightly lower handgap of the 
obtained SiCH f h  deposited using a PECVD system with an S.S. 

mesh. 

Conclusion: The SiCH-based TFLED obtained using a PECVD 
system with a stainless steel (s.s.) mesh had much better optoeleo 
tronic characteristics compared to those of the TFLED fabricated 
without an S.S. mesh. The obtained TFLED had a brightness of 
1060cdlm2 at an injection current density of 600mAicm~ and a 
threshold voltage of 12.6V. The improvements in the optoelec- 
troiuc characteristics for this TFLED are mainly due to the S.S. 
mesh, which results in a deposited film with less plasma damage. 
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