quantum well, Such a configuration is now under development but
requires additional investigations into the QW growth conditions
in order to minimise the dark current.

To date, convenient pseudomorphic growth conditions have
been established for wavelengths ranging from 1.8 to 2.15um using
MOCVD epitaxy. Conditions for extension up to 2.3um have been
obtained experimentally by SSMBE using InAs/InGaAs fractional
monolayer superlatiice 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 stegl mesh attached to a cathode
was used to fabricate an SiC-based thin-film light-emitting diode
(TFLED) at a low temperature (~180°C). The obtained TFLED
had a brightness (B) of 1060cd/m? at an injection current density
(/) of 600mA/cm? and a threshold voltage (V) of 12.6V, which
were much better than those of 330cdm?® and 18.5V for an
amorphous SiC-based TFLED fabricated by the same PECVD
system without a stainless stee] mesh.

Introduction: Hydrogenated amorphous silicon (a-Si:H) has been
studied widely. In 1976, Pankove et al. first reported infrared elec-
troluminescence (EL) from the Schottky barrier interface of a-Si:H
and also from an a-Si:H pin junction at low temperature [1, 2].
Recently, a series of visible thin-film light-emitting diodes
(TFLEDs) made of a-SiC:H have been presented by Hamakawa et
al. [3 - 7). As compared to conventional crystal LEDs, a-SiC:H-
based TFLEDs possess several disadvantages, e.g. lower bright-
ness (B) and higher threshold voltage (V). The brightness of
a-SiC:H-based TFLEDs has to date been insufficient for practical
applications.

In 1993, silicon epitaxial growth with PECVD and a stainless
steel (s.5.) mesh at a low temperature (~300°C) was reported [8, 9].
In this Letter, we describe the use of this idea to fabricate simple
SiC-based thin-film TFLEDs at low temperature (~180°C). We
used this method to improve the characteristics of SiC:H-based
TFLEDs.

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

5.8, 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 [8]. The PECVD system with s.s.
mesh enables the epitaxial film to be deposited at a lower temper-
ature {8).

Substrate - [ heater

b —] mesh
diffusion — T — booster
pump . purmp
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= gas inlet
AF generator
and
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Fig. 1 PECVD systen with stainless steel mesh used for depositing film
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Fig. 2 Schematic diagram showing cross-section of obtained SiC:H-
based TFLED
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Fig. 3 Current density and brightness against applied voltage for the
TFLEDs fabricated using PECVD system with and without stainless
steel mesh
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The schematic cross-section of the simple SiC:H-based TFLED
is shown in Fig. 2. All of the SiC and Si films in the TFLED were
deposited with a PECVD system with or without an s.s. mesh. The
p-(15nm) and #-(30nm) type Si films were deposited using the
SiH, (25% in H,) source gas, and the dopanis B,H, (1% H,) and
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PH; (1% in H,), respectively, and the i-type SiC:H layer (50nm)
was grown with SiH, (25% in H,) and GH, (pure) source gases.
The external Al 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 3min, to reduce the contact resistance between the Al
and Si:H layer.

660 nm
10k ‘—I r—)SBU
08

06

EL intensity, a.u.
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I} 1 1 L
400 500 600 700 800 9200
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39604,

Fig. 4 EL spectra of TFLED fabricated with and without stainless steel
mesh

Applied voltage = 15V
mesh
~ = — —no mesh

Results and discussion: Fig. 3 shows the J (current density)-V and
B (brightness)-F curves of the obtained SiC-based TFLED. As
can be seen from this figure, the SiC-based TFLED had a B =
1060 (330)cd/m?, at J = 600mA/cm?, and a ¥, 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 lingar portion of the 8-F curve. Therefore, if an
s.s mesh was used in the PECVD system, the B and V,, of TFLED
could be improved significantly.

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 SiC:H 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.s.
mesh at the same applied voltage {(~15V), and the longer peak
wavelength might result from the slightly lower bandgap of the
obtained SiC:H film deposited using a PECVD system with an s.s.
mesh.

Conclusion: The SiC:H-based TFLED obtained using a PECVD
systern with a stainless steel (s.s.) mesh had much better optoelec-
tronic characteristics compared to those of the TFLED fabricated
without an s.s. mesh. The obtained TFLED had a brighiness of
1060cd/m? at an injection current density of 600mA/ecm? and a
threshold veltage of 12.6V. The improvements in the optoelec-
tronic characteristics for this TFLED are mainly due to the s.s.
mesh, which results in a deposited film with less plasma damage.

© IEE 1999
Electronics Letters Online No: 19990786
DOI: 10.1049/1: 19990786

Yen-Ann Chen, Ming-Lung Hsu, Li-Hong Laih and Jyh-Wong Hong
(Department of Electrical Engineering, National Central University,
Chungli, Taiwar 320, Republic of China)

Chun-Yen Chang  (Iustifute of Electronics, National Chigo-Tung
University, Hsinchu, Taiwan 300, Republic of China)

15 April 1999

References

1 PANKOVE, 1L, and CARSON, D.E.: ‘Electroluminescence in amorphous
silicon®, Appl. Phys. Leit., 1976, 29, (9), pp. 620622

2 RHODES, AL, BHAT, P.K., AUSTIN, LG, SEARLE, T.M., and GIBSON, R.A.:
“Luminescence phenomena in a-Si:H p-i-n junction’, J. Non-Cryst.
Solid., 1983, 59/60, pp. 365-368

3 KRUANGAM,D., ENDOQ,T., GUANG-PU, W, OKAMOTO, H, and
HAMAKAWA, Y.: “Visible-light injection-electroluminescent a-SiC p-i-
n diode’, Jpn. J. Appl Phys., 1985, 24, (10), pp. L806-L808

4 KRUANGAM, D., ENDO, T., DEGUCHI, M., WEI, G.P., OKAMOTO, H., and
HAMAKAWA, Y.: ‘“Amorphous silicon carbide thin film light emitting
diode’, Optocleciron. Device Technol.,, 1986, 1, (1), pp. 67-84

5 KRUANGAM,D., DEGUCHL M., TOYAMA,T., OKAMOTO, H, and
HAMAKAWA, Y. ‘Carrier injection mechanism in an a-SiC p-i-n
junction thin film LED’, JEEE Trans., 1988, ED-35, (7), pp. 957-
965

6 PAASCHE,S.M., TOYAMA T, OKAMOTO, H, and HAMAKAWA, Y:
‘Amorphous-SiC  thin film p-i-n  light-emittng diode using
amorphous-SiN  hot-carrier tunneling injection layers’, IEEE
Trans., 1989, ED-36, (12), pp. 2895-2002

7 CHEN,Y.A, CHIOU,CF., TSAY,W.C, LAIH, LH, HONGIw, and
CHANG, C.Y.: ‘Optoelectronic characteristics of a-SiC:H-based p-i-n
thin-film  light-emitting diodes with low-resistance and high-
reflectance N*-a-SiCGeH layer’, IEEE Trans., 1997, ED-44, (9),
pp- 1360-1366

8 SHIEH,M.D, and LEE, CP, el al: ‘Low temperature (313°C) silicon
epitaxial growth by plasma-enhanced chemical vapor deposition
with stainless steel mesh’, Appl. Phys. Lett, 1993, 63, pp. 1252-
1254

9 CHEN, CH., WAN,CM., and YEW, TR., ¢! al.: ‘Silicon epitaxial growth
at 300°C by plasma-enhanced chemical vapor deposition from
SiH/H,, Appl. Phys. Lert., 1993, 62, pp. 3126-3128

Precise SDH frequency operation of
monolithic modelocked laser diodes with
frequency tuning function

I. Ogura, T. Sasaki, H. Yamada and H. Yokoyama

Frequency tuning has been achieved in monolithic modelocked
laser diodes through electrical control of the distributed Bragg
reflector (DBR) effective length. A 0.5% frequency-tuning range
has been obtained, which is wide enough to compensate for the
frequency error that results from cavity length uncertainty when
the usual cleaving process is used. Low-jitter 9.95328 GHz SDH
frequency operation with a 6ps transform-limited puilse output
has been demonstrated.

Modelocked laser diodes (MLLDs), with their compactness and
stable coherent-short-pulse output, are attractive optical pulse
sources for ultra-wideband RZ (return-to-zerc) transmission and
long-span soliton transmission systems. To use MLLDs in such
systems, the wavelength and pulse-repetition frequency must be
precisely controlled. To date, wavelength control in monolithic
MLLDs with a distributed Bragg reflecior (DBR) has been
reported {1, 2). However, sufficient precision in the pulse-repeti-
tion frequency has not yet been obtained. The pulse-repetition fre-
quency of an MLLD is determined by the round-trip time of the
optical pulse in the cavity, so precise fabrication of the cavity is
essential for accurate frequency operation. In actual operation, the
frequency of an MLLD is locked to the system clock through an
active or a hybrid modelocking method. To enable this, the cavity
length is precisely controlled within the locking range, typically
within 0.1%. When fabricating the device, however, the cleaving
position error is usually ~20pm, which comesponds to a 0.5% fre-
quency error for a 4.3mm long MLLD operated at 9.95328GHz
(the SDH frequency). To produce MLLDs with the required sys-
tem frequency using the current fabrication process, a frequency-
tuning function is needed to compensate for the fabrication error.

Here, we describe a method for tuning the repetition frequency
of monolithic MLLDs by means of electrical control of the DBR
effective length. The monolithic MLLD used i this study, which
has a DBR at one end of the cavity, is shown in Fig. 1. For the
DBR-integrated MLLDs, the cavity length is defined by using the
effective length or penetration depth of the reflector for the DBR
section. According to coupled-mode theory, the effective length of
the DBR L, for the actual length of L is defined by the grating
coupling coefficient x and internal loss o [3] as
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