Vol. 30, No. 5

Journal of Semiconductors

May 2009

Epitaxy and Characteristics of Resonant Cavity LEDs at 650 nm*

Kang Yuzhu(#E4F)", Li Jianjun(Z% %), Ding Liang(] %), Yang Zhen(# %), Han Jun(# %),
Deng Jun(X$4%), Zou Deshu(4p#£ A1), and Shen Guangdi(iL )

(Beijing Optoelectronic Technology Laboratory, Beijing University of Technology, Beijing 100124, China)

Abstract: Resonant-cavity light-emitting diodes (RCLED) at 650 nm wavelength were grown by metal organic
chemical vapor deposition. In order to improve the interface quality and reduce the device voltage, an AlGalnP
material system has been chosen to grow the top DBRs. The emission properties of the RCLED were characterized
by measuring PL and EL spectra. The average emission power of the device is 0.5 mW at 20 mA and 2.2 V, and its

spectrum full width at half maximum is about 10 nm.
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1. Introduction

With the development of optical fiber networks, short-
range optical communication technology based on cheap
POFs (plastic optical fibers) has developed rapidly!"?!. Com-
pared with conventional LEDs, RCLEDs have many advan-
tages such as higher output power, lower divergence of the
output beams, better temperature stability and a narrower spec-
trum width®!. Basically, an RCLED consists of three parts:
a microcavity with an MQW active region and two parallel
DBRs, which surround the microcavity. According to the
Purcell effect!®, the optical mode density in a microcavity will
be redistributed. Some modes will be enhanced, and others
will be inhibited. So the spontaneous emission in a microcav-
ity can be preferentially directed to the emitting surface by an
appropriate design of the structure, which will lead to a higher
light extraction efficiency and a narrower optical spectrum.

For short-range optical interconnections, the RCLED of
650 nm wavelength, which corresponds to the low-loss band
of POFs, is the ideal light source!®8l. Generally, a 650-nm
RCLED is fabricated on a GaAs substrate with AlGalnP ma-
terials used for the microcavity and Al,Ga;_,As/Al,Ga;_,As
used for the DBRs®). But due to absorption losses, AlGaAs
DBRs are limited to wavelengths longer than 600 nm!'%!. In
addition, the control of the interface structure between Al-
GalnP and AlGaAs is difficult. So in this paper, we select
an AlGalnP material as the top DBR to improve the RCLED
properties.

2. Device fabrication

The schematic structure of our RCLED is shown
in Fig. 1. The layers consist of (1) 34-pair Si-doped
AlysGagsAs/AlAs n-type bottom DBR layers, (II) a 80 nm
undoped (AlgsGags)IngsP phase match layer, (III) an ac-
tive region composed of three 5 nm wide undoped GalnP

PACC: 7850G; 7855; 7860F

quantum wells separated by two 5 nm wide undoped
(Aly5Gags)Ing sP quantum barriers, (IV) an 80 nm undoped
(AlysGags)Ing sP phase match layer, (V) 15-pair Mg-doped
(Alp3Gag7)Ing sP/AlINP p-type top DBR layers, and (VI) a
0.5 um GaP layer for current spreading and Ohmic con-
tact. The device structure was grown by MOCVD (EMCORE
Company) on Si-doped 2-inch GaAs substrates at about 700
°C. Gas sources include AsHs, PH3, and SiHy4, while liquid
sources include TMAI, TMGa, and TMIn. The carrier gas was
H,, which has been purified by a Pd cell. After epitaxy, a ring
electrode was formed on the top in order to spread the current
towards the center, so that the light could be mainly generated
from the center. Then as Purcell effect, most light could be ex-
tracted from the aperture located in the center. As a result, the
luminous efficacy of the device was improved. The following
manufacturing processes were similar to conventional LEDs.

3. Results and discussion

3.1. White reflection spectrum

Because of the importance of the top DBR in this
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Fig. 1. Schematic structure of the RCLED.
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Fig. 2. Calculated and measured reflection spectrum of 15 pairs of
AlGalnP/GalnP DBRs.
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Fig. 3. (a) PL spectrum and (b) EL spectrum of the RCLED and the
normal LED.

experiment, a 15-pair AlGalnP/AlInP DBR layer was grown
separately. The white reflection spectrum of this DBR is
shown in Fig. 2. The reflection curve peak is at 650 nm,
which meets the requirements of the experimental design. Also
shown in Fig. 2 are the simulation results calculated from the
transfer matrix method!, in which the dispersion relation of
the Al,Gags5_,Ing sP material'?! is estimated by

EyE
&_{_1’ (1

n(E, x) = Eé s

where Ey = 3.39 + 1.216x, Eq = 28.07 + 3.373x, E = 1240/
(eV), and A is the wavelength (unit: nm), respectively. The

90°

60°

Fig. 4. Far-field strength as a function of angle of the RCLED and the
traditional LED.
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Fig. 5. Voltage—current and power—current characteristics of the
device.

calculated and measured curves are basically the same. The
difference between theory and experiment stems from the
measurement sensitivity at shorter wavelength.

3.2. PL spectrum and EL spectrum analysis

Figure 3 shows a comparison between the EL and PL
spectra of an RCLED and a conventional LED. The FWHM
of the conventional LED is 20 nm, while the FWHM of the
RCLED is less than 10 nm. If the number of the pairs of the
top DBR would be further increased, the peak would be even
narrower! 3],

3.3. Far-field divergence angle

Figure 4 shows the far-field divergence angle of a
RCLED and a normal LED without encapsulation in polar co-
ordinates. The angle is about 56 ° and 48 ° for the normal LED
and the RCLED, respectively. This makes the RCLED device
well suited for optical communication.

3.4. Current-voltage and power-current characteristics

Figure 5 shows the forward voltage and the light output
power as a function of the injected current. The voltage and the
output power increase as the current increases, but the output
power saturates at 0.65 mW. At 20 mA, the output power is 0.5
mW and the forward voltage is 2.2 V. Compared with the re-
sults of Ref. [14], the operating voltage is almost the same but
the output power is 0.2 mW higher. Compared with the result
of Ref. [15], although the output power is 1 mW less, the for-
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ward voltage is 0.5 V lower. If some measures of current con-
finement were adopted, such as the lateral sidewall oxidation
technology!!®!, the output power would be further improved.

4. Conclusion

650-nm resonant cavity light emitting diodes with Al-
GalnP top DBRs were made. The results indicate that AlGalnP
top DBRs have the advantage of better interface quality and
lower voltage. The average emission power of the device is
0.5 mW at 20 mA, 2.2 V, and its FWHM is about 10 nm.
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