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Silicon-based Light Emitting Devices based on Ge Quantum Dots in Optical Cavities

MEFRFTT Y 2T BERRE 7 — RER
1. Introduction

Due to its inherent nature of indirect band gap, silicon is thought to be a poor light emission material. Ge self-assembled
quantum dots (QDs) grown on silicon can relax the forbidden rules due to the quantum confinement effect. However, the light
emission efficiency is still too low for application. By combining optical cavities with Ge QDs, the light emission can be
significantly enhanced according to the Purcell effect. We thus demonstrated both optically and electrically pumped light

emitting devices based on Ge QDs at room-temperature.
(b;/’
L
b 7 _750nm

2. Photoluminescence from optical cavities with Ge QDs
Ge QDs were grown on SOI wafer by solid 250
source molecular beam epitaxy (SS-MBE).
Photonic crystal (PhC) nanocavities and
microring/disk resonators were then
fabricated by electron beam lithography
(EBL) and ICP-RIE dry etching. The BOX in

TE(0,11,1)

the samples with PhC cavities was removed
by HF wet etching to form free-standing
structure. Figure 1(a) shows typical micro-

PL Intensity [a.u.]

PL Intensity [a.u.]

[TE(0,12,1)

TE(0,13,1)

S

TE(0,10,1)

photoluminescence (PL) spectrum from Ge

QDs embedded in a L3-type PhC nanocavity,
together with the SEM image in the inset.

Very sharp resonant peak, with Q-factor of around
2000, are observed, as well as a large enhancement
of light emission intensity at the resonant
wavelengths. Those peaks are well identified as the PhC cavity modes through comparison with the numerical simulation
results, as shown in the dashed lines in Fig. 1(a). Figure 1(b) shows the SEM image of a microring with radius of 1.1 pm, and
the PL spectrum. Sharps peaks corresponding to the whispering gallery modes are also observed, with Q-factor of around
1000-4000.

15 16 ?.2 1

?.2 1.3

1.4 3 1.4 1.5
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Fig. 1 PL spectra and SEM images of photonic crystal nanocavity (a) and
microring (b) with Ge QDs.

3. Electroluminescence from photonic crystal nanocavities with Ge QDs
Electrical-injected light emitting diodes are
more desirable in practical applications. We
thus fabricated PhC nanocavities with Ge QDs
integrated with a lateral PIN diode, as shown in
Fig. 2(a). Lateral PIN diode structure is more
preferred compared with our previous vertical
PIN diode, because the carriers can be injected
and confined in the cavities more efficiently,
and the electrical structure has few effects on
the optical performances of the cavity. When
we apply a forward bias onto the diode, the
carriers are injected into the PhC cavities, and
the electroluminescence spectra are shown in
Fig. 2(b) under difference injected currents.
Strong resonant EL around 1.3-1.5 pm is
successfully demonstrated when the current is
larger than 0.5 mA. The resonant peaks also agree
well with the simulation results, indicating that
they are corresponding to the PhC cavity modes. A large Q-factor of 560 is obtained from the EL spectrum under 0.5 mA
current.

92 125 13 135 14
Wavelenath [um]

Fig. 2 (a) SEM image of lateral PIN diode current-injected light emitting
diodes with photonic crystal nanocavity, (b) EL spectra of the device
under different injected currents.
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