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Novel Germanium Light Emitting Materials and Devices
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1. Introduction

Germanium (Ge) is an attractive light emitting material for the telecommunication band.
Although Ge is an indirect band gap semiconductor, the light emission efficiency can be enhanced
either through quantum confinement in Si/Ge nanostructures, or through strain and doping
engineering to compensate the very small energy different of 0.136 eV between its direct and
indirect conduction band valleys. We proposed and demonstrated different types of Ge-based light
emitting materials.

2. Ge quantum dots (QDs) with phosphorus §-doping at Si/Ge interfaces

Ge QDs grown on Si have a type-Il band lineup, in which holes can be well confined in Ge while
electrons are weakly confined at the Si/Ge interfaces. By doping these interfaces with n-type
dopants, extrinsic electrons can be provided and recombination probability is expected to be
increases. We realized n-type doping at Si/Ge interfaces by phosphorus (P) 6-doping during MBE
growth. The substrate temperature was optimized to suppress P segregation and peak doping
concentration of about 3x10%° cm™ was obtained. PL measurement results show that the light
emission intensity from doped Ge QDs is enhanced by a factor of 3 compared with that from un-
doped sample.

4000 = =
1 —without doping|
Si 80nm :?E - —with doping
=]
810" = 3000
S >
B 10" @ 2000
= Q
€ 10" .1 1000
g a
SOl(top Si 145nm/BOX o 10" 0
Layer 1000nm 0 100 200 300 400 1 1.2 1.4 1.6
y ) Depth (nm) Wavelength (um)

3. Tensile-strained, highly n-doped Ge on Si and Ge-on-insulator (GOI)

Tensile-strained Ge was grown on Si by using a two-step method: first a low-temperature buffer
and then a high-temperature Ge layer with high crystal quality. XRD and Raman measurements
show that about 2.0% tensile strain was introduced in the Ge film due to the thermal mismatch
between Si and Ge. Spin-on-dopant (SOD) was used to dope the Ge layer. After rapid thermal
annealing, activated n-type doping concentration of 5x10%° cm3 is achieved in the Ge layer.

4000
b N-doped GOI e
w0 p 3500 —P=0.8 mW
|| —P=1.6 mW
P - = 2000 U —P=3.2 mW
2 5i02 8 2500 1
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z Z 2000 Vo ]
T : o
< g oW
z € 1500 F ) ]
E Vg
a d / Wi |J \
& 1000 / i ]
100 an i v.
i
L L | =
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Ge-on-insulator (GOI) wafer was fabricated by direct wafer bonding of a Ge-on-Si substrate and a
Si substrate with thermally grown SiO; on top. SOD was also performed on GOl and doping



concentration up to 1x10%° cm= is achieved. The light emission intensity of GOl is enhanced by
factors of 61 and 4 compared with those of Ge wafer and Ge on Si, respectively. Microdisks with
different radius were also fabricated on this n-doped GOl substrate and resonant peaks
corresponding to whispering gallery modes were observed in the room-temperature PL spectra.

4. Giant light emission enhancement from uniaxial-strained SiGe/Si microbridges

SiGe layer with Ge composition of about 10% was grown on SOl substrate and patterned into
microbridge structures. The BOX layer was removed by vapor HF etching. Due to the relaxation of
the wider pads of the bridge, a large uniaxial compressive strain was introduced into the central
narrower part. Room-temperature PL measurement shows that the light emission from the center
part is enhanced by a magnitude of three orders compared with that of unpatterned region and the
light emission shows clear threshold behavior against pump power. The mechanism of this giant

emission enhancement is still unclear and under investigation.
10°
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