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SiGe quantum dots grown by MBE on Si substrate with self-organization; 
(left): conventional dots; 
(mid): uniform dots by adding carbon
(right): SiGe dots ~20 nm in diameter grown at UD

500 nm
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Delaware Location

not to be confused 
with Newark, New 
Jersey, located 
near New York 
City!

Newark, Delaware is 
near Philadelphia –

Newark is about 50 
Km from 
Philadelphia 
International Airport
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VHESC Program:

Very High Efficiency Solar Cells

Goal: 50 % conversion efficiency

Univ. of Delaware DARPA 
funded solar energy center
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Molecular beam epitaxy (MBE)
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U Del CVD System (Unaxis CVD 300) for SiGe Fabrication

• Sources:
– Si, Ge, C sources
– B (p-doping)
– P  (n-doping)

• Substrates:
– 3 to 8 inch diameter

• Operation: June 1



Strain in Si/Ge heterostructures

Gex Si1-x

Si

Gex Si1-x

on
Si(001)

εGeSi = x⋅0.042
||

G – shear modulus, ν
 

- Poisson’s ratio, εGeSi =0.042⋅XGe – in plane strain, 
XGe – part of Ge in GeSi layer, dGeSi – thickness of GeSi layer

asi =5.43 Å aGe =5.65 Å Pseudomorphic growth

Elastic  energy
EGeSi =2⋅G⋅((1+ν)/(1- ν))⋅ε2

GeSi ⋅dGeSi



Motivation 
Optical properties of Ge(Si) self-assembled 
islands
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Main types of GeSi self-assembled 
islandsprepyramid
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Composition of islands in dots & multilayers
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G.Capellini et. al., 
APL 78, 303 (2001)

Multilayer structure

our date
A.G.Milekhin et. al., 
Physica E 21, 464 (2004)
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Main types of GeSi self-assembled islands

Prepyramid T - pyramid

Pyramid

Hut
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A.Rastelli, et. al., PRB 68, 115301 (2003),  
J.Tersoff et. al., PRL 89, 196104 (2002) 
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AFM Data of  SGC-528 Ge Quantum dots on Si

RHEED SGC528

Ge islands at 605°C on Si buffer (dGe

 

~ 7.5 ML, vGe

 

~ 0.15 Å/sec)

Ns
pyramid

 

= 8.8×109

 

cm−2

Ns
dome

 

= 9.2×109

 

cm−2

Ns
total

 

= 1.8×1010

 

cm−2Island surface density:

Islands sizes:

 

domes: <h> = 10.35 nm, <D> = 66.5 nm
max height of pyramids: 3.6 nm
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Photoluminescence of  Ge Quantum dots on Si
SGC 520

10

100

1000

10000

950 1050 1150 1250 1350 1450 1550 1650 1750

Wavelength (nm)

P
L 

In
te

rn
si

ty
 (

ar
b.

 u
n

its
) 80

90
100
125
150
175
200
250
295

800 meV977 meV
954 meV

SGC 520: Ge quantum dots on undoped Si buffer
Growth temp: 600 °C  -

 

Ge dot layer ~ 6.5 ML
Substrate -

 

Si (100), n-type 1-10 ohm-cm
Buffer layer -

 

72 nm undoped Si
Cap Layer -

 

60 nm undoped Si
532 nm PL excitationSi substrate

Ge dots
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SGC 521
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Photoluminescence of  Ge Quantum dots on Si
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SGC 521: Ge dots on a Si:P buffer
Substrate -

 

Si (100), n-type 1-10 ohm-cm
Buffer layer -

 

72 nm Si doped with P to 7E16 cm-3
Thickness of deposited Ge layer ~ 6.5 ML
Cap Layer -

 

60 nm Si doped with P to 7E16 cm-3
532 nm PL excitation

Si substrate

Ge dots
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Photoluminescence of Ge Quantum dots on Si at 
room temperature

1.55 µm

Excitation wavelength 
dependence

Measurements by 
Matt Kim,
QuantTera



Optical transitions in Ge(Si)/Si(001) islands
Aleshkin V.Ya., et. al., JETP Lett. 67, 48-53 (1998)
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Temperature quenching of PL and 
EL from Ge(Si) islands
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Wavelength tuning of Electroluminescence 
from Ge(Si) islands



Room-temperature Electroluminescence 
with Ge(Si) islands and Wetting Layer
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CONCLUSIONS: 

SiGe Quantum Dot Light Emitters: A new circuit 
technology, or a disappointment?

• silicon-germanium based light emitters are useful for 
spectroscopy, communication, computing, sensing, 
imaging, materials scanning, and are compatible with 
integrated circuit processing

(kolodzey@ee.udel.edu)

More device and system 
demonstrations are needed:

“In theory, there is no difference 
between theory and practice; 
but in practice, there is.”
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