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Experiment

Conclusion  

Introduction

Key Results
• Electrostatics and magnetotransport of two-dimensional hole

gases (2DHGs) in undoped Ge/GeSi heterostructures were
investigated.

• A saturation density crossover from equilibrium to non-
equilibrium and unexpectedly low gate effective capacitances
in Ge 2DHGs due to surface tunneling were reported for the
first time.

• A mobility enhancement was observed due to the remote
screening by the tunneled electrons or holes in Ge/GeSi
2DEGs and Si/SiGe 2DHGs.

Motivation
• Two-dimensional hole gases (2DHGs) in modulation-doped

Ge/GeSi heterostructures have attracted considerable interests
due to its rich physics, such as the fractional quantum Hall
effect and spin-orbit interactions (SOI).

• There were few studies on undoped Ge/GeSi heterostructures.

Results: Equilibrium-non-equilibrium crossover

Acknowledgement  

Related Publications 

Results- Remote carrier screening

• A cross-over of equilibrium and non-equilibrium of 2DHG saturation density
• Unexpectedly low gate effective capacitance
• Density transition in a single Si/SiGe 2DEG
• Mobility enhancement in both Si/SiGe 2DEG and Ge/GeSi 2DHG
- We attribute these observations to the surface tunneling and remote carrier

screening.
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Crossover of 2DHG saturation density from non-equilibrium to equilibrium
• Density saturation for all devices– due to surface tunneling

- Deep-channel devices: -> surface conduction prohibited, non-equilibrium
- Shallow-channel devices: -> surface conduction allowed, equilibrium

• Ge/GeSi heterostructures
- lightly-doped n-Si substrates
- virtual Ge substrates
- s-Ge QW on top of GeSi relaxed buffer
- GeSi TB, varied barrier thickness

• TEM & Process Flow
- high quality CVD groth
- high-quality oxide interface
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Results: Unexpectedly low gate effective capacitance 

Unexpectedly low gate effective capacitance 
in shallow-channel devices
• Surface tunneling decreases the holes in the buried

QW, leading to the reduction of effective
capacitance.

0 5 10 15 20
0.0

0.4

0.8

1.2

1.6

2.0

2.4

IV

III

II

E
le

c
tr

o
n

 D
e
n

s
it

y
 (

c
m

-2
)

Gate Voltage(V)

x 10
11

I

Equilibrium value by Poisson Eqn.

0.5 1.0 1.5 2.0 2.5
0

2

4

6

8

x 10
11

x 10
5

M
o

b
il
it

y
 (

c
m

2
/V

-s
)

Electron Density(cm
-2
)

2DEG screening

Remote screening

 

-30 -25 -20 -15 -10 -5 0 5
0

2

4

6

8

10
58 nm 

9 nm

26 nm

H
o

le
 D

e
n

s
it

y
(c

m
-2
)

Gate voltage (V)

116 nm 

x 10
11

x 10
11

-1.6 -1.2 -0.8 -0.4
0

1

2

0 20 40 60 80 100120
0

2

4

6

8

10

12

H
o

le
 D

e
n

s
it

y
 (

c
m

-2
)

GeSi Barrier Thickness (nm)

x 1011

Non-equilibrium with 
an upper limit

Equilibrium by Poisson eq. 

p
max

=U
o


r
/e2t

barrier

1.2 1.8 2.4 3.0 3.6 4.2
0.0

0.5

1.0

1.5

2DHG screening

x 10
5

M
o

b
il

it
y
 (

c
m

2
/V

-s
)

Hole Density(cm
-2
)

x 10
11

Remote screening

 

Stage I    - Linear stage Stage I    - Linear stage 

Stage II   - Saturation stageStage II   - Saturation stage

Stage III  - Surface conduction stageStage III  - Surface conduction stage

Stage IV  - Equilibrium stageStage IV  - Equilibrium stage

Remote carrier screening
• The tunneled carriers smooth out the potential fluctuation at the surface, leading to

a more correlated potential, which is believed to boost the mobility.

Before surface tunneling After surface tunneling

- potential fluctuation
caused by impurities

Al2O3/Si : negatively-charged Tunneled electrons: trapped at Ec,min
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