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Bandgap energy £, (eV)

Bandgap versus Lattice Constant for 111-V Materials
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Fig. 7.6, Bandgap energy and lattice constant of various IT1-V semiconductors at room
temperature (adopied from Tien, 1988),
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InSb Quantum Well Field-Effect Transistors
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Achievements

« Fabricated by Intel from InSb/Al,In,_Sb

material grown by QinetiQ

* For ultra high speed, very low power
digital logic applications

» Takes advantage of high mobility and

high saturation velocity for electrons in

InSb quantum wells

Challenges

o Stable and reliable gate dielectrics
for 111-V semiconductors

* Integration of I11-V devices on Si
substrates

 p-channel Il1-V FET for CMOS
configurations

* New logic/memory circuits and
architecture (?)




InSb Quantum Wells for Mesoscopic App
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Outline

1. Introduction

2. Transmission Electron Microscopy
o Effect of Crystalline Defects on Electron Mobility
o Effect of Buffer Layer on Defect Densities

3. Transport Experiments on 2D Electron Systems
e Quantum Hall Effect

* Quantized Conductance in Wires

* Magnetic Focusing

4. Realization of 2D Hole Systems
 Transport properties
 Cyclotron resonance

5. Summary



Defect Evaluation by Cross-sectional TEM (X-TEM)
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T.D. Mishima, M.B. Santos et al., J. Cryst. Growth 251, 551 (2003).




Formation of Misfit Dislocations
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Threading dislocations can change into a misfit dislocation at interfaces.
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Dislocation Filtering Mechanism
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Effect of Interlayers on Threading Dislocations (TDs)
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Effect of Micro-twin on InSb Quantum Well
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Hall Mobility (cm?/Vs)

2z 4%10 ~
S I I @2° off-cut GaAs(001)
’cg = [ tow = 25nm ] MT density
< |
2@ 10 > 980 /cm
L ) O2° off-cut GaAs(001)
2><18 [ tow = 20nm ]
2 1.8%10 5 -
2 Oé/) 3 6x1 6 X 103"N O On-axis EBaAs(OOl) — 7,600 /cm
259 0 10 2 1085 3 [ tow = 20nM |
Uoﬂ\\
5[ - T Electron Mobility in InSb QW @RT
1.6x10°[ 11 6x102
: 1O S 30,000 = 41,000 cm?/Vs (37%?1)
. ] Z
1.2x10 ' 11 2%102 % = (n = 5.5 x 10%/cm?)
8.0x10"F ~Q o5
: 18.0x10" 2 =
4.0x10%F ] S
0.0/9® 1 4.0x10™

Electron Mobility and Structural Defects

.10....

100
Temperature (K)




Summary of Defect Studies

* Mobility partially limited by threading dislocations and micro-
twin defects

e Threading dislocations reduced by interlayers in the buffer layer

« Micro-twin density reduced by growth on off-axis substrates



Outline

1. Introduction
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Quantum Hall Effect in InSb

subband energy quantized orbits spin splitting
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o Strong Integer QHE with Zeeman
splitting resolved at low B

 Landau and Zeeman splittings equal at
tilt of 65° for v=2 (m*g=0.84)
 Fractional QHE not observed
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Quantum Point Contacts
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Spin Orbit Effects
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Spin-dependent trajectories expected:

“Transverse electron focusing in systems with spin orbit coupling,”
Usaj and Balseiro, PRB 70, 041301 (2004)

“Spin separation in cyclotron motion,” Rokhinson et al., PRB 93, 146601 (2004)

“Spin-polarized reflection of electrons in a two-dimensional electron system,”
Chen et al., APL 86, 032113 (2005)



APPLIED PHYSICS LETTERS 86, 031115 (2003)

Spin-polarized reflection in a two-dimensional electron system

Hong Chen, J. J. Heremans,™ J. A. Peters, and A. O. Govorow
Dgpartment gf Phyzics and Arfronomiy, and The Namescale and Quanium Phemomena Tnsrife,

Qe University, Aihens, Qo 43700

M. Goel, 5. J. Chung, and M. B. Sanfos
Deparmment gf Physics and Aztronomy, and Center for Semiconductor PRysics in Nanorfructures,
The Uiversiy of Oklnhoma, Novman, Okiakome 73015
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Magnetic Focusing Data
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» Shubnikov de Haas oscillations - n,=3.62x10cm-?
e Measured period of =0.2T implies L~1.0um
A.R. Dedigama et al., Physica E 34, 647 (2006).



Summary of Ballistic Transport Experiments

o Ballistic transport observed at T~200K in 0.5um devices
« Quantized conductance observed in point contacts
» Magnetic focusing features observed

» Goal: Spin-dependent transport devices
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Two-Dimensional Hole Systems in 111-V Materials
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* In-plane hole masses are anisotropic
 Degeneracy of “light” and “heavy” holes lifted by strain and confinement

« “Light” holes have heavy in-plane mass, “heavy” holes have light in-plane mass

 Anticrossing expected between “light” and “heavy” hole bands

The Physics of Low-Dimensional Electron Systems by John H. Davies (1998).




0-type InSb Quantum Well
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» First realization of remotely-doped p-type InSb QWs.




p-type InSb Quantum Well at Low Temperature
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Spin Resolved Cyclotron Resonance in n-type InSb QW
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Modeling of Landau Levels in InSb Q
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Spin Resolved Cyclotro
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Summary

Molecular Beam Epitaxy of InSb-based heterostructures

« Mobility partially limited by micro-twins and dislocations
 Defect densities depends on buffer layer composition

e Room temperature mobility as high as 41,000 cm?4/Vs

Electron transport through InSb mesoscopic structures

o Ballistic transport observed at T~200K in 0.5um devices
 Quantized conductance observed in point contacts

e Magnetic focusing features observed

2D Hole systems in InSb quantum wells

 Mobility lower than for 2D electron systems

» Cyclotron resonance shows m™>0.04m,

» Good prototype system for p-type I11-V quantum wells




