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Abstract 

We discuss the magnetic focusing in the InGaAs two 

dimensional electron gas (2DEG) with in-plane magnet-

ic field. By modulating the top gate bias voltage, we can 

modulate electron carrier density Ns. In this work, we 

detect the subband energies and their energy shifts 

when the Fermi energy is occupied in second subband. 

 

1. Introduction 

An InGaAs based quantum point contact (QPC) gen-

erates a spin polarized current without magnetic fields and 

magnetic materials [1, 2], which is a promising candidate 

for future spintronic devices. In order to realize spin func-

tional devices, we need to evaluate the current spin polari-

zation in QPC structures. Magnetic focusing in semicon-

ductor two dimensional electron gas (2DEG) is an attract-

ing method for evaluating the spin polarization in a 

transport measurement [3]. However, the magnetic focusing 

of an InGaAs 2DEG is still challenging due to relatively 

short mean free path in comparison with a GaAs 2DEG 

system. In this work, we demonstrate the magnetic focusing 

in an In0.7Ga0.3As / In0.53Ga0.47As 2DEG by using two nar-

row constrictions (NCs), which contains about twenty 

channels. By applying a perpendicular magnetic field to the 

2DEG plane, electron orbital motion from the emitter NC is 

modulated due to the Lorentz force and focused to the col-

lector NC, which results in the peak resistance in the col-

lector bias voltage. 

 

2. Experimental results 

A wafer consists of an In0.7Ga0.3As / In0.53Ga0.47As 

structure and was processed into two parallel NCs with a 

Hall bar structure by electron beam lithography and reac-

tive ion etching as shown in an inset of Fig. 5.  Both NCs 

and the Hall bar were covered with an Al2O3 gate insulator 

(100 nm) and a Cr / Au (40 nm / 80 nm) top gate electrode 

to modulate the electron mean free path. Magnetotransport 

measurements were performed at 1.7 K. By applying the 

positive top gate bias Vtg, the induced electrons are occu-

pied not only in the first subband but also in the second 

subband, which induces the different electron momentum at 

Fermi energy.  

Figure 1 shows the perpendicular magnetic field de-

pendence of the resistance in different Vtg. The magnetic 

focusing is observed as a resistance peak around -0.25 T 

and -0.45 T at Vtg = -2V. By applying a positive Vtg, the fo-

cusing peaks are shifted to high magnetic field sides. This 

indicates that the focusing peak is modulated due to the 

different electron momentums by the change of electron 

density via the top gate voltage. We plotted the magnetic 

field at the focusing peak as a function of the carrier density 

in Fig. 2. By fitting the result with the theoretical peak 

magnetic field 
scp NerB 2)(  induced by the elec-

tron cyclotron motion, where Bp is a magnetic field at peak 

position, ħ is a Planck's constant, e is an electron charge, rc 

is a cyclotron radius, and Ns is the carrier density, we can 

extract the cyclotron radius of the magnetic focusing. Ob-

tained rc becomes 0.75 m, which is consistent to the de-

signed value (0.70 μm) of the spacing between two NCs. 

As a result, we demonstrated the magnetic focusing in the 

InGaAs 2DEG and the modulation of focusing peak by the 

control of electron momentum, 
sF Nk 2 . 

  

 

Figure 1: Top gate voltage dependence of focusing 

peaks.  

Figure 2: Carrier density dependence of magnetic 

field of focusing peaks.  
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By applying in-plane magnetic field, we try to detect 

difference of electron momentum between spin up and 

down arising from Zeeman effect. However, splitted 

focusing peaks were not observed due to NC’s many 

coductance channels and short mean free path of InGaAs. 

In addition, focusing peak is not affected by in-plane 

magnetic field at first subband state as shown in Fig. 3. 

Figure 4 shows the in-plane magnetic field dependence of 

focusing peak when both first and second subbands are 

occupied with electrons. Two resistance peaks are observed 

around − 0.3 T and − 0.2 T, which corresponds to the first 

subband and second subband momentums. When the 

in-plane magnetic field is applied, these two peaks are 

shifted to opposite directions. In order to understand these 

peaks shift, we consider the diamagnetic effect [4], which 

increases the subband energy difference E under the 

in-plane magnetic field and induces a rearrangement carrier 

density between first and second subbands. The perpendic-

ular magnetic field at the focusing peak of the first subband 

is shown in Fig. 5 as a function of the in-plane magnetic 

field. The calculated magnetic field by taking into account 

the diamagnetic effect is shown as a solid line in Fig. 5, 

which reproduces the experimental shift. As a result, we 

can detect the subband energies and their energy shifts by 

using the transverse magnetic focusing in the InGaAs 

2DEG.  

 

 

 
3. Conclusions 

   We demonstrate the magnetic focusing in the InGaAs 

2DEG. Although, spin resolved magnetic focusing peaks 

were not observed in the present samples, we could expect 

spin splitted peaks by using NCs with a single channel. 

Such a magnetic focusing device is the possible candidate 

for evaluating the spin polarization in InGaAs based QPCs 

and the great importance for establishing the spin function-

al devices in the future. 
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Figure 3: In-plane magnetic field dependence of focusing 

peaks at first subband.  
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Figure 4: In-plane magnetic field dependence of focusing 

peaks at first and second subbands.  
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Figure 5: Experimental and calculated results of the 

peak shift under in plane magnetic feild and an SEM 

image of the device. 
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