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Abstract - The three-dimensional simulations, calibration, 

measured currents and calculated relative sensitivities of the 

first-ever fabricated double-drain gallium nitride (GaN) 

magnetic field effect transistor (MagFET) are given in this 

work. The MagFETs are GaN high electron mobility 

transistors (HEMTs) capable of operating under harsh 

environments. Geometrical and operational analysis are 

carried out on MagFETs using commercial simulation 

software Silvaco. The analysis shows promising relative 

sensitivities of 6.84%T-1 and 5.04%T-1 at ambient 

temperatures of 400 K and 500 K, respectively. In addition, 

the relative sensitivity of fabricated device is improved from 

12%T-1 to 24%T-1 at 300 K by optimising device geometrical 

parameters. 
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I. INTRODUCTION 

In modern power electronics, additional circuitries are 

added to sense the current passing through the components 

and to provide system safety. It is a major advantage if the 

sensor can operate close to the analysed systems under 

high temperatures and high radiations and provide accurate 

outputs. 

Most of the sensor technologies available in the market 

are silicon based. Compound semiconductors such as GaN 

are better candidates for operation under harsh 

environment. GaN-based devices have proven to be a 

promising replacement for silicon technology in RF and 

power applications [1], [2]. The large bandgap, good 

thermal conductivity, and polarization properties provide 

various advantageous over the conventional 

semiconductors. Due to significant interest in electrical 

and thermal properties of GaN material, 

commercialization of nitride-based devices is emerging 

quickly. 

It is known that magnetic fields deflect the moving 

charge in semiconductors and the inversion layer of metal 

oxide semiconductor field effect transistors (MOSFETs) 

as reported in previous works [3], [4]. The magnetic field 

effects in the electronic device can be detected by sensing 

contacts across the device measuring Hall voltage or by 

split contacts measuring current imbalance, for instance. 

In order to detect the current imbalance resulting from 

magnetic field, the drain contact is divided into two 

individual contacts held at the same potential and 

separated by a distance (see Fig.1).  Ideally, under no 

magnetic fields, corner contacts on the device with the 

same length and width will receive equal current flow. In 

this case, the current difference will be zero and 

consequently the sensitivity. In the presence of magnetic 

fields, applied perpendicular to the device surface, the 

charged carriers are deflected as a result of the Lorentz 

force. This imbalance can be measured on contacts and the 

relative sensitivity of the double-drain sensor is calculated 

by the following equation [5]: 

 

 

𝑆𝑟[%𝑇−1] =
|𝐼𝐷1−𝐼𝐷2|

(𝐼𝐷1+𝐼𝐷2)×|𝐵|
× 100%   (1) 

 

where ID1 and ID2 are the currents from drain 1 and drain 2 

contacts, respectively, in the presence of magnetic field 

(B). The relative sensitivity of split-current sensors may 

show poor values as the current imbalance is small 

compared to device total current. Higher sensitivities can 

be achieved by adding a 3rd drain [6] and modifying the 

magnitude of the current flowing through it. The 

sensitivity is also a function of geometric parameters as 

seen in the following equation [7]: 

 

𝑆𝑟 = 𝐺𝜇∗
𝐿

𝑊
   (2) 

 

where G is the geometrical correction factor, 𝜇∗ is the Hall 

mobility, L is the device length and W is the device width. 

The Hall electron mobility reads: 

 

𝜇𝑛
∗ = 𝑟𝑛𝜇𝑛   (3) 

 

where 𝑟𝑛 is Hall electron scattering factor and 𝜇𝑛 is 

effective electron mobility. Furthermore, the current 

deflection (d) is a function of [8]: 

 

𝑑 = 𝑓(𝐿, 𝜇𝑛 , 𝐵, 𝑇)  (4) 

 

where L is the device length, 𝜇𝑛is the electron mobility, B 

is the applied magnetic field and T is the temperature. To 

increase the  current  deflection  and relative sensitivity, a  



longer sensor, higher electron mobility, larger magnetic 

field and lower operational temperature are required. Two-

dimensional electron gas (2DEG) channel of GaN hetero-

structure fulfils the requirement for high mobility. 

The magnetic sensors are integrated with other 

electronics in the same IC batch to detect magnetic fields 

in the range of few milli-Tesla. 
In this paper, we present simulation, calibration, 

analysis and optimisation of first-ever fabricated double-
drain GaN magnetic sensors. The relative sensitivities and 
current differences are computed for different geometrical 
parameters, ambient temperatures and biasing conditions. 
The simulations are carried out to optimise the GaN device 
relative sensitivity for integration with a coil to be placed 
on top of the sensor in micro-meter distance. The current to 
be sensed flows through the coil producing the magnetic 
field invoking current imbalance in the GaN device. 

II. DEVICE STRUCTURE AND SIMULATION MODELS 

The simulated unintentionally doped (UID) gated 

sensor is GaN/AlxGa1-xN/GaN hetero-structure similar to 

GaN high electron mobility transistors (HEMTs) on 

silicon substrate. The mole fraction is x=0.25. The cap, the 

barrier, and the buffer thicknesses are 2 nm, 25 nm and 2 

m, respectively. The simulated sensor has a source length 

of LS=5.5 m, drain length of LD=5.5 m, source width of 

WS=20 m, source to drain distance of LSD=24 m, source 

to gate distance of LGS=1.0 m and gate to drain distance 

of LGD=22 m. The gate contact length is LG=1.0 m. The 

length and width of fabricated/simulated sensors are 

L=35 m and W=20 m, respectively. The separation 

between two drain contacts is LDD=5 m. The SiN 

passivation thickness is tSiN=10 nm. 

The spontaneous and piezoelectric polarizations are 

active in all simulations and the electron sheet density is 

set to 9.5×1012 cm-2 via polarization adjustments. The 

unintentional impurities resulting from epitaxial growth 

are added to the model in GaN:UID buffer at EC-ET=0.11 

eV and EC-ET=3.28 eV [9]. Nitride parameters used in this 

paper are extracted from the literature [10]. The Shockley-

Read-Hall (SRH) and Fermi-Dirac statistics are activated 

for all simulations. Nitride mobility models for low and 

high electric fields are employed in 3D simulations. The 

mobility is considered as effective to account for scattering 

mechanisms in fabricated device. Self-heating effects are 

neglected. 

The Lorentz force and magnetic effects are modelled 

using 3D MAGNETIC module of Silvaco atlas. The GaN 

Hall scattering factor is extracted from the literature [11] 

and is set to be r = 1.1 in simulations. The magnetic field 

(B) is applied perpendicular to the surface in units of Tesla. 

III. GAN MAGFET SIMULATION AND MEASUREMENT 

RESULTS 

The GaN split-current magnetic sensor with two drains 

is presented in Fig. 1. The drain contacts have the same 

length and width to avoid undesirable current offset in the 

absence of magnetic field. 

Fig. 2 shows the output characteristics of the GaN split 

current sensor in the absence of magnetic field at 300 K. 

The current flows equally into two drains and the current 

imbalance (ΔI) is nearly zero for VDS=0V to VDS=0.5V at 

VGS=0V. The negligible current offset is important to 

ensure accuracy of simulation results since poor meshing 

may cause current deflection in absence of magnetic fields. 

Fig. 3 is the simulated current imbalance for various 

applied magnetic fields at VGS=0V, VDS=0.5V and  300 K. 

The measurements were carried out on 60 fabricated 

devices and standard deviation resulting from imperfection 

 
Fig. 1. 3D simulated GaN MagFET showing mesh 

profile at the device surface and dimensions (in 

microns) of fabricated device. 

 

Fig. 2. Simulated drain currents (overlaid) of GaN 
MagFET (ID) against drain to source voltage (VDS) at 
VGS=0V and 300 K. The current imbalance (ΔI) is 
nearly zero in absence of magnetic field (B=0 T). 

 

 
Fig. 3. Simulated current difference (ΔI) of GaN 

MagFET (dashes) from B=0 T to B=0.03 T in steps of 

0.01 T  at VDS=0.5V, VGS=0V and 300 K against 

measured current imbalance (line) in fabricated GaN 

sensors. The errors bars are calculated standard 

deviation from 60 fabricated devices. The calculated 

relative sensitivty is Sr=12%T-1. 
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in fabrication process, geometrical errors and non-

uniformity in material resistivity and thickness have been 

presented with bars. The current difference obtained from 

simulations has been calibrated to experimental data 

showing a good agreement. 

Fig. 4 is the predicted current imbalance and relative 

sensitivities for various gate to source spacing of LGS=1.0 

m to LGS=5.0 m in steps of 1.0 m. Gate length and 

source to drain spacing are kept constant at LG=1.0 m, 

LSD=24 m, respectively. Due to reduction in total current 

[12] of the device and increase in the Lorentz force 

between gate and drain resulting from this scaling, 

simulation results show increase in relative sensitivities. 

This effect is more pronounced at low gate biases. It needs 

to be mentioned that keeping the device length constant 

and scaling up the gate to source distance may trigger 

impact ionisation at lower biasing conditions [13]. 

Fig. 5 is the simulated differential current and relative 

sensitivities for different gate lengths of LG=1.0 m to 

LG=5.0 m in steps of 1.0 m where gate to source and 

source to drain spacings are kept constant at LGS=1.0 m 

and LSD=24 m, respectively. Scaling up the gate length 

reduces the device total current [12]. Consequently, 

improvement in relative sensitivity is observed. In 

addition, increase in the electric field resulting from this 

scaling between gate and drain is also predicted. 

 Fig. 6 is the simulated current difference and 

calculated relative sensitivities at VDS=0.5V, 300 K and 

various ambient temperatures. The simulation predicts 

promising relative sensitivities of Sr=6.84%T-1 and 

Sr=5.04%T-1 at high temperatures of 400 and 500 K 

compared to Sr=12%T-1 at 300 K. The degradation is due 

to electron mobility and velocity reduction [14], [15]. 

Moreover, threshold voltage shift is also observed from 

TCAD results due to trap states at the device surface [16]. 

Fig. 7 is the comparison between the optimised device 

(L=65 m, W=20 m, LS=5.5 m, WS=5.0 m, LDD=5 m, 

LG=5.0 m and LGD=10 m) against the sensor with L=35 

m, W=20 m, LS=5.5 m, WS=20 m, LDD=5 m, LG=1.0 

m and LGD=22 m. An increase in sensitivity (from 

Sr=12%T-1 to Sr=24%T-1) is predicted at VGS=0V for the 

optimised GaN magnetic sensor. The increase in relative 

sensitivity at VGS=0V is mainly due to increase of source 

to drain resistance and reduction of total current, while at 

low gate biases is also due to increase in current imbalance 

resulting from a larger Lorentz force. 

 
Fig. 4. Simulated relative sensitivities (Sr) (dashes) and 

current difference (ΔI) (lines) of GaN MagFETs for 

different gate to source spacings of 1.0 m to 5.0 m in 

steps of 1.0 m where gate length and source to drain 

spacing is kept constant (LG=1.0 m and LSD=24 m) at 

B=0.03 T, VDS=0.5V, and 300 K. 

 
 

Fig. 6. Simulated relative sensitivity (Sr) (dashes) and 

current difference (ΔI) (lines) of GaN MagFET for 

different ambient temperatures of T=300 K, T=400 K 

and T=500 K at VDS=0.5V and B=0.03 T. 

 

 
Fig. 7.  Simulated relative sensitivity (Sr) (dash) and 

current difference (ΔI) (dash) of optimised GaN 

MagFET (L=65 m, W=20 m, LS=5.5 m, WS=5.0 m, 

LDD=5 m, LG=5.0 m and LGD=10 m) against 

previously simulated GaN MagFET relative sensitivity 

(line) and current difference (line) with L=35 m, W=20 

m, LS=5.5 m, WS=20 m, LDD=5 m, LG=1.0 m and 

LGD=22 m at VDS=0.5V and 300 K. 

 

 
Fig. 5. Simulated relative sensitivities (Sr) (dashes) 

and current difference (ΔI) (lines) of GaN MagFETs 

for different gate lengths of 1.0 to 5.0 m in steps of 

1.0 m where the gate to source and source to drain 

spacings are kept constant (LGS=1.0 m and LSD=24 

m) at B=0.03 T, VDS=0.5V, and 300 K. 
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IV. CONCLUSION 

Three-dimensional simulations have been employed to 

study relative sensitivities, the main figure of merit of 

magnetic sensors. Simulated current difference was 

calibrated against measured data to validate simulations 

obtained from Silvaco software. Geometrical analysis was 

carried out on GaN split-current magnetic sensor 

demonstrating increase in relative sensitivities with scaling 

up the gate length and source to gate spacing. We also 

presented an optimised device predicting an increase in 

relative sensitivity from Sr=12%T-1 to Sr=24%T-1 at 

VGS=0V, VDS=0.5V and 300 K. In addition, three 

dimensional simulations were carried out to study the 

relative sensitivities at 300 K, 400 K and 500 K ambient 

temperatures predicting a promising operation of GaN 

split-current sensors under harsh environment. 
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