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Summary:

This work introduces a voltage-related geometry factor for arbitrarily shaped planar Hall devices domi-
nated by 1/f noise and derives a corresponding signal-to-noise (SNR) geometry factor. The geometry
factors are simulated for disk-, square-, and cross-shaped Hall sensors. The results are supported by
measurements on cross-shaped GaAs Hall sensors and confirm a trade-off between Hall signal and
noise performance. Optimal cross geometries provide the highest SNR geometry factor, namely 0.59,
while optimal disk and square geometries reach only 0.56 and 0.52, respectively.
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Introduction

The signal-to-noise ratio (SNR) is a key figure of
merit for Hall sensors. It is defined as the ratio of
Hall signal to noise signal over a frequency f
range of interest. Here, we introduce a geometry
factor for 1/f-dominated noise compatible with
Hooge’s relation [1] and derive a SNR geometry
factor for arbitrarily shaped planar four-terminal
devices. This framework is used to identify the
SNR-optimal geometry of disk-, square-, and
cross-shaped Hall sensors, cf. Fig. 1.

Theory

For planar Hall sensors of in-plane area A, ho-
mogenous planar charge carrier density n,, and
mobility in the conductive sensor region Q, and
operated in measurement modes a and b, cf.
Fig. 2, at constant current I, the geometry de-
pendence of the Hall voltage in mode a is given
by the voltage-related Hall geometry factor [2]

Gy = Ja (ia.o X i.bO)z dA, (1)

fg igo " igo dA
where i,y and i,, denote the normalized in-plane
line current densities in the two measurement
modes at zero magnetic field, and (i, X i,4), i
the z component of their cross product.

Analogously, a voltage-related geometry factor
for 1/f-dominated noise can be derived as

Afq (igo * ipg)? dA
Gl/f,V — L”Oz_ (2)
(fg a0 " lao dA)

A geometry dependence of 1/f-dominated out-
put signal noise in terms of an effective area was
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Fig. 1. Hall sensor geometries of characteristic di-
mension L: (a) Disk with contact opening angle a, (b)

square, and (c) cross geometry with aspect ratio c/L.

first discussed in [3]. Here, this dependence is
cast into the dimensionless voltage-related fac-
tor G, /5. This formulation allows a straightfor-
ward generalization of the empirical Hooge rela-
tion [1]. In fact, the normalized voltage power
spectral density (PSD) becomes

ay/f 1 1

Sv _ %yf —
vz N_fGl/f‘V - nszL_ngl/f’V’ )

vz
where a, /f is the Hooge factor, N the number of

free charge carriers, and k, = VA/L a shape-de-
pendent area-utilization factor. The standard
Hooge relation is recovered for G;,;, = 1, hold-
ing for two-contact devices with homogeneous
1D current densities. Increasing the lateral sen-
sor dimensions reduces 1/f noise at the ex-
pense of a larger footprint. The analysis is there-
fore restricted to a fixed characteristic dimension
L of the structures, cf. Fig. 1. The resulting
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Fig. 2. Measurement configurations for modes a
and b of an arbitrarily shaped planar four-terminal de-
vice operated with constant drive current 1, yielding
the output voltages V, and V,,, respectively.
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differences in the active sensor area are ac-
counted for by k,, listed in Tab. 1. Under this
constraint, relying on the third expression in (3),
we define the SNR geometry factor as

GHy _ fg (iqo X ipo)z dA k

Gsnr = A= A (4)
\/A Ja (iao “ ipo)? dA

N

It enables the direct comparison between differ-
ent sensor shapes of identical L.

Numerical Simulation and Experiment

Finite-element simulations of Gy, and Gy
were performed using COMSOL, vyielding Gsyg-
The simulation results were supported by meas-
urements on cross-shaped samples of GaAs
Hall sensor test structures, featuring either var-
ied aspect ratios ¢/L or uniform scaling at con-
stant ¢/L = 0.58, cf. Fig. 1 (c), in a temperature-
controlled setup at T = 25 °C. G was obtained
from van-der-Pauw measurements [4], and
Gy /¢y from PSD measurements at vV =1V for all
specimens, evaluated at f =1 kHz after sub-
traction of the white-noise spectral background.
The active sensor area A was estimated from the
device layout. The Hooge factor was taken as
ayr =3 X 10™*, based on its reported mobility
dependence [1].

Results

As shown in Fig. 3, the investigated sensor ge-
ometries reveal a clear trade-off between signal
and noise performance. With increasing design
parameter ¢, defined as ¢ = a for disks and
& = c¢/L for square and cross sensors, G,y in-
creases monotonically, whereas Gy reaches a
maximum at intermediate £. In general, the SNR-
optimal sensor geometry does not coincide with
the optimal Hall signal geometry. For all three
shapes, G,,ry increases strongly at large ¢ val-
ues, since the current flow in both modes be-
comes more aligned, particularly between adja-
cent contacts, cf. Fig. 4. The Gy, values ex-
tracted from measurements and shown in Fig. 3
(c) are in very good agreement with the simula-
tions. The extracted G, values reproduce the
simulated trend well. However, their absolute
value depends on a,,; taken from literature [1]
and may therefore be subject to systematic scal-
ing. As expected, measurements on uniformly
scaled crosses confirm that the geometry factors

Tab. 1: Area-utilization factor and optimal SNR values.

Disk | Square Cross
ka() | Vm/2 | 1| J2c/L—(c/L)?
Max. Gsyr | 0.56 0.52 0.59
Sopt 2.87° | 0.07 0.58
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are invariant under scaling. The optimal SNR
values extracted from the simulation data are
listed in Tab. 1. Crosses show the best SNR per-
formance with coinciding Hall-signal- and SNR-
optimal geometries. Disks outperform squares.
For both, the SNR optimum is found at small ¢,
differing from the Hall-signal-optimal geometry.
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Fig. 3. Simulated geometry factors for (a) disk, (b)
square, and (c) cross geometries. The blue and red x-
symbols mark the maximum Gy and Gsyg, respec-
tively. For the cross geometries, the simulations are
supported by measurements.
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Fig. 4. Simulated spatial distributions of k, (izy %

ipo)z /VA(lqo * ipo)? for pairs of different (a) disk, (b)

square, and (c) cross geometries.
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