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ABSTRACT 

We report the galvanomagnetic properties of Hall and magnetoresistor cross-shaped sensors 
with lateral dimensions 2 x 3 mm. The comparative study of epi-layers fabricated by MBE 
and MOCVD are presented. The measured parameters of these devices gave an interesting 
insight into their behaviour at temperatures ranging from LHe to room temperature. The large 
changes of the galvanomagnetic parameters vs. magnetic field and temperature allow these 
devices to be used as field or temperature sensors. 

1. Introduction 

Hall and magnetoresisitive probes have been 
employed for studying magnetic properties of various 
materials for several decades. Most recently, ad- 
vances in microtechnology have allowed fabrication 
of such sensors of micron size and they were success- 
fully applied [1], [2]. 

In recent years an increase of interest can be 
observed in magnetic field sensors (MFS) which are 
applied to measurements and monitoring of many 
changes in physical and mechanical properties. This 
especially concerns to thin film sensors [3–6]. 

The aim of this paper is to project a magnetic field 
sensor built from epitaxial layers of In0.53Ga0.47As/ 
/InP obtained with MBE and MOCVD technology. 
A comparison of results obtained with these two 
materials on sensor and material properties is 
presented. 

This device when used as a magnetic field sensor 
can be adopted for the fields as low as 1 mT and 
higher. Sensors built from semiconductor with 
concentration ~1.1020 m−3 can be used at much higher 
sensitivity but with significant temperature 
dependence. If we use the In0.53Ga0.47As layer with 
n ~ 1–10⋅1022 m−3 then the electrical characteristics 
are almost independent of temperature. From Hall 
voltage the sensitivity is 140 mV/0.05 T⋅6 V. That 
only is a little smaller than for deep quantum well 
Hall element (DQW) with sensitivity 300 mV/ 
/0.05 T⋅6 V [7–9]. 

On the basis of our previously reported results 
obtained for the VdP structure (with w/l = 1) [10], [11] 
we consider that it is possible to obtain sensors using 
Hall effect with absolute sensitivity γ0 ~ 1 V/T and 
current sensitivity ~ 5600 Ω/T at B = 0.6 T and t = 4 μm, 
nH = 2.25 1020 m−3, μH = 0,7 m2/V at T ~ 300 K. For 
higher concentration nH ~ 8.5⋅1023 m−3 and mobility 
μH ~0,5 m2/V⋅s with t = 1 μm we have γ0 ~ 0,003 V/T 
and γ ~ 5 Ω/T.  

For sensors using the Gauss effect SI ~ 800 Ω/T and 
SV ~ 0,5 (T−1) at B = 0.6 T with t = 4 μm and nH = 
= 2,25⋅1020 m−3 and μH = 0,7 m2/V⋅s. For higher 
concentration nH ~ 8.5⋅1023 m−3 and μH ~ 0,5 m2/V⋅s 
with t = 1 μm we have SI ~ 1 Ω/T and SV ~ 0.05 (T−1).  

In a real semiconductor wafer resistance and 
sensitivity are dependent on the geometrical shape 
and magnetic induction B. Magnetoresistors are 
mainly made in the form of rectangular plates with 
dimensions described by longitude – l, and width – w. 
Commonly l ≤ w and then resistance Rxx of such 
a device is [12], [13]: 
 

Rxx (B) = 
= Rxx(B = 0)[1 + g(w/l) (ρxy/ρxx)2] (ρxx (B)/ρxx (0)). 

 
(1) 

In the case of low Hall angles θ < π/8 or ρx y/ρxx < 
< 0.4: 

Rxx(B) =  
= Rxx(B = 0)[1+g(w/l) μH

2B2] (ρxx(B)/ρxx (0)). 
 

(2) 
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The factor (ρxx(B)/ρxx(0)) is known as intrinsic 
magnetoresistance, while [1 + g(w/l) (μH

2B2)] de- 
scribes the influence of the shape of the device. The 
function g(w/l) was calculated by Lippman and 
Kuhrt [14]. The values of l, w and t which have an 
influence on magnetoresistance may be presented 
as follows: 

.
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⋅
ρ=                     (3) 

To obtain the largest values of primary resistance 
the gaussotrons (NR) are connected in series. 
Gaussotrons connected in this way have largest 
current sensitivity SI [12], [13]: 

 

]/T)(
Ω== [

dB
BdR

IdB
dVS I                (4) 

and voltage sensivity SV: 
 

].1T −== [
RdB
dR

VdB
dVSV                (5) 

Heremans presents the solution to the calcula- 
tions of the influence of the value of l/w on R and GH 
by Θ → 0 and Θ → ∞ [12], [13], which was used for 
our structure in Eqs. (6)–(9) and (11). For 
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2. Characteristic parameters of Hall and 
Gauss devices 

Figure 1 presents the dimensional symbols used in 
the paper [15]. With these symbols we have: 
 

BIU H ⋅⋅γ=                        (10) 

where: γ = (RH/t)⋅GH − current sensititvity, RH − Hall 
constant, t − thickness of the active semiconductor 
layer, I − polarisation current, B − magnetic induc- 
tion. 

To measure the exact Hall voltage UH the relation 
l/w should have the value of more than 4, then UH → 
→ UH∞. The relation between UH/UH∞ is defined as 
the geometrical factor for the Hall effect in the 
rectangular device: 

 
GH = UH/UH∞                      (10a) 

 
where: UH – measured Hall voltage, UH∞ – Hall voltage 
measured in a rectangle with l = ∞ (GH = 1) . 

Calculation of the geometrical factor for the Hall 
effect in a cross-shaped device (Fig. 2) is possible using 
the Haeusler-Lipmann procedure [16]: 
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(11) 
where: tanΘ = μHB, s – voltage electrode width, l/w = 
= 1.7 for our cross-structure with a/b = 0.5. On 
applying the nomogram in Fig. 2 to obtain GH for 
a cross-shaped structure we first take a/b = 0.5 (a = 
= 1 mm, b = 2 mm) and then l/w = 1.71 and l = 
= 1.71 w. For s/l =  0.1 we have s/(1.71⋅w) = 0.1 and 
s/w = 0.171. Thereafter having all parameters, we can 
determine the value of GH for our cross-shaped 
structure (see Figs. 4a−c) of the two materials, i.e. 
273MBE and 3017MOCVD (Table 1). To prove the 
reliability of the cross-shaped structure, the physical 
properties of both materials are determined using VdP 

Fig. 2. Nomogram for a cross-shaped device after Haeusler 
and Lippman [16]. 

Fig. 1. Rectangular Hall structure. 
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structure also (Table 1). We can see that the 
concentration, mobility and resistivity measure- 
ments are comparable using cross-shaped and VdP 
structure. Crystallographic properties of these 
materials have been investigated by the XRD 
method. The results are presented in Figs. 3a–c. On 

inspecting these results we can establish that the 
differences of lattice constants are consisted with 
small differences in chemical composition of the 
In0.53Ga0.47As on InP layers. The 273MBE structure 
has the composition In0.533Ga0.467As and structure 
3017MOCVD – In0.5312Ga0.4688As. 

Table 1. Basic parameters of the samples at T = 300 K, B = 0.6 T 

No Sensor 
shape 

Metallurgical 
thickness t 

[μm] 

Concentration 
nH 

[m−3] 

Mobility 
μH 

[m2/V⋅s] 

Resistivity 
ρB 

[Ω m] 

Lattice constant 
disorder 
[degree] 

273 
MBE 

Cross-shaped 
VdP 

7.0 1.8⋅1020 

2.2⋅1020 
0.7 
0.7 

0.043 
0.052 

0.032 

3071 
MOCVD 

Cross-shaped 
VdP 

3.0 1.6⋅1021 

1.6⋅1021 
1.0 
1.0 

0.0032 
0.0032 

0.013 

The difference in the In/Ga ratio may be 
responsible for the measured galvanomagnetic 
properties of the devices. This small deviation from 
the matched structure may lead to tensions on the 
interface between In0.53Ga0.47As and InP with 
important consequences for the electrical behaviour 
of the whole sensor structure. 

 

 
3. Sensors construction and 
parameters 

The sensors whose properties are described in the 
paper are presented in Fig. 4a−c. Figure 4a shows the 
layout of the mask and 4b and c show the whole 
sensor and a part of sensor, respectively. All 
galvanomagnetic parameters were measured on such 
devices in the configuration as a Hall device and as 
Gauss device. The obtained results were as follows. 

In Fig. 5 is presented the magnetic induction B 
dependence of GH and in Fig. 6 its temperature 
dependence at three magnetic fields. Figures 7 and 8 
show the dependence on B and temperature of the 
product μHB = tanΘ, respectively. Geometrical factor 
GH is for both layers (MBE and MOCVD) dependent 
on magnetic induction B at all investigated 
temperatures (Figs. 5a and b). Maximum possible 
value of GH is 1 and this can be obtained little earlier 
by the MOCVD structure (Fig. 5b). GH from tem- 
perature is independent only at the lowest B values 
(Figs. 6a and b). The MBE structure at higher B 
values shows non linear dependence on temperature 
(Fig. 6a). The MOCVD structure shows GH 
independent on temperature at temperatures lower as 
70 K for higher values of B (Fig. 6b). Dependence of 
tanΘ on magnetic induction B (Figs. 7a and b) shows 
that only at the B lower as 0.2 T we could calculate 
the properties by low field approach. Dependence of 
tanΘ on temperature (Figs. 8a and b) shows that 
tanΘ values are constant at all temperatures only for 
B ≤ 0.04 – 0.05 T. GH values are important by 
calculation of γ in Hall structures (Eq. 13). Above 
mentioned remarks described the area of possible 
applying of presented here calculations. 

The key parameters of the Hall structures are the 
sensitivities [17–24]: 
• absolute sensitivity connected with the maximum 

output voltage: 

a)

b)

c)

Fig. 3. XRD results of 273MBE (a, b) and 3017MOCVD (c).
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 [V/T],max,
0 B

U H=γ                     (12) 

• current sensivity described as Hall voltage for 
unit polarisation current and unit magnetic 
induction: 

/T][Ω=
⋅

=γ
t

R
G

BI
V H

H
H               (13) 

where: UH − Hall voltage [V], I − polarisation current 
[A], B − perpendicular part of magnetic induction [T], 
GH − geometrical factor for cross-shaped Hall structure 
(Eq. (11)), RH − Hall factor [C⋅m−3 ], t − thickness of 
active part of the structure [μm]. 

The sensitivities γ0 and γ are presented in Figs. 9–12. 
The absolute sensitivity γ0 of MBE probe working as 
Hall structure (Fig. 9a) is independent on B only at 

300 K, at lower temperatures that dependence is 
significant. In contrary the MOCVD probe working 
also as Hall structure shows nearly constant γ0 at all B 

Fig. 4. Mask layout for cross-shaped sensor (a), the sensor
structure after etching (b), a part of sensor from b (c). 

Fig. 5. The function GH vs. magnetic induction B: a) MBE273, 
b) 3017MOCVD. 
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and temperatures (Fig. 9b). Analogic behaviour of γ0 
show the structures from MBE and MOCVD 
(Figs. 10a and b) in dependence vs. temperature. 
The Eq. (12) shows that we can say that more flat 

curves of γ0 are the consequence of lower value of 
measured UH. 

Current sensitivities γ of Hall structures show 
important differences between MBE and MOCVD 
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layers (Figs. 11 and 12). The Hall structures from 
MOCVD present constant value of γ at different 
magnetic induction and temperature. That is in 

contrary to MBE layer which has constant values of  γ 
independent on B only at 300 K (Fig. 11a). The 
Eq. (13) shows that we can say that more flat curves of 
γ are the consequence of lower value of measured RH. 

Similar discussion can be done for cross-shaped 
structures (Figs. 13–16). Their properties as 
magnetoresistance sensors are not very different 
between MBE and MOCVD layers. They all present 
flat current sensitivity at higher magnetic induction 
(Fig. 13) and temperature independent current 
sensitivity has only MOCVD cross-shaped structure 
(Fig. 14b). Voltage sensitivity vs. magnetic field and 
temperature of cross-shaped structures have only at 
limited area flat sensitivity curves (Figs. 15 and 16). 

We now proceed to describe the galvanomagnetic 
properties of our structure working as a Gauss device. 
Figures 13–16 present the current and voltage sensi- 
tivities for operation as resistors derived for low field 
from Eqs. (6), (7) and for high fields from Eqs. (8), (9). 

Input power of sensor is calculated from equation 
[25–27]: 

( ) ( )
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and the theoretical efficiency is given by [25 – 27]: 
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where: ζ − coefficient connected with spreading current 
between the Hall electrodes, practically ζ = 2 − 5.  
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The basic electrical parameters of the sensor built 
from 273MBE are presented in Table 2 and of that 
from 3017MOCVD in Table 3. In these tables are 

presented the results obtained at room temperature 
and at 40 K for 273MBE and at 3.5 K for 3017 
MOCVD.

Table 2. Electrical parameters of sensors built from 273MBE working as Hall and Gauss device 

T 
[K] 

B 
[T] 

I 
[μA] 

PX 
[μW] 

RX 
[Ω] 

RH 
[m3⋅C−1] 

γ0 
[V⋅T-1] 

γ 
[Ω⋅T−1] 

SI 
[Ω⋅T−1] 

SV 
[T−1] 

Δρ/ρ0 

[%] 
μΗΒ ηtheoret. 

[%] 
0.6 0.0345 0.085 4140 765 0.13 7 0.425 1.5 293 
1.5 

17 2 7000 
0.032 0.068 4000 1682 0.73 26 0.997 8.4 

0.6 0.2 0.27 26556 28840 2.6 130 2.64 60 40 
1.5 

14 3.0 6550 
0.13 0.12 15730 16727 0.88 240 3.85 − 

PX – input power; RX – input resistance; RH – Hall factor; γ0 – absolute sensitivity of Hall device; γ – current sensitivity of Hall 
device; SI – current sensitivity of Gauss device; SV – voltage sensitivity of Gauss device; Δρ/ρ0 − relative increase of resistivity 
of Gauss device; η – theoretical efficiency (for scattering on thermal vibrations of crystal lattice); t = 7 μm – thickness of 
In0.53Ga0.47As layer 
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Table 3. Electrical parameters of sensors built from 3017MOCVD working as a Hall and Gauss device 

T 
[K] 

B 
[T] 

I 
[μA] 

PX 
[μW] 

RX 
[Ω] 

RH 
[m3⋅C−1] 

γ0 
[V⋅T-1] 

γ 
[Ω⋅T−1] 

SI 
[Ω⋅T−1] 

SV 
[T−1] 

Δρ/ρ0 

[%] 
μΗΒ ηtheoret. 

[%] 
0.6 0.004 0.04 1128 332 0.342 5 0.68 4 293 
1.5 

30 1.0 1160 
0.0045 0.04 1287 1430 136 18 1.85 30 

0.6 0.0063 0.066 2027 2112 2.0 70 6.13 − 3.5 
1.5 

30 0.2 207 
0.007 0.62 2260 2295 0.7 160 16.7 − 

PX – input power; RX – input resistance; RH – Hall factor; γ0 – field sensitivity of Hall device; γ – current sensitivity of Hall 
device; SI – current sensitivity of Gauss device; SV – voltage sensitivity of Gauss device; Δρ/ρ0 − relative increase of resistivity 
of Gauss device; η – theoretical efficiency (for scattering on thermal vibrations of crystal lattice); t = 3 μm – thickness of 
In0.53Ga0.47As layer 

 
3. Discussion 

The results are presented of electrical characterisa- 
tion of two cross-shaped galvanomagnetic sensor 
structures 273MBE with nH = 1.8·1020 m−3 and 
3017MOCVD with nH = 1.6·1021 m−3. These can work 
depending on connection, as a Hall or a magneto- 
resistor device. It was found that the geometrical 
function GH for the Hall device depends on carrier 
concentration, magnetic field and temperature (Figs. 
5 and 6). GH values are more flat at higher B and 
lower temperature (Figs. 5 and 6). Similar behaviour 
was found for the angle θ (tanΘ = μHB) and absolute 
sensitivity γ0  with current sensitivity γ (Figs. 7–12). Ιn 
Figs. 7 and 8 is marked the limit between low field 
approximation μHB < 1 and high field when μHB > 1. 
From Figs. 9–12 we can characterise the usefulness 
of the two investigated materials to work as sensors. 
Magnetoresistive behaviour of our cross-shaped 
sensors is presented in Figs. 13 and 14. Current 
sensitivity is better for the 273MBE layer which is 
more pure than 3017MOCVD, but the latter has better 
voltage sensitivity SV. Presented behaviour also show 
usefulness of each material as magnetoresistive sensor. 
Theoretical efficiency (Eq. (15)) in Tables 2 and 3 is 
calculable only at weak fields approximation (see Figs. 
7 and 8). Therefore when μB value in our case is larger 
as 3.45 then ηtheoret. is impossible to evaluate by 
Eq. (15). Such behaviour confirms our previous 
assumption that for galvanomagnetic sensors the 
purest In0.53Ga0.47As layers are more useful. 

All measurements in magnetic field were 
performed in the fields perpendicular to the sensor 
surface (B ⊥ I). The angle sensitivity of the sensors 
was close to theoretical because between 
perpendicular (B ⊥ I) and parallel (B║I) configura- 
tion the difference is near 30:1 (directional 
sensitivity) [28]. Such behaviour allows the sensor to 
be used as a position sensor.  

Summarising the results, we have presented 
interesting data concerning the behaviour of our 
sensors at different values induction B and of tempera- 
ture and we can propose to use this design as a sensor: 
• for measurements of position at room tempera- 

tures, 
• for measurements of magnetic induction at 

temperatures 40 K – 100 K. 
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