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The offset and the noise of magnetic microsensors 
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In this paperwork based on the adequateHall effect models it is analysed the operating conditions, and are established the 
main characteristics for three magnetic microsensor structures, realised in the bipolar and the MOS integrated circuits 
technology. By using the numerical simulation the values of the offset-equivalent magnetic induction and the noise-
equivalent magnetic induction spectral density for different structure devices are compared and it is also emphasized the 
way in which choosing the geometry and the material features allows getting high-performance sensors.  
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1. General characterization of the hall  
     semiconductor plates 
 
If the Hall device is a homogenous plate of length l , 

width w  and thickness δ , having point  contacts,  the  
voltage  generated  by  a  magnetic field  B⊥ , 
perpendicular to the plate surface, is given by: 

 

⊥⋅⋅= BIRV HH )/( δ                     (1) 
 

where RH  denotes the Hall coefficient, and I  the total 
biasing current. 

In the case of a Hall device with finite contacts, at low 
magnetic inductions, 0~ ≅B , for an extrinsic 
semiconductor,  VH  is [1]: 

 

⊥= IB
qn
rGV H

H δ
                (2) 

 
G  being the geometrical correction factor, and Hr  is the 
Hall factor. The Hall voltage can be expressed in terms of 
the bias voltage V, as follows: 
 

⊥⋅= GVB
l
wV HH μ                (3) 

 
where Hμ   is the Hall mobility of the charge carriers. The 
absolute sensitivity of a Hall magnetic sensor is its 
transduction ratio for large signals: 
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Supply-voltage related sensitivity is defined by: 
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2. The offset voltage and the offset equivalent  
     magnetic induction 
 
Because of misalignment of contacts and non-

uniformity of material resistivity and thickness, an offset 
voltage is generated in the absence of the magnetic field at 
the output of the Hall device. Also, a mechanical stress 
may produce offset by the piezo-resistive effect.  

In the case of the misalignment of the sensing contacts, 
for a tolerance lΔ  (figure 1) the assimetrical output 
voltage or the offset voltage is expressed by: 

 

l
w
Ids

w
IsdJV b

N

Pb

N

P boff Δ=== ∫∫ δ
ρ

δ
ρρ    (6) 

 
The coefficient bρ  denotes the effective material 

resistivity in the direction of the current density.  
 

 

 
 

Fig. 1. Rectangular Hall plate. 
 
 

The value of the magnetic induction coresponding to a 
Hall voltage equal with offV  represents offset equivalent 
magnetic induction. Using the equations (6) and (3) the 

offB  can also be put in this form: 
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At low magnetic field, the resistivity bρ  is reduced to 

the usual resistivity:  
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By substituting (8) into (7) it results: 
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where μμ HH r=  is the Hall mobility of carriers. 
 
 

 
 

 
Fig. 2. offB  depending on ll /Δ  for three 

devices of different geometry 
 

 
 

In figure 2 are represeted the offB  values for three 

devices made from silicon ( 11215,0 −−= sVmHμ ), and 
having  different ratios wl /  ( ml μ200= ). It is assumed 
that the sense contacts ( 21, SS ) are points, and the 

magnetic field is low ( 122 <<BHμ ).  
PH1: 5.0/ =wl , PH2: 1/ =wl , PH3: 3/ =wl  
It is noticed that the offB  is minimum for 

5.0/ =wl  and for smaller values of this ratio.  
 
 
 
 
 

 

 
 
Fig. 3. offB  depending on ll /Δ for three 

devices of different materials 
 
 

The carrier mobility influence on offB  values for 
three Hall plates made from different materials are 
illustrated in figure 3 ( mw μ200= , ml μ100= ).  

 
PH1: Si ( 15.0=Hμ

112 −− sVm ) 

PH2: InP ( 46.0=Hμ
112 −− sVm ) 

PH3: GaAs ( 85.0=Hμ
112 −− sVm ) 

 
3. The noise of the hall plates 

 
At the output of a Hall device the noise voltage is due 

to the generation-recombination noise, thermal noise, and 
f/1  noise. Because the generation-recombination noise 

is negligible in comparison with the f/1  noise, the noise 
voltage spectral density at the sense contacts of the Hall 
device is given by: 

 

VTVNV SfSfS += )()( α                (10) 
 

Here ( )fSVα  is the noise voltage spectral density of 

the noise of the f/1  noise and VTS  denotes the noise 
voltage spectral density due to thermal noise. 

The noise voltage spectral density of thermal noise is 
given by [2]:      

                                                                                    

outNV kTRS 4=                   (11) 
 

where 1231038054,1 −−⋅= JKk  is the Boltzmann 

constant, and  outR  is the output resistance of device. 
The output resistance of a rectangular Hall plate with 

very small sense contacts is given by: 
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on condition that: lws <<<<  

The coefficient bρ  denotes the effective material 
resistivity, and s  is the small sense contacts diameter. If 
the biased voltage of device is constant, bρ  practically it 
does not depend on the magnetic field. By substituting (15) 
into (11) it results the spectral density: 
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The current spectral density of f/1  noise can be 

described by expression [2]: 
 

β

α
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IS NI
12 ⋅=                   (14) 

 
where I  is the device current, N  is the total number of 
charge carriers in the device, α is a non-dimensional 
parameter called the Hooge parameter and β  is a constant 

( )1.01±≅β . For semiconductors α  values of 910−  to 
710−  were reported. The )( fSVα  for a conventional 

rectangular Hall plate is given by [3]: 
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4. The noise-equivalent magnetic induction  
    spectral density 
 
The noise voltage at the output of a Hall magnetic 

sensor can be interpreted as a result of an equivalent 
magnetic induction, acting on a noiseless Hall device. 
Replacing the Hall voltage in (4) by the mean square noise 
voltage: 
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it is obtained: 
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Here 2
NB  is the mean square noise-equivalent 

magnetic induction in a frequency range ),( 21 ff , and 

)( fS NV  is the noise voltage spectral density at the 
sensor output. At high frequencies, thermal noise 
dominates. For a narrow bandwidth fΔ  around a 
frequency f by substituting (5) and (13) into (17) it results: 
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From (17) it is obtained the noise-equivalent 

magnetic induction spectral density: 
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By analogy with (18) it is deduced: 
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To emphasize the geometry influence on ( )fS NB  

there were simulated (figure 5) three Hall semiconductor 
plates structures made on silicon 
 

11215.0 −−= sVmHμ , mb Ω= −210ρ  
 

HP 1: 2/ =wl ; HP 2: 1/ =wl ; 
HP3: 5.0/ =wl ; 

 

 
 
Fig. 5. The SNB(f) depending on bias voltage 

for three devices of different geometry 
 

 
The increasing of the device length causes the 

decreasing of device performances. 
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Fig. 6. The SNB(f) depending on bias voltage for three devices 
from different materials 

 
 

 If the length increases twice, the noise-equivalent 
magnetic induction spectral density increases with 18% 
and if the same distance increases four times (PH1), 

( )fS NB  increases with 148%. In figure 6 it can be seen 

the material influence on ( )fS NB  values for three 
devices made from GaSb, GaAs and PbTe and having the 
same sizes: ml μ50= , mw μ100= , mμδ 710−= , 

50/ =sw . 
 

PH1 (GaSb):  1225.0 −−= sVmHμ ; mb Ω= 27.0ρ  

PH2 (GaAs): 12285.0 −−= sVmHμ ; mb Ω= 16.0ρ ; 

PH3 (PbTe):  1226.0 −−= sVmHμ ; mb Ω= 23.0ρ . 
 

At low frequencies,1/f noise dominates. By 
substituting (5) and (15) into (19) it is obtained: 
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The numerical values of the )( fS NB  for Hall 

semiconductor plates made of different materials and 
having different geometry are listed in table 1. 

 
( 710 −=α , Hzf 4= , Hzf 1 =Δ , mμδ 7105 −⋅= , 

50/ =sw , 321105.4 −⋅= mn , mw μ100= ) 
 

Table 1. The )( fS NB   numerical values for different  devices 

Device Material [ ]112 −− sVm
Hμ  lw /  

( )
[ 21610− ⋅ HzT

fS NB

 
HP1 Si 0.15 2 2900 
HP2 Si 0.15 1 3400 
HP3 Si 0.15 0.5 7300 
HP4 GaAs 0.85 2 10.2 
HP5 GaSb 0.50 2 26 
HP6 InAs 3.30 2 0.59 

5. The general characterisation of the lateral  
     bipolar magnetotransistors 
 
Figure 7 illustrates the cross section of a lateral 

bipolar magnetotransistor structure, operating on the 
current deflection principle, realized in MOS integrated 
circuits technology. 

 

 
 
 

Fig. 7. Cross section of lateral magnetotransistor 
 

The n+ regions of emitter E and primary collector C 
are laterally separated on an L distance from base which is 
a type p region. The two p+ base contacts, allow the 
application of the drift-aided field aE . On its action the 
most part of the minority carriers injected into the base 
drift to primary collector, producing collector current IC. 
However, some of the electrons diffuse downwards to the 
n type substrate (the secondary collector) and thus produce 
the substrate parasitic current IS . 

In the presence of a magnetic induction ⊥B , 
perpendicular to the plane of the section, the ratio between 
IC and IS, changes because of the current deflection.  

The area from base region, between the emitter 
contact and collector contact, operates as a short Hall plate, 
and an induction field B  causes the deflection of current 
lines. The Hall transverse current will be[4]: 
 

( ) CHnCYH IBIYLII Δ=== ⊥μ/            (22) 
 
where Hnμ  is the Hall mobility of electrons in the   base 
region. 

A magnetotransistor may be regarded as a modulation 
transducer that converts the magnetic induction signal into 
an electric current signal. This current signal or output 
signal is the variation of collector current, caused by 
induction ⊥B .  

The absolute sensitivity of a magnetotransistor is 
defined by: 

 
BIS CA Δ=                           (23) 

 
The supply-current-related sensitivity of the device is 

expressed as: 
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For a given induction ( )TB 4.0=  and at given 

collector current ( mAI C 1= ), the sensitivity depends on 
the device geometry and the material properties. In table 2 
are presented the values obtained for five 
magnetotransistors structures. 
 

 
Table 2. The numerical values of the supply-current related 

sensitivity 
 

MGT L/Y Hnμ
)( 112 −− sVm  

)( 1−TSI
 

MGT1 (Si) 3 0.15 0.45 
MGT2 (Si) 1 0.15 0.15 
MGT3 (Si) 0.5 0.15 0.075 

MGT4 (GaAs) 3 0.80 2.40 
MGT5 (GaSb) 3 0.50 1.50 

 
 

6. The offset equivalent magnetic induction 
 

For bipolar lateral magnetotransistor presented in 
figure 8 the offset current consists of the flow of minority 
carriers which, injected into the base region in absence of 
magnetic field diffuse downwards and are collected by the 
secondary collector S. The main causes of the offset are 
due to the misalignment of contacts to non-uniformity of 
the thickness and of the epitaxial layer doping. 

Also a mechanical stress combined with the piezo-
effect, may produce offset. 

To describe the error due to the offset it is determined 
the magnetic induction, which produces the imbalance 

CoffC II Δ=Δ . The offset equivalent magnetic induction 
is expressed by considering the relation (24): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. The Boff depending on the IC for 
three devices of different materials 
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Considering AI Coff μ10.0=Δ  and assuming that 

the low magnetic field condition is achieved, in figure 8 is 
presented the dependence of offB  on CI  for three 

magnetotransistors with the same geometry 5.0=YL  
made from different materials: 
 

MGT1: Si  with  11215.0 −−= sVmHnμ ; 

MGT2: GaSb with 11250.0 −−= sVmHnμ ; 

MGT3: GaAs with  11285.0 −−= sVmHnμ  
 

The offset-equivalent magnetic induction lowers with 
the increase of carriers’ mobility.  

So for the same collector current mAIC 10.0=  

the offB  value of the GaAs device decreases by 70% as 
compared to that of the silicon device. 
 

7. The noise equivalent magnetic induction 
for lateral bipolar magnetotransistors 

 
The mean square value of noise magnetic induction 

(NEMI) is defined by : 
 

2
2

)(

)(2

1

CI

f

f NI

N IS

dffS
B

⋅

⋅
=
∫

                  (26) 

 
Here NIS  is the noise current spectral density in the 

collector current, and ( )21 , ff  is the frequency range. In 
case of shot noise, the noise current spectral density at 
frequencies over 100 Hz is given by [2]: 

qIS NI 2=                                        (27) 
                                                    
where I is the device current. 

From (26) it is obtained the noise-equivalent magnetic 
induction spectral density: 
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In a narrow frequency band around the frequency f, by 

substituting (24) and (27) into (28) it results: 
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In Fig. 9 there are shown SNB (f)   values for three 
magnetotransistor structures made of different materials  

( HzfLY 1;5.0 =Δ= ) 

MGT1: Si,with 11215.0 −−= sVmHnμ  

MGT2: Ga Sb, with 11250.0 −−= sVmHnμ  

MGT3: Ga As, with 11280.0 −−= sVmHnμ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 9. The SNB (f)   depending on the CI  for 

three devices of different materials 
 

The noise-equivalent magnetic induction spectral 
density lowers with the increase of carriers mobility, this 
increase being significant for collector currents of 
relatively low values. So for the collector current 

mAIC 1.0= , the offset equivalent magnetic induction 
value of the GaSb device decreases by 91.5% as compared 
to that of the silicon device. 

 
8.  The structure and operating conditions of  
     the double-drain magnetotransistor 
 
The double – drain MOS device (figure 10) is a 

MOSFET with two adjacent drain regions replacing the 
conventional single drain region, the total channel current 
being shared between these regions [5]. 

 
 

 
 
 
 
 
 
 
 
 
 

Fig. 9. Double-drain magnetic – sensitive MOSFET structure 
 
 

As the result of the bias in the linear region is 
obtained a continuous channel of approximately constant 
thickness, which can be assimilated with a Hall plate.The 
deflection of current lines appears under the action of a 

magnetic field B⊥, perpendicular to the device surface. 
Since the output signal of the double-drain MOS 
magnetotransistors consists of the current variation 
between its terminals, this device operates in the Hall 
current mode. Using the features of dual Hall devices, and 
the Hall current expression, it results: 

 

⊥⋅⋅⋅⋅==Δ BIG
W
LII DH

H
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μ
2
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2
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where 

ChHμ  is the carriers Hall mobility in the channel, 
and G denotes the geometrical correction factor. The 
magnetic sensitivity related to the devices current is 
defined as follows: 
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For a given induction  and at given drain current, the 

sensitivity depends on the device geometry and the 
material properties.  

 
9. The offset equivalent magnetic induction of  
     the double-drain magnetotransistor 
 
The difference between the two drain currents in the 

absence of the magnetic field is the offset collector current: 
 

)0()0( 21 DDD III
off

−=Δ               (32) 

 
This is due to imperfections specific to the 

manufacturing process: the contact misaligment, the non-
uniformity of the thickness and of the epitaxial layer 
doping, the presence of some mechanical stresses 
combined with the piezo-effect.  

To describe the error caused by the offset it is 
determined the magnetic induction, which produces the 
imbalance

offDD II Δ=Δ . The offset equivalent magnetic 

induction is expressed by considering the relation (31): 
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Considering AI

offD μ10.0=Δ  and assuming 

that the low magnetic field condition is achieved, in figure 
10 is presented the dependence of offB  on DI  for three 

magnetotransistors with the same geometry 5.0/ =LW  
made from different materials:  

 
MDD1: Si  with  11207.0 −−= sVm

ChHμ ; 

MDD2: InP  with 11223.0 −−= sVm
ChHμ ; 
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MDD3: GaAs with 11243.0 −−= sVm
ChHμ . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 - The Boff depending on the drain current 
for three devices of different materials 

 
 
The geometry influence upon offB  is shown in 

figure 11 by simulating three magnetotransistors structures 

made from silicon and having different 
L

W
 ratios. 

 
MDD1:  ;73.0)/(;5,0/ == WLGLW  
MDD2:  ;67.0)/(;1/ == WLGLW  
MDD3:  ;46.0)/(;2/ == WLGLW  
 
 
 
 
 
 
 
 
 
 
 
 

Fig.11 -The Boff depending on the drain current 
for three devices of different geometry 

 
 

If the width of the channel is kept constant, offB  
increases as the channel length decreases. Thus minimum 
values for the offset equivalent induction are obtained with 
the device which has WL 2= , and in the MDD3 device 
these values are 53.5% bigger.  

The noise current at the output of a magnetotransistors 
can be interpreted as a result of an equivalent magnetic 
induction. 

The mean square value of noise magnetic induction 
(NEMI) for double-drain magnetotransistor is defined by:      
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               (34) 

 
Here SNI is the noise current spectral density in the 

drain current, and (f1, f2) is the frequency  range. 
From (34) is obtained the noise-equivalent magnetic 

induction spectral density: 
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In case of shot noise, by analogy with (29) it results: 
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Considering the condition of low value magnetic field 

fulfilled ( 122 <<BHμ ), it is obtained a maximum value 

for ( ) 74.0/ =GWL , if 5.0/ <LW . [1] 
In this case:  

                                                           

2min
16.14))((

ChHD
NB I

qfS
μ

≤                  (37) 

 
 

In figure 12 are shown )( fS NB  values obtained by 
simulation of three double-drain MOS magnetotransistors 
structures from different materials.  

 
MGT1: Si, 11207.0 −−= sVm

ChHμ  

MGT2: InP,  11223.0 −−= sVm
ChHμ  

MGT3:GaAs, 11204.0 −−= sVm
ChHμ  

 
 

Fig. 12. The SNB depending on drain current, 
for three devices of different materials 
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To emphasize the dependence of )( fS NB on device 
geometry there were simulated (figure 13) three double-
drain magnetotransistors structures made from 
silicon, 11207,0 −−= sVm

ChHμ , and having different 

ratios LW /  ( mW μ50= ). The devices were biased in 
the linear region and magnetic field has a low level 
( )122 <<BHμ . 

 

MGT1: 5.0=
L

W
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⎠
⎞
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MGT2: 1=
L

W
 and 409.0=⎟

⎠
⎞

⎜
⎝
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L

 

MGT3: 2=
L

W
 and 212.0=⎟

⎠
⎞

⎜
⎝
⎛ G
W
L

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.13. The SNB depending on the drain current 
for three devices of different geometry 

 
 
 

It is noticed that the )( fS NB  is minimum for 

5.0=LW , and for smaller values of this ratio. The 
decreasing of the channel length causes the increasing of 

)( fS NB  with 40.8% for a square structure LW = , and 

with 173% for LW 2= . 
 
 
7. Conclusions 
 
The analysis of the offset-equivalent magnetic 

induction and the noise-equivalent magnetic induction of 
the Hall plates shows that the 5.0/ =wl  structure is 
theoretically favourable to obtaining magnetic sensors of 
performance. From double-drain MOSFET 
magnetotransistors, in case of shot noise, the 5.0/ =LW   
structure provides superior SNR values, and smaller SNB 
values. In both Hall plates and MOS Hall devices by 
substituting the silicon technology with materials of high 

carriers mobility such as GaAs, GaSb, InSb or InP allows 
the achievement of higher characteristics sensors.  

The research work emphasizes the fact that the noise 
equivalent magnetic induction and the offset equivalent 
magnetic induction   lowers with the increase of carriers 
mobility, this increase being significant for drain currents 
of relatively low values. 

So for the drain current mAI D 2.0= , the offset 
equivalent magnetic induction value of the GaAs device 
decreases by 81.8% as compared to that of the silicon 
device. 

 Similar findings are outlined in this paper for bipolar 
lateral magnetotransistor too. 

The use of magnetotransistors as magnetic sensors 
allows the achieving of some current-voltage conversion 
circuits, more efficient than conventional circuit with Hall 
plates. 
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