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I . INTRODUCTION

This work is part of the TERMIS project for an integrated
Hall sensorableto operatefrom -55

�
C to temperaturesexceed-

ing 300
�
C.Thispapercoversthedesignof theHall platealone.

Definitionandbasicequationsof Hall effect for resistivesen-
sorsareonlysummarizedhere,sinceacompletereferenceabout
theory of Hall sensorscan be found in [4]. Alternative sen-
sorsmadeof magneto-mosstructuresarealsobriefly discussed.
Measurementsof theresistive platearepresented.Thecaseof
spinning-currentoffset cancellationis discussedas well. Fi-
nally, anelectricalcircuit suitablefor Spicesimulationsis pro-
posed.

I I . DEFINITIONS

It is assumedthatthemagneticfield is low enoughtoconsider
mobility constant.Whenthesensoris biasedby acurrentIb, the
Hall voltageVH equals[4, eqn(4.48)]:

VH
� GIb

rH

qntsi
B� (1)

Eq. 1 canberewrittenwith SI
� G rH

qntsi
as

VH
� SI IbB� (2)

In first a approximation, the sensorsensitivity SI doesnot
changewith temperature:it is not dependenton mobility and
majorityconcentrationn isassumedto remainconstant.SI how-
ever dependson theHall factor rH , which is theratio between
drift mobility µ and Hall mobility1 µH . This factor, closeto
unity, tendsto increasewith thetemperatureandmustbecom-
pensated.[4] alsoprovidesequationswhenthedevice is biased
with a voltage,but it waspreferredin this work to think of the
sensorasa resistorandcomputeits biascurrentwith its con-
ductanceg0. Moreover, theconductanceis decomposedinto a
factorwhich dependson the geometryof the sensor, the nor-
malizedconductancegn, and the actualsheetconductivity of
thematerial:

g0
� gnqµntsi (3)

I I I . IMPLEMENTATION

Besidesclassicalfour contactsresistivesensors,severalother
typesof devicesareableto sensemagneticfields,likeresistors,
diodesor transistors.For instance,a split drain magneto-mos
devicehasbeeninvestigatedasanalternative: aMOStransistor
is drawn with two separateddrains,asshown on figure1. Any
magneticfield causesa deviation of the carriersin the transis-
tors, which in turn causesan imbalancein the drain currents.

1Mobilities associatedwith fieldsdueto theelectrical bias(µ� anddueto the
Hall effect (µH) aredifferent.

TABLE I

DEFINITIONS

Parameter Relation

Elementarycharge q

MajorityCarrierconcentration n

Conductionmobility µ

Magneticinduction B

Sensorlayerthickness tsi

Hall voltagefor inf. smallcontact VH∞

Correctionfor actualcontact G � VH
VH∞

Conductivity at B � 0 σ � qµn

Isotropic Hall scattering factor rH0

Anisotropic factor a � 0 � 87

Hall factor rH � arH0

Hall mobility µH ��� rHµ

Hall absolutevoltage VH � G rH
qntsi

IbB�
Normalizedsensorconductance gn � Rsh

R

Sensitivity SI � G rH
qntsi

contact	
active

gate�

Source
�

D
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Fig. 1. Split drainmagneto-moslayout.

Measurementsshowedsensitivity andoffsetsfigurescompara-
ble to a resistive Hall sensor, with typical offsetsabout30mT.
Theoffsetsarestronglydependenton the MOS voltagebiases
aswell ason the temperature.As a consequence,this solution
is not applicable,becausethereis no robustmethodsto reduce
thesensoroffsetswhenthe temperaturechanges.On theother
hand,spinning-currentmethod[1] appliedto resistive sensors
allows a continuous reductionof offsetswith temperatureand
aging.

A. Actualsensor

A.1 Shapeoptimization

Spinning current offset cancellationtechniquerequires a
structurewhich is invariantby rotationof 90

�
. Within this con-

straint,the shapeis a compromise betweenthe resultingresis-
tanceof the shape,hencesensorconductancegn which limits
themaximumbiascurrent,andshort-circuiteffect of contacts,
hencethe geometrycorrectionfactor G. We followed recom-
mendationin [2][3] andshapedthe sensorlike a Greekcross,
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Fig. 2. Layoutof theactualsensor.

illustratedatfigure2.

A.2 Layeroptimization

In orderto getthehighestsensitivity for agiven voltagebias,
or a given voltagesupply in the caseof a currentbiasedsen-
sor, it is desirableto a have a materialwith the highestmo-
bility, which meansa lowly dopedN layer. At first, N-well
(ND

� 3� 98 � 1016 � cm3) layerwastried. Thesensorwasformed
with a MOS structure: polysilicon gate, thin oxide, N-well,
buried oxide andsubstrate.The polysilicon gateis neededin
orderto obtaintheN-well doping. Sucha sensorhashowever
an importantdrawback. The lowly dopedN-well doesnot be-
have asa linear resistor. Dependingon thedifferencebetween
thesilicon film potential andthepolysilicon gatepotential,the
silicon layer canbe in inversion, in depletionor in accumula-
tion. Sincethesensoris ideally biasedwith themaximum sup-
ply, 5 V, andthepolysilicon gatepotentialis normallybetween
0 V and5 V, it is not possible to ensurea constantaccumula-
tion level over thewholesensorlayer. As a result,therelation
betweenthebiascurrentin thesensorandthesensitivity is not
linearany longer.

Therefore,N-drift layer (ND
� 6� 08 � 1016 � cm3), which is

moredoped,waspreferred. Figure2 show the actuallayout.
N-drift layer is selectedwith HV-field oxideandN+ implanta-
tion. Comparedwith N-well, this solution doesnot suffer from
thecouplingwith a gateat aconstantpotential.

IV. SENSOR CHARACTERISTICS

A. Resistivity

Theresistanceof theN-drift Hall crosswasmeasured(figure
3). TheN-drift resistancelinearity is betterthan1.5%/V. Figure
6 illustratespolynomial fits of therelativeresistivity of theplate
for two differentvoltagebiases.The resistivity almosttriples
betweenroomtemperatureand300

�
C.

B. Magneticsensitivity

Thenormalizedsensitivity SI of theN-drift sensorwasmea-
suredaround205V � AT at room temperature(fig. 7). This
valueis very goodfor CMOSsensors,anda biascurrentIb of
300 � A yieldsasensorgainSof 62mV � T.

C. Offset

The Hall plate offset has beenmeasuredas a function of
temperature,fig. 8 shows the result for a typical sample. On
other samples,offsetsincreasecontinuously with the temper-
ature. The expectedoffset correctionobtainedfrom spinning
currentor spatialcorrelationbetweenseveralsensorshasbeen
measuredaswell. Two measurementsareperformedfor each
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Fig. 3. N-drift Hall crossI/V measurements.

TABLE II

RESULTS

Parameter Symb. Unit 300 
K

425 
K

525 
K

Measuredconduct. g0 ! S 146 94 62

Normalizedsens. SI V " AT 205 216 226

Offsetwithoutcorr. BOi mT 35 33 64

Offsetwith corr. BOc mT 3.8 1.0 0.6

sensor:currentbiasfrom A to C, andfrom B to D, which re-
sult in two Hall voltagesVH1 andVH2 (seefigure4). Ideally, the
averageof thesetwo measurementshouldbefreeof thesensor
offset. Offset figuresreportedin table II. Later measurement
on sensorsintegratedwith a modulator andanamplifier, pack-
agedin ceramic,actuallyshowed lower residualoffsets(max.
1� 5 mT) thanreportedhere.Wesuspectthattimeseparatingthe
measurementof VH1 andVH2 is too long.

Spatialcorrelationbetweendifferentsensorscloselylocated
hasbeenmeasuredaswell, but theresultsshowedit is notpos-
sible to expect significantoffsetsreductionby crosscoupling
severalsensors.

D. Low frequencynoise

Low frequency noise(1� F # hasbeenmeasuredat roomtem-
perature,figure 9. Noise power spectrumdensitywas found
to bemorethan30dB higherthanconventionalCMOSsensors
[2]. Besidethe smaller areaof this sensor, we suspectthat
the buried oxide interfacecontributesto the noiseincrease:it
hasbeenreportedliteraturethat SOI MOS devicesexhibit in-
creased1� F noisecomparedto classical“bulk”. It is however
beendemonstratedthatspinning currentmodulationof thesen-
sorsignificantlyreducesthenoiseat low frequency.

VH1
VH2

Fig. 4. Offsetcompensationprinciple.
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Fig. 5. Sensitivity andoffsetsmeasurementsat 25,125and225
 
C. With cor-

rectionstandsfor theaverageof VH1 andVH2 measurements(seefigure4).
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Fig.6. Measuredof thetypicalrelativeresistivity of N-drift (normalizedagainst
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C value)andfitted coefficientsfor abiasof 5 V and500mV.
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Fig. 7. Normalizedmagneticsensitivity of theHall plate.(Biasat 3 � 2 V)
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Fig. 8. Measuredmagneticoffset of a Hal plate samplewithout correction.
(Biasat 3 � 2 V, CeramicDIL16package).
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Fig. 9. Low frequency noisepowerspectraldensityat roomtemperature,with
avoltagebiasof 3V. Curvefit is y � 2 * 10+ 12 * x+ 0 , 78

V. SIMULATION MODEL

Severalelectricalcircuitshavebeenproposedin orderto sim-
ulateHall sensorswith SPICE.We suggestyet anothercircuit,
figure10, which modelscorrectlycurrentsflowing from oppo-
site nodes,for exampleA to C, aswell ascurrentflowing be-
tweencontiguous nodes,like from A to B. This point is impor-
tant for transientsimulation of spinning current. The current
controlledvoltagesourcesmodel the Hall effect in the layer.
The SPICE subcircuit below works successfullywith Smart-
Spice.On theotherhand,PSpiceneedsslight modificationbe-
causeit requestsa differentsyntaxfor .PARAM statementsas
well asa differentsyntaxfor A elements.This model is cali-
bratedby two measurementsof currentsflowing betweennodes
A-B andA-C.

Vha
� SI

2
IbB� (4)

* EPFL-LEG
* Subcircuit for Hall sensor
* for SmartSpice
.PARAM HC_RSH0=5000
.PARAM HC_rh=0.8
.PARAM HC_tsi=220e-9
.PARAM HC_g1=0.55
.PARAM HC_g2=0.52
.PARAM HC_G=0.67
.PARAM HC_N=6.1E22
.PARAM HC_RSH=’HC_RSH*(0.918+3.367e-3*TEMP+1.297e-5*(TEMP*TEMP))’
.PARAM HC_r1=’HC_RSH/HC_g1’
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Fig. 10. Equivalentelectrical circuit for the Hall sensor. The voltagesource
equationis givenat (4).

.PARAM HC_r2=’HC_RSH/HC_g2’
* Temp.dependenceof HC_gainneglected!!!
.PARAM HC_gain=’0.5*HC_G*HC_rh/(HC_N*HC_tsi*1.6E-19)’
* NodesABCD aretheHall plate4 contacts
* NodeF is themagneticfield (1V=1T)
* NodeS is SOI backgate
.SUBCKThallcrossA B C D F S
C1X S100f
RabA2 B2 HC_R1
RbcB2 C2HC_R1
RcdC2D2 HC_R1
RdaD2 A2 HC_R1
RaxA2 X HC_R2
RbxB2 X HC_R2
RcxC2X HC_R2
RdxD2 X HC_R2
A1a A A2 V=HC_gain*I(A1b)*V(F,0)
A1b B B2 V=HC_gain*I(A1c)*V(F,0)
A1c C C2V=HC_gain*I(A1d)*V(F,0)
A1d D D2 V=HC_gain*I(A1a)*V(F,0)
.ENDS

VI . DISCUSSION

This SOI Hall plateshows a high sensitivity, which is very
stablefor temperatureup to 300

�
C. Thanksto the high sen-

sitivity, low biascurrents- 200 � A canbe used,allowing the
designof low powersensors.If spinningcurrentoffsetscancel-
lation is used,total offset, including integratedamplifiersand
packaging,canbereducedto 1.5mT, with at thesametimeex-
cellentnoiselevels. Thesefiguresarecomparablewith other
CMOS sensors,which arethemself limited to 150

�
C. More-

over, the Hall plate integratedwith its electronicshasshown
thatthemodulationfrequency, at roomtemperature,canexceed
1 MHz.
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