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I. INTRODUCTION

This work is part of the TERMIS projectfor an integrated
Hall sensomableto operatdrom -55°C to temperatureexceed-
ing 300°C. This papercoversthedesignof theHall platealone.

Definition andbasicequation®f Hall effectfor resistve sen-
sorsareonly summarizedhere sinceacompletereferenceabout
theory of Hall sensorscan be found in [4]. Alternative sen-

sorsmadeof magneto-msstructuresirealsobriefly discussed.

Measurementsf the resistie plateare presentedThe caseof
spinningcurrent offset cancellationis discussecas well. Fi-
nally, an electricalcircuit suitablefor Spicesimulatonsis pro-
posed.

Il. DEFINITIONS

It is assumedhatthemagnetidield is low enouglto consider
mobility constantWhenthesensois biasedoy acurrently, the
Hall voltageVy equald4, eqn(4.48)]:

MH
V4 =Gl B 1
H bartg - (1)
Eqg. 1 canberewrittenwith § = G% as
Vi =SlpB, (2

In first a approximation the sensorsensitvity S doesnot
changewith temperatureit is not dependenbn mobiity and
majority concentratiom is assumedo remainconstantS; how-
ever dependn the Hall factor ry, whichis theratio between
drift mobility u and Hall mobility® . This factor closeto
unity, tendsto increasewith the temperaturendmustbe com-
pensated[4] alsoprovidesequationsvhenthe device is biased
with avoltage,but it waspreferredin this work to think of the
sensoras a resistorand computeits bias currentwith its con-
ductancegy. Moreover, the conductancés decomposedhto a
factor which dependsn the geometryof the sensorthe nor-
malized conductancey,, andthe actualsheetconductvity of
thematerial:

9o = OnQMrisi 3)

I1l. IMPLEMENTATION

Besideglassicafour contactgesistive sensorsseseralother
typesof devicesareableto sensenagnetidields, likeresistors,
diodesor transistors.For instance a split drain magneto-rs
device hasbeeninvedigatedasanalternatie: aMOS transistor
is dravn with two separatedirains,asshaovn on figure 1. Any
magneticfield causes deviation of the carriersin the transis-
tors, which in turn causesan imbalancein the drain currents.

IMobilities associateavith fieldsdueto the electrica bias(y) anddueto the
Hall effect (i) aredifferent.

TABLE |
DEFINITIONS
Parameter Relafon
Elementarychage q
MajorityCarrierconcentration n
Conductionmobility 1]
Magneticinduction B
Sensotayerthickness tsi
Hall voltagefor inf. smallcontact VHoo
Correctionfor actualcontact G= \%
Conductvity atB=10 o=gun
Isotropc Hall scatteing factor 'Ho
Anisotropc factor a=0.87
Hall factor 'y = arqo
Hall mobility P = —THH
Hall absolutevoltage Wy = G%IbBL
Normalizedsensoiconductance On = %
Sensitvity S = qur;'si
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Fig.1. Splitdrainmagneto-moayout.

Measurementshowved sensitvity and offsetsfigurescompara-
ble to aresistize Hall sensorwith typical offsetsabout30mT.
The offsetsare stronglydependenbn the MOS voltagebiases
aswell ason the temperature As a consequencehis solution
is not applicable becausehereis no robustmethodsto reduce
the sensomffsetswhenthe temperaturehanges.On the other
hand,spinning-currentmethod[1] appliedto resistve sensors
allows a continuaus reductionof offsetswith temperatureand

aging.
A. Actualsensor
A.1 Shapeoptimization

Spinning current offset cancellationtechniquerequiresa
structurewhichis invariantby rotationof 90°. Within this con-
straint,the shapeis a compronise betweerthe resultingresis-
tanceof the shape hencesensorconductancey, which limits
the maximumbias current,andshort-circuiteffect of contacts,
hencethe geometrycorrectionfactor G. We followed recom-
mendationin [2][3] andshapedhe sensoilike a Greekcross,
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Fig. 2. Layoutof theactualsensaor
illustratedatfigure 2.

A.2 Layeroptimization

In orderto getthehighestsensitvity for a given voltagebias,
or a given voltagesupplyin the caseof a currentbiasedsen-
sor, it is desirableto a have a materialwith the highestmo-
bility, which meansa lowly dopedN layer At first, N-well
(Np = 3.98-10' /cm?) layerwastried. Thesensomwasformed
with a MOS structure: polysiicon gate, thin oxide, N-well,
buried oxide and substrate.The polysilicon gateis neededn
orderto obtainthe N-well doping. Sucha sensohashowever
animportantdravback. The lowly dopedN-well doesnot be-
have asalinearresistor Dependingon the differencebetween
thesilicon film potental andthe polysilicon gatepotential the
silicon layer canbe in inversia, in depletionor in accumula-
tion. Sincethe sensoiis ideally biasedwith the maximum sup-
ply, 5V, andthe polyslicon gatepotentialis normally between
0V and5V, it is not possibé to ensurea constantaccumula-
tion level over the whole sensofayer As aresult,the relation
betweerthe biascurrentin the sensorandthe sensitvity is not
linearary longer

Therefore,N-drift layer (Np = 6.08-10'® /cm?®), which is
more doped,was preferred. Figure 2 shov the actuallayout.
N-drift layeris selectedvith HV-field oxide andN+ implanta-
tion. Comparedwvith N-well, this soluion doesnot suffer from
the couplingwith a gateat a constanpotential.

IV. SENSOR CHARACTERISTICS
A. Resistvity

Theresistancef the N-drift Hall crosswasmeasuredfigure
3). TheN-drift resistancdinearityis betterthan1.5%/V\. Figure
6 illustratespolynamial fits of therelative resistiity of theplate
for two differentvoltagebiases. The resistvity almosttriples
betweerroomtemperatur@and300°C.

B. Magneticsensitiviy

Thenormalizedsensitvity S of the N-drift sensowasmea-
suredaround205V /AT at room temperature(fig. 7). This
valueis very goodfor CMOS sensorsanda biascurrently, of
300pA yieldsasensogainSof 62mV/T.

C. Offset

The Hall plate offset has beenmeasuredas a function of
temperaturefig. 8 shavs the resultfor a typical sample. On
other samples offsetsincreasecontinuowsly with the temper
ature. The expectedoffset correctionobtainedfrom spinning
currentor spatialcorrelationbetweenseveral sensordiasbeen
measuredaiswell. Two measurementare performedfor each
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Fig. 3. N-drift Hall crossl/V measurements.
TABLE I
RESULTS
Parameter Symb  Unit 300 425 525

°K °K °K
146 94 62

Measurecconduct. do usS

Normalizedsens. S 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-
sultin two Hall voltagesvy1 andViy2 (seefigure4). Ideally, the
averageof thesetwo measuremerghouldbe free of the sensor
offset. Offsetfiguresreportedin tablell. Later measurement
on sensorsntegratedwith a modulate andan amplifier, pack-
agedin ceramic,actually shaoved lower residualoffsets(max.
1.5mT) thanreportechere.We suspecthattime separatinghe
measuremertdf Viy1 andVy2 istoolong.

Spatialcorrelationbetweendifferentsensorsloselylocated
hasbeenmeasuredswell, but theresultsshavedit is not pos-
sible to expectsignificantoffsetsreductionby crosscoupling
severalsensors.

D. Lowfrequencynoise

Low frequeny noise(1/F) hasbheenmeasuretroomtem-
perature figure 9. Noise power spectrumdensitywas found
to be morethan30dB higherthancorventional CMOS sensors
[2]. Besidethe smalkr areaof this sensor we suspectthat
the buried oxide interface contritutesto the noiseincrease:it
hasbeenreportedliteraturethat SOl MOS devices exhibit in-
creasedl/F noisecomparedo classical'bulk”. It is however
beendemongtatedthatspinring currentmoduation of the sen-
sorsignificantlyreduceghe noiseat low frequeng.

VHl

Fig. 4. Offsetcompensatioprinciple.
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Fig. 5. Sensitvity andoffsetsmeasurementat 25, 125and225°C. With cor-
rection standdor the averageof Viy1 andViy2 measurementseefigure4).
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Fig.6. Measuredf thetypicalrelative resistvity of N-drift (hormalizedagainst
25° C value)andfitted coeficientsfor abiasof 5V and500mV.
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Fig. 7. Normalizedmagneticsensitvity of theHall plate.(Biasat3.2 V)
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Fig. 8. Measuredmagneticoffset of a Hal plate samplewithout correction.
(Biasat 3.2V, CeramicDIL 16 package).
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Fig. 9. Low frequeng noisepower spectraldensityat roomtemperatureywith
avoltagebiasof 3V. Cunefitisy = 2.1012.x 078

V. SIMULATION MODEL

Severalelectricalcircuitshave beenproposedn orderto sim-
ulateHall sensoraith SPICE.We suggesyet anothercircuit,
figure 10, which modelscorrectly currentsflowing from oppo-
site nodes for exampleA to C, aswell ascurrentflowing be-
tweencontiguos nodesJike from A to B. This pointis impor
tant for transientsimudation of spinning current. The current
controlledvoltage sourcesmodel the Hall effect in the layer.
The SPICE subcircuit belov works successfullywith Smart-
Spice.Ontheotherhand,PSpiceneedsslight modfificationbe-
causeit requestsa differentsyntaxfor .PARAM statementas
well asa differentsyntaxfor A elements.This modelis cali-
bratedby two measurementsf currentsflowing betweemodes
A-B andA-C.

Vha = %leL 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*(WIE*TEMP))’
.PARAM HC_r1="HC_RSH/HC_g1’



Fig. 10. Equivalenteledrical circuit for the Hall sensor The voltagesource
equationis givenat (4).

.PARAM HC_r2="HC_RSH/HC_g2’

* Temp.dependencef HC_gainneglected!!!
.PARAM HC_gain="0.5*HC_G*HC_rh/(HC_N*HC_tsi*1.6E-19)'
* NodesABCD arethe Hall plate4 contacts
* NodeF is themagnetidield (1V=1T)

* NodeSis SOl backgate
.SUBCKThallcrossABCD F S

C1X s100f

RabA2 B2HC_R1

RbcB2 C2HC_R1

RcdC2D2HC_R1

RdaD2 A2 HC_R1

RaxA2 X HC_R2

RbxB2 X HC_R2

RcxC2X HC_R2

RdxD2 X HC_R2

Ala A A2 V=HC_gain*I(A1b)*V(F,0)

Alb B B2V=HC_gain*I(Alc)*V(F,0)

Alc CC2V=HC_gain*I(A1d)*V(F,0)

Ald D D2 V=HC_gain*I(Ala)*V(F,0)
.ENDS

VI. DISCUSSION

This SOI Hall plate shaws a high sensitvity, which is very
stablefor temperatureup to 300 °C. Thanksto the high sen-
sitivity, low biascurrents< 200pA canbe used,allowing the
designof low power sensorslf spinnng currentoffsetscancel-
lation is used,total offset, including integratedamplifiersand
packagingcanbereducedo 1.5mT, with atthe sametime ex-
cellentnoiselevels. Thesefiguresare comparablewith other
CMOS sensorsyhich arethemself limited to 150 °C. More-
over, the Hall plate integratedwith its electronicshasshovn
thatthe modubtionfrequeng, atroomtemperaturecanexceed
1MHz.
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