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Abstract — Thegreatadvantaye of usingthin cobaltfilms
as magnetoopticmaterial in sensos to measue currents or
magneticfieldsis its wide bandwidthbecausét canread the
magnitudeof several GHz. Thoughthis fact is widely known,
no effectivemeasueshavebeentaken. Theaim of this paper
is to measue the frequencyresponseand the bandwidthof a
magnetoopticsensorbasedon thin cobalt films. Two experi-
mentshavebeenmountedregarding the range of frequencies
in study In thefirst stage, almost200 Hz were reachedusing
a sinusoidalmagneticfield createdwith a Helmholtzcoil. This
frequencys suitableto measuringpowerlinescurrentsor mag-
neticfields. Dueto thefact thatthis coil hasan extremelyhigh
impedancet highfrequenciesan alternativemethodoasedon
magneticimpulseshasbeendeveloped.Therange of frequen-
ciesis improvedconsideabily upto MHz.

Keywords: magnetoopticsensoy frequeny responsemag-
netic pulsegeneration.

1 INTRODUCTION

Whena polarizedbeampasseshrougha magnetizednate-
rial its polarizationplanerotateq1][2][3]. This effectwasfirst
discoveredby Michael Faradayin 1845. Thelaw thatregulates
therotationis equationl.

6=V }f H-dl (1)

Whered is the rotationangle,ﬁ is the magneticfield, V' is
the Verdetconstan{which dependon the magnetooptichar
acteristicsof the material)andd! is the lengthof the pathtrav-
eledby the light inside the material. Obviously, for the same
thicknessandthe samematerial,the rotationangleis propor
tional to themagnetidield.

Themagnetooptienaterialusedn thesensois athin cobalt
film [4][5]. Whendesigninga sensoroneof the questionghat
arisesis what type of signalsare going to be measuredand
consequentlywhat rangeof frequenciesare necessaryo be
detected.The aim of this paperis to calculatethe bandwidth
of the sensotasedon a thin cobaltfilm. Then,theusesof the
sensoicould be stated.

Initially, the setupincludeda Helmholtz coil to createthe
magnetidield. Measurementsf themagnetidield with aflux-
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ometerindicatethat the coil is ableto give 8.5 mT/A. It has
beenpossibleto reach180Hz without ary problem.However,

for frequencieshigherthanthat, the impedancevould be too

high. It is necessanthen,the useof a complicatedexcitation
circuit or to try to fabricateanothercoil with ahighermagnetic
field perampereratio. None of thesealternatveswould work

if very high frequenciesare goingto be considered.The next

stepconsideredvasto createa magneticpulseandthenstudy
thetime respons®f the system.

In thefollowing sectionsaregoingto bepresentedhe mea-
surestakenwith the coil asexcitationandthefirst resultswith
themagnetiqulses.

2 MEASUREMENTS

2.1 Measuementsisingsinusoidaldields.

The setupof the first experimentis displayedin Figure 1.
The sinusoidalfield is createdwith a signal generatorand a
TDA7294 audio power amplifier. The excitation circuit is not
ableto drive high currentsat high frequenciesthatis why 179
Hz is themaximumfrequeng studied.

The plot of the amplitudesof the input signal versusthe
outputof the sensoris shovn in Figure2. As it hasbeenex-
plainedabove, the more frequeng we try to impose,the less
intensityandmagneticfield we getdueto the high autoinduc-
tance.Then,low frequenciedave high magneticfield values,
around16 mT,; andhigh frequenciesnamely 110and179Hz,
only reach4 mT.

Neverthelessall datafit exactly in a straightline. Notice
thatthe slopeof thisline is preciselytheratio betweerthe out-
put andthe input to the systemconsidered.The frequeng re-
sponsecanbe plotted calculatingthe slopeof the linear func-
tion for eachfrequeng, Figure3. The valuecorrespondingo
110Hz hasa slight differencecomparedo the restof the fre-
guencies.This is probablydueto the factthat a differentav-
eragingmethodwas usedfor this frequeng point. It canbe
obsenedthattheresponseés linearfrom zeroto 179Hz.

Similar plotshave beencalculatedor differentthicknesof
the cobaltsamples.The responsés alsolinear but the gainis
differentasit wasexpected.
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Figurel: First setupusedin the experiment. The coils werefed with a sinu-
soidalfield usinga power amplifieranda signalgeneratar
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Figure2: Plot of the outputsignalversusthe currentin the coil (proportional
to themagnetidield) for a200A cobaltsampleanddifferentfrequencies.
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Figure3: Frequenyg responsdor the 200 Acobaltsample.
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Figure4: Capacitordischage circuit to createa magnetiqulse.

2.2 Measuementsisingmagneticimpulses.

2.2.1 Sdemesandplots

It is necessanto obtain measurest higher frequencies.
Studyingthe responseof the systemto animpulseat the in-
put, the frequeng responsecan be stimated. Following this
argumentthe useof a magneticpulsesgeneratohasbeencon-
sidered.Thefirst ideaconsideredvasto dischage a capacitor
througha coil. This coil shouldhave a radiussmallenoughto
createa highmagnetidield andshouldallow the passingf the
laserbeamthroughit. Besidesthe currentthroughthe spires
would dependon theirimpedanceThen,this impedancanust
be low so that the currentcanbe high. Thesecharacteristics
maximizethe magneticfield asis shovn in Equation2, where
a is thecoil radiusandL is its length.

Nl,l,().[
+ (&)

The dischage circuit is quite simple, seeFigure4. A ca-
pacitorof 1000uF is chagedup to 60V througha resistorof
1 KQ and1l W. Feedingthe gateof the MOSFET with a driver,
the capacitolis dischagedabruptlytroughtthe coil. Whenthe
capacitolis completelydischagedandthe M OSFET is still con-
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Figure5: Plot of the signalin the sensorandtime responsef the magnetic
pulse.

ducting,atiny currentflowsthroughthecoil, howeverthisdoes
notinterferewith our measures.

The impedanceof the spire has been measuredand its
equialentcircuit is also shawvn in Figure4. The valuesfor
the resistor the inductanceandthe parallel capacitorare 358
ms2, 1.03uH and5.13pFrespectiely.

The first curve in Figure5, is the responseof the magne-
tooptic sensor It is only a sample,no averagingmethodhas
beenusedbecausét could disturbthe following calculations.
Theunitsarein volts.

Theresultsof theimpulsecreatedarealsoshowvn in Figure
5. Thesecondcurwe is the voltagemeasuredt the endsof the
coil, asits impedanceas known it is possibleto calculatethe
intensitythroughit. The magneticfield is proportionalto the
current,hencejt is alsoknown.

In orderto obtainthe time responsef the intensityin the
spire, and thenthe magneticfield, it is necessaryo perform
somecalculations:The frequeng responsef the voltagestep
is obtained,calculatingthe FFT of the time responselet it be
calledV(f). Thenit is computedhe s transformationZ(f),
of theequialentcircuit of thespirein thesamepointsasV (f).
Dividing thesetwo functionswe getthefrequeng responsef
the intensity Thenit is calculatedthe inverserrT to getthe
time responsef the currentandthe magneticfield. Theinten-
sity is displayedn Figure6, noticethatthe valueis above 160
A, which is extremelyhigh for sucha smallcoil. As aconse-
guencethemagnetidield is alsosufficientto excite the cobalt
film andto be sensedy thedevice.

2.2.2 Analysisof themeasuements

We considethevoltagedropin thecoil astheinputvariable
to our systemandthe outputvoltageof the sensodesignedthe
output of the system. Performinga frequeny study on both

signalsgivesa first approximationof the frequeng response.

Being strict, the input signal shouldbe the intensity through
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Figure6: Calculatedntensitythroughthe coil. Noticethe high valueachieved
andthe shorttime of theimpulse.

the coil or the magneticfield createdby it. However, the re-
lationship betweenthe voltage drop and the intensity in the
solenoidis linear andknown becauséts impedanceéhasbeen
calculated. The voltagedropis preferredbecauset is not af-
fectedby the poleintroducedby theimpedanceat 10 KHz. If
theinput-outputfunctionis constantipto afrequeng, it canbe
statedthe bandwidthof the system.Thefollowing calculations
areaimedto obtainthis result.

To determinethe enegy of the signalsthrougha rangeof
frequenciesa power spectraldensityanalysiswas performed.
It shovedthatbothsignalshadno enegy above 2 MHz; what-
ever the case,the resultswill not be accurateabove this fre-
gueng, but it cangive usanideaof the behaiour of the sys-
tem.

With theaid of matlab,a Blackman-Tikey spectrabnalysis
was performed. The averagingwas 10 samplesto obtainga
fairly smoothresult.

As it is showvn in Figure 7, the responsas flat up to the
maximunreliablefrequeng, thatis, 2 MHz.

2.2.3 Theoetical bandwidth

Observingthe systemiit is possibleto determinethe stage
in which the most probablefrequeng bottleneckis encoun-
tered. The first amplificationstagein the sensothasa gain of
100dB. This stageis critical becausef the capacitancef the
photodiodeandthe transconductancamplifier This topology
introducesa doublepole [6] at a relatively low frequeng, see
Figure8.

This doublepole canbe calculatedapproximatelywith 3.

_ | [
f_ 27TRFCI (3)

where, f. is 8 MHz, the zero-gainfrequeng of the am-
plifier, Rr is the feedback-resistousedin the amplification
andC; = Cp + Copy + Cp is theinput capacitanceywhich
includes,the capacitancef the photodiodeand the common
modeanddifferentialcapacitancesf theoperationabmplifier.
Theresultis f ~ 300 KHz.
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Figure 7: Frequeng responseof the systemestimatedwith the Blackman-
Tukey method. Notice that the input is the voltagedrop in the coil, andthe
outputis thevoltageobtainedwith the sensar

2.2.4 Sinusiodaimpulsesandfuture measuements.

Dueto thedifferencesn theseresults it wasdecidedo test
the bandwidthwith an alternatve method. Insteadof creating
singleimpulsesanimpulseof sinusoidalwaveswasused.The
ideais to provoke anoscillationwith the autoinductancef the
coil andan externalcapacitorin parallelwith the coil. During
lessthan 10 us, the MOSFET is closedand a high currentis
flowing throughthe coil. The MOSFET is openedabruptlyand
the currentstartsto oscillatein the secondordersystem. The
capacitancés calculatedo oscillateat a prefixedfrequeng. In
thetestsperformedthis capacitanc&vas22 nF andthe oscilla-
tionfrequeny aroundLMHz. ThismethodrequiereaM OSFET
transistoiwhich canhold high overwltagesbetweendrainand
sourcepins. Thevoltageatthedraincanbeseveralhundredof
volts atthe momentof cut-off. Theplot of the excitationsignal
is displayedn Figure9.

To obtainthis seignal thevoltageof thedischagecapacitor
seeFigure4, wasexcited only with 20 Volts insteadof 60 V.
This was becausehe maximum oscilloscopescaleis 100V,
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Figure8: First stageof the amplifier The capacitancearethe input capaci-
tancedo the operationahmplifierandthe capacitancef the photodiode.
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Figure9: Sinusoidaimpulse.

andlargerexcitationswould give anover-rangingsignal.

In the experimentdifferent capacitorswere usedto study
severalfrequenciesThecut-off frequeng of thesystemcanbe
determineccomparingthe resultsobtainedandcheckingwhen
theoutputis 3 dB underthegainatlow frequenciesThe mea-
surementbtainedat the sensorusing this excitation system
shaw thatthe cut-off frequeng is around800 KHz. However,
thesedatahave to be double-checkd becausehe noiseintro-
ducedby theabruptcutof theMOSFET spoilsthemeasurement.

3 NEXT STEPS

Currentlywe aretrying differentapproacheso overcome
the drawback of the noiseintroducedby the photodiode[7]:
betterisolation, filters in the voltage supply of the devices,
wealer excitation signals. Oncethis is achieved, a morere-
liable bandwidthmeasuremenwill be swiftly obtained.

As the cut-off frequeng will be that of the magnetooptic
sensodueto theelectronidnvolvedin its constructionthe op-
erationalamplifierswill be changedo improve the bandwidth.
A fastphotodiode SFH203is beingusedin the new setof the
measurementgherise-uptimeis aslow as2 ns. Its capacitance
is alsovery low, only 11 pF which would give us a theoretical
cut-off frequeng well above that obtainedin the first experi-
ment.

Besidesall of the stepsmustbe donewith differentcobalt
samplesin order to test the bandwidth dependecewith the
thicknes=of cobalt. It will bevery interestingto maximizethe
bandwidthaccordingto thethickness.
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5 CONCLUSIONS

In this paperwe presenta characterizatiorstudy of thin
cobalt film magnetoopticsensors. Two methodsusing mag-
neticpulsesareproposedo extendthefrequengy measurement
of the system. The first onerequiresone singleimpulseand
needsa frequeng responsestimationto obtainthe bandwidth
study Thesecondneis basedn atrain of sinusoidaimpulses
at a fixed frequeng. Changingthe oscillationfrequeny it is
possibleto calculatethe point wherethe gain hasdropped3
dB.
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