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Abstract — Thegreatadvantageof usingthin cobaltfilms
as magnetoopticmaterial in sensors to measure currentsor
magneticfieldsis its widebandwidthbecauseit canreach the
magnitudeof several GHz. Thoughthis fact is widely known,
no effectivemeasureshavebeentaken. Theaim of this paper,
is to measure the frequencyresponseand the bandwidthof a
magnetoopticsensorbasedon thin cobalt films. Two experi-
mentshavebeenmountedregarding the range of frequencies
in study. In the first stage, almost200Hz were reachedusing
a sinusoidalmagneticfield createdwith a Helmholtzcoil. This
frequencyissuitableto measuringpowerlinescurrentsor mag-
neticfields.Dueto thefact that this coil hasan extremelyhigh
impedanceat highfrequencies,analternativemethodbasedon
magneticimpulseshasbeendeveloped.Therange of frequen-
ciesis improvedconsiderabily up to MHz.

Keywords: magnetooptic,sensor, frequency response,mag-
neticpulsegeneration.

1 INTRODUCTION

Whenapolarizedbeampassesthrougha magnetizedmate-
rial its polarizationplanerotates[1][2][3]. Thiseffectwasfirst
discoveredby MichaelFaradayin 1845.Thelaw thatregulates
therotationis equation1.
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Where
�

is therotationangle,
�	

is themagneticfield,
�

is
theVerdetconstant(which dependson themagnetoopticchar-
acteristicsof thematerial)and

� ��
is thelengthof thepathtrav-

eledby the light insidethe material. Obviously, for the same
thicknessandthe samematerial,the rotationangleis propor-
tional to themagneticfield.

Themagnetoopticmaterialusedin thesensorisathincobalt
film [4][5]. Whendesigninga sensor, oneof thequestionsthat
arisesis what type of signalsare going to be measured,and
consequently, what rangeof frequenciesare necessaryto be
detected.The aim of this paperis to calculatethe bandwidth
of thesensorbasedon a thin cobaltfilm. Then,theusesof the
sensorcouldbestated.

Initially, the setupincludeda Helmholtzcoil to createthe
magneticfield. Measurementsof themagneticfield with aflux-

ometerindicatethat the coil is able to give 8.5 mT/A. It has
beenpossibleto reach180Hz without any problem.However,
for frequencieshigher thanthat, the impedancewould be too
high. It is necessary, then,theuseof a complicatedexcitation
circuit or to try to fabricateanothercoil with ahighermagnetic
field perampereratio. Noneof thesealternativeswould work
if very high frequenciesaregoing to be considered.The next
stepconsideredwasto createa magneticpulseandthenstudy
thetimeresponseof thesystem.

In thefollowing sectionsaregoingto bepresentedthemea-
surestakenwith thecoil asexcitationandthefirst resultswith
themagneticpulses.

2 MEASUREMENTS

2.1 Measurementsusingsinusoidalsfields.

The setupof the first experimentis displayedin Figure1.
The sinusoidalfield is createdwith a signal generatorand a
TDA7294audiopower amplifier. The excitationcircuit is not
ableto drivehigh currentsat high frequencies,thatis why 179
Hz is themaximumfrequency studied.

The plot of the amplitudesof the input signal versusthe
outputof the sensoris shown in Figure2. As it hasbeenex-
plainedabove, the morefrequency we try to impose,the less
intensityandmagneticfield we getdueto thehigh autoinduc-
tance.Then,low frequencieshave high magneticfield values,
around16 mT; andhigh frequencies,namely, 110and179Hz,
only reach4 mT.

Nevertheless,all datafit exactly in a straightline. Notice
thattheslopeof this line is preciselytheratiobetweentheout-
put andthe input to thesystemconsidered.The frequency re-
sponsecanbe plottedcalculatingthe slopeof the linear func-
tion for eachfrequency, Figure3. Thevaluecorrespondingto
110Hz hasa slight differencecomparedto the restof the fre-
quencies.This is probablydueto the fact that a differentav-
eragingmethodwasusedfor this frequency point. It canbe
observedthattheresponseis linearfrom zeroto 179Hz.

Similarplotshavebeencalculatedfor differentthicknessof
thecobaltsamples.The responseis alsolinearbut thegain is
differentasit wasexpected.
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Figure1: First setupusedin the experiment.The coils werefed with a sinu-
soidalfield usingapower amplifierandasignalgenerator.
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Figure2: Plot of theoutputsignalversusthecurrentin thecoil (proportional
to themagneticfield) for a200Å cobaltsampleanddifferentfrequencies.
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Figure3: Frequency responsefor the200Åcobaltsample.

Figure4: Capacitordischargecircuit to createamagneticpulse.

2.2 Measurementsusingmagneticimpulses.

2.2.1 Schemesandplots

It is necessaryto obtain measuresat higher frequencies.
Studyingthe responseof the systemto an impulseat the in-
put, the frequency responsecan be stimated. Following this
argumenttheuseof a magneticpulsesgeneratorhasbeencon-
sidered.Thefirst ideaconsideredwasto dischargea capacitor
througha coil. This coil shouldhave a radiussmallenoughto
createahighmagneticfield andshouldallow thepassingof the
laserbeamthroughit. Besides,the currentthroughthe spires
would dependon their impedance.Then,this impedancemust
be low so that the currentcanbe high. Thesecharacteristics
maximizethemagneticfield asis shown in Equation2, where� is thecoil radiusand � is its length.���� �������� ��� �"!$# �&% �
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The discharge circuit is quite simple,seeFigure4. A ca-
pacitorof 1000 � F is chargedup to 60 V througha resistorof
1 K ) and1 W. Feedingthegateof the MOSFET with a driver,
thecapacitoris dischargedabruptlytroughtthecoil. Whenthe
capacitoris completelydischargedandtheMOSFET is still con-
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Figure5: Plot of the signal in the sensorandtime responseof the magnetic
pulse.

ducting,atiny currentflowsthroughthecoil, howeverthisdoes
not interferewith ourmeasures.

The impedanceof the spire has been measuredand its
equivalent circuit is also shown in Figure 4. The valuesfor
the resistor, the inductanceand the parallelcapacitorare358
m* , 1.03 + H and5.13pFrespectively.

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

Theresultsof theimpulsecreatedarealsoshown in Figure
5. Thesecondcurve is thevoltagemeasuredat theendsof the
coil, as its impedanceis known it is possibleto calculatethe
intensitythroughit. The magneticfield is proportionalto the
current,hence,it is alsoknown.

In orderto obtainthe time responseof the intensity in the
spire, and then the magneticfield, it is necessaryto perform
somecalculations:Thefrequency responseof thevoltagestep
is obtained,calculatingthe FFT of the time response,let it be
called ,�.-0/�1 . Thenit is computedthes transformation,2 -0/�1 ,
of theequivalentcircuit of thespirein thesamepointsas ,�3-0/�1 .
Dividing thesetwo functionswe getthefrequency responseof
the intensity. Then it is calculatedthe inverseFFT to get the
time responseof thecurrentandthemagneticfield. Theinten-
sity is displayedin Figure6, noticethat thevalueis above160
A, which is extremelyhigh for sucha small coil. As a conse-
quence,themagneticfield is alsosufficient to excite thecobalt
film andto besensedby thedevice.

2.2.2 Analysisof themeasurements

Weconsiderthevoltagedropin thecoil astheinputvariable
to oursystemandtheoutputvoltageof thesensordesigned,the
output of the system. Performinga frequency study on both
signalsgivesa first approximationof the frequency response.
Being strict, the input signal shouldbe the intensity through
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Figure6: Calculatedintensitythroughthecoil. Noticethehigh valueachieved
andtheshorttimeof theimpulse.

the coil or the magneticfield createdby it. However, the re-
lationshipbetweenthe voltagedrop and the intensity in the
solenoidis linear andknown becauseits impedancehasbeen
calculated.The voltagedrop is preferredbecauseit is not af-
fectedby thepole introducedby the impedanceat 10 KHz. If
theinput-outputfunctionis constantupto afrequency, it canbe
statedthebandwidthof thesystem.Thefollowing calculations
areaimedto obtainthis result.

To determinethe energy of the signalsthrougha rangeof
frequencies,a power spectraldensityanalysiswasperformed.
It showedthatbothsignalshadno energy above2 MHz; what-
ever the case,the resultswill not be accurateabove this fre-
quency, but it cangive usan ideaof the behaviour of the sys-
tem.

With theaidof matlab,aBlackman-Tukey spectralanalysis
was performed. The averagingwas 10 samplesto obtainga
fairly smoothresult.

As it is shown in Figure 7, the responseis flat up to the
maximunreliablefrequency, thatis, 2 MHz.

2.2.3 Theoreticalbandwidth

Observingthesystem,it is possibleto determinethe stage
in which the most probablefrequency bottleneckis encoun-
tered. The first amplificationstagein thesensorhasa gainof
100dB. This stageis critical becauseof thecapacitanceof the
photodiodeandthetransconductanceamplifier. This topology
introducesa doublepole [6] at a relatively low frequency, see
Figure8.

Thisdoublepolecanbecalculatedapproximatelywith 3.

46587 4:9;:<>=@?BADC (3)

where,
4 9

is 8 MHz, the zero-gainfrequency of the am-
plifier,

=@?
is the feedback-resistorusedin the amplification

and
A C 5 ADEGFHADIKJLFHADM

is the input capacitance,which
includes,the capacitanceof the photodiodeand the common
modeanddifferentialcapacitancesof theoperationalamplifier.

Theresultis
4ONQPSRTR

KHz.
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Figure 7: Frequency responseof the systemestimatedwith the Blackman-
Tukey method. Notice that the input is the voltagedrop in the coil, and the
outputis thevoltageobtainedwith thesensor.

2.2.4 Sinusiodalimpulsesandfuturemeasurements.

Dueto thedifferencesin theseresults,it wasdecidedto test
the bandwidthwith analternative method. Insteadof creating
singleimpulses,animpulseof sinusoidalwaveswasused.The
ideais to provokeanoscillationwith theautoinductanceof the
coil andanexternalcapacitorin parallelwith thecoil. During
lessthan 10 +VU , the MOSFET is closedand a high currentis
flowing throughthecoil. The MOSFET is openedabruptlyand
the currentstartsto oscillatein the secondordersystem.The
capacitanceis calculatedto oscillateataprefixedfrequency. In
thetestsperformed,thiscapacitancewas22nFandtheoscilla-
tion frequency around1MHz. ThismethodrequieresaMOSFET

transistorwhich canhold high overvoltagesbetweendrainand
sourcepins.Thevoltageat thedraincanbeseveralhundredsof
voltsat themomentof cut-off. Theplot of theexcitationsignal
is displayedin Figure9.

To obtainthisseignal,thevoltageof thedischargecapacitor,
seeFigure4, wasexcited only with 20 Volts insteadof 60 V.
This was becausethe maximumoscilloscopescaleis 100 V,

Figure8: First stageof the amplifier. The capacitancesarethe input capaci-
tancesto theoperationalamplifierandthecapacitanceof thephotodiode.
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Figure9: Sinusoidalimpulse.

andlargerexcitationswouldgiveanover-rangingsignal.
In the experimentdifferentcapacitorswere usedto study

severalfrequencies.Thecut-off frequency of thesystemcanbe
determinedcomparingtheresultsobtainedandcheckingwhen
theoutputis 3 dB underthegainat low frequencies.Themea-
surementsobtainedat the sensorusing this excitation system
show that thecut-off frequency is around800KHz. However,
thesedatahave to be double-checkedbecausethe noiseintro-
ducedby theabruptcutof theMOSFET spoilsthemeasurement.

3 NEXT STEPS

Currentlywe are trying differentapproachesto overcome
the drawback of the noiseintroducedby the photodiode[7]:
better isolation, filters in the voltage supply of the devices,
weaker excitation signals. Oncethis is achieved, a more re-
liablebandwidthmeasurementwill beswiftly obtained.

As the cut-off frequency will be that of the magnetooptic
sensordueto theelectronicinvolvedin its construction,theop-
erationalamplifierswill bechangedto improvethebandwidth.
A fastphotodiode,SFH203is beingusedin thenew setof the
measurements,therise-uptimeisaslow as2 ns.Its capacitance
is alsovery low, only 11 pF which would give usa theoretical
cut-off frequency well above that obtainedin the first experi-
ment.

Besides,all of thestepsmustbedonewith differentcobalt
samplesin order to test the bandwidthdependecewith the
thicknessof cobalt. It will bevery interestingto maximizethe
bandwidthaccordingto thethickness.
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5 CONCLUSIONS

In this paperwe presenta characterizationstudy of thin
cobalt film magnetoopticsensors.Two methodsusing mag-
neticpulsesareproposedto extendthefrequency measurement
of the system. The first onerequiresonesingle impulseand
needsa frequency responsestimationto obtainthe bandwidth
study. Thesecondoneis basedin atrainof sinusoidalimpulses
at a fixed frequency. Changingthe oscillationfrequency it is
possibleto calculatethe point wherethe gain hasdropped3
dB.
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