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Optomechanics( is( concerned( with( the( interaction(
between(light(and(mechanical(elementsA(The(interaction(
is(maximum(when(the(power(circulating( in( the(cavity( is(
maximumA
Power( is(maximum(when(the( laser( is( in( resonance(with(
the( cavity( lengthA( The( objective( of( this( project( is( to(
cancel( the( effect( of( the( mechanical( noise( on( the( cavity(
lengthA (((((G(The(desired(cavity(length(is(set(by(the(

user(>via(signal(r>t112
(((((G(The(controller(uses(piezoelectric(
elements(in(the(cavityGlaser(system(to(
adjust(the(cavity(lengthW(with(mechanical(
noise(n>t12
(((((G(The(photodiode(system(outputs(a(
measurement(of(the(cavity(length(y>t12
(((((G(The(controller(compares(the(difference(
between(the(measured(and(desired(cavity(
length(and(acts(accordingly2

The(first(part(of(the(project(focuses(on(designing(signal(processing(hardware(capable(of(acting(as(an(
arbitrary(filterA(8ilter(design(is(part(of(future(developmentA(The(processing(hardware(mustN
((((((((((G(work(at(high(speed(>sampling(66('UU(kHz12
((((((((((G(be(easily(adaptable(to(various(experimental(setupsA
We(chose(to(base(the(project(on(8P<=Gbased(hardware(because(of(its(speed(advantage(over(~PUG
based(hardwareA

~onclusion
We(created(a(system(that(is(predictable(and(easily(customizableA(We(were(able(to(reduce(the(setupks(
reaction(time(close(to(the(hardware(limitations(by(using(a(custom(type(of(memory(and(by(
approximating(realGnumber(arithmetic(with(fixedGpoint(arithmeticA(In(the(futureN(
((((((((((G(We(may(create(our(own(data(conversion(cardA(This(would(enable(us(to(control(every(
parameterN(resolutionW(dynamic(rangeW(maximum(sampling(frequencyW(and(group(delay2(
((((((((((G(We(are(currently(looking(in(approximating(an(inverse(to(the(intrinsic(transfer(function2
((((((((((G(We(still(have(to(design(the(transfer(function(that(can(realize(the(feedbackGloop(presented(in(
the(IntroductionA
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3ocumented(artifact(from(
the(3C=(converter(near(

half(sampling(frequency'

The(data(conversion(card(
naturally(acts(as(a(lowGpass(filter

Setup(>continued1

Implementation

Memory =rithmetic

<iven(a(transfer(function(in(the(Laplace(sGdomainW(it(is(straightforward(to(translate(it(in(discreteGtime(
hardwareqA( This( translation( results( in( a( relation( between( the( previous( and( current( inputs( and(
previous(ouputsA(ThusW(implementing(a(filter(results(in(implementing(a(relation(of(the(formN

y[n](/(aU(x[n](Ha'(x[nG'](H(aq(x[nGq](H(AAA(H(b'(y[nG'](H(bq(y[nGq](H(AAA((

This(custom(memory(increases(reaction(time(
by( ( ~SRUns( for( a( typical( DGterm( difference(
equationW(compared(to(R=MA

Registers(>figure(below1(were(wired(in(parallel(to(

form(a(custom(Random(=ccess(Memory(>R=M1A(

The( setup( uses( fixedGpoint( arithmeticW( which( is(
as(fast(as(integer(arithmeticA

Integer(binary(multipliers(>figure(above1(were(
wired(and(provide(nearGinstant(multiplication(
>9(qUns1A

Resonance(filter
Testing(>continued1

3ouble(Peak(filter

Testing Integrator(filter

Raw(measurement(for(
the(integrator(filter

=ll( results( presented( are( normalized( to( the(
intrinsic( transfer( functionA( Sampling( frequency(
was(set(to('MHz(for(all(tested(filtersA

Offset(due(to(clock(speed(
deviation(from(specification

Setup

The( setupks( group( delay( >or( reaction( time1( was(
determined( to( be( around( qRU( ns( for( all(
frequenciesA

~omponents(in(dark(were(removed(to(
allow(for(low(frequencies(>9('UUkHz1

Total(delay(includes(qUns(sampling(
period

8P<=
R'q(k+(R=M RU(MHz(clock

=nalog(input

=nalog(output

Prefiltering(circuitry

Postfiltering(circuitry

3ualG~hannel
=C3(converter

3ualG~hannel
3C=(converter


