Croatian Science
Foundation




PHOTODETECTION

WHEN LIGHT STRIKES A PHOTODIODE, THE ELECTRON WITHIN
THE CRYSTAL STRUCTURE BECOMES STINMULATED. IF THE
LIGHT £ENERGY 1S GREATER THAN THE BAND GAIP £NERGY EG,
THE ELECTRONS ARE PULLED UPP INTO THE CONDUCTION
BAND, LEAVING HOLES IN THEIR PLACE IN THE VALENCE BAND.
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® RESPONSIVITY: Ry [A/W]

IS THE RATI0 of THE RESULTING PHOTOCURRENT £EXPRESSED
IN ARVPERES (A), TO THE RADIANT ENERGY INCIDENT ON THE
DEVICE £EXPRESSED IN WATTS (W),

®@ QUANTUM £FFICIKENCY: QE

IS THE NUR\BER of £l ECTRONS OR HOlL£S THAT CAN Bt
DETECTED AS A PHOTOCURRENT DIVIDED BY THE NUMBER oOf
THE INCIDENT PPHOTONS.

: R)\ [A/W] x 1.24

QE =
A [um)




® NEP (NOISt EQUIVALENT POWER)

NEP IS THE AMOUNT Of LIGHT EQUIVALENT TO THE Nolst
LEVEL oF A DEVICE. SINCE THE NOlISE LEVEL IS
[PROIPORTIONAL TO THE SQUARE ROOT Of THE FREQUENCY
BANDWIDTH, THE NEP IS MEASURED AT A BANDWIDTH of | HZ.

NOISE CURRENT [A/VHZ]
NEP [W/VH?z] =

RESPONSIVITY [A/W]



® NOISt CURRENT

~ THERMAL OR JOHNSON NOISE OF THE SHUNT
RESISTANCE

ith = \/4ksT/Rsr, [A/VHZ

~ SHOT NOISE OF THE DARK CURRENT OF THE JUNCTION
AND THE PHOTOCURRENT

isn =\/2e(Ip + 1) [A/VHZ]

~ THE TOTAL AMOUNT OF NOISE IS
in = \Ji%, + %, [A/VHZ]
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® IF THERE IS A PURELY ELECTRONIC OFFSET, MEASURE IT
WHEN THERE IS NO LIGHT AND THEN

(Vmax — off) — (Vmin — off)
(Vmax — off) + (Vmin — off)

Y —

IqE:q V e VmaX I len
Vmax + Vmin - 2Vvoff

® NOTE THAT THIS QUANTITY ONLY REALLY MAKES SENSE WITH
NG POWER BALANCING (THEREFORE, NOT FOR HOMODYNE, SEE
FOLLOWING SLIDES)
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HOAMNODYNE DETECTIon

® DETECTION CIRCUIT

22pF

25082

0% SIGNAL

ON PHOTODETECTORS WITH RESPOSIVITY R, [A/W]
THE INDUCED PHOTOCURRENT IS

I_=Ry\(To —T1) = R\T_



@ INTENSITHKS
I = |&1]° =

€0l
2

E 2
Ty = ‘82‘2 — | ;‘ {Rp2 + ’7'2 + Q\FR,DT COS[ZIC(ZQ — ll)]}

(Rp? + 7% — 2V Rpr cos[2k(ly — 1]}




HOMODYNE DETECTIOHK
@ DIFFERENCE OF INTENSITHKS

T =T, —T; = 2|E&*VRpr cos[2k(ly — 11)]




HORODYNE DETECTIOHN

@ LET'S CONSIDER Now A SAAALL TIME
AODULATION of THE PHASE 2k(l2 —1;) DUE To
A DISPLACEMENT OF THE MEMBRANE, 6z (t)
AROUND A STATIC POSITION, ¢o = 2k(la — 11)
SUCH THAT
Qk(lz — ll) — ¢() + Qkéib(t)
AND

T_ = 2|&|*>VRpr cos|pg + 2kbz(t)]
= 2|&|2VR pr{cos(¢o) cos[2kdxz(t)] — sin(do) sin[2kdz ()]}




HORODYNE DETECTIOHN

@ I Wi CONSIDER A SIWVPLE SINUSOIDAL
AODULATION of AMPLITUDE 0x,, AT
FREQUENCY wn,, LE. 0x(t) = 0T, cOS(Wmt + Xm)
Wi CAN £XPAND THE DWW FERENCE OF
INTENSITHS IN TERMS Of BESSEL FUNCTIONS
ofF THE FIRST KIND

A 2|50‘2\@,07'{ cos(po)Jo(2kdxy, ) —
sin(¢g)2J1(2kdxy, ) sin(wmt + Xm) }

TPC = 2| VR pT cos(do) Jo (22, — [P¢ = R, TPC
TAC = 4|& VR p7 sin(¢o) J1 (2662 ) sin(wimt + xm) —> IAC = R, TAC



HORODYNE DETECTIOHN

® THE SIGNAL POWER DELIVERED TO A SPECTRUM
ANALYSER WITH INPUT IMPEDANCE R 1S

73s'igna,l — (IéC)Z Rs

— 4R,|E PV RpT sin(qﬁo)Jl(Zkéa:m)]Q%

THE SIGNAL POWER 1S STRONGEST IN GRAY-
FRINGE WHEN THE DERIVATIVE OF THE
TRANSMISSION WITH RESPECT TO PHASE IS
LARGEST (99 = m/2).



® THE GRAY-FRINGE WORKING POINT IS SET BY
SENDING AN FB-ERROR TO A PHEZO ON THE
AIRROR

2082 SIGNAL

FB error § SNGpEugm—— A=




HORODYNE DETECTIOHN

® ALTHOUGH THE DC TERM IS ZERO FOR 99 = /2,
THE SHOT NOISE IS NEVER ZERO, AND IS LINEAR
WITH THE INPUT LIGHT INTENSITY

Pon = 2e(I¢ 4+ I7¢) Ry, BW
= 2eR|&|*(Rp* + ) Rs BW

® THE ELECTRONIC NOISE DUE TO THE PINS AND
ELECTRONIC CIRCUIT IS INDEPENDENT ON THE
INPUT LIGHT INTENSITY






HORODYNE DETECTIOHN

® I GRAY-FRINGE WORKING POINT ¢o = /2,
INTENSE LOCAL OSCULATOR 7° > Rp°, AUD
SMALL DISPLACEMENT 2koxr, <1 —

J1(2k5$m) i k(SSBm

aant g'GNAL 7D.signal — 8}%izf.LOI'm[Jl (Zkézm)]2Rs

with Zro = |&|*1% MDd I, = |&|*Rp?

~ SHOT NOISE Psn =~ 2eR \IroRs BW



HORODYNE DETECTIOHN

® SIGNAL-Nolst-RATIO

Psz' nal
S/N = J
/ 7Dsn + Pen

@ F GRAY-FRINGE WORKING POINT AND Py, > Pen,
THEN
4R)\‘5()|2 szTz

N —
S/ e BW Rp? + 72

[Jl (dea:m)]z




HOMODYNE DETECTIon

® LIMITS
~ INTENSE LOCAL OSCILLATOR 72> Ry’

4R\1L,,

N —
5/ e BW

J1(2k0z,,)]? with L, = |Eo|*Rp’

w SAALL DISPLACEMENT  2k6z, <1 —
Jl (2]€5$m) i k5$m

4R)\Im 471‘2 5$2

SN = eBW )2 ™



e RAMP T0O PIEZ0, VOLTAGE GIVEN BY

Vix) = Vgp sin(2 k dx)

© SO, AT THE GRAY FRINGE
V(z) = Vyp kox




Note I: QWP, HWP, PBS

¢ circular Fotarﬁa&om:

X Fy cos(kz — wt)
y Eosin(kz — wt)

E = Fy|xcos(kz — wt) + ysin(kz — wt)|




Note I: QWP, HWP, PBS

® wave?taﬁes: index of refraction depends own polarization, so
they nduce a relative phase between different polarization
components

® QWP: transforms Linear polarization to circular (@.i.i.igﬁﬁai.)
and vice versa




Note I: QWP, HWP, PBS

® polarizer output (hot nor malized):

Linear polarizer

Transmission axis
at -15 y,
\/ ’
Linearly _
gl { ’
4

E = Fy|xcos(kz — wt) + y cos(kz — wt)]

© QWP outb F?u,%:

E = Ey|xcos(kz — wt) — ysin(kz — wt)

/
25 R

® oubput after another QWP: .

I* polarized light

E = Ey|xcos(kz — wt) — ycos(kz — wt)]

e conclusion: a HWP (analoqous to two QWP) rotates the
olarization of Linearly Fmi.ariz.ed Light bfj twice the angle
g@.&we@.m that of the polarization and the plate axis




Note I: QWP, HWP, PBS

® polarizer output (hot nor malized):

E = Fy|xcos(kz — wt) + y cos(kz — wt)]

© QWP outb F?u,%:

E = Ey|xcos(kz — wt) — ysin(kz — wt)

® oubput after another QWP:

E = Ey|xcos(kz — wt) — ycos(kz — wt)]

e conclusion: a HWP (analoqous to two QWP) rotates the
olarization of Linearly F?Qtariz@.d Light bfj twice the angle
Ee&we@.v\ that of the polarization and the plate axis




Note I: QWP, HWP, PBS

® PBS: polarizing b@.&msptiﬁﬁer

p - parallel
S - senkrecht



® typically, a spectrum analyzer will show data in dBm:

P
P|dBm| = 101log,, ; [V\\;]/,
m

® the power cﬁépemd&s on how you bin the frequ@.mav, so the
umambiguaus unit is dBm/Hz:

PIW
P|dBm/Hz| = 10log,, ; 10log,;o RBW
U*
© ok, but what is the measured power? P[W]| = —

¢ whalt about the conversion to mekers?



3y the way..

e THERE IS A SIMILAR TECHNIQUE, HETERODYNE DETECTION
® LO AND SIGNAL OF DIFFERENT FREQUENCIES
e PRO: LOW TECHNICAL NOISE, NGO BALANCING NEEDED

® CON: NOISE PENALTY (QUADRATURE ROTATES IN TIME
BECAUSE OF FREQUENCY DIFFERENCE)



® SAY Y0U WANT TO DETECT PARTICLES LIKE CHAMELEONS,
WHY DO ANY OF THESE TECHNIQUES WORK (AT LEAST IN
PRINCIPLED?
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® RADIATION PRESSURE
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® SAY Y0U WANT TO DETECT PARTICLES LIKE CHAMELEONS,
WHY DO ANY OF THESE TECHNIQUES WORK (AT LEAST IN
PRINCIPLED?
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® SAY Y0U WANT TO DETECT PARTICLES LIKE CHAMELEONS,
WHY DO ANY OF THESE TECHNIQUES WORK (AT LEAST IN
PRINCIPLED?
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3y the byway...

® SAY Y0U WANT TO DETECT PARTICLES LIKE CHAMELEONS,
WHY DO ANY OF THESE TECHNIQUES WORK (AT LEAST IN
PRINCIPLED?
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e HOW CAN Y0OU IMPROVE SENSITIVITY?
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e HOW CAN Y0OU IMPROVE SENSITIVITY?
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