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1 Objectives

At the end of this lab session, you are expected to be able to:
e differentiate between an offset (typically a dark current) and a noise;
e measure a noise amplitude, i.e. to be able to:

- use an electrical spectrum analyzer;
— convert quantities expressed in dBma11, and in W/Hz,

- explain how the Spectrum Analyzer (SA) performs a measurement;
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2 B 1. PHOTODETECTION NOISE SOURCES

— determine the influence of important parameters in any noise mea-
surement, and in particular, the influence of the bandwidth (ENBW);

— evaluate the uncertainty of the measurement;

break down the different contributions (amplification noise, thermal noise,
photon noise) to the total noise;

propose a measurement method for each kind of noise;

verify if a detection system is limited by photon noise;

justify the term “photon noise”.

The objective of the first three parts of this lab is to study the main sources
of noise present in any optical sensing system: the amplification noise, the
thermal noise, and especially the photon noise.

The photon noise is related to the quantum nature of light. It has long
been considered as a fundamental limitation. Under certain very particular
conditions , it is nevertheless possible to fall below the photon noise limit, also
known as the “standard quantum limit”, as has been demonstrated for the first
time in 1985 ﬂ The last part presents an experiment that reduces the photon
noise to a value below the standard quantum limit.

You are asked to fill up a table during the lab in order to record your mea-
surements and verify their validity.

2 Measuring noise

2.1 Statistical approach

A noise is a random process. When measuring a noise, we want to determine
its statistical properties, in particular its variance, also known as its rms value.
By definition :

V2= / op(v)d

where p(v) is the density of probability of the process. It is not always
known, but it can be estimated, experimentally measured.

ISlusher et al., Phys. Rev. Lett. 55, 2409 (1985).
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2.2 Time-domain measurement

For all stationary and ergodic stochastic signals, we consider that the temporal
statistical properties are the same as the ensemble statistical properties. This is
the case for all kind of noise we will study here.

Therefore, with an oscilloscope, one can measure the Root Mean Square
voltage Vims of v(t) (mean value is zero) defined by:

1

2 _ oo 1 2
Vims = Tin—liroo T /[T} ve(t)dt

This is the definition of the total power of a signal. This is also the temporal
standard deviation for a noise:

V2= ot = (¥) vt

v

2.3 Frequency-domain measurement

The same RMS voltage measurement can be done in the frequency domain.
With a spectrum analyzer (SA), we can measure the Power Spectral Density
(PSD) of an electric signal. The PSD is defined by:

1 2/ 2
P = — lim —( ) :
SD(f) = o lim = (197 (£) .1
for frequencies f > 0. vy is the signal v(¢), limited to the interval [0 T, vr (f)
is its Fourier Transform. Rgsa is the input resistance of the SA. The PSD is
expressed in W/Hz.

The rms noise voltage, normalized at 1 Hz, v,, (n for noise), is:

Un (f) = \/Rsa-PSD (f) in V/VHz.

We get the total power, so the RMS voltage by integrating the PSD over all
frequencies :

+oo “+o0
V2 = Re /0 DSP(f)df = /0 o2 () df

2.4 Link between the autocorrelation function of a noise and
the PSD

Thanks to the Parseval theorem, we know that the total power of a signal does
not depend on the representation (time or frequency) of the signal. There is a
connection between those two, given by the Wiener-Khintchine theorem. The
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PSD can be obtained from the autocorrelation function ¢, (1) = (v(t)v(t — 7))
by a Fourier Transform :

icv (1) 5 PSD(f)

SA
And for 7 = 0, thus leads to:

+oo
w$=03=%«n=R%/‘ DSP(f)df
0

2.5 White noise. Filtering.

The noises studied in this lab are very chaotic signals. There is no correlation
between their value at time ¢ and at time ¢ + 7. Their autocorrelation function,
¢y (7), is zero for all the values of 7 except 0: ¢, (7) = 0 except in 7 = 0. The
PSD is then constant for all frequencies. By analogy with optics, the expression
of "white noise" is used to characterize them. A white noise is a mathematical
model. Its variance is infinite. We usually talk about white noise in a given
bandwidth if the PSD is constant in this frequency bandwidth.

Furthermore, the measurement of a noise is always limited by a given band-
width which can be the scope bandwidth, the resolution bandwidth of the spec-
trum analyzer, the bandwidth of a filter, .... The measured rms voltage is then

Af
&@=A G2 (f)df =2 (f) Af

where v, (f) is the rms noise voltage normalized at 1 Hz, and is supposed to be
constant in the bandwidth of analysis A f.

So, measuring a noise consists in giving its rms voltage normalized at
1 Hz AND the bandwidth in which this power is measured !

Be aware that two noises may have the same PSD and very different time
traces. An example of this is given on the figure :

A bi(e) (V)
Power Spectral Density
jfime (s) A DSP,=DSP, (W/Hz)
by(t) (V)
A

time (5) frequency ( H:
»

Figure 1.1: Two different noises with the same PSD.
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P1 What s the shape of these two noise histograms? Are their autocorrelation
functions identical ? Which one is a white noise? Which one is a Gaussian
noise?

3 Amplification noise

We need a low-noise and high gain amplifier to measure the thermal noise of
a resistance or the photon noise.

However, the amplifier produces its own noise. The aim of this part is to
measure the amplifier noise.

This amplifier noise is the output noise of the complete electronic system,
added to an amplified signal. Its rms value is noted Vimpli oue- In order to com-
pare amplifiers with different gain and bandwidth values, the input rms noise
voltage normalized at 1 Hz, is given. We consider then a noise generator at the
input of an amplifier as shown in figure We have to measure the rms noise
voltage v ampu (in V/v/Hz ) of this white noise.

v
(")

Figure 1.2: Input white noise model. G is the amplifier gain and
Af is its bandwith

The circuit diagram we will use is drawn on the figure[1.3} It corresponds to
« Ampli 1 » aluminium box, with a grounded input. To shortcut the entrance,
use the box of resistances connected directly to the Ampli 1 box input, and
choose the R = 0§ position. The amplifier is powered by batteries (£12V) to
avoid additional noise.
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+15V

Ve Vs
ampl%

-15v

Ampli 1 : Bruit thermique

Figure 1.3: Amplifier noise and thermal noise measurements cir-
cuit.

3.1 Noise measurement with an oscilloscope.

~» Observe the output signal with the oscilloscope (1 or 2mV/division).

Q1 Observe the output voltage when you change the time scale. Does the
shape of the noise seem compatible with a Gaussian white noise?

Q2 Measure approximately Vieak 1o peak Of the noise observed on the oscillo-
scope. Assuming this noise is a Gaussian noise, we know that : Vjeak to peak
~ 6VRMS .
Deduce the Root Mean Square (RMS) value (Vampii, out) Of the amplifier output
voltage.

Furthermore we suppose that the amplifier gain is 300 and constant over a
bandwidth of Af = 1,5 MHz (Bode Diagram in appendix)

Q3 What is the relationship between vy ampii and Vampiioue? Deduce from your
measurement the rms input voltage noise of the amplifier vy, ampii and compare
to the AH0013 datasheet typical value: v, An1003 = 2nV/VHz

3.2 Noise measurement with a spectrum analyzer

With a spectrum analyzer (Tektronix 2712 for example), one can measure the
PSD of the noise (scheme in appendix).

The SA displays the electric power of its input voltage in W or in dBm
signal, dissipated in its input resistance Rsa = 50 ).
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If this signal is a sine wave at frequency fy v(t) = v/2Viys sin (27 fot + ¢), the
displayed power is P(fy) = 7=

If this signal is periodic, the SA displays the power of each spectral compo-
nent of the signal

If this signal is a noise, the SA displays the signal PSD, integrated over the
resolution bandwidth 6 f = RBW around fy:

1 fot+¥
Rsa

If we assume that the PSD is constant over § f :

P(fo) = v2 (f) -df (in W)

P (fo) = 15 2 (fy) -6 G W)

Dividing this value by the resolution bandwidth, the SA measures the PSD (in
W /Hz) of the electrical signal :

PSD (fo) = Pa1 1z (fo) = (f(’) (in W/Hz)

Reminder: Remember that dBm is a logarithmic power unity. 'm’ means that
the reference is 1 mW. A power in dBm is given by: Pygm = 101logy, (157 )
where P is expressed in mW. So, 0dBm is 1mW, —30dBm is 1 W ,
—60dBm is 1 nW, etc.

A PSD is given in dBma1 1,: Pa1Hz, dBm = 101log (P@lHZ)

~» Connect the output of the amplifier to the spectrum analyzer input. Mea-
sure Pa1 1, (300kHz) in dBm, the amplifier noise output power spectral density
at 300 kHz.

Q4 Using Excel, calculate the corresponding noise voltage, vy, out (300 kHz),
at the amplifier output expressed in V /v/Hz. The SA input resistance is Rsy =
50 Q.

Q5 Determine the value of the amplifier gain at a frequency of 300 kHz from
the Bode diagram of the amplifier given in Appendix. Deduce the rms input
noise voltage vy, ampii- Compare it to the value obtained in the previous section
and to the datasheet value for the low noise amplifier AHO013: v, AH1003 =

2nV/vHz.
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Q6 Observe the output noise voltage of the amplifier for a larger span of
frequencies from 0 to 2MHz. Is it a white noise? Why? Compare to the
Bode diagram (ampli Johnson noise) given in appendix. Explain why we can
measure the Bode diagram of the amplifier by this method.

~» Check your calculations and your measurements with lab instructor.

4 Thermal resistance noise

With this amplifier it is easy to study the thermal noise (Johnson noise) of a
resistance.

Voltage fluctuations across a resistor R at the absolute temperature 7 is a
Gaussian white noise called thermal noise or Johnson noise. The rms noise
voltage is given by the Johnson-Nyquist formula:

vn.r = VAKTR in V/VHz,

where k is the Boltzmann constant: k = 1.380 x 10723 J. K!
A resistance can be replaced by a noiseless resistance R* with a noise volt-
age generator of rms value v, p as represented in the figure[1.4]

o= 3

Figure 1.4: Resistance thermal noise model

The low noise amplifier studied previously can be used to study the thermal
noise of a resistor connected between the amplifier input and ground.

4.1 Influence of the resistance

~» With the spectrum analyzer, measure Pa;n, (300kHz) in dBm (output
noise PSD at the frequency of 300 kHz) for different resistors connected to the
amplifier input.

Q7 Deduce the amplifier rms voltage output noise, vy, out (300 kHz), for these
resistances (fill up the table started at question Q).
At the entrance of the amplifier, we have two sources of noise,

e the amplifier noise, measured at question Q5
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e the resistance thermal noise.

We can represent these two noises by two white noise generators placed at
the input of the amplifier (figure[1.5).

These sources are statistically independent. Therefore, the total noise power
is the sum of the powers of these two noise generators.

Figure 1.5: Model of the thermal noise of a resistance, at the in-
put of a noisy amplifier.

Q8 With Excel, deduce from the previous measurements the rms noise volt-
age normalized at 1 Hz, v, r of the thermal noise for each resistance. Do not
forget to take into account the noise of the amplifier.

Q9 Trace on the same graph the curves v, p = f <\/§) deduced from your
measurements and from calculation using the Johnson-Nyquist formula.

Q10 Observe the noise voltage output of the amplifier for a larger frequency
span from 0 to 2 MHz when you increase the value of R. Can you explain what
you see? Deduce why the measured noise is different from the theoretical noise
for the high resistance values.

Q11 Comparing the theoretical and experimental slopes for the small values
of resistance, evaluate the systematic error measurement in dB probably due
to a calibration default of the spectrum analyzer.

Important To take into account and therefore correct this error later in the
lab, keep the same settings of the spectrum analyzer.
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4.2 Influence of the temperature

To measure the influence of the temperature, you will put a resistance (pro-
tected in a box) in liquid nitrogen and thus compare the noise at room temper-
ature and at liquid nitrogen temperature. This simple experiment shows the
principle of a noise thermometer by measuring the thermodynamic tempera-
ture.

~» Connect the resistance protected by a small metal box to the amplifier
input.

Q12 Measure, using the spectrum analyzer, Pa 11, (300 kHz) in dBm, PSD of
the output noise at a frequency of 300kHz, when the resistance is at room
temperature. Deduce the rms noise voltage normalized at 1 Hz, v,, 7, . Do not
forget to take into account the noise of the amplifier.

Q13 Repeat this measurement when the resistance is placed in liquid nitro-
gen. Deduce the rms noise voltage v, r 7, at this temperature. Use this mea-
surement to deduce the temperature of liquid nitrogen as accurately as possi-
ble.

5 Photon noise

The photon noise is related to the statistical fluctuations of the photons col-
lected by the photodetector. The photon counting statistics is known to be
Poissonian: if the detector surface receives N photons in average during an
integration time 7, the standard deviation of the number of photons received
is V/N.

The photoelectrons created in the detector obey the same Poissonian statis-
tics and this explains the shot-noise (often called photon noise) on the pho-
tocurrent. The average photocurrent is I;,;, and the variance 42 , of the fluctu-
ations is given by the Schottky formula:

inph = y/2elpn (in A/VHz) where e is the electron charge e = 1.6 x 107 C

A photodiode (detecting a Poissonian flux of photons) can be represented
by a DC current generator Iy, in parallel with a current noise generator:
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/l/ ZK 1 ph i n, ph

Figure 1.6: Photodetection noise model.

This current noise will be amplified by the circuit of the figure :

battery : +24V
L

[
1|7
cathode J_

photodiode N
11
I:::I Rc=330 W

‘ I phOt-|-R:lOOW I:::I % 1uF

DC Voltmeter | 77
Amplifier : "photon noise"

anode

|

Figure 1.7: Amplifier : "photon noise"

The DC component of the current I, passes through the two resistances
R; and R;. We can deduce its value from the measurement of the voltage V'
across Ry (1009): I, = V/Rs. The photodiode is reverse biased with 24 V DC
supplied by a battery (noiseless).

~» Connect the photodiode and the battery. Place the photodiode in front of
a white light source which intensity is adjustable. The photodiode is an E.G.G.
C30809 photodiode whose quantum efficiency is 0.83 at 900 nm (datasheet in
appendix).

A voltmeter connected to the output Iphot of the box measures the DC
photonic current delivered by the photodiode.

~» Check the average photocurrent increases with the flux received by the
photodiode (do not go above 10mA, 1V on the voltmeter).

~» Observe the noise output voltage of the amplifier using the oscilloscope
and the spectrum analyzer when increasing the flux.
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Q14 Observe the output noise for a span from 0 to 2 MHz. Is the shot noise a
white noise? How is it varying with the flux received by the photodiode?

Q15 Measure, using the spectrum analyzer, Pa1 1, (300 kHz) in dBm, PSD of
the output noise at a frequency of 300 kHz, for different average photocurrents
I, from 0 to 10mA. Deduce the rms noise voltage vy, oyt (300 kHz) for these
values of Ip,.

At the entrance of the amplifier, we have now three sources of noise:

o the photon noise v, pn = Ri - inph,
o the resistance (R; = 324(2) thermal noise, vy, g,,
¢ and the amplifier noise, v, ampli-

Note that the R, resistance is not taken into account here because it is
short-circuited by the capacitor in parallel. The complete noise model of the
photodetection is given by the circuit in Figure

Vou,R, Vo, ampli

Ri=3240

_I__

Figure 1.8: Photodectection noise model.

These noise sources are statistically independent. So their noise powers can
be summed in order to find the total noise power:

2 2 - 2 2 . Sy
Umtot = Un,Rl + (Rl : Zn,ph) + Un,ampli (Umtot n V/ HZ)
The noise measurement when I, = OmA gives the measurement of the am-

plifier and thermal noises.

Q16 Determine the value of the amplifier gain at a frequency of 300 kHz from
the Bode diagram of the amplifier given in Appendix, deduce the voltage noise
at the input of the amplifier: vy, yot.

Q17 With Excel, calculate the rms noise current ¢, 1, taking into account the
systematic error determined in question Q11|
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Q18 Plot: iy 1 = f (\/Ipn). Compare with the values given by the Shottky
formula.

Q19 Evaluate the uncertainty if the uncertainty on the displayed noise value
is 0.3dB.

~» Check your calculations and your measurements with the lab instructor.

6 Noise reduction

This last part presents a way to measure a photocurrent with a noise power
below the shot-noise limit. This experiment will prove that the photodetector
is not responsible for the shot-noise. Shot-noise is related to the quantum
nature of light and the shot-noise limit is due to the Poissonian statistics of the
collected photons. This experiment will show that a suitable light source can
give a sub-Poissonian statistics of photons collected and consequently leads to
a reduction of noise.

The idea is here to use, as a light source, a high quantum efficiency light-
emitting diode (Hamamatsu L2656 whose quantum efficiency is about 0.15
photons per electron at center wavelength of 890 nm). We put this LED as close
as possible to the photodiode (E.G.G. C30809) to collect the largest number
of photons we can (we took off the window of the photodiode, and both the
LED and the photodiode are in a metal box).

The figure below explains the principle of the shot-noise reduction experi-
ment:
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Poisson current

source
m / switch
Constant current Measurement
source NE™S /N of the noise
LED Photodibde onthe
current Iy,

—]

Measurement of ljeg ’ Measurement of Iy,

Figure 1.9: Principle of the shot-noise reduction experiment

Figure represents the circuit which drives the LED either with a very
low noise current produced by an usual stabilized power supply (KIKUSUT)
or with a “Poissonian” current produced by three photodiodes illuminated by
an ordinary white light source. Changing the light level will change the mean
current through the LED. It is easy to adjust the stabilized power supply and
the light level in a way to get exactly the same mean current in the LED. This
current, Iigp , is measured by a voltmeter in parallel with the 300 €2 resistance.

stabilized
GBF alimentation 24y

anode I E:I 1k W
LED S

/=

photodiodes

N=—

switch

cathode

| oo
to Amplifier 1 ]Y— I ZEA/
(I led noise)

to DC voltmeter
(1 led)

N

Figure 1.10: Setup of the sub-Poissonian/Poissonian light emit-
ting device
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6.1 Connecting the circuit

~» Replace the photodiode of the previous part by the photodiode which is in
the small box “photodiode + LED”.

~» Connect a second voltmeter at the TLED output to measure the average
current in the LED. Connect the stabilized power supply and the bias voltage
polarization for the 3 photodiodes (24 V) to the commutation box. Do not
connect anything to the input “GBF”.

~» Put the switch on the “stabilized power supply” position and adjust the
photocurrent in the photodiode at exactly 3mA.

~» Put the switch on the “Poisson current” position, and adjust the flux on
the 3 photodiodes in order to get the exactly same photocurrent (3 mA) in the
photodiode.

6.2 Measurement

Q20 Measure the current in the LED and deduce the total quantum efficiency
nr, i.e. the number of electrons delivered by the photodiode per second divided
by the number of electrons crossing the LED per second.

Q21 With the spectrum analyzer, measure Pajn, (300 kHz) in dBm. Check
that you find exactly the same value as in the previous part (Q15)). This proves
you are at the shot noise level.

Q22 Deduce the rms noise current iy, ;.

~»  Switch to the “stabilized power supply”position. Check that the DC current
is still I,,, = 3mA.

Q23 Measure Pa1 1y (300kHz) in dBm. Deduce the rms noise current i, .
Q24 What noise reduction (in dB) do you find?

Q25 Compare to the value calculated as explained in the next paragraph.
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To obtain a better visualization of the noise reduction, you can display the
spectrum on 5dB/div scale. Then you can average the spectrum on the “Poisso-
nian current” position and save it. At last, average the spectrum on “stabilized
power supply” position and save it.

~» Ask the lab instructor how to use the average function of the spectrum
analyzer.

6.3 Simple explanation of the noise reduction

When a constant current source is used to drive the LED, the noise on the
current is very low. The fluctuations of the number of electrons crossing the
LED are very low in comparison with a “Poissonian statistics”. If the quantum-
efficiency of the LED was equal to one, the fluctuations of the number of pho-
tons emitted by the LED and collected by the photodiode would be very low
too. The resulting noise reduction would be very large.

Unfortunately, the total quantum efficiency, 7T = nphp - 7LED , iS Only about
0.17. This means that for six electrons crossing the LED only one electron on
average will be generated by the photodiode.

If we suppose that the current in the LED is noiseless, the number of elec-
trons through the LED, N, 1gp, during a time 7, is constant. The number of
electrons generated by the photodiode during a time 7 is thus given by a bino-
mial distribution. The mean value and the variance of the number of electrons
crossing the photodiode during a time 7 are:

Ne,photodiode = TITNe,LED

and:

O Ne photodiode — \/77T (1 - 77T) Ne,LED
This leads to:

o Ne,photodiode . Ne,LED o
Iy = —— e=m—_—e= nrliED,

and the rms value ¢;ms i Of this photocurrent:

ON . e2
. e ,photodiode
fms,ph = — €= \/UT (1 —nr) Ne,LED?Q

The bandwidth is 6 f = 1/27, so the photocurrent noise is:

ZrmSph—\/Qe ph 1—77T of (in A)

instead of

Z‘rrns,ph = 2eIph6f
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for the shot noise. Thus, the noise power reduction is:

Preduced —1_

nr
P photon

In dB:

B reduction,dB = P reduced,dBm — £ photon,dBm = 101log (1 - 77T)

7 Short guidelines for the redaction of the report

For the report, please do not answer all the questions of the text linearly and
do not describe all your experimental procedures. Please explain for all three
configurations what are the contributions to the noise, their nature and their
rms levels. A particular attention will be paid to the graphs in Parts "Thermal
resistance noise" (influence of the resistance) and "Photon noise". Thus, We
expect you to establish a brief overview of the noise levels in the different
setups under study. Redaction of the last part "Noise reduction” is optional, but
will be strongly taken into consideration if satisfying.

References on noise reduction

[1] Introduction a la réduction du bruit quantique. S. Reynaud
Ann. Phys. Fr. 15, 63 (1990).

[2] Sub-Shot-Noise Manipulation of Light Using Semiconductor Emitters and
Receivers. J.-F. Roch, J.-Ph. Poizat and P. Grangier
Physical Review Letters Vol 71, Number 13 (1993)
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Appendix 1. Bode diagrams of the amplifiers
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Appendix 2. The spectrum analyser

RF Spectrum Analyzer
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Infrared detector
characteristic measurement

Version: January 19, 2023

You should read carefully this text and prepare the questions P1-P12 be-
fore the lab.
Data analysis have to be done and checked during the lab session.

Contents
........................... 21
[2___Detector characteristics| . . . ................ 22
B__Measurements| . ............. .. ... ..., 26
[4  Analysis of the measurements| . .............. 33
[5  Writingdownthereport]. ... ............... 34
[Appendix 1 - Black body spectral radiance| . .......... 36
[Appendix 2 - Atmospheric transmittance] . . ... ... .. .. 36
[Appendix 3 - Spectral detectivity| . . . . . . ... ... ..... 37

1 Objectives

At the end of the session lab, you will be able to:

e measure the performance of an infrared detector, which means being able
to:

21



22 B 2. INFRARED DETECTOR CHARACTERISTIC MEASUREMENT

— identify the relevant parameters (dark current, quantum efficiency,
black-body response, noise , detectivity);

— identify the specificities of the IR domain (black-body radiation, am-
bient background, dark current of the detector);

use a digital spectrum analyzer and understand the need for an an-
tialiasing filter and an appropriate window;

understand the rational behind the use of a chopper;

be able to compute the etendue of the measurement setup;

evaluate the uncertainty of each measurement;

e propose a measurement procedure that can be used to verify if an IR
detector is limited by the background photon noise (BLIP).

During this lab, we will therefore measure the characteristics of an IR detec-
tor cooled to 77 K by liquid nitrogen.
The detector is an InSb photodiode (sensitive in the 3-5 microns spectral
band), with model reference P5968-100 Hamamatsu. The diameter is 1 mm
and the total angle of view is 60°.
The full characteristics of the detector can be found online:
http://jp.hamamatsu.com

This lab will provide an opportunity to apply concepts learnt in the course of
photometry and detectors noise, and to familiarize with conventional experi-
mental techniques. Measurements are relatively simple and fast, but they must
be understood and analyzed with care.

P1 For which applications, one may use infrared detectors? Give at least
3 examples. Describe the different families of infrared technologies and give
their specificities.

2 Detector characteristics

2.1 Spectral response of a photonic detector

The spectral response R (\) of a photodiode detector is defined for a stationary
monochromatic flux ®,,

I
R()\):(I)L:’in A/W,

where I,;, is the mean current across the photodiode.


'http://jp.hamamatsu.com'
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A photodiode is a quantum detector,i.e. a photon counter. So the current in
the photodiode is easily related to the number of photons received per second,
Tlph, \»

Ln =10 (A) ~nphx e,
where e is the electron charge and 7 ()\) is the quantum efficiency (photon to
electron conversion).

P2 Show that the spectral response of the detector is given by

I ) )
R(A)z%z%in AW,

where h is the Planck constant h = 6.626 x 10734 Js.
We also define the relative spectral response of the detector:

_ RN R
S(/\) B ma‘XR()‘> B R ()\peak)

P3 Explain why, if the quantum efficiency is constant, the spectral response
S(A) for A < Apeak is a linear function as represented on Figure

n(A) S(a)

S

pic

A A

pic

Figure 2.1: Spectral responsivity.

We will study an InSb detector whose cut off wavelength is: A. = 5.5 pm.
The value corresponding to the peak of sensibility is Apeax = 5.3 pum.

P4 Calculate the maximal response R (A.) of a InSb detector at A, = 5.3 um
assuming the quantum efficiency is equal to 1.

The relative spectral response of the studied detector is obtained by compar-
ison with a detector which spectral response is well known. For this purpose,
one may use a pyroelectric detector as a reference. It is a thermal detector that
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has a constant spectral response. Some previous measurements are available
on the computer.
See file sensibilite_relative_insb.xls.

2.2 Background infrared radiation

For IR detectors, the background photon flux detected is generally very large
compared to the flux (signal) we want to measure (this explains why we need
a chopper in front of our source in our setup). The black body emission of
the whole scene at room temperature viewed by the detector is responsible
for this large flux of background photons. This flux will be converted in a DC
current, I, pg. To determine this current, one needs to calculate the flux of
background photons using Planck photonic black body law.

P5 Show that if the FOV (Field Of View) of the detector is 2«, the flux of
photons received by the detector is:

) . -1
Nph,BG = ’/TAd sin” o Lph,BG (lIl S ),

where A, is the area of the detector, and Ly, g is the photonic total radiance
between 2 and 5.5 um,

5.5 pm AL Tha
Lphpg = / {d;h} d\ (in s7'm™2sr1).
2 pm

The spectral photonic radiance is given by

|:dLPh:|T 21 @.1)

d\ | M hc
e/\kT -1

where & is the Planck constant (h = 6.626 x 1034 Js) and k is the Boltzmann
constant (k = 1.38 x 10723 JK1).

P6 Calculate n,, pg for our detector (the diameter is 1 mm and the half angle
a = 30°) if we assume that the quantum efficiency is 1 on the wavelength range
2 — 5.5 um. Calculate the corresponding DC current I, Bc-

~» The total photonic radiance has to be calculated by integration of the spec-
tral photonic radiance on the wavelength range 2 — 5.5 pm. This integra-
tion can be done numerically with Mat1lab or Excel or using the webpage:
http://www.spectralcalc.com/blackbody calculator/blackbody.php


http://www.spectralcalc.com/blackbody_calculator/blackbody.php
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2.3 Background photon noise limit

The fluctuation of this flux of background photons is generally the main source
of noise for IR detectors (these detectors are Background Limited Infrared Pho-
todetectors or "BLIP") .

In this case, the noise current measured in a 1 Hz equivalent Bandwidth is
given by the Schottky formula :

Z.n,BG = \/m (1n A/\/}E)

P7 Deduce i, pc from the current I,;, g calculated in question I{ﬂ

2.4 N.E.P.: Noise Equivalent Power

The Noise-Equivalent Power (NEP) is the radiant power that produces a signal-
to-noise ratio of unity at the output of a given optical detector at a given mod-
ulation frequency, operating wavelength, and equivalent noise bandwidth.

NEP (\) = Ad,, (A) = “‘}’;ﬁ in W

In other words the N.E.P. gives the smallest detectable variation of IR flux.

P8 Explain why the NEP is proportional to the square root of the effective
bandwidth.

P9 For a BLIP detector, explain why the NEP is proportional to the square root
of its surface?

Because the NEP is proportional to the square root of the detector surface
and to the square root of the ENBW (Equivalent Noise Band Width), in order
to compare different IR detectors we have to define the ratio:

NEP ()\)
VAWAF

where A, is the detector area and Af is the Equivalent