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The signal of a photodetector 1s read out (Fig. 1) by means of a preamplifier featuring an extremely
high input impedance. The bandwidth of the preamplifier is limited by a single pole at frequency
fe=10MHz and the noise referred to the preamp input is the sum of two wideband contributions having
unilateral spectral densities VSv,uv = InV/YHz and vSiu = 0.05pA/vHz. Cr=10pF is the total
capacitance between the preamp input and ground and R;=200MQ is the total load resistance. The
voltage signal on the load has an almost-step shape with amplitude A, with linear rising edge of
duration Ts=20ps (Fig. 2). We want to measure the signal amplitude A with good sensitivity, i.e.
with a SNR higher than 10 even for a small A.

a) Evaluate the noise at the preamp output and therefore the minimum amplitude A that can be
measured without using any additional filter.

b) Discuss the weighting function of the filter that would allow you to obtain the best sensitivity
in this system. Evaluate the noise of the measurement that you would have exploiting this
filter and the minimum amplitude A that could be measured in these conditions.

¢) Select a filter that can be practically implemented and that is a good approximation of the
weighting function discussed in the solution of point b). Select the filter parameters, evaluate
the noise of the measurement carried out with this filter and evaluate the minimum measurable
amplitude in these conditions.

d) Now consider an additional 1/f noise component with a corner frequency fc=1kHz. Discuss if
and how this contribution can affect the sensitivity of the measurement and discuss which
additional filters would you use to limit 1/f noise, if needed. A qualitative evaluation is
sufficient.

A) The total power spectral density at the input of the preamplifier is given by the contributes of the preamplifier’s
own noise sources and the noise source of the resistor, the noise spectral density of the resistor is:

AkyT fA
Sy = =0.1-—
' Ry VHz

The noise power spectral density of the resistor is negligible, the output noise can thus be considered as deriving
only from the preamplifier (i.e., its current and voltage input referred sources).

We can approximate the transfer function of the input referred source as a single pole response:
2 R, 2 1 2 N 1 2 R, 2

1+ jwTiyp Sil1 +jwR,Cl 1+ jwtypl ~ ST + jwTamp Sil1 + jowR.C;
We can express the amplitude of the output noise using the Equivalent Noise BandWidth (ENBW):

9 b4 , T 1 b4 2 1 N
o = SV,U'EfP‘*'SI,U'RL'E'm: SV,U'EfP+51,U'RL'4RLCL=112MV

To achieve a minimum SNR of 10, we need a minimum input amplitude of:

Sp(w) =Sy
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B) To improve the sensitivity of the system we can add an optimum filter, to do so, we have to design a whitening
filter to flatten the noise spectrum (the optimum filter theory is valid only for signals in white noise).

= 80 Hz and a pole to flatten the

The whitening filter must have a zero to compensate the pole at f; =

ZﬂRLCL
response at the frequency f¢ at which the amplitude of the two noise sources is the same:
S 1+jw 1+jw
fe=fi Ry |2k =800 KHz - Hy(w) =12 219t _ 145000 L)L
v fc 1tjofc 1+jwfc

After the whitening filter, we can consider the noise as having a white spectrum:
Snu = Svu

The whitening filter also affects the signal, to find the signal at the output, we can consider the effect of the two
filters (the low-pass input filter and the whitening filter) as a single low-pass filter with a cut-off frequency f:

1 1+jwf, 1
1+jof, 1+jofc 1+jofc
To proceed with the analysis, we need to find the expression of the original signal Ip.
The signal at the output of the first low-pass filter is a ramp, given the short time of observation (Ts = 20 us)
and the time constant of the filter (T, = R;C; = 2 ms), we have that the original signal is compatible with a
rectangular pulse (T > Tg, we are observing the start of the exponential curve):

t
(1 - e_T_L> = L
T,

Regarding the amplitude, we have that the voltage at the output is proportional to the charge in the capacitor:
X TP A- CL
> X =

L Ts
We can thus express the signal Ip at the output of the sensor as:

H(w) = Hi(w) - Hy(w) =

A=

Ts
Ip = x - recty (T - 7)

Having obtained the information’s on the original signal, we obtain at the output of the two filters:
_t T -t
x-RL-[l—e TC]:A-T—L-l—e TC] for 0<t<Tg
_ s
y - _t—Ts L _t—Ts
x R,-e Ts =A-—=-e Ts for Tg<t

The optimum filter is the one whose weight function matches the shape of the signal, in that case, the signal at
the output can be expressed as:

o Tp _L _A (o] _2 t—Tp
kp,(0) = J b%(t)dt = f 1—2e Tsp+e Tsedt+ f e Tspdt=Tp—Tgp
—00 0 Tp

To achieve a minimum SNR of 10, we need a minimum input amplitude of:

\/kbb(o)zx\/TP_TSP=V .2.—M’=10—>
/5 B T

SNR =x

C) A good approximation of the of the optimum filer analysed before can be realized with a Gated Integrator (with

T¢ = Tg and a weight Tl to simplify the analysis), and t,, = T - In(2) (as calculated in practice 05) we obtain:
s

tmtTs Ts _L tmtTs _ t-Tg
k,;,(0) = f b(t)dt = f 1—e Tedt+ f e Tcdt=Ts—T¢-In(2)
tm tm TS
To achieve a minimum SNR of 10, we need a minimum input amplitude of:
1 S
T kbp(0) T, Ts—Tc In(2) T 2 Tr
SNR=x"- S =10 Vppin =10 = —————<-=159.23 uV
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The result is good enough with respect to the real optimum filter, there isn’t much loss.
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D) Takinginto account the presence of 1/f noise, with a noise corner frequency fyc = 1 KHz, we must consider
how the flicker noise affect the SNR.

Considering for example a high-pass CR filter with a time constant Ty = 100 - Tg = 2 ms, and keeping the same

whitening filter considered before (f¢ = 10 000 - f; = -2 = 800 KHz), we get:
LYL
_ 1 ~ 2 _ fc _ ~
fH— ~80Hz - |05 = Svu'ch'ln - = Syqucln(10000)296nV
21Ty ’ fu ’

Considering now the effect of the Gated Integrator (with T = Tg), we have:

1 1
= ~80H /2= Svu- -1 (—)576 1%
fu 2my z— |o \] vu fncIn fu- 2T n

In both cases, the intensity of the flicker noise is negligible with respect to the noise calculated at point A by at
least 3 order of magnitude, we can thus assume that the flicker noise doesn’t affect significatively the SNR.




