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Disclaimer

Slides are supplementary
material and are NOT a
replacement for textbooks
and/or lecture notes
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Purpose of the lesson

e |t's time to begin a discussion on the techniques for improving
S/N

e Noise-reduction techniques obviously depend on the type of
signal and of noise:

Noise
HF (White) LF (flicker)
LF (constant)  previous lesson next lessons

HF (pulse) this lesson next lessons
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Outline

e Time-variant filters

e Gated integrators
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Fast pulse + WN and LPF

AX ()
(5) 1 — e TP/TF
— — A
/\_} N out \/A/ZTF
Tp t
° = larger signal, but larger noise

e long T = smaller signal, but smaller noise
F

e \We can try to use a time-variant filter, that operates only when
the pulse is present (but we need to develop the theory first...)
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Time-variant filters

e The output depends explicitly on time

e A weighting function w can always be defined such that

— —— =0Vt<r1,50
y(t) — f X(T)W(t, 1') dt integral may run

from —oo to 40
o If x(7) =d6(t —1p), y(t) = w(t, t9) = W(t, 1) is still the system
response at time t to a delta function applied in 7, but it is not the
delta-function response shifted and reversed, i.e., w(t,7) #
h(t — 1)
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Example 1: 6-function response

D
Sclosed | Sopen S closed ,
s RV \
A A A

POLITECNICO DI MILANO

Alessandro Spinelli — Electronics 96032




Example 1: weighting function

D
Sclosed | Sopen S closed ,
s RV
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Example 2: 6-function response

I
Sopen | Sclosed | S open ,
s RV \
A A ! A
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Example 2: weighting function

I
Sopen | Sclosed | S open ,
s rVV ]
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Response to noise

Ry, (t1,t2) = y(t)y(t;) = ff x(a)w(ty, a)x(B)w(ty, B)dadf

_ j J Ry (@, H)w(ty, @)W (ty, B)dadp

nZ(t) = R, (t1, 1) = f j Rox(a, B)W (81, @w(ty, B)dadB
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Stationary input noise

Ryy(t1,2) = Y0V = || Rux(B = cow(tr, @w(ty, )dacdf
= [[ Rextriw(es, @owie @ + p)dady

= fox(y)dyJW(tl,a)w(tz,a+)/)da = fox(V)kwlz(y)dV
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Output noise rms value

e For stationary input noise

nZ(0) = R, (¢, 0) = j Rox (ki (1) dy

ky,, (¥) = fw(t, a)w(t,a+y)da

e The output is noise is non-stationary, due to the time-variant
nature of the filter
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Frequency domain - signal

e From Parseval theorem

y© = [ x@w(e D dr = [ XOW (& fdf
where
Wi(t,f) = fw(t,r)e‘jZ”deT

e No simple definition of Y(f) can be provided in the general case
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Frequency domain — noise

For stationary input noise

nZ (D) = f Rox (ko (1) dy = f S, (NIW, I2df

_ I POLITECNICO DI MILANO

Alessandro Spinelli — Electronics 96032




The case of white stationary noise

Ryx (V) = Ao (V)

nZ(0) = j Rox(k,, (1)dy = A f 5k, (V)dy = Ak, (0)

— Parseval

theorem

Sx(f)z/1 \

2 (D) = f S(OIW OIS = 2 [ W, pIzdf

= AJWZ(t, a)da
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Outline

e Time-variant filters

e Gated integrators
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Gated integrator

Time-varying filter which integrates the input signal for a finite
interval of time
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Weighting function (time domain)

e Remember that w(t, ) is the system response at time t to a delta
function applied in T

A

w(t, 1)
K
Sl S1 S1
open closed open
T
>
th t

e Setting ty = 0 for simplicity we have
w(t,7) = K(u(t) —u(r — t))
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Weighting function (frequency domain)

Twe, )l

Kt
Valueinf=0:>/\)

area in the time
domain

—2/t —1/t 1/t 2/t

W, f) =F|lw(t,t)] = Kt sinc(mft)

(transform is carried out with respect to the variable 1)
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Signal response

t

y(t) = fx(r)w(t, T)dT = Kf x(t)dt = Kt{x)

0

y(t) = thX(f) sinc(nft) e/™tdf

Results for LTV filters are usually easier in the time domain
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Weighting function autocorrelation

= fw(t, a)w(t,a + 7)da = K%t tri(t)

(W (t, f)|* = K*t* sinc?(mft)
k)2 L W I?

—t t -1/t = 1/t
- .
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Output noise

e Time domain
nZ = Ak, (0) = AtK?
e Frequency domain: =1t

nZ = AfIW(t, I2df = AK2t | sinc?(mft) df = AtK?

e The noise equivalent BW of the gated integrator is B,, = Zit
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Input and output S/N

e Constant pulse over the integration time and quasi-white noise with
equivalent bandwidth f,, = 1/2T,, at the input:

N BN TN,
X 20 fn \

e At the output we have:

-

(S) B VKt _v |t

N —  VAtK? l\j/l
Yy ny
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Improvement of S/N
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Comparison against LP filter

We want to compare the noise bandwidths of the filters = same
gainat f = 0

1

L BW.,(G]) = —

1 i 1i Tl( ) ZTG
0,8 | | —Gl 1
06 | —LPF BWn(LPF)=E

0,4
02

To achieve the same S/N, we
mustset Tr =T, /2

. ] :
1/4T 1/2T 1/T
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Comments

e An LPF is always present in an acquisition system to cut unwanted
high-frequency noise components

e Gls are useful for fast signals (pulses), although they can also be
employed for DC signals

e Gls effectively suppress frequency components f,, = n/t =
useful to reject power supply disturbs or interferences
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Simplified scheme

-

Variable
delay

~N

-

Control
logic

J

Fixed
delay

~N

—
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/O waveforms

A
x(t)
>lf
A
y(t)
t
=
A
gate T value is
chosen so as to
Ig ¢ optimize S/N
>

_ I POLITECNICO DI MILANO

Alessandro Spinelli — Electronics 96032




Typical parameters

e Gate width (typ. from 1-2 ns to several us — can go down to about
100 ps for fast samplers)

e Gain (typ. from 1 to 1000)
e Dead time (a few us typ.) or Trigger Rate (typ. < 50 kHz)

e Linearity, offset,...
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