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Introduction — |

Detector signal processing is the set of operations to be
performed on the current pulse delivered by the detector in order
to extract the information about:

v The energy released by the radiation in the sensitive
volume of the detector = spectroscopy measurements

v The time of occurrence of the interaction
— timing measurements

v’ The position where, in a segmented detector, the radiation
hits its sensitive volume = imaging

In the following we will limit our attention to capacitive detectors
(the large majority, however...)




Introduction — 11

Parameters to be known in the conception of a system for
detector signal processing:

v" The amount of charge made available by the release of the
unit energy in the detector volume (sensitivity)

v The shape of the detector signal and its duration

v' The rate of interactions, which defines the number of signals
the system has to process per unit time




Introduction: Energy resolution
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Introduction: Energy resolution 11

Spectral line broadening due to:

v’ statistical fluctuation of the amount of charge generated inside
the detector for a given energy E of the incident radiation.

v trapping effects in the detector bulk

v Incomplete induction on the sensitive electrode, due to the low
mobility of either type of carrier (as in CdTe and CZT detectors)




Introduction: Energy resolution 11

Spectral line broadening due to:
v noise in the front-end system

v" ballistic deficit in the signal processing system
v baseline shift at high counting rates
v pulse-on-pulse pileup




Introduction — Energy resolution 11

v Planar Ge detector operating on y-rays of some hundreds of keV at
moderately high counting rates:

v Large coaxial Ge detector:

v CdTe detector:




Signal Formation and Ramo’s Theorem




Signal Formation and Ramo’s Theorem - |1

Weighting field | ed current - RAMO Theorem




Signal Formation and Ramo’s Theorem - 111
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Signal Formation and Ramo’s Theorem - IV
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Noise analysis — definitions — |

interference noise

e it results from unwanted
interaction between the
detection system and the
outside world or between
different parts of the system
itself;

it may or may not appear as
random signals (power supply
noise on ground wires — 50 or
60 Hz, electromagnetic
interference between wires, ...).

We will deal with inherent noise only and we will assume all noise
sighals have a mean value of zero.

For those more rigorously inclined, we assume also that random signals are ergodic
therefore their ensemble averages can be approximated by their time averages.




Noise analysis — Time-domain analysis

e rms (root mean square) value

1
Vi,rms = \/ |:T oT vl? (t )dt }

where T is a suitable averaging time interval. A longer T usually gives a more
accurate rms measurement.

It indicates the normalized noise power of the signal.

¢ signal-to-noise ratio (SNR) (in dB)

2

2
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] v 'S VX rms
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noise power

® noise summation
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Noise analysis — Frequency-domain

» noise spectral density

Wiener-¥Knhinchin theoram




Noise analysis — Frequency-domain analysis I

o White noise

o 1/t (or flicker) noise




Noise analysis — useful theorems

e Carson’s theorem

noise source with bilateral power spectrum N (0) €=> superposition (in the
time domain) of randomly distributed events with Fourier transform ®(w)
occurring at an average rate A

2
N(w)= (o)
e Campbell’s theorem

the r.m.s. value of a noise process resulting from the superposition of
pulses of a fixed shape ¢ (1), randomly occurring in time with an average
rate A is: 1/2

w21 =] 4 fo 2

e Parseval’s theorem

‘ 2

af

["h*(t)dt = % jj:\H(a))\zda) = 2J,"|H (@)




Main noise mechanisms

e Thermal noise (also known as Johnson or Nyquist noise - 1928):
v due to thermal excitation of charge carriers in a conductor;

v white spectral density and proportional to absolute
temperature;

¢ Shot noise (first studied by Schottky in 1918 in vacuum tubes):

v due to the granularity of charge carriers forming the
current flow;

v' white spectral density and dependent on the DC bias
current;

¢ Flicker noise (commonly referred to as 1/f noise):

v usually arises due to traps in the semiconductor, where
carriers constituting the DC current flow are held for some
time period and then released;

v well modeled as having a 1/f*spectral density with
0.8<0<1.3;

v least understood of the noise phenomena.




Noise in Electronic Devices: Resistors — |

Resistors exhibit thermal noise.

The power spectral density of such voltage fluctuations was
originally derived by Nyquist in 1928, assuming the law of equipartition
of energy states that the energy on average associated with each
degree of freedom is the thermal energy.

Only physical resistors (and not
resistors used for modeling
contribute thermal noise.

= 2kTR

1 kQ resistor exhibits a root

spectral density of 4nV/vHz
(4pA/Hz) of thermal noise at
: Boltzmann’s constant (1.38x10-23 J/K)

T: absolute temperature in Kelvins




Noise in Electronic Devices: Resistors — |1

At frequencies and temperatures where quantum mechanical effects

are significant (hv~kT) each degree of freedom should on average be
assigned the energy:

5 kT =6.63x10734J .
A% hv<<kT >kT:>Sv(a)):2kTR hv/k h=6.63x10"""J -s

[ (hv) } { (hv) }k:1.38><1023J/K
exp -1 exp — -1
kT kT

T=300K —v=6-10%2Hz = 6TH:
T=30K  —v=6-10"Hz = 600GH:z

T=03K  —v=6-10°Hz =6GH:

T=3.103K —v =6-10" Hz = 60MHz

!

at “practical” frequencies and temperatures resistors
thermal noise is independent of frequency

= white noise




MOSFET operating principle — |

Basic structure The gate contact

—

ate V.=
J drain p=0

Metal
Oxide Metal

Semiconductor ; Oxide
Semiconductor

=
=
T

The conducting channel is formed ... The threshold voltage: INVERSION

) Free electrons

\_/ with density
V>0 equal to N,
! V>0 V=0V

oxide

e

| depleteg

p-sub region

T ~ p-sub with N, holes/cm-3

(rent can flow between D and S! i




MOSFET operating principle — |11

MOS capacitor Channel resistance
L I

ad

MQOS as variable resistor: OHMIC region as Vpg increases ...

Ve=0  VeIVr

V>0
V-0 ) Vg-V(x) Ve-V

VG>VT A
V=0 ’ Vo>0  Ip

Ve-0  Vg-V(xX) Voo

J




MOSFET operating principle — I11

Channel pinch-off: saturation Current at pinch-off voltage
I VG>VT

T

Vbsat= VasVr I, = Ves —Vr)

R E ncox

sat

MOS as transistor: SATURATION region
V>V,




MOSFET operating principle — IV

Transcharacteristic curve

1
_;un ox ,

Transconductance

o,

= Vs =V,
aVGS ;Un 0x (GS T)

Em =

Small signal operation

Kt

@id = 8mVgs

Vs <<2- (VGS _VT)

Small signal condition:

Basic amplifier configuration
(Common source)

Voltage gain:

— vout

= _ngL

vin




Noise in Electronic Devices: MOSFET

Thermal noise (the channel can be treated
as a resistor whose increment resistance is a
function of the position coordinate):

ohmic region saturation region

Rch

I'VThe thermal noise current in the channel is
equal to Johnson noise in a conductance
equal to a g,,, where o =2/3 for long channel

and o = a(Vgg-Vy) for short channel MOSFETS.

Wy




Noise in Electronic Devices: JFET

Thermal noise (the channel may be treated

as a resistor whose increment resistance is a
function of the position coordinate):

saturation region

I-> The thermal noise current in the

channel is equal to Johnson noise

in a conductance equal to a g,,
where o =2/3.

Shot noise (due to leakage current
I across the gate-channel junction):




Noise In Electronic Devices — lossy capacitor

) i RJ—
) @ T(Iossc,;less)
MOE Zj‘j = 2kTC otan

Power spectral density of the
thermal noise current generator




Basic blocks in a detection system

Radiation

‘\/\/‘ Amplifier

Detector [— &

Acquisition
System

| Pulse-Shaper |: (DAQ)

Detector | i Front-end Back-end
Bias SN NN NN NN NN NN NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE " LasssssEssEEEEEEEEEEEEEEEEEE

Supply

v Amplifier: signal amplification and filtering

v" DAQ: A/D conversion, data acquisition and storage

front-end section




Preamplifier

Radiation

g PN

P

Detector Preamplifier

Located as close as possible to the detector to minimize the
added electronic noise, the preamplifier must:

e Minimize the internal noise contribution that it adds to the
detector signal;

e amplify the detector signal to a level high enough to make
negligible the contribution of the noise sources in the following
circuits;

e transmit the preamplified signal over a coaxial cable (or other
cable) that may have a considerable length (some meters).




Charge-Sensitive Preamplifier — |

“Normal” open-loop amplifier

é Cdet

2 G-1(¢)

out — '
Cdet + Cpar

Charge preamplifier
(E.Gatti, 1958)




Charge-Sensitive Preamplifier — 11

virtual
ground

The charge “gain” is determined
by a well-controlled component,
the feedback capacitor




Charge-Sensitive Preamplifier — 111

BUT the charge brought by the radiation pulses on the feedback
capacitor must eventually be removed:

e Continuous reset

-20dB/dec

The signal charge slowly and continuously
leaks out of the capacitor and the output
voltage signal decays exponentially to the

baseline level with a characteristic time
constant

7.=RC; (typically greater than 40us)

A

Te= Rfo In VLSI circuits the resistor is
substituted by a MOSFET (triode
region) or by a transconductor.




Charge-Sensitive Preamplifier — IV

BUT the charge brought by the radiation pulses on the feedback
capacitor must eventually be removed:

e Pulsed reset
Reset

drawbacks:
v dead time

v switch noise

The charge accumulated is removed
periodically or when the output voltage
exceeds a preset limit. During this
discharge a huge pulse having polarity
opposite to the radiation pulse is
produced in the amplification chain.

A

MY VA
. A ) M)
. -

N lost!

‘_l_




Charge-Sensitive Preamplifier —V

We have assumed that the amplifier is infinitely fast, i.e. it responds
mstantaneously to the applied signal. This is not the case..

\

—-—— oy

rise time 10%-90%
typically «100ns

N

-20dB/dec

\-40dBy/dec

“rise time




Voltage Preamplifier

Used in pnCCDs
on-detector-chip ™. and SDDs with on-
A chip source

follower (buffer).




Voltage Preamplifier

virtual groun :
tual ground Same reset mechanism

on-detector-chip of charge preamplifiers
A can be used.

Same considerations
on rise time can be
obtained.

A= | 0 Cl'n.

. 1(t) (assuming ideal buffer)
Cdet Cf

Charge-to-voltage conversion on the detector capacitance.

© On-chip source follower minimizes the impact of parasitics.




Shaping amplifier — |

Radiation

g PN

Detector

The amplifier and pulse-shaper (also called shaping amplifier):
o amplify the signals to a level sufficient for further analysis;
e shape the signals to optimize the system performances:

v  obtain the best practically possible S/N

v (permit the operation at high counting rates)

v (make the output pulse amplitude almost insensitive to
fluctuations in the signal rise-time)




Shaping amplifier - 11

The noise can be viewed either in the frequency (f) domain — power

spectra S - or in the time (t) domain- random sequences of small pulses
with given shape and rate of occurrence.

The noise at the preamp output (i.e. the shaper input noise) has two main
components:

series noise parallel noise
(input FET thermal noise) S (detector and FET leakage current)

I A

. 5 pulses — rate A2 g step pulses - rate B2/C;2
T

T N I

log f l l l t N log f t

total noise spectrum noise corner frequency (time-constant)

. 1 \F \/Z
_ Tne = CT o
271'CT A 2w Cr b

Jne =

L} suitable filtering includes:
v high-pass filter to cut S,
v low-pass filter to cut S,

filters’ bandwidth
depends on f, .

Iog f




Shaping amplifier — 111

Radiation

g PN

Detector

Differentiation
(Pole-Zero
cancellation)

Low-pass
HES

. J
Y
as many as needed

Pile-up
rejector

PUR signal

1L




Shaping amplifier — IV

v Pole-zero cancellation - 1

When the signal coming from the preamp has a “flat-top” a simple CR

differentiator filter is suitable:
T, —R C

T T NS

BUT if the preamp features a re5|st|ve discharge, the CR differentiator is
not suitable. In fact:

r—

t Vp ©
e b |
V exp( TfJ (t) L

|II

spurious “tai

added to the correct pulse (although of lowered amplitude)




Shaping amplifier — V

v’ Pole-zero cancellation - 11 time-domain signals Energy

P spectrum

 OUT
R.>>max(Ry,R,.)

Correct PZ

Fixed pole 7,=C (R /IR,)

Adjustable zero 7, =Cy(R, +R,)

Undercompensated PZ

our| _ R R

Attenuation factor —— =

A proper cancellation implies to transmit through the
input stage a fraction t /1 of the DC level at the input.

Note: the name “Pole-Zero cancellation” originates from the Laplace transform domain analysis.
e exponential signal at the preamp output is represented by a real pole at 1/t. and the
ork provides an adjustable zero to neutralize such pole, besides the desired pole at 1/7,,.




Shaping amplifier — VI

v transfer function:

_ sCR 1
1+ sCR 1+ sRC

T
T\jw) =
‘ (J )‘ 1+a)212

T(s)

v time response:

Y N T
IN
e

( tj +20dB/dec -20dB/dec

steep rise \Ogrf

long tail %727

7 = RC shaping time constant
7=RC peaking time




Shaping amplifier —VII

e (pseudo) Gaussian (polinomial approximation of a Gaussian shape)

IN CR low-pass low-pass 5 low-pass
differentiator active-filter . active-filter active-filter
~—_ —

v transfer function (real poles): k-stages |
ST 5th order Pseudo-Gaussian
T(S) = (real coincident poles)

n

[T@A+s7;) +20dB/dec
=i -80dB/dec

v time-domain response:

n-1
OUT ()= Ay - exp(—tj \
A Vorr

— The number of poles gives the order of the pseudo-Gaussian shaping.




Shaping amplifier —VI1I1

e (pseudo) Gaussian: pulse shape vs shaping order
10— T~ T 1.0 —— —

+— —
-] >
o o
+= =
-] -}
o o
© ®)
O O]
N 0.5 N 0.5
© ©
= =
— —
o o
c c

time/t t/Tpeaking

Tpeak — (n - 1) T Better approximation of the
(for real poles) Gaussian shape with increasing
number of poles.




Shaping amplifier — I X

Time-variant differentiator filter

OouT




Shaping amplifier —X

In a linear filter the output amplitude
receives contribution from the input
values over a preceding interval (similar
to weighted average).

For a uniform weighting (integration
for time t.):

e series contribution « (mean n. of §
pulses in 1)

< A? T,

e parallel contribution « (n. of step
pulses in 1. * step amplitude),

oc (B/CT)2 Ts* Tsz= (B/CT)Z 153

7| ACT _ Jac g
S lopt B b T C

(see slide 39)




Pile-Up Rejection — |

Pile-up of shaper output pulses is an unavoidable effect caused by:
e random distribution in time of radiation pulses

e finite width of output pulses
From Poisson statistics:

e probability of being free from pile-up: Pnp = exp(— ﬂmTpu)

e probability of being piled-up: P, :1—Pnp =1- exp(— ;zinTpu)

ﬂm mean rate of detected radiation

Tpu pile-up guard interval




Pile-Up Rejection — 11

Full pile-up:

true
peak

Mn Kf3

/

7N
, v INEN
| [ peak
LN
71 NI
s LR H ,“
’ - : PN
I . = H S

Mn KB+ Mn KB
Si escape\ Mn Ko+ Mn K3

Mn Kot Mn Koy

E OF

e

| Sum-peaks are distinguishable

\‘——‘-\

/I because:

| | v apparent energy is the double
\ 1 | of the energy of a true peak or

T ‘\mﬂll,“{l | the sum of energies of couples

4 0 R/ 1 | of true peaks;

L |

6 8
energy [keV]

55Fe energy spectrum detected by a 5 mm?2 Peltier- | v intensity of sum peaks
cooled Silicon Drift Detector (7t order pseudo- | InCreases as counting rate

Gaussian shaper t=1us) at 8 kcps with no pile-up | increase, while that of the true
rejection.
’ lpeaks decreases.




Pile-Up Rejection — 111

Mn Kf3

/

Si escape

Mn Ko+ Mn K3
Mn Ko Mn Koy

Mn KB+ Mn KB

! : ! thH I {l

4

6 8
energy [keV]

10 12 1

>5Fe energy spectrum detected by a 5 mm? Peltier-
cooled Silicon Drift Detector (7t order pseudo-
Gaussian shaper t=1us) at 8 kcps with no pile-up

rejection.

— Any amplitude in between the
| true peak (or peaks) and its
| double (or their sum) can be
obtained.

| This is particularly undesirable
4 1 when trace elements
| spectroscopy has to be

I_performed.




Pile-Up Rejection — IV

n KB+ Mn K

Vin\Kaekvin K3

| |
\ ¥ J .fu“‘” 1
P
M ' ol
Nl \

I TR VN K o

\w‘ N “\“
W T

12

>5Fe energy spectrum detected by a 5 mm? Peltier-cooled Silicon Drift Detector (7th order
pseudo-Gaussian shaper t=1us) at 8 kcps with pile up rejection.




Pile-Up Rejection —V

FAST

SHAPER SHAPER
OUTPUT

@ PUR
FAST

FF
DISCRI-

MINATOR R FAST
‘ SHAPER

RESET
Setting of the fast discriminator
threshold is very important:

e if too high, pile-up by small signals not
recognized

e if too low, discriminator frequently
triggered by noise and large fraction of WIN
signals unnecessarily rejected

The correct setting of the threshold is
at the edge of the noise band. PUR

}}







ok

= = ] —_— _— —

Front-end Electronics
and
Signal Processing - II

Chiara.Guazzoni@mi.infn.it
http://www.elet.polimi.it/upload/guazzoni




Table of Contents — Part 11

uivalent noise charge concept and calculation
\pacitive matching
Time rmeasurerments

Time-variant filters




Equivalent Noise Charge - |

&

gl +

v
2kT / \»2kTCtan( 8w 24T
R Em

(capacitor
f dielectric losses) 9l (white voltage noise)

(leakage current (gate current
feedback resistor) shot noise)




Equivalent Noise Charge - ||

005 10O
/ /’/@@i

gl L 2kT | glo \2kTCtar_1(5)a) \,2kT7 0’ C?
R (capacitor Em

(leakage current dielectric
feedback resistor losses)

gate current)

(white voltage noise)

Equivalent Noise Charge




Equivalent Noise Charge - 111

| ) /\W/\ /\v/\\/

\/\/

e L

white parallel white series




Equivalent Noise Charge - IV




Equivalent Noise Charge - V

ENC calculation in presence of white parallel noise

noiseless shaping
b=ql; transamp| |amplifier Foo
ENC2 = | N(o)JH(jw)?df =

1 8pu|ses/\ /\/\ -
RUCERS 0 o1, TGP =a1, | 0

—O00

Parseval’s
theorem

gated integrator

RC-CR shapin
J— +Oo
J @) dt=T I h(t)zdzr=647=185-r

—O00

— 00

0 T
2 _ i o_
ENC}, =gl T =q(Ngq)

2 .
ENCE =bA;T ENCp independent of C;




Equivalent Noise Charge - VI

ENC calculation in presence of white series noise

ZZkTO‘ noiseless shaping 2kTo 2CT noiseless shaping
Em transamp| | amplifier transamp| | amplifier

e -

f Parseval’s theorem
2kToL

ENC2 = | N(w)H(jo)2df = 2% 2 I W?|H (jo)?df =

—o0 m — g m

h(t) triangular shaping h(t) RC-CR shaping

+oo 2
CZ [ |n() dt

01T

ENCZ=a CT2A11

ENC? o C%
T




Equivalent Noise Charge - VI I

ENC calculation in presence of 1/f noise and/or dielectric losses

A 7 N

d-o=2kICtan(d)o
@ % ¢ 5@@ %\»d - = 2kTC tan(S)w

2df

RC-CR shaping

2 Tt 2 2 s
ENC{j = | N(o)}H(jo) a’f:(nAf C? +2kTCtan6) [ lol|H(jo)

triangular shaping
e In2 h(t) b 2
[ lolH ( j(o)zdf:4n50.88 [ |o|H(jo) df =1.18

O —oo

ENClzlf independent of shaping time
2 2 |
ENCl/f = (CCT -I-Cl’)AZ ENC]_Z/f oc C%




Equivalent Noise Charge - VIII

—00

ENC? = (ac%)+°°h-(f>2df + (cc%mTfX’ oH(o)%df + b ()2

.- _/

series 1/ f+dielectric parallel

Introducing x = t/T, where 1 is a typical width of h(t) as the peaking time or the FWHM:

aC%
.

ENCZ:[ JTO B(x)Pde + (cc%+dTFmH(m)2df + bz'JTo hx)Pdx =

series 1/ f+dielectric parallel

2
CZCT
2
Al[ i ] Aplec? +d) A3b1

R 1/ f+dielectric parallel
series

A, Ap, Az are shape factors depending only on the shape of the filter:

+o0 +o00 +o0 +o0 +o0
= | D H@)2df = | |W@e)dt A= | lo|H(@)df 43= [ |H(@)?df = | |h(e)ds

; — —o0
e N




Equivalent Noise Charge - IX

5mm? SDD (on-chip JFET)
Cy=0.15pF
Cg =0.15pF
gm =0.3mS

MIL = 1.6 pA




Equivalent Noise Charge - IX

5mm? pn-diode (NJ14 JFET)
Cy=17pF

Cpa,, =2pF

Cg =2pF




Equivalent Noise Charge - IX

5mm? SDD (on-chip JFET)
Cy=0.15pF

Cg =0.15pF
gm =0.3mS

. \flL = 1.6 pA

5mm? pn-diode (NJ14 JFET)
Cy=17pF

Cpa,, =2pF
Cg =2pF




Equivalent Noise Charge - X

Fano contribution depends:

- on the detector material

5mm? pn-diode (NJ14 JFET) . on the energy

Electronic noise contribution:
— v independent of E
v depends on the shaping time

5mm? SDD (on-chip JFET)

—> Corner energy

E,=2ENC?
F




Equivalent Noise Charge - Xl

- Ballistic deficit occurs when the peak value of the signal at the filter
output does not correspond to the complete collection of the charge
delivered by the detector, but only to a fraction of it.

- If the detector current pulses cannot be considered as d-pulses,
though all events yield the same charge, the amplitude of the signal at
the filter output depends on the detector current pulse duration.

- If the duration of the detector current pulses varies from event to
event, the fraction of the charge lost is a random variable which
introduces a dispersion in the amplitude of the signal at the filter

output.

To reduce the ballistic deficit the shape
of the filter and its duration (shaping
time) must be chosen with the criterion
that the 0-response of the entire analog
channel (preamplifier and filter) feature
a low curvature at the peaking point.




Equivalent Noise Charge - XlI|

The value of the shaping time t to be used:

e must take into account in any case the ballistic deficit, i. e. the
maximum collection time of the detector

e must take into account S/N optimization (minimum of the ENC)

e must take into account the pile-up effects, unless it is A, t<< 1

If the input rate A, has a prescribed high value and the S/N is
important, the shaping time is chosen as a compromise between the

conflicting requirements such that to optimize the experimental
results.




Equivalent Noise Charge - X1

a
TCZCT\[)

Input referred
Series noise noise corner time constant
(reciprocal of the angular frequency
at which the contributions from

white series and parallel noise at the
preamplifier input become equal)

(Dc:]/Tc

Q2
signal-to-noise ratio

_oH{max[n()]* _

ENC? b jf;’jh(r)zdt +aCs [ (¢)dt

Search for h(t) which minimizes the denominator of S/N (variational method)

(in presence of only white noises
and with infinite time)

the sought impulse response
has the indefinite cusp shape




Equivalent Noise Charge - X1V

e finite width (2T) == truncated cusp

h(t)=<

-

sinh

t > 2T

Practically a triangle when T<rt_
(only white series noise is “active”)

Practically a 6-pulse when T>1,
(only white parallel noise is “active”)

ENCor = ENCy \/ coth(r
c

0

e pallistic deficit — flat-top is needed

1

<
<

Tft

»
»

The shaper “sees” the finite-
idth input pulse as a é function

»
L

t

[
»

2T t

“flat-top” regions contributes
only to parallel (and1/f noise)

ENC% = ENC§ +bT},

(in presence of only white noises)

3




Equivalent Noise Charge - XV

e constant offset

0 response The value of the offset is
filtered prior to the signal

pulse and this value is

_ _ t " “subtracted” from the
input signal signal measurement.

e baseline drift

P 0 response
v2
vl pr y
o
t1 tp 2 t :t If t1, t2 and tp are equidistant
input signal by =




Equivalent Noise Charge - XVI

Shape factors for different shapers

¢ Indefinite cusp (optimum shape for white noises)

Al=1 e RC-CR
A2=2/x

A3=1

F=1

e Triangular (optimum shape for white
voltage noise and finite measurement time)

Al=2 _

A2=(4In2)/x e Trapezoidal

A3=2/3 Al=2

F=1.075 A2=1.38
A3=5/3

ePseudo-Gaussian (4th order)

A1=0.51 ° The “flat-top” regions contributes only to A2

A2=1.04 and A3.
A3=3.58 ° Al is equal to the triangular case having the

F=1.165 same leading and trailing edges




Equivalent Noise Charge - XVII

What you have to do to calculate the shape factors:

1. Know the shaper impulse response in the time domain [h(t)] and in
the frequency domain [H(w)] (either analytically or via numerical
samples).

2. Consider the functions h(t) and H(w) as a function of a dimensionless
variables x=t/t and {=or.

3. Normalize the function in such a way that max[h(x)]=1.

4. Compute the following integrals (either analytically or with numerical
methods):

+oo +o0
A= j gzﬂ(g)zdgz j h'(x)zdx white series noise

—O00

(&)2dE = j h(x)%dx white parallel noise




Equivalent Noise Charge - XVIli

\/AlAB\/ZkTq/ 4/CD]L /gG /Cdet +ENC1,f CT)
det

detecz‘or N

matchmg

1000

matched conditions -
(CG=Cdet) E
triangular shaping

no 1/f noise 1
IIIII 1 IIIIIIII 1 IIIIIIII 1 L1 I Lil

1013 1012 1012 10 10 10'9
Cget, detector capacitance [F]

o

7}
-
O
O
@
2,
O
LL
&
=
=
o
o

©
H




Equivalent Noise Charge - XIX

A o |C ' C IC
Topt _ A_l m det CG det A
3 | T det 3 ‘\

FET detector matchmg noise corner
oo fime constant

matched conditions
(CG=Cdet)
triangular shaping
no 1/f noise
il Ll L v nl Ll

1013 1012 1011 1010 109
C4, detector capacitance [F]
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Capacitive Matching - |
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Capacitive Matching - |
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Capacitive Matching - 11
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Capacitive Matching - 11
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\, white series




Weighting Function - |

So(tm) f(T) W(T’tm)

output at the measurement weighting function
time t, due to the signal f(t) peculiar to the point t

f(t)=0(t- So (tm) W(to’tm)
to)
input

&(t-tp) e  pulse is applied at t=t,.

operative definition for a given point t_:

e response s (t,,) is observed at the
measurement time t,,.
output

s (t) e a point of the weighting function w(t,, t,,)

is obtained.

:c/:ﬁgt?g:% k spanning all t, values before t,
w(t,, t.) the complete weighting

function can be reconstructed.
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Time Measurements - |

noisy output signal

S,, hon-noisy
M’N output signal

UI‘

€t time r.m.s.




Time Measurements - 11

Assuming that only the white
series noise is relevant (true in
most of the cases...):

=
o

%)
=
(-
O
s}
=)
o
7))
)
S
)
=
+—
vy

: Minimum detectable charge,
— arbitrarily assumed equal to
(4*ENC)

Ll . LNy 2
10000 100000 ENC = |“haCr
Q, detected charge [electrons] Tsh




Time Measurements - 111




Time Measurements - IV

input current
pulse f(t)

e only white parallel noise (7. — 0)

82 in = b
LminT o L o
0° 7]




Time-variant Filters - |

time-
invariant pre-

shaper p(t) /ﬁm
_ Tp_




Time-variant Filters - 11

Noise weigthing function [WF(t,)]: contribution
to the noise at the measuring time instant given by a
o0-pulse delivered by the parallel noise generator at a

time t,. (toe[ty-1,,t;+1R])

¢ ——>

E—
1"

A
A




Time-variant Filters - 111

e The noise contribution from the parallel source can be evaluated by adding
quadratically all the elementary contributions appearing at the integrator
output and caused by &é-pulses occurring in time intervals [t,, t,+dt, ] as t,

| 2
varies. 5 4 (1

% WFy (x \ )" dx

& parallel a C tl'H'

e By sliding the derivative of (A/C;)p(t) through the integrator time window,
the noise weighting function for doublet of current injected across the C;
capacitor can be determined.
e The resulting function, which is the derivative of WF,, allows the calculation
of the output noise arising from the white series generator.

v,f = A%a IHHR\WF )de

series
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