DETECTOR SIGNAL PROCESSING
Veljko Radeka - radeka@bnl.gov
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*Shot noise and Campbell's theorem
*Generation of noise spectra
*Random telegraph Noise (RTS) and 1/f noise

3.Equivalent Noise Charge (ENC) Calculation

*ENC calculation in time and frequency domains

*Simple ENC calculation for series and parallel noise

*ENC Calculation for 1/f noise

*Noise corner frequency and noise corner time constant for 1/f vs. white noise

4.Signal Processing, i.e., "filtering" or "pulse shaping*“

*Weighting function of the whole detector readout system
*Time invariant pulse shaping

*Correlated and uncorrelated sampling

*Optimum weighting functions

*Correlated sampling by baseline restoration
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Anti-walk techniques
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Charge Measurement Sensitivity

“kTC noise” and correlated sampling
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A.1 Noise calculation: Time domain and Frequency domain

A.2 Parallel Noise in devices with Avalanche Gain

A.3 Noise Figure and Noise Temperature

A.4 Noise in Resistors at Different Temperatures and “Electronic Cooling” by Feedback
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1. Signal Formation
and
Ramo’s Theorem
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The Simplest Case: Induced Currents in Continuous Planar
Electrodes for Localized and Extended lonization in
Semiconductor, Gas and Liquid Detectors
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Induced Currents in Strip Electrodes
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Operating Principle of a Proportional Counter
Cathode (-HV)

Weighting field:

EW:[rIn(rc/ra)]_1

Operating field :

E =V[rin(r/r,)

t=1000 ns

Derivation in: Ref. 17:

Induced current
due to positive ion
drifting away from
the anode:

(1) /i, =1/(1+t/t

Anode Current




Coplanar Grid (Strip) Readout: Difference signal Q,-Q., equals
signal charge Q independently of the position of interaction
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Induced Current Waveforms

Induced Charge Waveforms

100%

Coplanar grid method introduced by P. Luke,
Appl. Phys. Lett. 65:22 (Nov. 28,1994)



Weighting Potential and Pulse Height Distribution for Strips vs Pixels

2D case (strip)

3D case (pixel)

X-ray
illumination

pixel diameter =1/8 drift depth

Count

Charge

100%

Comparison of their theoretical
induced charge pulse height distribu-
tions. Assuming an ionization event
creates a point charge. and the abso-
prtion probability is constant along
the depth.

Count

0 Charge 100%



2. Noise mechanisms
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Shot Noise, “Pileup”

Campbell:
qo(t) 7 [sec-!] _ P v
(a) Poisson - X
Sequence vt=ngq ;f‘-’b(ru‘r;‘)
I fivl — i=1
k vi=06 =1 Lflj W (u)du
; h(r) _— —
(b) “\\ Impulse noise system response
_.; Response ? | T
v(1o) G- — —j.ﬁ(r)dr
\ ?;J? 0
= Output

Noise Process:

ng'=ng-q=1:q
f

rate mean current
“central limit theorem”™ -
57

— gaussian for nt >1
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A Model for Generation of Noise Spectra -
h(t) < H(jw)

Random sequence (q) T T I I !
of impulses ' 1 “ 1 1 -}
White noise with o 1 -t 1
1st order band limit (®) l\l\‘“‘ﬁr i T - —€' < :
(relaxation process) Lo T et T 1+ Jor
)
N
1/f 2 noise (c) r' ______ ooy . U (t) P ]_/ JCO
(random walk) L | —it

i
1/f  noise (d) AN -

White noise x transforming filter=
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Empty trap state

(Lo v ) Low frequency Noise: Trapping

Noise — from RTS (Random

MNoise power

>
o Telegraph Noise to 1/f Noise
3
§ \
£ *Single trap — Lorentzian spectrum
A *Distribution of traps — 1/f spectrum
Filled trap state
(High V)
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“Self-similarity” of 1/[f| Noise (scaling invariance)

4”"13" fl‘d’a’-h'v I!,,' p!
L F LAY

lf|}r| noise — different time scales
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.
For 2 = const.

[

o*(f /f;) = const.
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3. Equivalent noise charge
(ENC) calculation
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Noise Sources and Spectral Densities in Charge Amplifiers
Current A (1) A M A JI_AV_AVJWB'(U

< /
Charge "step" random a(1) _ Time
F—/J walk" \ | 3
/ white / f V7 nite

: series series
signal parallel parallel

Output

Output

Time
O () if shaper
Q:5(t) L — L ampimet (T.A1LAA) [
c o o
det par ramp
7 Af Noise spectral density:
T
2 2
V. =€ + +2q.l . 2
n el 0 > Voltage: € nV/H
0] Cma) [ }

iﬁeq = vﬁa)ZCﬁ] = ZCIi €, + 27szAfa)+ 2C]| Current: IO[fA, PA, nA,...]
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Equivalent Noise Charge (ENC) — Integrals and
Coefficients A1, A2, A3

ENC® =iTi§eq H (a))‘2 dow :i T ()i (a))‘2 dow
0 —00

ENC® = 36C.l, + 7C AL, +dll, =%e§Cii7+7TCiiAf A +al At

= WO d== [ (o) o'do -2 | [
- vv(]/2 ] dt—i Z‘H (ja))‘za)da)z A, 1f

= [w(t)] dt__j ‘H ja)‘ do= |Ar Parallel

white

Time domain Frequency domain
(weighting function) (transfer function) 17



ENC Calculation in Time domain: Weighting Function Role
K—L

JV—AV—AV-AV* 8'(t) Cin  white "series" noise  ENC3 _; e2 c2 J.[w (t)] %dt
A M A 5(t) white "parallel” noise ENC2 =2 J‘ [wi(t)] 2dt
2

qiqt_z.if* — weighting function w(-t) 3

)
: es =4kTR
_ signal s(t) " S4kT
i2 =2ely = ——
" Rp
i2 =2e°n
b |
\
- - - -
t4 t5 ts
1 1 1 1 ENC Calculgtion in
| = s 0 + —+ bzt—+ 0 +b*— LG mE
1 3 4 6
t t ot ! V.R., Ann. Rev. 1988
|5 =§1 + 1 + 53 +b 3+ b2t5 +b § R. Wilson, Phil. Mag., 1950
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Simple ENC Calculation for Series White Noise

ENCS = % 4kTR,Cy, * I

RS 6“2 I t
W O I ° Shaping: -
T/ t "
O, 6(?] @ - Cin 1 /;\W( ) 1] = {.Wrz(f)df = 2/1;}]
N7 LN I
. _ 12
- - o F I | dENCs/dCin_en/tm [ ]
1:6:) (for 5™ order semi-gaussian /; = 2.2)
Noise slope:
e, =1 nV/Hz"
Cin = 1pF — ENC,=6rmse — AENC /AC,

fm = 1lus

e, = series noise (voltage) spectral density [V/Hz”]

e,Ci, = series noise (charge) spectral density [e/Hz"?
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Simple ENC Calculation for Parallel White Noise

==

ENC, =t 2el, 13 |- [woa
— h
2,
JK —O
Q,9(1) é é ——
— — o
w(t)
I. Assume a gated integrator for w(r) :
- | ENC, = (el te)" = (e'nte)” =e(nts)” = eng”
I 3|=1a 1,
- ENC,/e=ns” [rms €]
-

I nAin Ipys = ne=6250e, ENC,=79 rms e
2. Triangular weighting function (similar to semi-gaussian)

A3 [ENe re= (o, 3)2

AR equal ENC, for: 16 =21,/3
‘_f(;—“l %ZIS/thZ/?’

3. Resistor noise = shot noise: 4kT/RP =2el,

for R,[, =50 mV at 293K
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Calculation of ENC for 1/f Noise

From slides 16, 17: 2
2 2 —— analytical solution
ENC? = 7C2 A A,

" —_— imate soluti S
dapproximate solution f’,-—"

A = Ij:o[vv(l/z) (t)]zdt (W(1/2)=fractional 1.5

order derivative)

It can be shown that: A2
1

(4/2)
A <(AA) ¥
An approximation for practical purposes : !
(ENC; to 10%): 0.5 | |

A ~0.75(AA)"

0 0.5 1 1.5 2

ENC? = ﬂCIiAf Az ~ ﬂCiiAf <0-75\/ AA3, ) Trapezoidal weighting function (e.g.,

dual slope integrator):

Transistor technology constant A o

(~ind_ependent of transisto; size) ) ) A = ( A+ %)
Ki=AC,  [(V*)(ASV)]=[vAs]=[Jouie A ~075{ (s %)Tﬁ 21



Weighting Function Noise Coefficients

Weighting Series white | Parallel white Series 1/f Series 1/f
triangle 2 2/3 0.88 .87
semi-gaussian 2.04 0.90 1,04 1.01
4t order ' ' : :
CR-RC 1.85 1.85 1.18 1.39
trapezo dal 2 167 1.38 1.37

ENC* = ;€,C,, A +7C A A+l AT

T

22
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Equivalent Series Noise [V>/Hz]

-
T

1/f Noise: corner frequency, “technology constant” K,
and “measurement constant” A

N\

N\
A Y

N\
N\

«—— Kk =737x107"]

Pd :51 . 8mW
1=200pA, g ~1.5mS$

N\
I . _:
r A Y
L N\
i ~ Expected
114x10777 N i
SN White=I4.4nVHz ]
Measured N \ ]
10.4 nV /Hz
T wl wl sl aanl TR RET
10’ 10’ 10* 10° 10° 10’
Frequency [Hz]
I f ~25kHz
]i" [m(r = Z 4
{ . =10us

A =V f ~(3x10™ V?/Hz)- (10° Hz) =3x10 V2

» Expected white series noise from:

2
3Bv

m

{B ~ 1.2 (bulk fixed charge g, /g . from simulation)

Y= 2.2 (hot electrons, from the literature)

o Expected 1/f series noise from:

Kf _ Af N2 2
oWt =V [(rmsvolts)}
\ﬁ(_/
C

8

K. =6.9 x107*J (from previous meas.)
K. =K. /10 (from the literature )

For JFETs K, =107 23



ENC vs Peaking Time for Different Transistor Technologies

ENC[e]

1000

100 GaAs HEMT

910

T LN LA |

GaAs MESFET 310

NMOS s

10 PMOS

JFET

[ Cdet=1pF, Id=500pA, Ic=10pA, Triang. Shap.

Peaking Time [s]

21

10%

KF [J]
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Equivalent Series Noise Resistance for Charge Detection (Capacitive Source)

Cd . _I: gate
(] |

substrate rmg

source

substrate ring

—— L
R S
drain
Transconductance=
Epi-Layer ~
gms ~ gdo

\

p+ Layer

2

c.Y Co
i:l—l— 0 = i(Rggms) (Rbgmb)gmb (Rbng) C

/4 / gms 57/ Cin Y gms in
y /
Czlie Melleat Induced into gate
/ \‘ gz:ztance Substrate | _—" [Bieleize oy fin
inversion layer!?)

Intrinsic channel noise «1 resistance

Ref.: 9 25




4. Signal processing, i.e.,
“filtering” or “pulse shaping”

26



Weighting Function

Weighting function

3 e ) ()

Impulse response

'/h(t)

I

T

sample

. Each sample carries a memory of the past events determined by the

impulse response of the system preceding the sampler.
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Composite Weighting Function for Correlated Double Sampling

Weighting function

w {f, r&{,’

I

Impulse response

'/h(r)

Composite / .
weighting

function
[ from V"’(I:Im)_nj(t!tﬂ) ]

e WL 1)

. f[} tm

\ !;amp]e

“baseline sample”™

. Each sample carries a memory of the past events determined by the
impulse response of the system preceding the sampler.
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Tim

VOLTAGE

e Invariant Shaping — Low Order vs High Order
e Better S/N
performances
e |ower ballistic
deficit
5" Order Complex Semigaussian
—i\\‘,’\/‘ —
VA —e VWA
. [\/ A VW T [:} AAN WA [\:
a a a
0 X — 1 X . 2 i
S+ @y, S° +2S6,w, + S° +2s0,0, + ;
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Amplitude [V]

Transfer Functions in Time and Frequency Domains

-0.9

00100 150 200 250 300 350 400

Time [ns]

Frequency Response [db]

108

Ulilipolar
"""""""""""" Blpolaq \ |
10+ 10° 100 107
Frequency [Hz)
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Optimum Filter for Amplitude Measurement
(delta functian signal current)

I out

31, 21, f T, 0
31, Time

7= noise corner time constant

Trapezoid w(t) for reduced
ballistic deficit with finite
width signal current

31



Sampling and Digital Signal Processing - Synchronous (Correlated)

and Asynchronous (Uncorrelated)

Sampling System
Last chance to see
the analog signal
?
i
Detector Preamplifier Anti-aliasing L4 Digjtizer Computer
filter (DSP)
\¥ N J filter
“Transducer’ or “sensor” algorithm

Uncorrelated waveform recording and processing

Note: Long tails in detector-preamplifier response
require cancellation or special processing

32



20 -

Offset Output (Arb)

Trapezoidal Weighting Functions

by

Digital (Uncorrelated) Signal Processing

From: X-ray Instrumentation Associates,

App. Note 970323-1

=5 1.

-
wn
|

10~

Passes
Isolation

Sample

Here

——————————

Slow Filter —

. 3 , |
2 Fails

1

f"g | Preamp

Isolation
— Test

Fails o
Width . =
Test Fast Filter

- e o = o e e = e = = = = -

Slow Filter

10

25 30
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Correlated Sampling by Baseline Restorers (BLRS)

1. BLRs

2-sample error

3-sample error

Ist order BLRs

Y current from

il
2 o R—0: Fast restorer
Pi D, - D 750 T_l 5 ‘ into  R-0: Fast restoret
vin le — Vin ) — Vc L d
e R L B
O_H = = J- J- = Vinlly el f
n ¥ z

1 O:ill
I —o out
(a) non-linear circuit (b) gated BLR (c) gated BLR
2. Active ac coupling O_\M,_L_M_ (not a BLR!)
;._
: ,'l\ h(r)
"
! '\
e
o O

21 gate R=0: Slow restorer
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5. Charge amplifier
configuration and charge
transfer from detector to

amplifier

35



Basic Feedback Preamplifier Configuration

Qb fg >

Crosstalk signal mto adjacent
channel (via capacitive
coupling) increases with T,

Go - ngo
(Dh - gi??/CO
1
LT TR

~—y

-—

Rise t.c.

Aperiodic
response for

R /G

Inductance:

T R/
>21 S 36

@, C; | oF



Charge Transfer from Detector to Amplifier

Transfer by conduction:

Qs5(t)é_(:_1_:_\ e

+

C, C,
C,+C, Q= Qc:1+c:2

QS /s distributed as the ratio of capacitances

Switch closed : Q, =Q,

Q4 (t)

RG
gL..

WL Ad C vsCq, matching needed!

useful”charge: AQ, =Q./|1+(Cy +Ciey +Cy)/C, | 7. —Clectrontransittime

throughthechannel
ACDC/AI d — Z-e = gs gs/Al d = C/gm_) Cgs = nge g 37



Gate Insulator
(Si02/ Si3N4)\\
4
BurieEi chan nel_h
(n*-type)

Substrate
(p-type)

Back-surface
p-layer (p*) —
Biased (neg.)

Vlow

Vhigh: Vieow  View  Vhigh

+

Cen source
t-4k-- | follower
out

reset
gate drain

L]

Sense node
REF(TV) ~10fF
;II__ ¢ PRE
¢ @S|

ksl

<—— Change Transfer [

T A — o e e e o e o T R Sy e S e e e o A o

|« ——a |

CCD Readout

Charge can be shifted back
and forth nondestructively in
the buried channel past the
sense node allowing for
multiple measurements.
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6. Timing measurements
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Time Measurements
We want to measure the arrival time of the signal pulse

as time information we

B choose the 0-crossing
& " - time of the output signal

~ < time walk = T

noisy output signal for simplicity we fix the 0-crossing time in t=0
S,, NON-NOoIsy _ . _
output signal *due to geometrical considerations:
0_2
GA —/—"A/_Gt Ona_ dSo Gtzz A2
W time - = ot dSO

amplitude r.m.s ‘ =0 b}
r.m.s. ' dt 0

time resolution improves as the slope at the 0-crossing increases

From: C. Guazzoni 40



Constant Fraction Timing of Variable Shape Signals

Detector Current

A 4

ldet

52 = [ igeq dr

S

CF(Sy)

Preamp out /'/'

— ﬂ-:;:':','f-'-"""

CF(S,)

This method provides
anti-walk timing (constant
fraction) on early part of
the signal (short t,)

-fvg

-V, 1+

(1-NnVv,

(1-1) '.I"E

Input Signal

Input Signals

Time v

Attenuated Input

NG

-V

Delayed and
Inveried Input

Time

> oV —

Attenuated and
Inverted Signals

Constant-Fraction
Signal

Time

1l

T
ARC
A

—

Bipolar Timing Signals Fjg/8, Formation of the Constant-Fraction Signal.

Constant

fraction signal (From: Ortec)
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TP1,2
TP3
TP4

TP"_" .

Constant Fraction by RC “Quasi Delay’

Timing after
signal peak

)

Signal after RC

.tga|+{§ﬂvukht+¥+hhh¥‘4ﬁﬂﬂ
B x .

S T R

NPIPIE TPIPEP VP PP

- ' [ .
100 ns/div Zexu uoﬂw.%

Difference
signal

50 ns/div
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/. Fluctuations on a capacitance
and charge measurement
sensitivity - kTC noise

43



Thermal Noise, Total Fluctuation: kTC noise

sigwal noise e“ Frequency Spectrum
1Rl oL
ad © 'f
v,
L *while woise = 4kgTR
I B ‘ /
=—+ joC ’°g : .
2 —AL T/ P
Ln "H'LBJ. T AN

2 Eq. bandwidth = —
Gq:kBTC q Ih 4RC

According to equipartion

theorem (1/2)k T  for
each degree of freedom —
(1/2)ksT =(1/2)0Z /C=(1/2)Co;| 1. C=IpF } RC = 1ms

_ R=1GQ f=250 Hz
independent of R 2. C=100f RC=1ns

R=10k £,=250 MHz 44

“independent of R”




Charge and Voltage Total Fluctuations on Capacitance

pacitance: |Charge Voltage

fluctuation: fluctuation:

C [F] (KTC)** /g, [rms €] |(KT/C)"* V]

1a 04 64m

10a 1.26 20m

100a 4 6.4m

1f 1.26x10 2.0m

10f 4.0x10 0.64m

100f 1.26x102 0.20m

1p 4.0x102 64

10p 1.26x103 20

100p 4x103 6.4u

Dynamic range:

500mV ~
AG ~ 500

ENC (if no filtering):
=126 rms e
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Transient Build-up of Noise: kTC noise vs time

1
g = J

Campbell:
t
= % E/ h?(u)du = %(1 — e 2/T)
0
1 _op /72 |p===cr==-===
o/ (kpT/C)"™ = (1—e*/7) avie
o(t) ’
(kpT/C)" 0 o
‘ “ | H H}g_ h(t) o / For t/7<< 1: crf, x t (random walk)
t=0 t.Y
IR oo (/0 (21
h(t) = e et/ T

N For 7=RC =15 5, /(ky1/C)" ~[_4.5%

t = lus




Pixel Reset, or Charge Transfer and kTC Noise vs Time

Gﬂ/(,fcil‘"(f)”2 = (1 _e—Qr/RC)wz

/ \\

N N

[N 067% |

Illl |\\* JI

f}\_\ll LLITLLL
/ AN S

’

5

4
\"“a__________/

' I 2 3 ] 5

/ Reset /Transfer Transistor ON

B Reset Transistor
Charge Transfer -|—|-"‘/

Reset Transistor Transist
Pixel or - ransistor |
Readout Anode SF [iwi —a | | |
' £ b
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Correlated Double Sampling (CDS) and kTC

Noise “new” KTC building up
y2 12
“old” kTC Signal oo KTCJ [ 1-exp(-2/ (R

(from reset) |
/ 5 /
— : —

/

Reset switch el O.f “Old’i
opens: Sample 2 kTC decaying with

Sample 1 time constant CyR:¢
1 Rorr / Ty ~10° —10™
Lyows = Ton |7 {
Example:
[F— C~20fF
Active Pixel ¢ —= . = ron~ 103 ohms ronC ~ 20 ps
(orcCh) | R'high" = Roer Roge~ 1030hms  Roee C=0.2's

48



8. Noise from Dielectrics
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Lossy Dielectrics and Complex Networks

r—— === - — — — 9 —_ -
| |
|

IEEE:

Complex Spring Constant
FHLAH T IE AT

‘. %—Jl-é—l 1-é—HT§L|m

m

k=k(l+jo)
k.= “relaxed” spring constant

f=1/Q=10"%-1078

ielectric
1 Ly | | 1 .E"
€ = € +j¢ =E(1+]E)
e Q O]
From the Fluctuation- ) 1 ) ,
L & =4k, TD—, ; g~ = 4kpTC —
Dissipation Theorem: 'n =B e In B

For charge measurement ENC D= k B TC(2.4D)
(ns to ms range)

ForC=1pFatT=293 K

Gy = (kg T C)”2 =400 e rms

ENC, <5e (with an optimized amplifier)
Dielectric Noise Contribution:
D =5x10”, ENCp=4ecms

D = 2x107%, ENCp = 86 rms (GI0 circuit board)

R(1 + CDR®)
C2R2w? + (1 + CDR)

2 —
va(@) = 4kpT

. .{BT[n+ D Log(4n2R2CH 1 +D2)) 5 W ,
h 1 - TRCS, (14 D%) _ABH.U,Q (-fh}
a2 = | v2(n dr = ‘ . + ~
v 0 nCll+ D7) nC(l+D=)
) kBT
Gl-’ = T 50



9. Signal Return in Multi-Element Detectors
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Signal Return in Multi-Element Detectors

Cathode Strip chambers:

anode wires N

Pulse shaping to
attenuate reflection:

t,Z 41

{, — propagation delay in
the longer electrode

1,= 25ns for / =2m

HV

common

common

Crosstalk into channel due to
opposite electrode feedback:

0, -0 2
Cy;+ O
N = number of strips or pixels
e for (,— 0, O;=-0s/N
e for single particles and large N
bypass not needed (except for shielding)

e for showers or high occupancy, Cj 1s
essential.

Lg

300um Si

Cy;=54nF
Cp,>10C,; !
Lg important !

Back side readout
— high noise!
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10. Literature
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Appendix



A. 1
Noise Calculation:
Time Domain and
Frequency Domain

58

¢ For time invariant systems impulse response h(t) and weighting

function w(t) are interchangeable for noise calculations.

From Parseval’s theorem, noise variance can be expressed as:

_ v 8} _ o
o =nq | bndr = 2nq’] H(w) df
e 0
Campbell’s theorem 0
Also: & =W, | [H(w)|" df

0

Thus noise spectral density: W, =2 n q2 = 2q.l, for shot noise
(similarly W, = 4kT/R for thermal noise)

Parallel noise inteeral:

a0 o0
L ENC, = %Wy, [ h(ndr=W,, [ [H(w)Pdf
=00 0O

parallel noise (current) spectral density = W,

Series noise integral:

v 8] o0
I, ENCS = %W, Gyl W (nde=W,Ci | @ |H(w) df

-0 0

series noise (voltage) spectral density, W, = e.> = 4kTR,

o0 o0
(since | h? (ndi=2] & |[H(w) df)
-0 0

For time variant systems, noise 1s calculated using weighting function
and time domain relations.




A.2 Parallel Noise due to Dark Current in Devices with
Avalanche Gain

Parallel noise (from Campbell’s theorem):

EN(";‘; =ng” | w(t)dt = nq’1;
n.q2 =q(nq)=ql, n = rate of charge impulses
I = equivalent integration time

e Devices without avalanche gain. ¢ =e = electron charge

e Devices with avalanche gain M : ¢ = Me = charge in each impulse in Poisson sequence

Parallel noise due to dark current in avalanche photo-diodes:
~2 52
ENC, = n(Me)“t,;
)
ENC?=1,M et

Avalanche gain magnifies the noise (ENC),) by M "2 compared to the shot noise from a

current I, .
1.e., the noise due to avalanche dark current I, equals the noise due to single electron

current M1, .

(Surface leakage current noise 1s not subject to avalanche gain.) 59



A3. Noise Figure vs Noise Voltage, Noise Current and

Noise Temperature
el R,

source

6.
4KT R,

NF = 10 log) [(source + ampl.)/source]
NF = 10 log;o [1+(e,” + i,” R,\)/4KTR,]
For i, R, <<e, ., ie, R,=50

NF =10 lOgl() [l + Rg/Rg] =10 IOg]() [1 + T“/T]

Rs = lfzgm + Ipb’
inz =2 elb =2e lc/hFE

[db]

T, = ampl. noise temperature

R,T=R,T, = T,/T =R/R,

NF [db] R [ ] e,[nV/Hz"] T,[K]
3 50 091 293
2 29 0.71 170
1 13 047 76
0.5 6 032 35

ENC from ¢;,1, (withCp+C,andty)
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A4. Noise in Resistors at Different Temperatures and “Electronic
Cooling” by Feedback

T [c
T T

r

R, R, R.
T, T, T,= %3_"‘*'
2

0_2 kB R]le[T T2 ]

vC R, R,
1. forT; =T, — o—f:kﬁ' .
kpT 1
2. if T,=0 — ol =-21.
C 1+R/R,

4J]|_'

\cf

Ruo.

With feedback (cooled) damping:

kT 1
Y C 1+R/R,

RnaRl
R?,

o, min for R, = (Ranﬂ)“2

2 _ kT 2
Y C 1+(R/R,)"?

—O

R,= 10°Q
R..=100Q }
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ADS. Zero-Crossing Statistics of Noise

- e = = fA _, ~ —_ Discriminator
N\ /"’7(\\ "~ threshold
\___/-/ W(a)) = spectral density

Rate of positive zero crossings: K(z) = autocorrelation function

o = [K(o)]]/2 — Ims noise

N |-

1 _Ta)ZVV(a))da)

o4 K] 1 Rate of positive level crossings:
“r 27| K(0) 2

TW(a))da) V2
L 0 - n(vd)+ =Ny, eXp|:— %K (O):|

Example: 2" order high frequency cutoff (2 RC integrations)

Solution: Threshold crossing rate:
_ 1 v,/lo=n(vy),/n,,
27 (7172)1/2 2 1.4x10" J.S. Bendat, Principles and
3 1 1x102 Applications of Random Noise
For: 7, = 7, = 50Ns; 115 : ety | oo ieyssons
n,., =3MHz150kHz 5 4x10% 62




A.6 Autocorrelation Function as a Diagnostic Tool

Xy “= -
_ 5 ; B
'_ 4 ' : ‘_L. Ok
o o ! _
| ~J '
o _:___ |
F x S X(7)
O'=‘K"2(o)% 1 ‘
| :
0 'i' — 1
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An Example of Noise Autocorrelation Measurement by
Digital Oscilloscope

Tek Run: 2. SOGS!S ET Sample i

T 31§ T LI L LRI SN N S B T T 1T T 1 agx.ll-ax..11‘.l. .....

Refz Zoom 1ox Vert 20): Horz ' o ]

1.00mv 50.0ns
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Resolution [pm]

A.7 Pileup Effect on Centroid Position Resolution for
Unipolar and Bipolar Shaping (Weighting Function)

400 1.0
- O  Unipolar
| 0.5 f----
i ® Bipolar =
300 [~ 2
i =
=)
Q < 05
200 009 : : : : : ; |
= ( 50 100 150 200 250 300 350 @ 400
- Time [ns]
100 0 :
- —_ Unipolar : :
i g S e S N
n §—40 _L """" B|p61ai‘_J """""""
0 TR N I TN NN TR SR AN TN TR SR SU NN TR NN MR S SN S 5] : : :
0 1 2 3 P B e e R WV
Rate (atn=2.7) [kHz/cm?] 5 ol o\
Detector: 1.5 m long MWPC with ] | | |
interpolating cathode strip readout; 10K TS G 0 Tos

Peaking time ~ 250 ns Frequency [Hz}



