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Detector Response to Radiation

Source

o] \_/A

\U/ 7
Escape of s’
I X-Ray S5 B
AR ) A= &
o “‘!2: \ ! :éBeta Absorber 1“1,
1

A [
ﬂ%‘.‘"m\ [ g ¢~ | —Bremsstrahlung
B prst
Ts _;WVV\IC\...

Compton Scattering § S0 SR
Photon § N Annihilation
/ Annihilation Radiation
Pb U.V. Photons produced ;i Radiation Pb
LAk from local excited . — Reflector Shielding
Shielding states following —= Y
lonization 2 ‘1&’ Nal(T
LN
Photocathode P.E. e,
J‘Photomultiplier
\_/ i S

Task: Produce at least precision
electronic measure of

energy deposit in detector (via.

photons, electrons), particle ID,

Signal
Processing ‘ E
Electronics

Bias/HV




Digital Sampling Oscilloscope

Signal Trigger
Level Adjust

Toktromix 105 30540 oo 1t Sco vt [ )3 ) e e i

S VTATICAL q ANORIONTAL -ms
l Srovmon | Jrosmox > Le

Output media for
screen shots
(USB/Disc)



Scope Screen Shots

Trig'd

Ch1 Coupling
& Impedance

A Trigger
Source

Chi

Q
50

M20.0us A Chl &~ 380mV

B41.490%
Coupling Invert Bandwidth Fn‘wn?]csle Position Offset gﬁ?gﬁ'
EE 1.32dlv  0.000V e

DC Off Full 7div
The Vertical Scale Menu (Bottom) and the Coupling Sub-menu (Side) 7 . -
for Input CH1. A Chl s 380mv] -mofre--
10f3

Mode

Coupling Slope Level
e Auto

source
s 380mV o Holdoff

Chi
The Trigger Menu (Bottom) and Source Sub-menu (Side).




Basic Radiation Detection/Counting System

Charge sensitive preamplifier: Voltage output pulse
Bias (U,) height (~ 0.1V), dependent on detector and radiation.

R C .
—_ Pulse Height
— Analysis
) Ampli Digitization
L7

2 e IRDD0N ONDN
Detector Test Test

>
©
>

Binary data to computer

{ \ Amplifier/Shaper:
differentiates (1x or 2x)

time t Output amplitude 2-10V

>
C

Ground

R: Load resistor

I
Signal Amplitude
7
F

C: Insulates

electronics

from HV bias. Interaction of radiation with detector
Pulse height 20-100 mV temporarily ionizes medium

- time (frequency) dependent change AU
in electric potential at collector electrodes,
transmitted as elm. Wave g(t)~f(o).




Time and Frequency Domains

Fourier Series: adding harmonic Fourier Transforms: adding
components. Example A,,=1/m, B,=0 continuous frequency

f(t) = z:[}]lﬂL sin(2mmft) + By, cos(2mm ft)] spectrum components.

f(@)=(27) " [ g(t)exp[imt]dt
Component ~ > Sum Wave A i
g(t) |
i
[
-t!/\‘w/\ [ ]\ #/\\/'(\ >
Ve V £t
Y e
' -f(ZD') ?——? ]
0.5 . . . . >
Time dependent signals processed o
by frequency dependent electronics | 0




Passive Electronic Circuit Components

én_> Assume no load on output (R, > =)
[ © Uy = I -R=Uy, > Zg =R =U,/I,
U R Current flows continuously (DC or AC voltage)
n l Uout
| Uy (t) = I (t) - Zg = U,, (), Impedance Z,
O
[—> Current flows only until C is charged to Q=C-U,,
o O dQ . du,
I=—=C- — I =0 for U,, = const
U, C== | a -dt
in v Yout| v, (t)=uy-e - I(t)=(iaC)-U,(t)
0 o Impedance Z = Uj, (t)/I(t) = (iaC)" ————0
[—> Inductance L makes a short circuit for U,, =
O O const. > U,,=0. But for AC current/voltage
' : drl; :
Uin L i, Uout Iin (t) = I et — Uout =~ dén - _(’ZUL) i (t)

Up (€)/1(8) = (HirL)— o —>or

Impedance Z. =



Electronic Circuit Components

C Differentiator (high pass)
Uin HH Uout = R in
| out R+ 2.

[/_/\/\ R H [\[\[\ ® Do Z.>0, Uy,=U,
| o,—l—o | ’ Output images rapid changes
of input signal U,,, < dU,, /dt

Integrator (low pass)

R Z
U; Oo- I u,=—<—U,

3 ’ 5 " Filters out fast changes
1 of input signal, smoothens input
Uouf X fU/'ndt

Combination of differentiators + integrators makes selective filter
(“band pass”)



Main/Shaping Amplifiers

Tasks: 1) Linear amplification to pulse heights of U ~(1-10)V

2) Improvement of signal/noise ratio (integration)
3) Pulse shaping (Gaussian shape is best)

Y Y Y
1st diff integr 2nd diff

More versatility: RC-circuits > @-selective filters |




CRRC Pulse Shaping

(a) Differentiation (b) Integration
(high-pass filter) (low-pass filter)
I A r -
Y U | )
.—+———. O AAA =g
61 4 R Rz
:; 1 =G,
(c) Combined CRRC circuit
Input Aftar After

pulse differentiation integration

b N 5.

Relative
Pulse shape ‘noise’
A cl’sp 1.00
./\_ Triangle 1.08
-A Gaussian 1.12
/k 1.36, n=1
1.22, n=2
i bt {1.13,0-3
112. N=o0

[\\/ Double CR, RC 1.88

Delay line
DL, RC 1.10-1.41




Main/Spectroscopy Amplifiers

Tasks: Generate
signal with amplitude

£ L 1 1 I | o 672
1 SPECTROSCOPY AMPLIFIER @ -
I FINE GAIN COARSE GAIN /'(\Shf,gL,lg"l]E?c proportlonal tO
/{ \ i P . S ,c:\ collected detector
EE FHH--HE \"' HHTHHTHHH o, =~ 1 Charge' Needs
> AN s @ absolute calibration
: ‘ ReRY  of pulse amplitude.
t_ J 4 eau. AN
T=1uslem
Correct Amplifier Unipolar Output
A
: / *\ :
T E
N\ < Preamp
\i Power
B 1-1T;.: e : UNIPOLAR
Correct Amplifier Bipolar Output, «o\ OUTPUTS

LINIT
=

)




Effects of Pile-Up

Dynamic

range

r---‘----\ Vb“age___’

Distorted pulse

Time —»

CETrT—
] x [
) ' ' '
A J 2 J ]
phed ol !

/‘ Preamplifier pulses

Pulse height (arbitrary units)

4 B 12 16 20 24
Time (us)

High count rate (relative to
pulse length/decay time) can
lead to pile up

- from small non-linearities to
serious distortions, line shapes
“ghost lines”

Artificial test of the pile-up
effect. Successive signals add
on to each other, creating an
effectively non-zero base line.

Avoid by reducing signal rate
or width (pulse decay time)



Pole-Zero & Base Line Shift Distortions

E.

) Preamplifier Pulse

t

Main Amplifier
Pulse (uncorrected)

~
~
~
S
N
\
\

\

1

t

1
R :
! J’Undershaot”
4

“-pole-Zero adjust
Rp
1—«»& D—WIQ
CT
"
1

Main Amplifier
Pulse (corrected)

O
O

B

| \

7 o~ . /

.

I
I\

»
P TR

l. \ * N J
| ENSTEN ORI ] Noiss level

N\

\
Over-compensated output \
’ \
’ Is
o

Compensated output |

Under-compensated cutput

Blow-up of pulse
under/over shoot

Vi)

-
i g& _

T

Baseline
<hift

vw  Preamplifier uncorrected

base line shift

LN

— e —— ——

Baseline
shift




Test Modules: Precision Pulse Generators

PULSER

CAL

LPUlSl‘ HHGHl-l

-.\?z

A~
'.
e

] (.’n:p 10
e

L AHENUA'IOR—I

OFF B o~

1 %

nec B POS

PRECISION
PULSE GENERATOR

NORMALIZE PULSE HEIGHT

RELAY REF
FRE VOLTAGE FOLARITY
INT POS

ATTENUATION FACTOR
A s l
YOO OO0
A S A

DIRECY ATTENUATED
ouT

H°o®

(4

2«

-
s s
‘v\}-

53

Tasks:

Simulate signals of
physical events,
controlled pulse
shape, amplitude,
timing, repetition
rate

- Adjust analog
and logic
electronics



Analog Plus Digital Circuitry

Analog (slow) circuit 2> proportional image detector output signal

Preampiifier 20 ps/division

= N

- S us/division
5 ps/division : '
Aoﬁt‘:l‘: Unipolar B S
Bipolar
____ 05us/division _
Gated integrator

Digital (fast) circuit 2 yes/no information on signal presence

ﬂ fA\ %
[ f!
i i
| Q‘ | E Signal
I . -
" ' ,'( “.‘ ? ;
J U N os

=)

Logic

pulses

Slow Positive (930Q2)

and

Fast Negative (50£2)

Gating
pulses

Variable langth

+BV--

-1.5V

.1 psdivision

1 us/division

L '\\_\\\.




Single Channel Analyzer

fa) Integral discriminator v S & o o
TIMING SCA AMP & TSCaA
Vie) aN WINDOW OR FIN® @alN
aH UPPER_LEVEL .

-
****** Y ( )

LOWER LEVEL

(b) Differential discriminator

{single-channel analyzer)

Vie) dN
aH




Digital Pulse Shaping: Gate and Delay Generators

=g
) G MODEL
AL AT T NERATOR

[T e

GATE & DELAY
GENERATOR
DELA)

o OFFSET

@or o
) O

PHILLIPS SCIENTIRAIC

118VAC | 20MA
12V 160MA




Digital Logic Circuits

“Gate | » Counter
a TRA/ General_ - :;:l M
? CFTD tor 2
Activity -
2

Tags for

"
X ->
Y




Logic Modules

Overlap Coincidence

U
U: Uout=
U;AU,
ufd
[ R
< t
—
U01t !
H—
A
U
[ s
—U complement
— ->

Or (inclusive)

U,o——
(€ — _ouout=
U, u,vu,
1 5
Uy ! >t For fast
' ! timing:
|
: I_I !_I>t use fast
o I negative
Uofe 1 1 ' logic
aM A,
U, o—m
U1 Uout=
2 5 U,A-U,

Anti-Coincidence



m Input Logic Switches (A/OFF/AY , BIOFF/BY ,
C/OFF/C! , DIOFF/D{ , AND G/OFF/GY ) As
Q s defined in Fig. 1, these switches select

NPUT LOGIC

G: :: variations of the following basic logic functions.

@) 5 In the OFF position, the state of that input is

e’y ignored. With switches set to the A, B, C, D,

'® r] and G positions, the module performs the OR

050 function at the X4 output.

C::i X=A+B+C+D+G

c@ zl Setting the switches to the Al , B, Cl , DJ , and G
N positions provide the AND (coincidence)

‘@ © function at the X4 output.

©-© X\=A-B-C-D-G

" Changing the G switch to G implements the .
) common-gate veto (anticoincidence). [ :

Xy=A-B-C-D-GJ
See Fig. 1 to determine other possible logic

=

ﬂ®>slt.llll>

-

©:
o}
©

- NIM
T ov +4v

To 3 Other
Sections

Fig. 1. Block Diagram of the Model CO4020 Logic Unit.
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704 P\S

QUAD 300 MHz

GDISCRNINATORe FIVE CHANNEL

TRI - MODE G‘ DISC"RI
oDISCRIWNATOR = =

WIDTH

o uT

WIDTH

DELAY

IVOLT I nSEC
PHILLIPS

PHILLIPS
o SCIENTIFIC O sc 0
118 VAT /38ma oy
22 Y Z0MA

PHILLIPS \
SCIENTIFIC (%
115 VAC/75 MA
= BV 420 M, + BV 4IEMA
=12V 185 WA +12¥ OMA
A QUi 2 =24V BOMA +24Y BOMA
B SERIAL # y

PC
oma
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12V 1600A
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MAXIMuUMm
0.9 maximum -~

0.1 maximum—.
0.1 9% maximum —

Voltags —

5

Time (shaping tims constant)

‘Measured timing factors for semi-Gaussian output pulses

Factor Time interval Symbol Time*

Rise time 0.1 0 09 of — 1264005
pulse maximum

Peaking time threshold® 1o Ty 21401
maximum

Lincar gate time  threshold to 0.9 Tia 26402
of max. beyond
max.

Width threshold to Ty 5.6+05

threshold
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]
incident
particle

isig(t)

N Detector

h Y
b1

<
u

Current pulse

AV

Preamplifier

Current

' Time

Voltage step

Shaping
amplifier

Vpeak

Counter/Timer

Shaped voltage

pulse

Voltage

Discriminator|
or trigger

Multichannel
analyzer

Voltage

\

Baseline




Detector

t:athode (-}

Detector bias
supply

g J L0

Charge squltlve Shaping amplifier Discriminator
preamplifier A
/-""'-_'_‘—‘—_ \—\
Differentiator =~ Voltage gain Integrator
{High Pass Filter} {Low pass filter)
';sig(t) ‘
I Il
ml ‘ - il G l
Anode (+) ; ! 1
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'||l:|_l?m

1

i

Tint \
|



= E T T T T
3

~-
s

ol



Feadback circuit
: ﬁ, ,

p Time constant

(RG)

§ J TS With
10%/ 2 feadback
H Ti —_—
'&J’ Fel'::e




E{: {I" 't}f Tu

ey (t] = Emax €

_a C & {t}
/ Undarshoot
Charoe lo0o First Differentiated Emax et/To x Glj=e, 0.
“Tpa P X differentiate =£::h"'“
network undershoot 1 s

E max = X — = £, (s) {Laplace transform).

: To R, Cy
Emax o /T, /T,
P Toetilo =T o =g ft) where T, =R, Cy.

200409



0 =K<l

£n (el & ft)

-~ 2ot} = Emax

[~

e-r-l';Tu

No Undershoot

|*,

Fole-zaro Differantiated
Euh:prﬁ focp X ﬁﬂﬁ?gﬂ.ﬂm = Ev?tlis:nut Pole zero cancel by letting
netwark undarshoot :
T o = 5+ .
T 0 R.C
or
1= g‘”rl] x Gt} =eft]. E E -
max _ max _ max_ _ £\ (s), where Rp = _u_ .
5+ E'._f.f_:. 5+ L Ry +R;
K RiR:Cy RaCy
1 STR.C
1l
= . i transf )
Emax K X " R+ A £, (s]. (Laplace transform . R o 1
S L) r,:' H1 H:C| T!'IEI ]
206410

Fig. 1.2.. Differentiation in a Pole-Zero Canceiled Ampiifier.






Time Dependent Electronic Signals

I
ﬂl,bf'. ) Fourier transform Fourier transform
o\ Function . .
‘f-‘ , unitary, ordinary frequency
|
pa |
| |

unitary, angular frequency

&) = flw) =

f(
N\ ,'.l — J‘g”‘_.‘\‘gb — =,y f ( I) f = f{ :I:) e —2mizg dx
02t —=a

IS .
Ef—w flx)e ™ dx

1 7 .
e f(o)= 2 fo()erat

|

fw) = | fa)e = du.
En

o

Linder this convention, the inverse transform becomes:

1

Era— . 0= Gy [R flw)er do.



Under-compensatad cutput
i

Pole-zero cancellation
clreuit




