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The Detector “identity chart”

Fundamental Questions :
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Charge Electron Multipliers
CHANNEL
ELECTRON (CEM)
MULTIPLIERS
Single photon/electron detectio
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Charge Electron Multipliers
(CEM)

Generally they present particular shapes to
reduce “ion feedback”
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Charge Electron Multipliers (CEM)
CHANNEL uny | Air . _ .
ELECTRON o Typical acquisition chain
MULTIPLIERS S Voltage

+200 Vs I preamplifier
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CHANNEL Essentially MCPs are thin (~ 1 mm), silicon-lead oxide

ELECTRON glass wafers composed of a large number (> 10°cm-?)

MULTIPLIERS of small (~2 — 15 p) CEM tubes called microchannels
NG ~10- 100 mm

MULTIANODES o[ ;

DETECTORS

BI-DIMENSIONAL

DETECTORS The MCPs are available in round or
rectangular shapes with surface areas as
. high-as 100 cm?and channel length to
CENTROID 9% o Vil diameter ratios in the range from 40 to 150
FINDING POSITION ' . Channels
DETECTORS

CROSS DELAY
ANODES
DETECTOR

T
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layear

Metallic

[x ary 855
B contact ¢ adiation : oha



http://agenda.infn.it/conferenceDisplay.py?confId=2592�

18-22 October 2010 INFN - Sezione di Trieste

CHANNEL

EALUEETTESERS Typical gain of a single MCP disk: 103~ 104

Still not enough!
MULTIANODES
DETECTORS

We require more amplification stages

BI-DIMENSIONAL

DETECTORS 2 MCP: Chevron assembly

CENTROID
FINDING POSITION
DETECTORS

CROSS DELAY
ANODES
DETECTOR ,

ARG '-—'—'——'—'——'—'——'-'— """" The “zig-zag” of tilted channels
......... I i reminds the curves of CEM
/ / / and the goal is the same: to

3 MCP: Z-Stack assembly reduce ion feedback

{SIDE VIEW)



http://agenda.infn.it/conferenceDisplay.py?confId=2592�

18-22 October 2010 INFN - Sezione di Trieste ]

CHANNEL
ELECTRON

"y, Grid (in order.to.screen
MULTIANODES = *w, the MCP potentials)
DETECTORS # - . y,

BI-DIMENSIONAL
DETECTORS

96 channels
detector

1

b

CENTROID
FINDING POSITION
DETECTORS

_ 5 T
| - . / :i :
Multianode ceramic

|
CROSS DELAY BE High Veltage
|

ANODES
DETECTOR

-l * Now multichannel acquisitions are possible Alr

,? » Spatial resolution is limited by the size of anodes (~ 100 micron)
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CHANNEL
ELECTRON
MULTIPLIERS

MULTIANODES
DETECTORS

BI-DIMENSIONAL
DETECTORS

CENTROID
FINDING POSITION
DETECTORS

CROSS DELAY
ANODES
DETECTOR

Many preamplifiers,
discriminators etc.
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CHANNEL
ELECTRON
MULTIPLIERS
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Microchannel Plates and
multianode detectors: the VLSI

Very Large Scale of

CHANNEL

ELECTRON solution Integration circuit
MULTIPLIERS
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CHANNEL

ELECTRON JItITU S Dramatically fragile

MULTIPLIERS

""" Very expensive

MULTIANODES . -

DETECTORS . Requires « digital . and
% analogue VLSI developing
Eskill

BI-DIMENSIONAL

DETECTORS -

CENTROID

FINDING POSITION

DETECTORS

CROSS DELAY ,

ANODES Fast serial output

DETECTOR
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Bi dimensional detectors - first

simple solution:
CHANNEL
ELECTRON
MULTIPLIERS MCP + phosphor + CCDh
UHV | air
I -
Mesh MCP Phosphor 1 CCD camera %
| ! I I
Charged ! R =
parucics :
i
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Bi dimensional detectors — other

CHANNEL possible solutions:
ELECTRON

MULTIPLIERS Brute force: Cunning trick:
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Bi dimensional detectors -

CHANNEL centroid finding detectors
ELECTRON

MULTIPLIERS Electrons clouds from MCP present a symmetrical
aussian charge distributio
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The most popular charge division centroid finding detector:
the resistive anode detector

o (9,4Q)~(Qc +Qp)

y

Q,+Qp+Qc +Qp

A (QA+QD)_(QB +QC)
Qa +Qg +Qc +Qp

Just one single anode and 4 contacts!

Propagation of charge to the

contacts from the event
location gives pulse
amplitudes that are

proportional to the distance
from the contact.

Low resistance
0 border 1

High resistance
anode
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k.

CHANNEL o o

ELECTRON The most popular charge division centroid finding detector:

MULTIPLIERS the resistive anode detector — acquisition chain
preamplifiers

MULTIANODES AR

DETECTORS - or Peak

- detectors
= Q4 Q5s,Qc, Qp

BI-DIMENSIONAL
DETECTORS

CENTRQID
EINDING
POSITION
DETECTORS

y (Q+Q5)—(Qc +Qp)
CROSS DELAY Q,+Qs+Qc +Qp
DETECTOR o (Q,+Qc)—(Qp +Qp)

Qut Qe+ +Qp
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Bi dimensional detectors -

CHANNEL centroid finding detectors
ELECTRON The most popular charge division centroid finding detector:
MULE RIS the resistive anode detector — weak points

Particular shapes and specific ratio between anode
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A second charge division centroid finding detector: the
cross anodes detector

Several crossed anodes are the detector

each anode is connected to a
“preamplifier + ADC” block
that acquires the pulses

MCP
Stack

>

7>
'"'77 measuring the charge
£harga cliribution Epe E repartition among the anodes it
Is possible to know the
centroid with  very high

resolution (~ micron).
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CHANNEL
ELECTRON

MULTIPLIERS A second charge division centroid finding detector: the
cross anodes detector

MULTIANODES
DETECTORS

» Many preamplifiers ADC etc.

BI-DIMENSIONAL

DETECTORS H

MCP .
CENTROID Stack ; _ :
EINDING ASIC is required
POSITION |
DETECTORS

e Count rate limited by the
system complexity

CROSS DELAY "
ANODES LI
DETECTOR Charge distribution on strips  °1arge cloud
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DETECTOR

Charge division centroid finding detector many other
different shapes (Wedge & strip, Backgammon, Spiral
anode...) but the principle is always the same: the
position is extrapolated from the pulse electron charge
distribution

The “MCP- +.centroid finding detector” assembly is
different. from-the “MCP + multianode detector”:"now we
want that the electron cloud spread over.more anodes in
order to calculate the centroid

Bias Grid
Microchannel plate(s) /
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CHANNEL
ELECTRON
MULTIPLIERS

MULTIANODES
DETECTORS

BI-DIMENSIONAL

DETECTORS
ATTENTION !

CENTROID N _ _
EINDING We pay the extreme simplification of the architecture imterms
%Rs of count rate!

1 MCounts/s (for example) is the GLOBAL count rate;
CROSS DELAY This is an other way to say that the dead time of the
ANODES detector is 1 microsecond.
DETECTOR

But REAL counts are NOT uniformly distributed in time: a
“MCount/s” detector starts to show non linearity already
at 200 KCounts/s
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CHANNEL
ELECTRON
MULTIPLIERS

Delay Line Approach

e

MULTIANODES = p s it s wic i wic et i i it wir e st S S Sy
DETECTORS

BI-DIMENSIONAL
DETECTORS

CENTROID
FINDING POSITION
DETECTORS

@

T DR 0 TDC start . "

ANODES Event position centroids -are found by

DETECTOR determination of the difference in arrival times
of the event signal at the two (or four) ends of
one (or two) high speed transmission line(s)
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Bi dimensional detectors -
centroid finding detectors

CHANNEL

ELECTRON Delay Line Approach: the detector and the
MULTIPLIERS

acquisition chain (now it is a bit more complicate...)

Anodes impedance matching is fundamental

-0

required

:Il — Mle

1 nductor 1,

3
B
b

pre-amphificators \ ’

_\Pm-amplin\mt‘nre_v_
L~

n
Dielectric material :
A A e o, x

Conductor 2

CavD COASSIAlS

pra-amplificatore CFD Stop ¥ \_’ .} }
_H_ ) 1
Lo -
¥ -. /J

T: EE K

2 s


http://agenda.infn.it/conferenceDisplay.py?confId=2592�

Il Seminario Nazionale Rivelatori Innovativi

18-22 October 2010 INFN - Sezione di Trieste

Bi dimensional detectors -
centroid finding detectors

CHANNEL

EALLJELCTT,ESERS Delay Line Approach: the acquisition chain

(now itis a

Bl

bit more complicate...)
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Bi dimensional detectors -
centroid finding detectors

Delay Line Approach: The Time to Digit
Converter (TDC)

e dm ==

"l: rb|-‘ " -"'J mr '-1-' i -

«— A/D Conversion Time

<«—Reset
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A/D Digital
Converter Output
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Delay Line Approach: Strength and weakness

« The “time resolution” is immediate: the time
information is intrinsically present, because it is
required for the spatial encoding

e Counting timex is limited .only by#fthe delay line
propagation time

* No image distortions

e Difficult , "tos develop the
anode (impedanee amnatehing
etc.)

eAcquisition  electronic IS
complicate
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Time resolved acquisition - first
CHANNEL example: TOF (Time Of Flight)

ELECTRON

MULTIPLIERS Sample
oy ol ol
:E‘ E’r-l' #‘- ,4.-1
i ._l i e, )
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Time resolved acq

CHANNEL second example

ELECTRON
MULTIPLIERS

er-la_sef_.
cm]es IS
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CHANNEL
ELECTRON
MULTIPLIERS

MULTIANODES
DERSEEMORS

BI-DIMENSIONAL
DETECTORS

CENTROQOID
FINDING POSITIO

DETECTORS

CROSS DELAY
ANODES
DETECTOR

A

The described detectors are employed not only with electron
analyzers, but also in many other dlfferent Instruments and they
can be used to detect also photo

The centroid finding technique i
Beam Position Monitors (BPM))

New electronic components can
approaches

QT B from receivififj them grouped all
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MULTIANODES
DETECTORS
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INTRODUZIONE

MISURE RISOLTE
IN TEMPO

SCHEMA DI
MISURA

(CROSS) DELAY
LINES ANODE

CONSTANT
FRACTION
DISCRIMINATOR

TEST SISTEMA
COMPLETO

CONCLUSIONI &
SVILUPPI FUTURI

Ricerca della struttura migliore:
i

Interasse: 2.3 mm
Lunghezza meandro: 87 cm
Ritardo teorico: 5.1 ns

Ritardo misurato: 3.97 ns

Interasse: 1.15 mm
Lunghezza meandro: 169 cm
Ritardo teorico: 9.8 ns

Ritardo misurato: 6.05 ns

Interasse: 0.575 mm
Lunghezza meandro: 334 cm
Ritardo teorico: 19.4 ns

Ritardo misurato: 7.21 ns




INTRODUZIONE

MISURE RISOLTE
IN TEMPO

SCHEMA DI
MISURA

(CROSS) DELAY
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CONSTANT
FRACTION
DISCRIMINATOR

TEST SISTEMA
COMPLETO

CONCLUSIONI &
SVILUPPI FUTURI

Ricerca materiali:

Substrato in titanato di bario (g, = 80)

Impedenza caratteristica della serpentina 25 Q

Adattata I'impedenza con trasformatori a larga banda



TIPI DI FUNZIONAMENTO DEL CFD

INTRODUZIONE \ ‘
MISURERISOLTE  ARC (Amplitude Rise-time Compensated)) =) |
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INTRODUZIONE

MISURE RISOLTE
IN TEMPO

SCHEMA DI
MISURA

(CROSS) DELAY
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DISCRIMINATOR
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COMPLETO

CONCLUSIONI &
SVILUPPI FUTURI

Comparatore introduce componente variabile di ritardo

Ny
|2V,
delay | 5
-1 SR

T +TD

Per minimizzare la componente variabile del ritardo introdotto
dal comparatore € conveniente massimizzare SR facendo
lavorare il CED in configurazione fast crossover ed utilizzare
un cirucito di compensazione del walk

I /f/’*
7




INTRODUZIONE

MISURE RISOLTE
IN TEMPO

SCHEMA DI
MISURA
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CONSTANT
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TEST SISTEMA
COMPLETO

CONCLUSIONI &
SVILUPPI FUTURI

SPECIFICHE:

o Jitter inferiore ai 20 ps;

» Walk error inferiore ai 40 ps;

* Ingresso in grado di gestire impulsi positivi e negativi;
» Uscite LVTTL o LVPECL;

* Ingresso e uscita adattati 50 Q;

di soglia

e —'\."EEO—\,-’\:#:.,.ﬁ—_l__ Comparatore
INPUT 25
__ ADCMPSET

——=CFD Active
Circuito Logico|
< ' < Latch/Comparatore

— e
50
- :: = Output CFD
— Comparatore
s o d'incrocio
ADCMPSET

Aggiustamento
del walk




|NTRODUZ|ONE Oscilloscopio

MISURE RISOLTE Pulse  &° - N
IN TEMPO Schema utlllzzato Generato B ) Q‘ST?E';H_
per il test del CFD
OB
SCHEMA DI ® crp
MISURA
(CROSS) DELAY File Vertical Timebase Trigger Displyy (ureai=  [desuiia  datt. Avawsie
LINES ANODE
12.880
12.870 R —~—_
CONSTANT 7 12.860 | Y T
FRACTION s 12.850 s e e
DISCRIMINATOR §12.840 f/
2 12,830 + — Wak-2mV -
2 12.820 | —Walk0omV |
(T:gsl’\zpsl_'ggMA £ 12.810 + — Walk +2 mV -
T 12800 + Walk +4 mV |-
12790 s I | I I I I T I I I | I I I | I I
CONCLUSIONI & 0203040506070809101.11213141516 1718 1.92.0
V_in (V)
SVILUPPI FUTURI




TEST DEL SISTEMA COMPLETO

INTRODUZIONE

MISURE RISOLTE
IN TEMPO

Montaggio della
parte in vuoto

GMND

+2100Y | T MCPs

— PEEK

Anodo Resistivo

Cross Delay Line Anode
Aluminio

Rame

*2500 W

FLANGIA PER IL VUOTO

w +2100 V+2500V  gTART X STOP X STARTY  STOPY
N B

f AT

o



TEST DEL SISTEMA COMPLETO

INTRODUZIONE

MISURE RISOLTE
IN TEMPO

Misura risoluzione spaziale
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