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Why understand front-end electronics?
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Energy resolution is also important in
experiments that don’t measure energy.

Energy resolution improves sensitivity
because

sighal-to-background ratio improves with
better resolution.

(signal counts in fewer bins compete with
fewer background counts)

In tracking detectors a minimum signal-to-
background ratio is essential to avoid fake
hits.

Achieving the required signal-to-noise ratio
with minimized power dissipation is critical in
large-scale tracking detectors.
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Recognizing overall contributions to signal sensitivity does not
require detailed knowledge of electronics engineering.

It does require a real understanding of basic classical physics.

l.e. recognize which aspects of physics apply in
practical situations

... hope, real life doesn’t tell you which chapter to follow!

For physicists and electronics engineers to work together
efficiently it is necessary that physicists understand basic
principles so that they don’t request things that cannot work.

A common problem is “wouldn’t it be nice to have this ...",
which often adds substantial effort and costs
— without real benefits.
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What determines Resolution?

1. Signal variance (e.g. statistical fluctuations) >> Baseline Variance

SIGNAL % BASELINE NOISE - SIGNAL + NOISE

|
BASELINE BASELINE BASELINE

—> Electronic (baseline) noise not important
Examples: ¢ High-gain proportional chambers
e Scintillation Counters with High-Gain PMTs
e.g. 1 MeV y-rays absorbed by Nal(TI) crystal
Number of photoelectrons:  N,.~ 810* [MeV"] x E, x QF ~ 2.410*
Variance typically: Gpe = N,o?~ 160 and g,/ N,. = 5 - 8%

Signal at PMT anode (assume Gain= 104): Osie= Gpuyr Nye = 2.410% el and
Gyig= Gpur Gpe = 1.2110" €l
whereas electronic noise easily < 10 el
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2. Signal Variance << Baseline Variance

SIGNAL

* BASELINE NOISE — SIGNAL + NOISE

BASELINE

BASELINE BASELINE

—> Electronic (baseline) noise critical for resolution

Examples: ® (Gaseous ionization chambers (no internal gain)
® Semiconductor detectors
e.g.in Si: Number of electron-hole pairs N, =—%*—
’ 3.6eV
Variance o, =.,/F-N, (where F'=Fano factor ~ 0.1)
For 50 keV photons:  ¢,~40el = o,,/N,,=7.510"
Obtainable noise levels are 10 to 1000 el.
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Baseline fluctuations can have many origins ...
pickup of external interference
artifacts due to imperfect electronics

.. etc.,

but the (practical) fundamental limit is electronic noise.

Depends on noise sources and signal processing.

Sources of electronic noise: e Thermal fluctuations of carrier motion
e Statistical fluctuations of currents

Both types of fluctuations are random in amplitude and time
= Power distributed over wide frequency range

= Contribution to energy fluctuations depends on signal processing
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Many different types of detectors are used for radiation detection.
Nearly all rely on electronics.

Although detectors appear to be very different, basic principles of the readout
apply to all.

e The sensor signal is a current.

e The integrated current @ = _[is(t)dt yields the signal charge.

e The total charge is proportional to the absorbed energy.

Readout systems include the following functions:
e Signal acquisition
e Pulse shaping
e Digitization

e Data Readout
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Example: Scintillation Detector

SCINTILLATOR PHOTOCATHODE ELECTRON

MULTIPLIER
AN | ——

AN AN | — >
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INCIDENT LIGHT  ELECTRONS ELECTRICAL

RADIATION SIGNAL

[~ PHOTOMULTIPLIER —]

number of photons number of photoelectrons charge in pulse
o absorbed energy o absorbed energy oc abs. energy
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Readout

PULSE SHAPING ANALOG TO DIGITAL DIGITAL

CONVERSION DATA BUS

charge in pulse pulse height
o« absorbed energy o« absorbed energy
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1. Basic Functions of Front-End Electronics

INCIDENT SENSOR INTEGRATING PULSE ANALOG TO DIGITAL
RADIATION PREAMPLIFIER SHAPING DIGITAL DATA BUS
CONVERSION

ANNNS> - I /N :>

Pulse shaping can also be performed with digital circuitry:

INCIDENT SENSOR PREAMPLIFIER ANALOG TO PULSE DIGITAL
RADIATION + PRE-FILTER DIGITAL SHAPING DATA BUS
CONVERSION
J— /\ DIGITAL
"AN\N\S\> SIGNAL >
PROCESSOR
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Many Different Implementations

“Traditional” Si detector system Tracking Detector Module (CDF SVX)
for charged particle measurements 512 electronics channels on 50 um pitch
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Spectroscopy systems highly optimized!
By the late 1970s improvements were measured in %.

Separate system components:

1. detector
2. preamplifier
3. amplifier
adjustable gain
adjustable shaping
(unipolar + bipolar)
adjustable pole-zero cancellation
baseline restorer

Beam times typ. few days with changing configurations, so equipment must be
modular and adaptable.

Today, systems with many channels are required in many fields.
In large systems power dissipation and size are critical, so systems are not

necessarily designed for optimum noise, but adequate noise, and circuitry is
tailored to specific detector requirements.
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Large-Scale Readout Systems

Example: Si strip detector

On-chip Circuits l\
l/

PREAMPLIFIER SHAPER ANALOG PIPELINE ADC
v '
TOKEN IN
—— ANALOG SIGNAL PROCESSING «——
SPARSIFICATION
—— ANALOG SIGNAL PROCESSING CONTROL
DIGITAL «—
—— ANALOG SIGNAL PROCESSING CONTROL DATA OUT
—— ANALOG SIGNAL PROCESSING ouTPuT
DRIVERS TOKEN OUT
——1 ANALOG SIGNAL PROCESSING —>

TEST PULSE GENERATOR, DACs, R/ W POINTERS, etc.

Inside a typical readout IC: 128 parallel channels of analog front-end electronics
Logic circuitry to decode control signals, load DACs, etc.
Digital circuitry for zero-suppression, readout
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Readout of Multiple ICs

STRIP DETECTOR

IC3 IC2

IC1

I ==

B

IC1 is designated as master.
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TOKEN
PASSING

CONTROL BUS

" DATA BUS

Readout is initiated by a trigger signal selecting appropriate time stamp to IC1.
When all data from IC1 have been transferred, a token is passed to IC2.
When IC3 has finished, the token is passed back to IC1, which can begin a new cycle.
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ATLAS Silicon Strip system (SCT): ABCD chips mounted on hybrid

i.'n:nnnl.n.u.nnliluuuninnnnnuuun'

\ % N
R T A T AN A R AN IO Y

Ly

Fd

i

]

1]
30

.
1
4

i At
PO L
LETTETITS

T nllﬂlllllllllllllilutlllI iIIiIlII.IIIlivrlll-llt-llthﬂltlHll'llllllllldllilill ] Illl
AT N
il!‘ntIIII‘..'."""'!|'lll|tll|l"

N

4

(AR RN A NN NN ]

I

1BHUIT e |

Electronics and Signal Processing — Introduction
XI ICFA School on Instrumentation in Particle Physics, Bariloche, Aregntina Jan 11-22, 2010

-

‘!llllllllill!l!ltllll

R R TR AT A A R T l“|| ST LT L

St O R R R R D)

[
i

o (TR

bR A e bad e b,
Sl Webbbbbbbbbb
- |

Iul hIhllklulnlnllﬂllululu IIIIIIIIIIIIIIH L mu Iy |

NN noya

l|||llil|llllil!llllilll

sl HatHG

e

Helmuth Spieler
LBNL



18

ATLAS SCT Detector Module

BeO FACINGS

HYBRID ASSEMBLY

SLOTTED WASHER

«

BASEBOARD TPG
DATUM WASHER CONNECTOR
BeO FACINGS

SILICON SENSORS
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Cross Section of Module

READOUT ICs Cu-POLYIMIDE FLEXIBLE CIRCUIT (0.27)
AIR GAP (0.4)
BeO FACING (0.25)
k SO /s NG v S Y S Y S
— 11T TS T 111 1T I
I < N\
/ AN
7 1 1 HEEN T S\
/ Vil [ A ] \ v e A \
COOLING BLOCK SILICON SENSORS (0.285)
CONNECTOR
CARBON-CARBON BRIDGE (0.3) TPG HEAT SPREADER (0.38)
1 mm WITH PARYLENE COATING (0.01) WITH EPOXY COATING (0.02)
10mm
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Design criteria depend on application
1. Energy resolution
2. Rate capability
3. Timing information
4. Position sensing

Large-scale systems impose compromises
1. Power consumption

2. Scalability
3. Straightforward setup + monitoring
4. Cost
Technology choices
1. Discrete components — low design cost
fix “on the fly”
2. Full-custom ICs — high density, low power, but

better get it right!

Successful systems rely on many details that go well beyond “headline specs”!
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