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INTRODUCTION

General readout architecture

i

Detector Preamplifier

Digitizer

00101 DSP

Q ADC RAERGIE YT

Gas
* The particle deposits energy in a detecting medium { Solid
Liquid
* Energy is converted into an electrical signal: Q = KE
* The charge Q is typically small and must be amplified, in order to be measured and processed
* The preamplifier converts Q into a voltage

« The shaper provides gain and shape, according to the application and trying to optimize S/N

« The Digitizer converts the “analog” information into sequence of bits, for storage and processing

()
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FRONT-END ELECTRONICS

1. Acquire an electrical signal from the detector

2. Choose the gain and shaping time in order to optimize:

« minimum detectable signal over the noise (maximize S/N)
 energy measurements (linearity ..);

+ event rate (pile-up, ballistic deficit, .);__
 time of arrival (time-walk, jitter ..): { ]

« pradiation hardness/tolerance;
* power consumption;

e cost l

Often the requirements are in conflict each other - the final design
comes out as a compromise, according to the specific application:

* Triggering (focus on timing)

 Tracking (focus on minimum detectable signal)

« Energy measurement (focus on linearity, dynamic range ...)

Example of pile-up

@
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NOISE BASIC PRINCIPLES




NOISE

The precision of amplitude and timing measurements is limited by the NOISE

Definition
Noise is every undesirable signal superimposed to our signal of interest - fluctuations on
amplitude and time measurement

TIME _ﬁ_ﬂnmﬂln. TE
A

Signal of ideal system Signal + Noise

1. External noise (interference)

It is generated by external sources (RF, ripple of power lines, ground loops ...)
Can be minimized by proper shielding, cabling ...

2. Intrinsic noise

It is a property of detector and/or electronics
Can be reduced by proper design of front-end electronics
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INTRINSIC NOISE

The output voltage of a real amplifier is never constant, even if V,, =0

The fluctuations of V() when V,, = 0 correspond to the noise of amplifier

‘ vui (1) f
: A Vun(T) » E

The noise of a real amplifier can be attributed to a noise voltage source in input to an
ideal amplifier (noiseless)

v,=v,(1)/A
— Vun
A Vun » _O A

real ideal
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INTRINSIC NOISE
L\u ’/\/\’\L,J/\/\,\/\\\-\.\A/\ - V., has mean value = 0, but power # 0

2 — l
Uy 2
'n

'V'Z

n

We can define:

2
* Source of voltage noise: Vo =V ( f )
: [:2
* Source of current noise: In = In ( f )

A noise source is usually defined by its POWER SPECTRAL DENSITY : noise power per unit of
bandwidth
dv’ di’

n

df df

If Power Spectral Density is constant - White Noise
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BASIC NOISE MECHANISMS

i = current at the end of sample

e . : . hev
—— | Material (Conductor, Semicond. ... |—— 1=——n = number of carriers
< R I o= unitary charge
length =1 v = velocity

ne ev
- 2 2 2
The fluctuation of the current is given by: < di >"= (|_ < dv >) + (l_ <dn >)

There are two basic mechanism contributing to noise:

Velocity fluctuations > Thermal noise

Shot noise
Number fluctuations { Excess (or flicker, or "1/f") noise
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1. THERMAL NOISE (JOHNSON NOISE)

It is typical of resistors

* Caused by the random thermal motion of charge carriers (electrons)

 Does not depends on a DC current

;4-' C

n

n

- .0 %
|

A real (noisy) resistor is equivalent to an ideal (noiseless) resistor + noise source (voltage or current)

k = Boltzmann constant = 1.3806503 x 10-23 J/K

dVﬁ T = absolute temperature

Sv( f)= df = 4KTR R = resistance

Power spectral density: S (f)/\

di  4KkT

S(f)=—F=
df R

Log(f)
Does not depend on f > Thermal noise is a white noise {@}
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2. SHOT NOISE

It is caused by fluctuations in the number of charge carriers, for example in the current
flowing in a semiconductor diode of transistor, where e/h cross a potential barrier

~ lx @) 87 =2q/

-2
Power spectral density g (fy din 24l does not depend on f - also shot noise is white
(1) = = <01 (but a current I must be present)

N
S;(D)
Example: consider a reversed-biased diode, with leakage I = 1 nA
diy
S(f)=—=2*1.6*10"°*10"° =3.2*10 ® A’/ Hz >
df Log()
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3. Flicker noise (1/f noise)

It is associated to random trapping and recombination of charge carriers in the
semiconductors, typically caused by imperfections in the interface regions . It is also present

in carbon resistors

—

sity:

Power spectral den
—2
dvn
S, (f)= =K
v( ) df f

Ia

It depends on f and clearly it is important at low frequencies

I is dc current
K is a constant (vary from device to device)
a~05-+2
fP b~1

4. Burst noise (POPCORN noise)

Another low-frequency noise. It can be found in some integrated circuits and discrete
transistor and is associated to contamination by ions of heavy metals (i.e. Au).

df

©
Ib

"1+ (f/f)°
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INTRINSIC NOISE: IMPORTANCE OF FIRST STAGE

1n V
) — A, — ] R o

—

Vor = A AL TAL™V,,
2 2 2 ) D 2 ) 9 5 D
Cout = A\/l*A\/Z*Av3*el +'A\/2*Av3*ez +A,3*63

—

- e22 e2

I (Noiserz(efm\:ef+Ajl+AjlfA52 —
Signal LVZJ V.2

out

in

1. Decrease as much as possible the noise contribution e;2 of the first stage
2. Increase the gain A, of the first stage because the noise contribution of next
stages are divided by the gain of previous stages
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INTRINSIC NOISE: SOME PRACTICAL RULES

1. Uncorrelated noise sources must be added in quadrature

2
tot

el =€ +e, +e;+..
2. Inan amplifying chain, the noise generated in the first stage dominates

In first approximation, it is enough to evaluate (and decrease) the noise of the first
stage

3. It is useful fo represent a real (noisy) amplifier as an ideal (noiseless) amplifier
with an equivalent noise source at its input: in this way the noise can be directly
compared with input signal

4. In the case of particle detection systems, where the input is a charge Q, we use
ENC: Equivalent Noise Charge : it is the signal magnitude which produces an
output amplitude equal to rms noise

Representing the noise with ENC, we can directly compare the
input charge with the noise introduced by our amplifier

(o)
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THE PROBLEM OF RADIATION DAMAGE




THE PROBLEM OF RADIATION DAMAGE

When an electronic device is exposed to radiation, like in HEP experiments, there is a
permanent or fransient modification of the electrical properties of the active devices

X

 Fake signal

* Modification of memory content
* Degradation of performance

* Catastrophic failure (latch-up)

* Displacement damage:  radiation (neutrons, protons, heavy ions..) change the
arrangement of Si atoms in the crystal lattice - the electronic characteristic are
altered

* Tonization damage: charged particles produces fransient currents and entrapment of
charge in SiO,

v Total dose (TID) > Threshold shift, parasitic leakage currents, mobility degradation

v' Single Event Effects (SEE) > temporary or permanent errors

Co)
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CMOS TECHNOLOGIES FOR FRONT-END ELECTRONICS

* Most used technology for FEE is CMOS
* Relatively “cheap” if recent/"old" technologies (nodes) are used

* Using the "multiproject foundry runs”, prototyping and small productions
are very affordable

« Suitable to combine on the same chip analog section, digital part and
uprocessors

 Very low power consumption

 The deep submicron CMOS tech. (< 130 nm) are rad-tolerant and suitable
for HL-LHC, ILC, space applications

Frascati Detector School 2018 F. Loddo INFN-BARI




INDUSTRY SCALING ROADMAP FOR CMOS

« Industrial CMOS scaling is entirely driven by commercial digital electronics.

* Front-end electronics may benefit from scaling in terms of functional

density (small pitch pixels) and digital performance and density

* Analog design is a challenge (reduced supply voltage and dynamic range ..
without density improvement

Feature Size
[nm]

2000 1200

800

500

350

250

130

65

35

20

Minimum
NMOS

TT

]

New generation every ~2 years

L, (1970) 8 um > L, (2007) 18 nm
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BASIC ELEMENT: THE MOSFET

. Lateral
Drain isolation S

oxide
Gate *—T l i _—
N+ N+
.—{ _,l STI T STI

N channel
Source P-well

P-substrate

Three-terminal device: an electrode controls the current flow between
two electrodes at the end of a conductive channel

The transconductance g,, = dIy/dV s is the ratio of change in the output
(drain) current and of the change in the potential of the control (gate)

electrode
(o)
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FRONT-END SCHEMES
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SIGNAL INTEGRATION

A R,, = amplifier input resistance
% Rin = C,, = amplifier input capacitance

I, (1)=045(t) <> ::Cdet VmJ_r C%:

* The sensor signal is usually a short current pulse I(t) = Q-8(+) with duration ranging from
few hundreds of ps, as in Si sensors, SiPM and Resistive Plate Chambers to ftens of ps, as in
inorganic scintillators

 The physic quantity of interest is the deposited energy E, that is proportional to Q

« We must integrate I to have a measurement of E: E oc QS — j IS (f)df

WHERE to integrate?

OPTIONS (depending on charge collection time t_ and input time constant RC:

1. Detector capacitance -2 V,, « Q. = followed by voltage amplifier
2. Current sensitive amplifier > V_, oc I, & followed by integration stage

3. Charge sensitive amplifier 2> V_, «c Q,

Frascati Detector School 2018 F. Loddo INFN-BARI



1. INTEGRATION ON C, (+ VOLTAGE AMPLIFIER)

-1 +Ci V-ou
Lo=osw (1) T Vi[5 SR>
det

: Vv
GalnzszvL“t

n

If R, is very big> T;, = R, (C4.++Ci,) for discharging the sensor >> pulse duration (collection time)

l

the detector capacitance discharge slowly

l vV, :ijlsdt——Qs

I.(t) is integrated on the total capacitance C; = Cgy,+ G, <

In this method, V,  is proportional to Qq, but it also depends on C.,

different strip length/width
This is not desirable in the systems where C,,, can vary: «[ bias voltage Pend
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2. CURRENT-SENSITIVE AMPLIFIER

R
— ANV
- A
I(t)=Q5(t)<¢ — C \ D_T
T det Vout
s
I

If R, is small> T;, = Ri(C4et*Ci) << pulse duration (collection time)

The detector capacitance discharges rapidly > the amplifier senses the current

!

Using a transresistance amplifier (high gain operational amplifier with resistive feedback):
V
In this method, V., is proportional to I and does not depend on Cg,,

oc |

out

An integrating stage can follow the amplifier to provide a signal proportional to Q

(=)
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3. CHRRGE-SENSITIVE AMPLIFIER (CSA)

| |
| ||
Qin Cs Hypothesis:

- 1. input impedance of op-amp is « (i.e. MOS gate)
~ 1e T n Ay ——7 >  all current flows in the feedback network
I()=0Q.6(t) ——“det \E’in |/ Vo 2. A, is very high
T
Voltage output: Vo = -A, Vi,
Voltage difference across C;: V=V, -V~ AF+DV,,
Charge deposited on C;: Q;=CV;=C;(A,+1)V,,=Q,, (for Hypothesis 1)
Effective input capacitance (seen by the sensor): C;, = Q,,/V;, = C; (A, *+1)
Vv V. 1
CS — _out _ A\/ in A\/ T

GAIN (Charge Sensitivity):

Qin __Cf(A\/+1)Vin :_Cf('A\/+1) z_Cf & >>1)

BUT ... not all the charge goes in the amplifier and is measured: a small fraction Q. remains on C,, !!!

Q. Q. 1 1
: o === — = = =1 .
Charge transfer efficiency: Q. Q, +Q. - Q.. - (c;:det G C, =C;A,+1) >>C,.)
Example: C = 10pF A,=103 C=lpF>C, =1nF =) Q,/Q =0.99 (@)
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CHARGE-SENSITIVE AMPLIFIER: THE TIME RESPONSE

Lol

] 9#
1(H)=0.5(t) ~Cae v, [F v
v

out

y

In the frequency domain:

Vout (a)) _Vin (a)) = _Zf (a)) )

Iin(t): Q1n6(t) 2 Iin((D) = Qin >

T

Vi (@) = =AV, (®) (assuming Av constant and = «) ()| 1| ()
(infinite bandwidth) N Vout (a)) - . ~ .
JoC i JoC
| " (a)) 1+
I in (C()) == Av
JoC
I in time domain 1 Q.
V (0)~-——"— SV, )=——| 1. o)dt =——u(t
o (@) = = (1) ij == (\)
1 \'4 l
()= Qu5() T y Step function
t
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CHARGE-SENSITIVE AMPLIFIER: THE RESET

Pulsed RESET

q) 1 @}ﬁl‘
::Cdet Vin * V

* The reset switch allows the removal of
charge stored in C;

 The switch can be closed periodically or
driven by some control signal

Drawbacks:

* Dead time

« Switch noise

* Leakage current

Frascati Detector School 2018 F. Loddo

Continuous RESET

o0
fenr

out

T

* The resistor R; continuously discharges
C; after the pulse
* Discharge time constant R;C;

Drawbacks:
* Additional parallel noise
* Long tail > Risk of pile-up
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CHHRGE-SENSITIVE HMPLIFIER: THE REALISTIC CASE

Two elements to be considered:

‘ l_‘ 1. Resistor R;used to discharge C; Since it is a
Rf source of parallel noise (inject noise current
H(s)>——7 into input noise), it must made very large to
1(t)=Q.5(t) ~——Cg., Vm V. decrease its contribution to noise. Typical
J e values are several tens or hundreds of MS2
T 2. Real amplifier (finite bandwidth and gain)
—n ; L (Low freq) [ R.C Fall ti tant
= T, = all lime consian
Vou (8) _ C.C, 2 poles ' R(C, E ! P
1(s) - 1 - 1 B 1 0,C. __. B ;- —RC. = C; Rise time constant
R,C, RC, I02=RicT = c (High freq) i 2 i~T ,C.
1 v
Ln(1)= Qin6(1) ,I Q/C; /\
t t

* The fall time depends on the feedback: can be very large, since R; must be very high for low noise (>> 1 MQ)
» The rise time depends on the input time constant, thus

* R, must be small to have short rise time

* 0, : the amplifier GBW must be very large

* C; 2 C, :the rise time increase with detector capacitance
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INPUT IMPEDANCE VS CROSSTALK

<« | Strip or pad

In strip or pixel detectors, where there are many adjacent
channels, we must consider the following capacitive
coupling:

« Strip or pad vs ground Cg;

« Inter-strip capacitance Csq

the charge induced on one strip is coupled

I£Z,,~ 2, = oC into the adjacent channels through Cqg
The number of affected strips depends on Css
Csc
L 7 <<z =L most part of the charge flows into the

©oCgss  amplifier and only small part is coupled
into the adjacent channels through Css

Summary:

: ) * Short rise time
low input impedance > et

e Small cross-talk

(=)
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NOISE FILTERING: SHAPERS




PULSE SHAPING

_ S Cin % V-out
Lo=050 (1) = L 2g

Preamplifier Shaper
v T
t t Tp t

Preamplifier = input amplifier It is usually located close to detector and must have enough gain
to make negligible the effects of induced noise. Typical example: Charge Sensitive Amplifier

Shaper = a filter with two main purposes:
1. Improve the signal-to-noise ratio S/N, restricting the bandwidth (defining the
peaking time Tp)
2. Tail the shape to improve the double-pulse resolution and avoid pile-up effect

Slower pulse:
* Less noise Faster pulse:
* Pile-up (distortion of¢ | * More noise
amplitude measurement) ] * Double-pulse resolution

TIME TIME

The choice of the shaper (Tp, shape) derives from a compromise between the two targets {@}

MPLITUDE
AMPLITUDE
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NOISE THROUGH FILTERS

: - 3 ] 2 Noise power spectrum at output of a filter with
Vi — Hjw) |— V, =V, *‘H (Ja))| transfer function H(jw) is equal to input power
\ spectrum multiplied by squared transfer function

w = 2nf

The total noise depends on the bandwidth of the system. Since spectral noise components are
non-correlated, we must integrate the noise power over the frequency range of the system

, * — * — ) * The total noise increases with bandwidth
Voo = jVund a = IVn * ‘ H (a))| d@w —— -Small bandwidth > large rise-times - less noise
0 0 * High bandwidth - fast pulse - more noise

Example: white noise source connected to high-pass filter

1—,} A
white noise _ : 2 _ o
— V” — V” =
f v
(ja)):LRC Slope = l/fz
1+ jowRC -
2 :ﬂ.rﬂ - . i
| H(jo)f = (@RC) 5 “ 1+(wrRC) T / GINREEED
‘ 1+ (wRCY / %ERC 7
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OPTIMUM FILTER

In order to study the ENC and find the optimum filter (transfer function) of our amplifying
system, it is convenient to represent our chain with a noiseless amplifier, with transfer function
h(t) and all noise sources at its input, represented by R, and R, (we are considering only white
hoise source, not 1/f for the moment)

R _
VR A 6’ = 4KTR,
=050 (1) = 5 @,; Vot S 4KT
Ct R.P lnp \l/out( ) |r? _
T Re
Ci=Chet ¥ Cin =

_E_m _ & an={o.5 in BT

_ingeneral, Rg =
1/(2g.,) 2/(39,,) J, 0.7 in Mosfet
RP 2hee/g, 2KT/(qlg) ~ 0

ol
g, = conductance = —
It is possible to demonstrate that: oV

ENC? = 2KTRC/ | L—h(t)} dt + ZF:(T [lhfdt == ENC ~ENC, + KeC__,

\ ) |\ J
| |

series noise parallel noise
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CAPACITIVE MATCHING

* Parallel noise depends mainly by "external” factors (Feedback resistor, detector bias and leakage)
« Series noise depends on amplifier characteristics (Rs 2 g,,, Ci,)

with proper design and dimensioning of preamp we can optimize ENCq

/ C, Tz
— 4KTa Cdet z-A | det C in_
det

ENC_.° = 4KTR (32

det in
The minimum value is when C,_, = C,_ a, = 0.7 in MOS
\ Cin
Ty =
Input transistor capacitance must be matched to detector capacitance U

ENC % o =16KTa C

det ,

t

m
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OPTIMUM FILTER

What is the best h(t) that minimizes ENC?

. . t C’ R,
It is possible to demonstrate that hy, (t) = exp(— Uj% ENC, = 2KTR; —* = ZKTCH/R—
p

TC z-c

This function is known as cusp or matched filter (curve a in the figure)

1
09

0.8
The cusp filter is not practically feasible, but can be

approximated by triangular shapers (curve b) or
Pseudo-Gaussian shaper
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PSEUDO-GAUSSIAN (OR SEMI-GAUSSIAN) SHAPER

n integrators

differentiation { \

U, j j Ut

1. A high-pass filter, that makes the derivative of the input pulse and introduces the decay time T4
2. nlow-pass filters, that limits the bandwidth (and the noise) making the integral of the signal and

limiting the rise time T, (nis the order of the filter)

|H(Go)|

\ 20-n dB/dec
20 dB/dec A4

Uy, (S) Sty 1
u (s) (1+sz,)(L+sz)"

H(s) =

Log(f)
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SIMPLE SHAPER: CR-RC

The simplest Pseudo-Gaussian filter is the CR-RC shaper because :
1. The high-pass filter is made with CR network

2. The low-pass filter is made with RC network

Preamplifier Differentiator Integrator

T, = peaking time

1_ e_t/fi

* This shaper is called CR-RC because the high-pass filter is made with CR network, while the low-
pass filter with a RC network

* The noise is 36% worse than "optimum filter” with the same time constants

()
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SHAPER: CR-RCN

The shapers are often more complicated, with multiple (n) integrators > CR-RC"

Y 70\
- Same peaking time if T, = T(,.1)/N N /A \\N
. . . k= 7] [ | “V‘\ \‘\
«  With same peaking time 2 oo [/l W\ N\
1. More symmetrical 3
2. Faster return to baseline i VY Nones
3. Improved rate capabilit e DAy VWX N\
: P P Y - A1 LY \\
[ /] “x ‘\.n= \\.\.\ 1\\
02 —/[ /| e
] =8\ \_ O\ S,
- % \\\ \\\
0.0 —{<— | T | = \l — |-le>-w ]

2"d order shapers are commonly used
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BALLISTIC DEFICIT

Ballistic Deficit is a Loss in Pulse Height if the peaking time T, of the shaper is shorter than
the detector collection time or, more in general, shorter than the rise time of its input pulse

SHAPER PEAKING TIME =30 ns

0.5 4

AMPLITUDE

SHAPER PEAKING TIME =5 ns

DETECTOR SIGNAL CURRENT

0.0 T T T T I \

0 50 100
TIME [ns]

In fact, not all the charge is collected by the amplifier because it starts to discharge before
the detector signal reaches its peak

Consequences: The shaping time must be carefully chosen, as a

* Loss of useful signal compromise among different factors:
* Increase of ENC (or decrease of S/N) 1

* Short T higher ENC, ballistic deficit but high sustainable event rate
» Long T,: lower ENC but risk of pile-up @
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HIT DISCRIMINATION AND
TIME MEASUREMENT




HIT DISCRIMINATION

o | I vl
> o +
Vi [

Detector Preamplifier+Shaper Threshold discriminator

* Binary readout: hit/no-hit information from a discriminator

 In a multichannel readout chip, channel-to-channel threshold
variations due to device mismatch may degrade detection
efficiency and spurious hit rate
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TIME MEASUREMENT

« The hit discrimination technique contributes to the timing resolution and timing
accuracy

« Sometimes the purpose of the system is precise time measurements (using Time fo
Digital Converters)

The simplest scheme is based on: Leading edge or Threshold discriminator (comparator):

when the signal crosses a threshold, the output goes from “low" to “high" level

vA
(£ A W — Timing measurement is limited by:
t, 1. Jitter - Timing resolution
AZS 2. Time walk - Timing accuracy
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THE JITTER

Noise has an impact in time measurements:
uncertainty in the time of crossing threshold > Jitter

noise

slope

Y - " decreas se > decrease bandwidth
How fo decrease jitter? - Conflicting conditions: eCrease Snoise €crease banawl

increase slope - increase bandwidth

As usual ... find compromise

To minimize jitter, the best threshold level is where the slope is maximum
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THE TIME WALK

In the leading edge discriminators, two pulses with identical shape and time of occurrence, but
different amplitude cross the same threshold in different times (AT = fime walk)

Amplitude
walk
Trigger
r level

Even if the input amplitude is constant, time walk can still occur if the shape (rise time) of the pulse
changes (for example, for changes in the charge collection time)

lee— Rise time walk
Trigger
flevel /

The sensitivity of leading edge discriminator to time walk is minimized by setting the threshold as
low as possible but it must be compatible with noise level

* Software: measure the pulse amplitude and apply correction o timing
* Hardware: instead of leading edge discriminator, use
1. Crossover timing

2. Constant Fraction timing @
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CROSSOVER TIMING

The crossover timing can greatly reduce the magnitude of the amplitude time walk

Hypothesis:

* the output of the shaper is a bipolar pulse and the time of zero-crossing is independent of

the pulse amplitude

Vi)

Zero crossover

/V

If the output of shaper is unipolar, but the peaking time is constant, adding a differentiator (C-R

network) we get a bipolar pulse crossing the zero in correspondence of the signal peak

I E o

This method reduce amplitude time walk, but usually jitter is larger than leading edge Triggering@
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THE CONSTANT FRACTION TIMING

v Zero-crossing discr.
Delay t vV ‘ ‘

Attenuator f (<1
(<1) Vatt ‘\/\
Summing:

* inverted and delayed signal, with t4> 1.,
« attenuated signal

n

It can be demonstrated that the zero-crossing time of resulting bipolar signal is independent of
pulse amplitude for all pulses with constant shape
Resulting jitter for optimal parameters (t4, f) is lower than cross-over discriminator technique

()
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SOME EXAMPLES OF FRONT-END ELECTRONICS
FOR GAS DETECTORS

1. GASTONEG64 : Front-end chip of Cylindrical GEM (CGEM) for the KLOE-2
Experiment, at Frascati INFN LAB

2. VFAT3: Front-end chip of GE1/1 detector for the CMS Experiment, at CERN
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KLOE-2 INNER TRACKER FRONT-END

KLOE-2 is an experiment at DAFNE accelerator, in Frascati INFN National Laboratories

An Inner Tracker GEM-based was inserted around the interaction point to improve the vertex
resolution

Realized with Cylindrical TRIPLE GEM detectors

Cylindrical Triple GEM

\ndUCtlgﬂ"
1ransfe i

/ / Transfer 1~ \ Anode
2m / LT
2 mm\ 4 W, ¢ GEM3

\/ c,c,“\narsloms'.o S eem2

2 mm \ A GEM 1
3mm Cathode
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KLOE-2 IT FRONT-END: GASTONEG64

Developed by:
INFN-BARI
INFN-LNF

Technology CMOS 0.35 pm

Chip dimensions 4.5 X 4.5 mm?

Input impedance 120 Q

Charge sensitivity 16 mV/{C (Cdet = 100 pF)
Peaking time ~90 ns (Cdet=100 pF)
Crosstalk <3%

ENC 800 e- + 40 e-/pF

Power consumption ~6 mW/ch

Readout Serial LVDS (100 MBps)

A. Balla et al., A new cylindrical GEM inner tracker for the upgrade of the KLOE experiment, Nucl. Phys. Proc. Suppl. 215:76-78,2011

A.Balla et al., GASTONE: A new ASIC for the cylindrical GEM inner tracker of KLOE experiment at DAFNE, Nucl. Instr. & Meth. A 604 (2009)

23-25 @
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GASTONEG64: BLOCK DIAGRAM

Levl

In1 Ck (Read Out)

Data (Read Out)

Data out

Data in
In 64 Ck (Slow Control)

Reset
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GASTONEG64: SHAPER OUTPUT

File Vert. BasedeiTempi Trigger Visual. Cursori Misura Matem. Analisi  Utilita®  Aiuto
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ﬁw . T T R N R T L T Ty T L, o fond
P A A ey i Ty i i i T g A AN T
Fy

1.00 Vidiv
1.090 V ofst

LeCroy

250 M5is| Edoge
10M7/2012 12:48:52 PM

rigger

Positivo

Shaper response for 20 fC input pulse
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VFAT3: FE CHIP FOR CMS GE1/1 GEM DETECTOR
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VFAT3: FE CHIP FOR CMS GE1/1 GEM DETECTOR

CMS Triple-GEM f
E0E
» signal length: ~60 ns R i ~-J
. A Anod t prod b
» detector capacitance: 10-30 pF b || A ST POSHESERY
» charge range (MIP): 4-110 fC e . .
wE GARFIELD simulation
i e )] including GEM amplification
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VFAT3: FE CHIP FOR CMS GE1/1 GEM DETECTOR

«—— 6105.190 pm ——>

9159.070 um
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VFAT3
Trig
Unit
Sync
SRAM1 SRAM2
Preamp Shaper CFD
128 channels T I T T
Control Logic + Data Formatter L
CBM Unit — [+ Comm
(Calibration, Bias & — Port
Monitoring) ADC Slow Control (Registers & logic)

[1]

e Tech.: CMOS 130 nm

Developed by:

CERN

INFN-BARI

Lappenranta University of Technology
Universite’ Libre De Bruxelles
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VFAT3: FRONT-END CHANNEL

%c:—>* — > -

L L Preamplifier Shaper Single to Constant
differential Fraction
GEM amplifier Discriminator

Ssensor

Detector capacitance [pF] 10-90

Polarity -/+

Shaping time [ns] 15,25,35,50

ENC [e] < 2000 (@20 pF, 50 ns)
Dynamic range [fC] 10,30,60

Power [mMW] <2.2

Crosstalk [96] <2

Frascati Detector School 2018 F. Loddo INFN-BARI



VFAT3: MEASUREMENTS ON FE
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Measured on the test channel with an oscilloscope
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VFAT3: MEASURED ENC
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T[s]

VFAT3: TIMING RESOLUTION

Arming Timewalk Tp=50 ns - High Gain
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* Arming comparator mode (leading edge)
* Delay shows the time-walk
* Relatively high time-walk, as expected
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CFD Timewalk Tp=50 ns - High Gain
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* CFD comparator mode: time walk drastically reduced
* Timing precision is dominated by jitter
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Summary

* The choice and design of Front-End electronics is crucial to obtain the desired energy and/or
time resolution

* The technology strongly depends on the radiation environment

* The choice of pulse shape (and peaking time) comes out as a compromise between S/N
optimization and double pulse resolution

* The shapers are built commonly with CR-RC" filters

* Depending on the event rate, baseline restoration may be needed

* When the main goal is the time resolution, the Constant Fraction Timing provides the best results
in terms of time walk, but requires higher circuital complexity respect to the simpler Leading Edge

Timing and to the Zero-crossing Timing

*« GASTONE64 and VFAT3: two examples of FEE for GEM detectors
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