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Timing capabilities of Ultra-Fast Silicon Detector

« A parameterization of time resolution
« A program to calculate Time resolution

« UFSD Timing capabillities
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UFSD: a time-tagging detector

Sensor Pre-Amplifier Time measuring circuit
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Time is set when the signal crosses the comparator threshold

The timing capabilities are determined by the characteristics of the
signal at the output of the pre-Amplifier and by the TDC binning:
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Time walk and Time Jitter

Time walk: the voltage value Vo is
reached aft different time for
signal of different amplitudes

Vd

S T VE e"trise th

discriminator signal for A

discriminator signal for B
4

Time walk effect

Due to the physics of signal formation

(see backup slides for full calculation
and reduction techniques)

Jitter: the noise is summed fo the
signal, causing amplitude
variations

Jitter effect

Mostly due to electronic noise

(see backup slides for capacitance
and noise values used) 3
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What is the best shaping time (1) ¢
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To minimize time resolution:
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Where to set the threshold

Charge Sensitive Amplifier output

Charge [10)

s

A

time (st

How to minimize
Time Walk and Jitter:
Compromise!

Preamp

—p>

Shaper T UTHQ

Shaper Signal
2
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Time Walk:

set the threshold
at the minimum
possible value
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Time Resolution [ps]
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. Following eq. (1)
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. Time walk /3
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@ETime resolution
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Best resolution achievable: ~ 100 ps
(assuming Time Walk reduction of ~ 3)
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UFSD gain: Add an extra deep p+ implant

Vep
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Sensor: Ultra-Fast Silicon Detector

UFSD: pixelated silicon detector with internal gain

Main point: boost the signal
* Minimize jitter and TW

« Allows for very thin detector
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Sensor: Status

The LGAD diodes processed by CNM exhibit
Presented at the 9th good gain.MQ~3-10 and uniform multiplication
over the diode surface.

Trento Workshop, 2014 Genova

Measured Gain: 2-10
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Wafers have different gains:
m  Good uniformity of gain over the wafer
m  Very good stability of some diodes up to >1000 V.

m For W8 samples the gain at >900 V is difficult to measure — amplifier saturates due to too
large signals — note steeper increase of gain for U>500V.
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Sensor: Simulation

We developed a full sensor simulation (WeightField2, F. Cenna, 9™ Trento
workshop) avalilable at hitp://personalpages.to.infn.it/~cartigli/weightfield2

It includes:

« Custom Geometry
« Calculation of drift field and

weighting field —
« Currents signal via Ramo'’s I ccniesman iy

Theorem p—
« Gain
« Diffusion

« Temperature effect
« Non-uniform charge deposition
« Electronics

10
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WeightField2: a program to simulate silicon detectors

% Weightfield 2.0 A

Drift Potential I Weighting Potential | Currents and Oscilloscope | Electronics

Potential Cut: On Stripsl Between Stripsl I 161 é’ Drawl

T 500

2

- F 450
= B —400
= @ —{350

120 % — 300

- @

100 f%] — 250
BOE '?g —|z00
[ : _

- c},ﬂ‘ 150
40 — 100
20 50

% 250 300 0
¥ [urm]

Fied JEyi] (£ fEt]

Drift Potential V [V]

500
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100

0 20 40 60 801001201 401 6018200
¥ [um]

Drift Field E (KVicm)

29
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24

[=3c 1= PRTR TR EYST T PPN SYRRTTE FYRT PP I
0 20 40 60 BO100 201 401 601 80200
¥ [um]

Batch

— File Mame
wi (el

[T Set Batch mode OM

— Control

—Select Paticles
€ MIP: uniform @, Gtot = 75"Height

FIP: non unifarm @, Gtat = 75*Height

I

rIP: non uniform, Gtot = Landau

MIP: unifarm G, Glfmin:rnn:l 75 :I

alpha fram top

e e

alpha fram bottam

Set range {umj: | 10 <

—Plaot Settings
" Draws Electric Field

[T Update Plot while Calculating

—Currents
[T Switch B-Field on and set to (T):

[ o4

[T Diffusian

Temperature (K): I 300 i’

Set | Calculate Potentials |

Calculate Currents |-
Exit |

Humber of events: I 1 :I

—Detector Properties

— Dimensions

Detector width ury: [ 300 2]
Detector Height (um}: Wﬂ
Strip Pitch umy: s
Strip Width {urm): [ 20 4
Gain Scale (1 =no G | 13

— Waltage

Bias Voltage (V): [ 5004
Depletion Yaltage (v | an §|

—Doping
— Strips

& n-type O p-type

— Bulk

C n-type & p-type

— Electranics
v o

Oscilloscope BW (GHz: | 1 5
Shaper Int. Time (ns): IT%I
Shaper Decay Time (ns): I—Sil
Vth in noise unit: | 10 3]
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WeightField2: a program to simulate silicon detectors

% Weightfield 2.0 A

Drift Potential I Weighting Potential | Currents and Oscilloscope | Electronics

Potential Cut: On Stripsl Between Stripsl I 161 é’ Drawl
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— File Mame
wi (el

[T Set Batch mode OM

Humber of events: I 1 :I

— Control

—Select Paticles
€ MIP: uniform @, Gtot = 75"Height

FIP: non unifarm @, Gtat = 75*Height

I

rIP: non uniform, Gtot = Landau

MIP: unifarm G, Glfmin:rnn:l 75 :I

alpha fram top

e e

alpha fram bottam

Set range {umj: | 10 <

—Plaot Settings
" Draws Electric Field

[T Update Plot while Calculating

—Currents
[T Switch B-Field on and set to (T):

[ o4

[T Diffusian

Temperature (K): I 300 i’

-Detector Properties

— Dimensions

Detector width ury: [ 300 2]
Detector Height (um}: Wﬂ
Strip Pitch umy: s
Strip Width {urm): [ 20 4
Gain Scale (1 =no G | 13

— Waltage

Bias Voltage (V): [ 5004
Depletion Yaltage (v | an §|

—Doping
— Strips

& n-type O p-type

— Bulk

C n-type & p-type

Set | Calculate Potentials |

Calculate Currents |-
Exit |

— Electranics
v o

Oscilloscope BW (GHz: | 1 5
Shaper Int. Time (ns): | 5.5 2|
Shaper Decay Time (hg): I 9 i’

Vth in noise unit: | 10 3]
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WeightField2: a program to simulate silicon detectors

% Weightfield 2.0 A

Drift Potential I Weighting Potential | Currents and Oscilloscope | Electronics

Potential Cut: On Stripsl Between Stripsl I 161 é’ Drawl
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[T Set Batch mode OM
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- Contral
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FIP: non unifarm @, Gtat = 75*Height

I
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e e
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Set range {umj: | 10 <

- Detector Properties

— Dimensions

Detector width ury: [ 300 2]
Detector Height (um}: Wﬂ
Strip Pitch umy: s
Strip Width {urm): [ 20 4
Gain Scale (1 =no G | 13

— Waltage

Bias Voltage (V): [ 5004
Depletion Yaltage (v | an §|

— 0T Semng s
" Draws Electric Field

[T Update Plot while Calculating

—Currents
[T Switch B-Field on and set to (T):

[ o4

[T Diffusian

Temperature (K): I 300 i’

Set | Calculate Potentials |

Calculate Currents |-
Exit |

—Doping
— Strips

& n-type O p-type

— Bulk

C n-type & p-type

— Electranics
v o

Oscilloscope BW (GHz: | 1 5
Shaper Int. Time (ns): IT%I
Shaper Decay Time (ns): I—Sil
Vth in noise unit: | 10 3]
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WeightField2: a program to simulate silicon detectors

% Weightfield 2.0 A
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WeightField2: a program to simulate silicon detectors

% Weightfield 2.0 A

Drift Potential I Weighting Potential | Currents and Oscilloscope | Electronics
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— Control
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—Plaot Settings
" Draws Electric Field

[T Update Plot while Calculating

Humber of events: I 1 :I

—Detector Properties

— Dimensions

Detector width ury: [ 300 2]
Detector Height (um}: Wﬂ
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—Currents
[T Switch B-Field on and set to (T):

[ o4

[T Diffusian

Temperature (K): I 300 i’

C n-type & p-type

- Electronics
v o

Oscilloscope BW (GHz: | 1 5

Set | Calculate Potentials |

Calculate Currents |-
Exit |

Shaper Int. Time (ns): | 5.5 2|
Shaper Decay Time (ns): I k| i’
Vth in noise unit: | 10 3]

15




Nicolo Cartiglia, INFN, Torino - UFSD - 9th Trento Workshop

WeightField2: a program to simulate silicon detectors

% Weightfield 2.0

Batch

Drrift Putentiall Weighting Potential Currents and Oscilloscope I Electronics — File Mame
wi (el
x10°
T 2
T8
3 — Control

—Select Paticles
€ MIP: uniform @, Gtot = 75"Height

[T Set Batch mode OM

Humber of events: I 1 :I

—Detector Properties

— Dimensions

Detector width ury: [ 300 2]
Detector Height (um}: Wﬂ
Strip Pitch umy: s
Strip Width {urm): [ 20 4
Gain Scale (1 =no G | 13

— Waltage

Bias Voltage (V): [ 5004
Depletion Yaltage (v | an §|

—Doping

 MIP: non uniform G, Gtot = 75*Height
& MIP: non uniform, Gtot = Landau
= MIP: uniform G, Gfmicrnn:l?:l
" alpha from top
¢ alpha fram bottom
Set range (um): l—m.:
—Plaot Settings
" Draw Electric Field
[T Update Plot while Calculating
—Currents

[T Switch B-Field on and set to (T):

[ o4

[T Diffusian

Temperature (K): I 300 i’

— Strips
& n-type O p-type

— Bulk

C n-type & p-type

— Electranics
v o

Oscilloscope BW (GHz: | 1 5

0 5 6 7
time (s)
| :
TGRS DNGETE G Gain Hoes Total
Particle hits Detector at: I 1E0 i’ angle (deg): I an i’
—Charge Callection
e- charges (e): 6645 h+ charges (&) go6d e- + hi+ charges (e): 14709

Gain e- charges (e): 0
Total e- charges (e): 6645

Gain h+ charges (e):
Total h+ charges (e):

a0 Gain e- + h+ charges (e):

0

o064 Total Charges (e): 14709

Set | Calculate Potentials |

Calculate Currents |-

—Larentz Drift
e- Lorentz Aangle (degree):

h+ Lorentz Angle (degree):

0.0

Shaper Int. Time (ns): | 5.5 2|
Shaper Decay Time (ns): I k| i’
Vth in noise unit: | 10 3]
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5000 f—
$ 4000 f—
S um o
2000 E—
1000 E—
4 EL

We have created, using GEANT4, a li

Aside: Non-Uniform Energy deposition

All

o
3
O
n
Q@
S
=]

5 micron

Probability of

Entries 79956
Mean 0.0114
RMS 0.4177
%2 { ndf

Constant

90.54 /11
5402 £ 31.8
Mean 0.1331 £ 0.0013
Sigma 0.2282 = 0.0016

brary of the

0 2

log10(E) [keV]

energy depositions

of a MIP in silicon, every 5 micron. Using this library, we can predict

the value in any thickness

0.28 -

0.26 -

0.24 -

0.22 -

0.2 A

0.18 A

0.16

Comparison with the measurement presented in 2011 JINST 6 PO46013

0.027In(d)+0.124

0
n BB 08
[

B B @ Parametrization

O GEANT

0 10 20 30 40 50 60

Silicon [um]



Nicolo Cartiglia, INFN, Torino - UFSD - 9th Trento Workshop

Time walk

Signals cross a given threshold with a
delay that depends on their amplitude,
on the rise fime and on the value of the [
threshold: V \

— th
tdelay ~ rise V

Time walk has 2 different source:
1. Amplitude variation (Landau distributed)

2, NOH—UﬂlformITy ChCIrge d@pOSlTlOﬂ Drift Potential | Weighting Potential Currents and Oscillascope |5haper|
. : = : . 0"
Drift Potential I Weighting Pntennall Currents a;d Oscnluscupel Shaperl z 12? Bumps:
one. g E . .
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. 200 .
it W W W W .m 0sf-
= = 1 b=
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0= —len time (s)
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10 20
05 0
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| 797
IEEETEEN DNGETE NEEEE Gain Holes Total
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Comparison Data-Simulation
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Comparison Data Simulation

20
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Simulation prediction

Using Weightfield we are able to simulate many geometries, and
to predict the timing capabilities of UFSD.

NOTE: We simulate the value of TimeWalk without any correction.

Constant Fraction Discriminator and Time-Over-Threshold circuits
are able to reduce this component by a large fraction (3-10)

21
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Pixel size [um]

300

200

100

UFSD — Timing Capabillity

A

TW ~ 130 ps TW~200ps TW ~ 110 ps
Jitter ~ 30 ps Jitter ~ 85 ps  Jitter ~ 30 ps
TW ~ 80 ps TW ~ 110 ps

Jitter ~ 25 ps Jitter ~ 20 ps

TW ~ 50 ps TW ~ 120 ps
Jitter ~ 20 ps Jitter ~ 15 ps

50 100

200
Sensor Thickness [um]

UFSD with Gain = 10

Blue = NA62
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UFSD — Summary

We are just starting to understand the timing capability of UFSD

The internal gain of UFSD makes them ideal for accurate timing
studies

We developed a program, Weighftfield2.0, that is able to

reproduce accurately the output response of UFSD
(available at http://personalpages.to.infn.it/~cartigli/Weightfield2.0/)

Many geometries allow for small jitter (~20 ps) and TimeWalk (~ 100 ps)

10 ps looks really difficult, 20 ps looks 1/4 as difficult, 30 ps 1/9 ...

23
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