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Weighttield?2

Available at:

http://personalpaages.to.infn.it/~cartigli/Weightfield2/Main.html

It requires Root build from source, it is for Linux and Mac.

It will not replace TCAD, but it helps in understanding the sensors response
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http://personalpages.to.infn.it/~cartigli/Weightfield2/Main.html

Why did we design WF2¢

From Angelo’s keynote talk:

« Electronics for ps timing is (in principle) already there!
» But what about sensors?
« Sensor and front-end codesign essential o achieve best possible timing

What is the correct signal shape®¢
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Sensor

Pre-Amplifier

Vi gompcrotor

Time measuring circuit




Weighttield?2

Highlights:

It is completely open source

it's fast

It generates the signal from several sources (MIP, alpha, lasers..)
Runs in batch mode writing output files

It loads/save configurations

It has basics electronics simulation

It crashes occasionally

How to use if:

Obtain the last version from

http://personalpages.to.infn.it/~cartigli/Weightfield2/Main.html
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1)From the download page, get the latest version
2)Unzip it and then type:

3)Make or 3-bis) make -f Makefile_MacOS10.10_rooté
4)./weightfield



http://personalpages.to.infn.it/~cartigli/Weightfield2/Main.html
http://personalpages.to.infn.it/~cartigli/Weightfield2/Download.html
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Step 1: select your sensor
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Fields: under the hood

The program loads your geometry
Compute the silicon resistivity from the depletion voltage
It uses an iterative method to compute:

« The electric field

« The weighting field
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Step 1: E field
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|ave] [Eoad] FBKk/We.dat  [§&V8 | graph

1

Detector Properties

. —Type
— Precision . A
eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ @ Si @ (DI ® 7
Time Step [ps]:| 0.3 ﬁ Step x,y [micron]: | 0.59 ﬁ| 0.05 ﬁ — Doping type

— Output files for signals

[T ON Name:|wf

—Batch Mode

[T ON Number of events:

(14

— Select Particles

[MIP Landau ]
#eh/um Range [um] Duration [ns] E [keV] 0 j

152 2| 10 2/[ 27 —{I" Rnd
| | |

B

X[um],Angle[D] Y[um]:

Number of Particles:

— Irradiation

Irradiation with:
(* neutrons " protons/pions

(e e

" Init. dop. removal; Fluence:

N_{Eff}[0-100]: 1
[T DJON | & Linear Step {Ei1{0-100] -

Fluence [10714 neq /cm*2]: | 30 j ’(

[T CCE beta electron, holes:
" Acceptor creation

N_A/N_D: 05 )
— Plot Settings

[
[~ Draw Electric Field
[~ Draw Current Absolute Value
[~ Draw e-h motion

— Current Settings
[~ B-Field on. Tesla (Positive = entering the plot) =
" Diffusion
[” Charge Cloud Dispersion (no Alpha)
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Select your sensor: does it have gaine

- The program implements a gain layer
- It computes the contribution from the additional doping to the
electric field
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Step 2: select the particle
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Landau: under the hood

The program uses GEANT4 with the photo-absorption ionization (PAl)
model fo generate non uniform charge depositions

deposited
charge
.
v : 3
'3
2
1Q

. EMStandard

Results cross-checked with several publications, for example:

The Impact of Incorporating Shell-corrections to Energy Loss in Silicon
Fuyue Wang, Dong Su, Benjamin Nachman, Maurice Garcia-Sciveres, and Qi Zeng
arXiv:1711.05465v2 [physics.ins-det]

“The ionization energy loss fluctuation in very thin silicon sensors significantly
deviates from the Landau distribution. Therefore, we have developed a charge
deposition setup that implements the Bichsel straggling function, which accounts for

shell-effects. “ .
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Landau: under the hood

Landav distribution

MPV = d*[ 0.027*In(d)+0.126]
FWHM = 0.31%d%*

FWHM
MPV

=2.1*d™

e-h paris/micron

920

80

70

60

50

WF2 e-h pair/micron following
Meroli et al (Jinst 6 P06013)

100

150 200 250 300 350
Thickness [micron]

Following Meroli et al (Jinst 6 P06013), these are the parameterizations of the MPV
and FWHM as a function of the sensor thickness d for the Landau distribution in

silicon

12



Step 3: charge carriers drift

Drift Potential | Weighting Potential | Currents and Oscilloscope | Electronics | | Electronics Il

y [um]

Plotting at: On Strips‘ Between Strips|

100 200

300

251 = _, Draw

400 500

X [um]

Field: Ey| Ex|

In|t|al # of e/h in each 5 micron interval

O q{—

Entries

0.5

G....I....I....I P

Enhist

Entries 1
Mean 322.5

Std Dev  97.95

0

50

100 150 200 250 300 350 400 450 500
# of e/h in each 5 micron interval
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Weightfield2 Build 4.64

—Run

ﬁj Potentials Currents - -

— Precision
eh pairs followed (1= Most precise, 100 = Fastest):

Time Step [ps]:| 0.1 j

5%

i - | Al
Step x,y [micron]: | 0.48 | 0.05 =]

— Output files for signal:
[~ ON Name:|wf

— Batch Mode

[T ON Number of events:

— Select Particles

[MIP Landau [
#eh/um Range [um] Duration [ns] E [keV] ,_oj
X[um],Angle[D] Y[urm]: 251 2| 10 2|[ 27 | Rnd

Number of Particles: ,_1§

—Ir l
Irradiation with:
Fluence [10*14 neq /cm"2]: | 30 — ’( & neutrons ~ protons/pions

(el e

[ Init. dop. removal; Fluence:

N_{Effy[0-100]:[ 1 ]
[T DJON | @ Linear™ Step {EM] ] —

[” CCE beta electron, holes:
™ Acceptor creation

N_A/N_D: 0.5 j
—Plot Settings

" Draw Electric Field
[ Draw Current Absolute Value
[~ Draw e-h motion

— Current Settings
[” B-Field on. Tesla (Positive = entering the plot) = 0 j

[" Diffusion
[~ Charge Cloud Dispersion (no Alpha)

Temperature [K]: 250 ﬁ

—Files in sensors/data && sensors/graph ——————————————
[FBK/W6.dat  [B&V8]|graph

— Detector Properties

Type
( @ Si ¢ Diamond  Free ‘
— Doping type

Strips Bulk

’( ® n Cp H7 Cn ® p ‘
— Dimensions

# of strips (1,3,5..): 1 ﬁ

Thickness[um]: 55 ﬂ

Width[um), Pitch[um)]: 490 ﬁ 500 ﬁ

—Gain
|Boron + Carbon B
|Deep doping: a square @ 0.6 -1.6 micron E|
| Massey model E
Gain Layer peak doping [1016/cmA3] 2.19 ﬁ
[~ Force Gain 15
|

Gain recess (um):

KE

— Voltage
Bias [V], Depletion [V]: 300 3| 20 3
Read-Out
’( ¢ Top Strip (& Backplane
— Electronics
[~ oN Generic CS/~|
Detector Cap[pF] Ind [nH]: | =
3 5
Scope (50 [Ohm]) BW[GHz]: - s j
sl B
CSA:Imp[Ohm], Tr.Imp[mV/{C]:
p[ | p[ ] 30 j 850 :,,
CSA(Cdet=0)T_r,f(10-90% :
(Cdet=0)T_r,{( 6)[ns] ,W:”Wj
CSA:Noise,Vth[mV,CFD if<1]:
0.9 — =l 0.3 =

BB:Imp[Ohm],BW[GHZ],G
ZRlEnie Chal Eait: 25 [ 07 320 |

BB:Noise, Vth[mV,CFD if<1]: 14 J 0.3 j
actl | el

13
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drift: under the hood

Current is generated using Raomo's theorem: i(t) = qv(t)E,

Ieor(t)) = zlk(tj) = —qz vk (5, Xy ) 'E—w>(xk)
k=1 k=1

- lEiectrons | Holes

2 T —2.5 T -2.2
@ " (500%) (500%)
I [ /Vs] 01414 (555 0.0470 (3557
ﬁ(T) T 0.66
0.17
1.09 (3001() 1.213 (3001()

0.87 .5
Vsae () ["/s] 1.07¢5 (g) 8.35¢4 (%)
He(T)Eq(x) #n(T)Eq(x)
R R e

14
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Nicolo Carti

Amplitidue [mV]

WF2 — Data: current in PIN

W8 NEU 6E15 PiN

==WF2 SC preamp [mV],

® FBK Wé PiN pre-rad 250V

I I EEmEnN LI
300 800 1300 1800

Time [ps]

15
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gain: under the hood

If the electric field is high enough, carriers multiply
Ne(X) — Nee'Bx; Nh (X) — Nhe“x

= A Bn

e ol B
— A Bp
p=dpew (-7

Bup(T) = Cpp+ Dpp T



Drift Potential| Weighting Potentia

Currents

Current tabs

Currents and Oscilloscope

Electronics | | Electronics Il |

x107°
— 0 LS
= 1 £
S -001 %
— a ©
5 -0.5 ] =
] S
o J-0.02
| ]
—-0.03
15 - -0.04
—-0.05
-2 ]
— -0.06
R U BRI R S L v iy, Ix107°
0 0.2 0.4 0.6 0.8 1 1.2
Time [s]
INEIEEHOTSI PCEmERY INFGESIN  GainHoles [ Total
- Oscilloscope [mV]
— Charge Collection
e- charges (e): -1747 h+ charges (e): -2177 e- + h+ charges (e): -3924
Gain e- charges (e): 0 Gain h+ charges (e): 0 Gain e- + h+ charges (e): 0
Total e- charges (e): -1747 Total h+ charges (e): -2177 Total Charges (e): -3924

Lorentz Drift
( e- Lorentz Angle [D]:

-0.00

h+ Lorentz Angle [D]:

0.00 ‘

Nicolo Cartiglia, INFN, Torino

—Run

E Potentials Currents - -

— Precision

eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ

Time Step [ps]:| 0.3 ﬁ Step x,y [micron]: | 0.97 ﬁ 0.05 ﬁ

— Output files for signals

" ON Name:|wf

— Batch Mode

[T ON Number of events:

[

— Select Particles

[MIP Landau
#eh/um Range [um] Duration [ns] E [keV]

=]
[0
[251 2 20 2{[ 27 | Rnd

K

X[um],Angle[D] Y[um]:
Number of Particles:

— Irradiation

I Irradiation with:
Fluence [10%14 neq /cm*2]: | 1 — ’7 (& neutrons ¢~ protons/pions

"' CCE beta electron, holes: 8 j 8 j
™ Acceptor creation ™ Init. dop. removal; Fluence:

N_{Eff}[0-100]:[ 1 =]
[T DJON | @ Linear Step St J -

N_A/N_D: =|
el 0.5 =
— Plot Settings

[~ Draw Electric Field
[~ Draw Current Absolute Value
[ Draw e-h motion

— Current Settings

[~ B-Field on. Tesla (Positive = entering the plot) =
[~ Diffusion

[~ Charge Cloud Dispersion (no Alpha)
Temperature [K]:

—Files in sensors/data && sensors/graph

[§&Ve] [E6ad] | FBKk/PINldat  [S&V8]|graph

— Detector Properties

Type
’7 & Si  Diamond

— Doping type

Strips Bulk
( & n cCp ‘( Cn @« p ‘

— Dimensions
# of strips (1,3,5..): 1 ﬁ
Thickness[um]: 55 ﬁ

Width[um), Pitch[um)]: 490 ﬁ 500 i‘

—Gain
[No gain layer implant Z|
|Massey model ~|
Gain Layer peak doping [10716/cmA3] 0 ﬁ
[” Force Gain 15 j

Gain recess (um):

03

— Voltage
Bias [V], Depletion [V]:

al -l
250ﬂ 20ﬂ

Read-Out
( ¢ Top Strip  Backplane
— Electronics
V¥ ON Generic CS/~|

Detector Cap[pF] Ind [nH]:
Scope (50 [Ohm]) BW[GHZ]:
CSA:Imp[Ohm], Tr.Imp[mV/{C]:
CSA(Cdet=0)T_r,f(10-90%)[ns]:
CSA:Noise,Vth[mV,CFD if<1]:

[a3f 5
25 %

60 2 73

35 3 6.1 3]
0.9 303 3
BB:Imp[Ohm],BW[GHZz],Gain: - = =
pionmlBWId iz Cal 50 2 122 94 3

= )
BB:Noise, Vth[mV,CFD if<1]: — —
oise. [m if<1] mj 03 j
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Electronics

Electronics tabs

Drift Potential | Weighting Potential | Currents and Oscilloscope

Electronics | ‘ Electronics

. CSA (blue) and BB Ampiifier(red)

Amplitude [mV]
|

-3

-4

P I N R N A B NP PP B I N ¢ It
0 2 4 6 8 10 12 14 16 18 20 22
Time [s]
Rising edge derivative Charge
z 0 o)
£ =,
> ® )
10 gos /
% (]
0.5+
-20
0.4f
-30
0.3F
—40 0.2F
-50 0.1
1 | 1 1 x107°
0 5 1 0 0.5
Amplitude fraction Time [s]

—Run

E Potentials Currents - -

— Precision
eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ

Time Step [ps]:| 0.3 ﬁ Step x,y [micron]: | 0.97 ﬁ 0.05 ﬁ

— Output files for signals

[C ON Name:|wf

— Batch Mode

[T ON Number of events:

[

— Select Particles

[MIP Landau
#eh/um Range [um] Duration [ns] E [keV]

=]
[0
[251 2 20 2{[ 27 | Rnd

e

X[um],Angle[D] Y[um]:
Number of Particles:

— Irradiation

I Irradiation with:
Fluence [10%14 neq /cm*2]: | 1 — ’7 (& neutrons ¢~ protons/pions

e e

" Init. dop. removal; Fluence:

N_{Eff}[0-100]:[ 1 =]
[T DJON | @ Linear Step St J -

[T CCE beta electron, holes:
[~ Acceptor creation

N_A/N_D: =|
el 0.5 =
— Plot Settings

[~ Draw Electric Field
[~ Draw Current Absolute Value
[ Draw e-h motion

— Current Settings
[~ B-Field on. Tesla (Positive = entering the plot) =
" Diffusion
[~ Charge Cloud Dispersion (no Alpha)
Temperature [K]:

Nicolo Cartiglia, INFN, Torino

—Files in sensors/data && sensors/graph

[§&Ve] [E6ad] | FBKk/PIN.dat  [S&V8||graph

— Detector Properties
Type
’7 & Si

— Doping type

Strips Bulk
( & n cCp ‘( Cn @« p ‘

 Diamond

— Dimensions
# of strips (1,3,5..): 1 ﬁ
Thickness[um]: 55 ﬁ

Width[um), Pitch[um)]: 490 ﬁ 500 il,

—Gain
[No gain layer implant Z|
|Massey model ~|
Gain Layer peak doping [10716/cmA3] /—oﬁ
[” Force Gain 15 j

Gain recess (um):

03

— Voltage

Bias [V], Depletion [V]: 250 3 20 3

Read-Out
( ¢ Top Strip  Backplane
— Electronics
V¥ ON Generic CS/~|
Detector Cap[pF] Ind [nH]: A |
S |

Scope (50 [Ohm]) BW[GHZ]:
CSA:Imp[Ohm], Tr.Imp[mV/{C]:
CSA(Cdet=0)T_r,f(10-90%)[ns]:
CSA:Noise,Vth[mV,CFD if<1]:

-l
2.5 >

| |

60 > 7 >
| |

3.5 < 6.1 >
0.9 303 3
BB:Imp[Ohm],BW[GHz],Gain: af al al
) ) 50 > 1.2 > 94 >
BB:Noise,Vth[mV,CFD if<1]: al al
1.4 < 0.3 >

18



Step 4: radiation damage

Drift Potential | Weighting Potential | Currents and Oscilloscope | Electronics | | Electronics II

y [um]

30

Plotting at: On Strips| Between Stripsl 251 =] _J Draw

400 500
x [um]

Field: Ey| Ex|

Inmal # of e/h in each 5 micron interval

£ 1 Enhist
I
Entries 1
Mean 322.5
Std Dev 97.95
0.5
OIIIIIIIIIIIIIII PRNEN N I B R A PR PR AT
0 50 100 150 200 250 300 350 400 450 500

# of e/h in each 5 micron interval
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Weightfield2 Build 4.64

—Run

ﬂ Potentials Currents - -

— Precision

eh pairs followed (1= Most precise, 100 = Fastest):

(&2

Time Step [ps]:| 0.1 j Step x,y [micron]: | 0.48 ﬁ 0.05 ﬁ

— Output files for signals
[T ON Name: ‘ R

—Batch Mode

[T ON Number of events:

— Select Particles

[MIP Landau [~
#eh/um Range [um] Duration [ns] E [keV]

X[um],Angle[D] Y [um: 251 {10 2[ 27 | Rnd
Number of Particles: 1 ﬁ

Ir ion
Irradiation with:
Fluence [10%14 neq /cm*2]: | 30 — ’( & neutrons ¢~ protons/pions

8| 8]
" Init. dop. removal; Fluence:

N_(Eff}fo-1001:[ 1 =

[~ CCE beta electron, holes:
™ Acceptor creation

—Files in sensors/data && sensors/graph

|S&ve| [Lad| FBK/wWe.dat  [S&VE]|graph

— Detector Properties

Type
’( @ Si ¢ Diamond  Free ‘
— Doping type

Strips Bulk

(b‘n cop wrn @ p ‘
— Dimensions

# of strips (1,3,5..): 1 ﬁ

Thickness[um]: 55 2/

=

Width[um), Pitch[um)]: 490 3| 500 2|

—Gain
{Boron + Carbon B
‘Deep doping: a square @ 0.6 -1.6 micron E|
| Massey model ]
Gain Layer peak doping [1016/cmA3] 2.19 é‘
[~ Force Gain 15 —!
|

Gain recess (um):

KE

— Voltage

Bias [V], Depletion [V]: 300 3| 20 3

[ Charge Cloud Dispersion (no Alpha)
Temperature [K]:

[T DJON | & Linear" Step Read-Out
N_A/N_D: 0.5 j ’( & Top Strip " Backplane
q — EI

— Plot Settings -

[~ Draw Electric Field [ ON Generic CS/~|

[ Draw Current Absolute Value REteCtoRCRpIRRINDCH ORI 3 j 5 j

I~ Draw e-h motion Scope (50 [Ohm]) BW[GHz]: e j

CSA:Imp[Ohm], Tr.Imp[mV/fC]: = —

— Current Settings CSA(Cdet=0)T_r,f(10-90%)[ns]: ’%j,g—J

[~ B-Field on. Tesla (Positive = entering the plot) = 0 j CSA:Noise, Vth[mV,CFD if<1]: :,

I™ Diffusion B ' : 0.9 0.3 o

BB:Imp[Ohm],BW[GHz],G
pelonmEBAIGHS) San: [25 07J320—’

BB:Noise,Vth[mV,CFD if<1]: _, j
1.4 = 0.3 =

19
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Step 4: under the hood

Charge trapping with fluence phi:

|(t) - i(t)newe_t/T
T = [0 € model under discussion

Acceptor removal:

N(@) = N(0) * e=<?

Acceptor creation:

N(9) = Bo



A WF2: predictions

N 2 2
O = + (Landau Sh + TDC
"Gy &u ape)

e

Usual “Jitter” term Time walk: Amplitude variation, corrected in
Here enters everything that electronics

is "*Noise” and the Shape variations: non homogeneous energy
steepness of the signal ’ 0

total current

/

electron current

Current [A]

Lx10*
5
Time [s]

—_
—
E
fum]
i)

total current

/

electron current

Current [A]

Need large dV/dt

Nicolo Cartiglia, INFN, Torino

x107°

5
Time [s]




m/’ipl\lon uniform charge deposition along the track

This is a physical limit to time resolution:
Need to use thin detectors and low comparator threshold.

WF2 Simulation
Time uncertainty due to Landau non-uniform charge deposition

160 - BBA amplifier, G ~ 20, various thicknesses
140 -
—300 um
E 120 -
.Z. 100 - 200 um
o -
,'g 80 - 100 um
B 60 - —50 um
v
& 40 - = 25um
20 -
0 L] L] L] L] 1
0 0.2 0.4 0.6 0.8 1

CFD fraction

Vih [mV]

= Set the comparator threshold as low as you can
=» Use thin sensors

Nicolo Cartiglia, INFN, Torino
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Drift Potential

Batch mode: deposited & collected charges

Weighting Potential

Currents and Oscilloscope | Electronics |

Electronics

y [um]

Plotting at: On Strips| Between Strips|

500
X [um]

|
251 < Draw

150

100

Field: Ey| Ex|

Events

Events

Generated average # of e-h per micron

Enhist
Entries 100
Mean 97.7
20— Std Dev 5249
51 ndf 11.64/15
Constant 114.2£20.0
MPV 70.51+1.88
Sigma 8.438 +1.301
10—
0 . i [ o | = . .
0 50 100 150 200 250 300 350 400 450 500
of e-h per micron
Measured average # of e-h per micron
10— MeasEnhist
Entries 100
Mean 1198
W
5l 16.83/29
/ Constant 36.81+5.87
MPV 873.1+33.0
Sigma 138+21.3
0 . 1 [ 000
0 500 1000 1500 2000

of e-h per micron

2500 3000 3500 4000 4500 5000
<#>

<

Weightfield2 Build 4.64

L

[~ ON Name:|wf

—Batch Mode
[V ON Number of events:

— Select Particles
|MIP Landau

#eh/um Range [um] Duration [ns] E [keV] 0 j
A -l =
251 3 20 3| 27 JI‘ Rnd

13

X[um],Angle[D] Y[um]:
Number of Particles:

"™ Deposited charges
Flu_..__ P ! .J| 1w unsuuuns 1 protons/pions
[e &

" Init. dop. removal; Fluence:

e
N_{Eff}[0-100]: 1
[T DJON | @ Linear" Step AEIT10-100] —

N_A/N_D: 05—
— Plot Settings

|
[~ Draw Electric Field
[ Draw Current Absolute Value

.

[~ CCE beta electron, holes:
[~ Acceptor creation

Nicolo Cartiglia, INFN, Torino

— Collected charges

— Current sewngs
[” B-Field on. Tesla (Positive = entering the plot) =
" Diffusion
[~ Charge Cloud Dispersion (no Alpha)
Temperature [K]:

— Files in sensors/data && sensors/graph
—Run |ave] [Load| FBKk/We.dat  [§&V8]|graph
Set Potentials Currents - -
— Detector Properties
1 —Type
— Precision K X
eh pairs followed (1= Most precise, 100 = Fastest): 5 2] @ Si L Diamond C Free ‘
Time Step [ps]:| 0.1 j Step x,y [micron]: | 0.97 ﬁ| 0.05 i‘ — Doping type
Strips Bulk
— Output files for signals ’( o cip ’( e @p

— Dimensions
# of strips (1,3,5..):
Thickness[um]:
Width[um), Pitch[um)]:

[ 13
55 ﬁ

Al Al
490 > 500 >

—Gain
|Boron + Carbon E|
| Deep doping: a square @ 0.6 -1.6 micron -
|Massey model E|
Gain Layer peak doping [10716/cmA3] 2.19 ﬁ

" Force Gain 15 -

—
o3

Gain recess (um):

— Voltage

Bias [V], Depletion [V]: 300 3| 20 3

— Read-Out
¢+ Top Strip ~ Backplane
— Electronics
v ON CSA SC

Detector Cap[pF] Ind [nH]:
Scope (50 [Ohm]) BW[GHZ]:

[a% s
2.5 ﬁ

30 (880 3|
0.4 ﬁ 0.4 ﬁ
1.3 203 2|
BB:Imp[Ohm],BW[GHZz],Gain: = = =
pIOhm), BW[GHz] 50 3 1.2 3 94 3

> ~]
BB:Noise, Vth[mV,CFD if<1]: = =
: [ i<l 1.4 j 0.3 j

CSA:Imp[Ohm], Tr.Imp[mV/fC]:
CSA(Cdet=0)T_r,f(10-90%)[ns]:
CSA:Noise, Vth[mV,CFD if<1]:
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Drift Potential | Weighting Potential | Currents and Oscilloscope | Electronics | Electronics 11 |

Batch mode: fime resolution

—Run

BB Time Resolution

- X[um],Angle[D] Y[um]:

ﬂ Potentials Currents - -

— Precision

eh pairs followed (1= Most precise, 100 = Fastest):

E

Time Step [ps]:| 0.1 j Step x,y [micron]: | 0.97 i‘ 0.05 z‘

— Output files for signals

I~ ON Name:|wf

—Batch Mode

[¥ ON Number of events: 100

K103

—Select Particles

|MIP Landau
#eh/um Range [um] Duration [ns] E [keV]

[0

251 21 20 2/[ 27 —|" Rnd
| =] [

Nu articles: 1 ﬁ
—lrrac o H
Time resolution e win:
Flu_..__ I B | 1w 1leutrons ¢~ protons/pions

(el e

" Init. dop. removal; Fluence:

e
N_{Eff}[0-100]: 1
[T DJON | @ Linear" Step AEIT10-100] —

[~ CCE beta electron, holes:

[~ Acceptor creation

N_A/N_D: 05—
— Plot Settings

|
™ Draw Electric Field
[~ Draw Current Absolute Value

8 BBtvthhist
p—
51 5 Entries 100
Mean 0.2151
Std Dev 0.03226
10 | x¢/ ndf 13.23/12
Constant 9.989 + 1.535
Mean 0.2115 £0.0045
5 [ Sigma 0.03674 +0.00525
0 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
0 04 0.5 0.6
Time [ns]
BB Time Over Threshold
3 07
§ F
" oe—
05
04
03 .
- ’;:gi .
02 ‘fiﬁf’; O N
N Wy
01
0 : 1 1 1 | 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Time over Threshold [ns]

Nicolo Cartiglia, INFN, Torino

— TOA vs ToT

— Current sewnygs

[” B-Field on. Tesla (Positive = entering the plot) =
[ Diffusion

[~ Charge Cloud Dispersion (no Alpha)
Temperature [K]:

L

— Files in sensors/data && sensors/graph
e [ Forwe dot [SaVRl grapn

— Detector Properties
Type
( @& Si

— Doping type

Strips Bulk
’( ® n Cp ’( C n @« p

¢ Diamond  Free ‘

— Dimensions
# of strips (1,3,5..): 1 ﬁ
Thickness[um]: 55 ﬁ

Width[um), Pitch[um)]: 490 g‘ 500 i’

—Gain
|Boron + Carbon z|
|Deep doping: a square @ 0.6 -1.6 micron ZI
|Massey model Z|
Gain Layer peak doping [10416/cmA3] 2.19 ﬁ

[” Force Gain 15 —I

—
o3

Gain recess (um):

— Voltage

Bias [V], Depletion [V]: 300 3| 20 3

Read-Out
( ¢+ Top Strip ~ Backplane
— Electronics
¥ oN CSASC [~

Detector Cap[pF] Ind [nH]:
Scope (50 [Ohm]) BW[GHZ]:

[3% 54
2.5 ﬁ

30 (880 3|
0.4 ﬁ 0.4 ﬁ
1.3 203 2
BB:Imp[Ohm],BW[GHZz],Gain: = = =
pIOhm), BW[GHz] 50 3 1.2 3 94 3

> ~]
BB:Noise, Vth[mV,CFD if<1]: = =
: [ i<t 1.4 j 0.3 j

CSA:Imp[Ohm], Tr.Imp[mV/{C]:
CSA(Cdet=0)T_r,f(10-90%)[ns]:
CSA:Noise,Vth[mV,CFD if<1]:
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Compensation with Vbias

The necessary field can be recovered by increasing the external
Vbias: proven to work up to 5 10> nea/cm?

Increasing fluences

- —
100,000 — Active doping=63%
= Active doping=76%
80,000 +
E ——Active doping =91%
o A
:1: 60,000 - Unirradiated
<
o
®
o] 40,000 H
2 Charges needed
8 for good timing
20,000 - measurement
0 T \
0 200 500 800 1000
100 T ° HPK 50D Gain vs. Bias -20C
<
<
o © HPK 50D pre-rad
- < gx HPK 50D 6e14
‘® 10 + < =2 OHPK 50D 1e15
3 o CJHPK 50D 3e15
+ HPK 50D 6e15
] o ¥
+ E HPK 50D 1e15 -30C
6 © (] o 4+ HPK 50D 6e15 -30C
X HPK 50C 6e14
1

T T T T T T T 1
0 100 200 300 400 500 600 700 800
Bias Voltage (V)
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Resolution [ps]

Time resolution vs thickness

Resolution [ps]

200 r

180
160

140 |
120
100 f
80 |
60 I
40 r
20 |

Comparison WF2 Simulation - Data
Band bars show variation with temperature (T = -20C - 20C), and gain (G = 20 -30)

Inifial condition

® FBK - PIN (NA62)
[ =—WHF2: Jitter+Landau - UFSD /
[ ----WF2: Jitter - UFSD ®
==WF2: Landau - UFSD
0 50 100 150 200 250 300

Thickness [um]

Comparison WF2 Simulation - Data

Band bars show variation with temperature (T = -20C - 20C), and gain (G = 20 -30)

® FBK - PIN (NA62)
® FBK - UFSD

® HPK - UFSD ¢
—WF2: Jitter+Landau - UFSD
<<+ WF2: Jitter - UFSD
==WF2: Landau - UFSD

.
e®
.
.®
.
.

50 100 150 200 250 300
Thickness [um]
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Pulse shape in irradiated UFSD

Comparison measured - WF2 pulse of HPK 50D 50-
micron thick sensors

| pre-rad ——WF2: pre-rad
1.3 ! 6e14 neq/cm2 ~——\WF2 6e14 neq/cm2
12 6e15 neq/cm2 WF2 6e15 neq/cm2

Normalized amplitude

Time [ns]

With irradiation the signal changes: it becomes shorter and steeper
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How to use UFSD up to 5~10" n,./cm?

As the gain layer density decreases, we need to increase the
external voltages to create the Efield needed for multiplications.
In so doing, the gain moves from the gain layer to the bulk

Bias voltage to obtain Gain ~ 10 as a function of fluence

B CNM W5 - 50 micron

';‘ 1,000 ¢ - - WF2: Shallow doping, Massey - 10
8 800 F ——WEF2: Shallow doping, Massey bulk gain .
N B SRR 4—
= 600 % - +_ T 6 .%
: - - b0
Y »
S B . - i
S 400 | e |. 3
¢ .1
2 200 ¥ |,

o L 0
° 10 20

Fluence [1e14 neq/cm2]
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Conclusion

Weightfield2 is a rather easy to use simulator for silicon sensors

It can help the user’s intuition in deciding the best solutions

It is fully configurable by the user
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