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Weightfield2 at a Glance

> A fast simulator program to study the performance of silicon and diamond detectors

= |t simulates the entire signal chain
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Weightfield2 at a Glance

Available at l.infn.it/wf2
It requires root(.cern.ch) build from source, it is for Linux and Mac-0S
It does not replace TCAD, but it helps in understanding the sensors response

Weightfield2 Build 4.64 )

Drift Potential | Weighting Potential | Currents and Oscil ics |

WF2 -11.06.2021

Files in &&
Run |Save] [Load] Fex/we.dat  [SV8graph
’7 t Potentials|  Currents - - ‘
= — Detector Properties
= Type
- Precision . 5
eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ ” @ Si € Diamond € Free ‘
Time Step [ps]: 03 4 ﬂ Step x,y [micron]: | 0.59 ﬁ 0.05 ﬂ — Doping type
Strips. Bulk
Output files for signals [ ©m Ol H’ (o cie |
’7 T ON Narme:[f ‘
~ Di
Batch Mode # of strips (1,3,5..): 3 ﬂ
’7 7] ON Number of events: 1 j ‘ Thickness[um]: ’Ej
i itch[um)]: 50 3] 100 3
— Select Particles
[MIP Landau [~ “Gain
#eh/um Range [um] Duration [ns] E [keV] 0 j |No gain layer implant E]
50 100 150 200 250 300 X[um],Angle[D] Y[um]: 152 ﬁ 10 ﬁ 27 jl‘ Rnd [- =]
X [um] Number of Particles: 1 ﬁ |Massey model [~
Gain Layer peak doping [10*16/cmA3] [ i'
" Force Gain =
. . . . A ‘1. — 15
Plotting at: On Strips| Between Strips 152 3| Draw Field: Ey| Ex| P (i s = 2
Drift Potential V [V] E Amplitude IEI [kV/cm)] - Dashed: field Fluence [1014 neq /cm”2]: | 30 j O TENETS (o) =
Z F100F
350 H Voltage
= £ =
Za00 @ gof ™ CCE beta electron, holes: 8 85 ’7 Bias [V], Depletion [V]: 300 g 20 g ‘
250 50_—_/J ™ Acceptor creation ™ Init. dop. removal; Fluence:
200 =
N_{Eff}{0-100]:| 1
150| af T DJON | @ Linearc Step L(EMT ] - Read-Out
sl EEH & Top Strip © Backpl
100 o ‘op Strip ackplane
0 20 L
L \ J . . ~Plot Settings
* “ VoY 2 “ Viol! I Draw Electric Field " oN Generic CS/~]
Eff. Doping e(N_f-Nfy)+rho__ [n/em*10™%] gain_as a function of y ™ Draw Current Absolute Value izt G ke ) ,73:“75:,
5 H ;
<§ 10 &120 W] (37 G it Scope (50 [Ohm]) BW[GHz]: o j
E3 1 [Gain_slectzon = 100008 CSA:Imp[Ohm, Tr.Imp[mV/fC]: SoI=meor=]
H osf —Current Settings CSA(Cdet=0)T_r,f(10-90%)[ns] j j
£ s [™ B-Field on. Tesla (Positive = entering the plot) = 0= O |08
5 Biype 08 otese 1 b = 'g the plot) = = CSA:Noise,Vth[mV,CFD if<1]: J J
P ™ Diffusion 0.9 —0.3
-sr I~ Charge Cloud Dispersion (no Alpha) BT B o7 j 320 j
o02F
_10F ; ; ) ) ) Temperature [K]: 250 i‘ BB:Noise,Vth[mV,CFD if<1]: o =l[loa =]
20 0 & 20 0 & a4
Vil Viomt



l.infn.it/wf2

Weightfield2 Highlights

= |t is open source

> |t is fast
> |t generates the signal from several sources (MIP, alpha, lasers..)

> |t runs in batch mode writing output file
= |t loads/save configurations
= |t performs basics electronics simulation

How to get it

1. Obtain the last version from Linfn.it/wf2

2. Unzip it

3. In a terminal, type "make” or "make -f Makefile_Mac0S510.10 root6"

4. In the same terminal, type "./weightfield"
The Manual page explains the basic features of the program
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l.infn.it/wf2
http://personalpages.to.infn.it/~cartigli/Weightfield2/Manual.html

Weightfield2 Layout

r Drift Potential | Weighting Potential | Currents and Oscilloscope | Electronics | | Electronics 11 |l
-

Controls

Weightfield2 Build 4.64 LY
0 Do Clifrent = 0/ Tiimie = 0:9954 s 1 Files in sensors/data && sensors/graph
graph

R |6&ve] [6ad] FBK/we.dat  [SaVe|

. . . . 300 Detector Properti
4 tabs: field, Weighting field, oroaion Type———|
250 eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ & Si The progra m ca n save/load you r
currents, and electronics Time Step [psl:| 0.3 2] Step xy Imicron]: [0.59 2/0.05 2/ || |~ Doping type |
- 200 S configuration and the plots
- Output files for signals - ‘
30— ’( " ON Name:[wf |
C 150 — Dimensions
C Batch Mode # of strips (1,3,5..): 3 3
20__ 100 ’> [T ON Number of events: 1 j Thickness[um]: 55 i}
C o Width[um), Pitch[um)]: 50 5[ 100 3
10:_ 50 |M'P 75 —Gain
- #eh/u H 0 — No gain layer implant
) T I RS RS R RS S 0 BatChandOUtpUthIe - }Q . E
0 50 100 150 200 250 300 XC L -
x [um] Number of Particles: 1 ﬁ [Massey model -]
Gain Layer peak doping [10716/cmA3] 0 ﬁ
o " Force Gain =|
Plotting at: On Strips| Between Strips| 152 ilj Draw Field: ﬂ ﬂ - Irradiation @i s (ol 15 =
O Irradiation with: . 0 ﬁ
Fluence [10"14 neq /cm”2]: | 30 — ( & neutrons ¢" protons/pions
— Voltage
[~ CCE beta electron, holes: 8 j 8 j Bias [V], Depletion [V]: ,Wi’ 20 ﬁ
™ Acceptor creation " Init. dop. removal; Fluence:
. =
N_{Eff}[0-100]:( 1
" DJON | & Linearc™ Step s ' ] j Read-Out
N_A/N_D: 0.5 — ’( ¢ Top Strip {~ Backplane
— Plot Settings T s -
I™ Draw Electric Field I oN Generic CS/~ |
[” Draw Current Absolute Value Wsigstar Gulgr] (7)) 3 j 5 j
[ Draw e-h motion Scope (50 [Ohm]) BW[GHz]: oG j
H H H CSA:Imp[Ohm], Tr.Imp[mV/fC]:
B field, diffusion, charge cloud, 30 a0
Current Settings CSA(Cdet=0)T_r,f(10-90%)[ns]: = ]
[” B-Field on. Tesla (Positive = entering the plot) = 0 j CSA:Noise.VthimV.CFD if<1l: 0-4] 57)0:4
temperature I Diffusi ol VinlY, OFD i<l 0.9 —{[03 -
ffusion BB:l Ohm],BW[GHZz],Gain: -
[~ Charge Cloud Dispersion (no Alpha) EPIDER BRI EES 25 j 0.7 j 320 j
B (=] :Noi if<1]:
Temperature [K]: 250 3 BB:Noise, Vth[mV,CFD if<1] mj e j
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Step 1: Select your sensor

Drift Potential | Weighting Potential | Currents and Oscilloscope | Electronics | | Electronics 11

Weightfield2 Build 4.64

y [um]

50

40

30

20

P l .
150 200

Plotting at: On Strips| Between Strips| 152 i’ Draw

M|
300
X [um]

Field: M E‘ r— Irradiation

300

250

200

150

100

50

—Run

ﬂ Potentials Currents - -

— Precision

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

KE

Time Step [ps]:| 0.3 i,’ Step x,y [micron]: | 0.59 ﬁ 0.05 j’

— Output files for signals

I~ ON Name:[wf

—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]:
Number of Particles:

S
K=
152 2] 10 2/ 27 | And
e

- Irradiation with:
Fluence [10"14 neq /cm”2]: | 30 — ( & neutrons "~ protons/pions

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

. =
N_{Eff}[0-1 1
[T DJON | & Linear™ Step SEOS00] —

L}

Files in sensors/data && sensors/graph
FBK/W6.dat graph

- Detector Properties
Type
lf @ Si

— Doping type

Strips
( @ n Cp

¢ Diamond  Free ‘

— Dimensions
# of strips (1,3,5..):

s

Thickness[um]: 55 ﬁ

Width[um), Pitch[um)]: 50 5[ 100 3
—Gain

]No gain layer implant B

| Massey model ZI

Gain Layer peak doping [10716/cmA3] 0 ﬁ

" Force Gain 15 j

Gain recess (um):

o3

— Voltage

Bias [V], Depletion [V]: 300 3] 20 2

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) =
" Diffusion

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

WF2 -11.06.2021

Read-Out
’( ¢ Top Strip & Backplane
— Electronics
" OoN Generic CS/ |

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

(el 54

25
CSA:Imp[Ohm],Tr.Imp[mV/fC]:

p[ ] pl 1 Wj 850:|’
CSA(Cdet=0)T_r,f(10-90%)[ns]: m j 04 j
CSA:Noise,Vth[mV,CFD if<1]: = =

O.QJ O.SJ

BB:Imp[Ohm],BW[GHZz],Gain: = = |

o S a5 07 ez
BB:Noise, Vth[mV,CFD if<1]: = -
1.4 = 0.3 =




Fields Computation

> The program loads your geometry
> |t compute the silicon resistivity from the depletion voltage

> |t uses an iterative method to compute:
— The electric field
— The weighting field

V. Sola WF2 -11.06.2021 7




Step 1: E field

Weightfield2 Build 4.64 )
Drift Potential | Weighting Potential | Currents and Oscilloscope | Electronics | | Electronics 11 [ Done: Current =10/ at Time =10:9954'ns" T  Files in sensors/data && sensors/graph
—Run FBK/W6.dat graph
Set Potentials Currents - -
= - Detector Properties
= . Type
- — Precision . )
eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬂ ’7 @ Si € Diamond € Free ‘
Time Step [ps]:| 0.3 ﬁ Step x,y [micron]: | 0.59 i’ 0.05 ﬁ — Doping type
Strips Bulk
— Output files for signals ’( @in Crp H( cin “rp ‘
I~ ON Name:|wf
— Dimensions
—Batch Mode # of strips (1,3,5..): 33
I ON Number of events: 1 j Thickness[um]: 55 ﬂ
Width[um), Pitch[um)]: 50 2| 100 3|
—Select Particles
|MIP Landau —Gain
#eh/um Range [um] Duration [ns] E [keV] 0 j |No gain layer implant |Z|
. Al Al = -
o 50 100 150 200 250 300 X[um],Angle[D] Y[um]: 152 2{ 10 2{[ 27 | Rnd | =
x [um] Number of Particles: 1A [Massey model ]
il . ] al
Gain Layer peak doping [10216/cm/3] 0 -
— . [~ Force Gain =
Plotting at: On Strips| Between Strips| 152 j Draw Field: E’ E  Irradiation i) (s S j
~ = . . Irradiation with: . =
- . Drift Potential V [V] EIi;;«mplltude IEI [kV/cm)] - Dashed: breakdown field Fluence [10AM4 neq /cmA2]: | 30 j ’( ) (ENEHG (8) @ e |
3350 El —Voltage
5. F = b . [ - . ; = a
3900F T sof [ CCE beta electron, holes: 8- 87 Bias [V], Depletion [V]: 300 E, 20 ﬂ
250;— o :_/_/J " Acceptor creation " Init. dop. removal; Fluence:
200F L =
E N_{Eff}[0-100]:[ 1
ok wb FosoN | @ Linearc step | OO0 - Read-Out
100E F NEA/NED:ESoTs = ( & Top Strip ¢ Backplane
E 20F
50E r -
o E | L ok | L —Plot Settings - Electronics -
0 2 40 vv[urﬁlo ° 20 40 - [~ Draw Electric Field " oN Generic CS/~|
Eff. Doping e(N_fy-NAfy)+rho__ [n/cm®*10%?] Incremental gain as a function of y ™ Draw Current Absolute Value Detector Cap[pF] Ind [nH]: ,—3 jy—s j
<§ 10:— 81 2;_ [l Draw e-h motion Scope (50 [Ohm]) BW[GHz]: o j
> F [Gain.electran =-1.00008 CSA:Imp[Ohm], Tr.Imp[mV/fC]:
g sE 1: pl ] pl ] ,—30 j850 j
3 r 0.8 — Current Settings CSA(Cdet=0)T_r,f(10-80%)[ns]:
o n- | =l
s of SR E " B-Field on. Tesla (Positive = entering the plot) = 0 =] 0:4) [|0:4] =
g °F b 08 notos 1 = o : = g the plot) = = CSA:Noise,Vth[mV,CFD if<1]: [05 {03 =
£ F iffusion : .
-sF 04 I ch Cloud Di . Aloh BB:Imp[Ohm],BW[GHz],Gain: =l j j
F 02:_ arge Cloud Dispersion (no Alpha) ,—25 _,,—0_7 = 320 =
_10E “F Temperature [K]: 250 ﬁ BB:Noise,Vth[mV,CFD if<1]: ] ]
E . . oF . L 1.4 03 -
20 20 6! 20 20 60
v fum] v [um]
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Step 1: W field

Drift Potential Weighting Potential

Currents and Oscilloscope

Electronics |

Electronics Il

Weightfield2 Build 4.64

y [um]

Plotting at: On Strips‘ Between Strips|

A
152 > Draw

Field: 1Eyl| IEX|

—Run

E Potentials Currents - -

— Precision

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

K

Time Step [ps]:| 0.3 ﬁ Step x,y [micron]: | 0.59 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]
X[um],Angle[D] Y[um]:
Number of Particles:

[Co5]
152 2] 10 2I[ 27 | And
e

— Irradiation

O Irradiation with:
Fluence [10%14 neq /cm”2]: | 30 — ’( & neutrons {~ protons/pions

[ CCE beta electron, holes: 8 :,’ 8 j

I Acceptor creation " Init. dop. removal; Fluence:

Weighting Potential

1.2

0.8

0.6

0.4

0.2

pue)
n
=]
N
o

y [um]

[10A3/m]

Weighting Field Ew

70
60
50
40
30
20
10

LR N N RN

P

14
N_{Eff}[0-100]: 1
[T DJON | & Linear¢™ Step LB -

L)

Files in sensors/data && sensors/graph
e [ ok wo.cat SRl aran

— Detector Properties
Type
( @ Si

— Doping type

Strips Bulk
’( * n Cp H( ' n @« p ‘

¢ Diamond  Free ‘

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

Al

-
et
SOH 100ﬂ

—Gain
|No gain layer implant B
[Massey model ]
Gain Layer peak doping [10216/cm/3] 0 ﬁ
[~ Force Gain 15 j

Gain recess (um):

=

— Voltage
Bias [V], Depletion [V]:

=] =]
SOOﬂ ZOH

N_A/N_D: =
/IS 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]:

WF2 -11.06.2021

Read-Out
( ¢+ Top Strip ~ Backplane
— Electronics
" oN Generic CS/~|

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

(a5

2.5

=

CSA:Imp[Ohm], Tr.Imp[mV/fC]: Wj 850j
CSA(Cdet=0)T_r,f(10-90%)[ns]: ,ﬁ j o4 j
CSA:Noise,Vth[mV,CFD if<1]: ,W—/OSJ
il |l |

BB:Imp[Ohm],BW[GHZz],Gain:
OS] 25 [ 0.7 320 -

BB:Noise, Vth[mV,CFD if<1]: LB
4 o3




Select your sensor: does it have gain?

> The program implements a gain layer — LGAD design
It computes the contribution from the additional doping to the electric field

’ Weightfield2 Build 4.64 L3
Drift Potential | Weighting Potential | Currents and O: | Files in &&
Run |8ave| [Load] | FeK/we.dat  [§aVe][graph
" t Potentials Currents - - ‘
T — Detector Properties
2 Type
- Precision B 9
eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ ” @ si ® Do o |
Time Step [ps]:| 0.1 j Step x,y [micron]: | 0.48 ﬁ 0.05 ﬁ — Doping type
Strips Bulk
Output files for signals |( @m . H( C @p ‘
( T ON Name: |yt ‘
— Di
Batch Mode # of strips (1,3,5. 1 il
’7 [Tl ON Number of events: 1 j ‘ Thickness[um]: 55 ﬁ
idth[um), Pi 490 = 500 2]
—Select Particles — =
[MIP Landau [~ ~Gain
#eh/um Range [um] Duration [ns] E [keV] 0 j |Boron + Carbon E
500 X[um],Angle[D] ¥ [urm]: 251 3 10 3{[ 27 | Rnd |Deep doping: a square @ 0.6 -1.6 micron [
X [um] Number of Particles: 1 ﬁ [Massey model [
Gain Layer peak doping [10*16/cmA3] 2.19 ﬁ
" Force Gain 15 =
Plotting at: On Strips| Between Strips 251 2 Draw Field: Ex| [ N . —
g o On Ste| pl = Irradiation with: Gain recess (um): [To2
Drift Potential V [V] EAmpIitude |EI [kV/cm] - Dashed: breakdowdl field Fluence [10714 neq /cm”2]: | 30 j ’7 & neutrons ¢ pi pi =
Voltage
| (=)
"' CCE beta electron, holes: 8 =l 8 =] ’7 Bias [V], Depletion [V]: 300 ﬁ 20 ﬁ ‘
™ Acceptor creation ™ Init. dop. removal; Fluence:
N_{Eff}[o-1001:[ 1 -
150 It M DJoN | @ Linearc: step | (517107100 1] Read-Out
100 N_A/N_D:  [o.5 j ‘7 @ Top Strip ¢~ Backplane
S0F
E L L L L L L L | —Plot Settings r =
2 o v o2 30 40 506 " Draw Electric Field " oN Generic CS/ |
Eff. Doping e(N_f-N,f,)+rho___ [n/cm**10'] Incremental gain as a function of y [l Draw! Gurrent Absolute Value Detector Cap[pF] Ind [nH]: 3 j 5 :/
g § "
o §F Tl — Scope (50 [Ohm]) BW[GHZ]: [ B
B 10 [oain_electron = 10.5642 CSA:Imp[Ohm], Tr.Imp[mV/fC]: 30 —l[g50 —
00
%’ oF ~Current Settings CSA(Cdet=0)T_r,f(10-90%)[ns]: mj o j
& Selype. " B-Field on. Tesla (Positive = entering the plot) = 04 . . |
£ 6 notes e 170165 o ( oithelple) =l CSA:Noise, Vth[mV,CFD if<1]: os o5 |
10 F iffusion
500 4_ [ Charge Cloud Dispersion (no Alpha) EEPIDEBAV LR 25 J 07 _l 320 j
O 2 9 Temperature [K]: 250 ﬁ BB:Noise,Vth[mV,CFD if<1]: e J o=l
% W 3 % 0 2 4505
vfum! v luml
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Step 2: Select the particle

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

Weightfield2 Build 4.64

y [um]

50

40

30

20

Plotting at: On Strips| Between Strips|

200 300 400

X [um]

251 =/

> Draw

500

Field: Ey| Ex|[ !

—Run

ﬂ Potentials Currents

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

Time Step [ps]:| 0.1 j

| 5%

Step x,y [micron]: | 0.48 ﬁ 0.05 ﬁ

— Output files for signals

I~ ON Name:‘wf

Batch Mode
[T ON Number of events:

— Files in sensc && sensors/graph

|8ave] [Load] FBK/we.dat  [S&VE]|graph

— Detector Properties

Type
’( @ Si ¢ Diamond " Free ‘
— Doping type
Strips Bulk
’( & n Cp H( Cn & p ‘
— Dimensions

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

[ 13]
55 ﬁ

— Select Particles

|MIP Landau

MIP: uniform Q, Qtot = g*[#eh/um]*Height

MIP: NON uniform Q, Qtot = gq*[#eh/um]*Height
MIP Landau

Laser (1064 nm): Top-TCT, Q = q*[#eh/um]*Height
Laser (1064 nm): Edge-TCT, Q = qg*[#eh/um]*Height
Edge MIP Landau

Drift Potential V [V]

E Amplitude IEI [kV/cm] - Dashed: breakdown field

s F
3350 o
5 E [
g300fF [
250F
200F
E 2 |-
150F- 0°F
100 [
s0F i
0 E. 1 1 1 1 1 1 1 1 Al
20 40 6 0 10 20 30 40 50 60
viom!
Eff. Doping e(N_f;-N,f)+rho__ [n/cm**10%?] Incremental gain as a function of y
= s F
i r 8 LE
BoooF 12
‘; F [Gain_electron = 10.5642
2k 10F
ook E
S F s
£ oF - oiwe E
8 E 6 :_Gain,holes= 1.70163
10000 W
20000 2F
E 1 1 1 C 1 1 Al
20 20 60 ( 20 20 60
Vv fum] v fum]

Irradiation with:
Fluence [10714 neq /cm”2]: | 30 =l ’(

[ ]»

{+ neutrons (= protons/pions

[~ CCE beta electron, holes:
" Acceptor creation

N_A/N_D:

[T DJON | & Linear(™ Step

8| 8]
|

" Init. dop. removal; Fluence:
N_{Eff}[0-100]:| 1 j

]
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]:

WF2 -11.06.2021

Al |
490 > 500 >

—Gain
IBoron + Carbon E|
IDeep doping: a square @ 0.6 -1.6 micron E|
| Massey model |
Gain Layer peak doping [10”16/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
[T ON Generic CS/~|

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

[adl 53

25

CSA:Imp[Ohm],Tr.1 V/fC]:
mp[Ohm], Tr.Imp[mV/fC] ij)j
CSA(Cdet=0)T_r,f(10-90%)[ns]: IH j o7 j
CSA:Noise,Vth[mV,CFD if<1]: ,WJOIiJ
sl [

BB:Imp[Ohm],BW[GHZz],Gain: | - =]
i ) 25 =l 0.7 =l 320 =
BB:Noise,Vth[mV,CFD if<1]: | —
1.4 =l 0.3 =l




Step 2: Charge deposition — Landau

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

deposited
charge

/. /. '
EMStandard Bichsel

Results cross-checked with several publications, for example:
The Impact of Incorporating Shell-corrections to Energy Loss in Silicon

F. Wang, D. Su, B. Nachman, M. Garcia-Sciveres, and Q. 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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Step 2: Charge deposition — Landau

WF2 e-h pair/micron following

Landau diStribution 90 Meroli et al (Jinst 6 P06013)

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

FWHM
MPV

70

=]
o

w1
o

=2.1*d7’

e-h paris/micron
= N w H
© ©o o o

o

0 50 100 150 200 250 300 350
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
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Step 2: Charge carriers drift

Drift Potential | Weighting Potential | Currents and Oscilloscope | Electronics | | Electronics 11

y [um]

Plotting at: On Strips‘ Between Strips|

150

100

200 300 400 500

X [um]

251 2 J Draw

Field: Ey| Ex|

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

@
£ Enhist
i
Entries 1
Mean 322.5
Std Dev  97.95
0.5
0.|.|I‘.‘.I..|.I PRI RN A B P PRI b bl
0 50 100 150 200 250 300 350 400 450 500

# of e/h in each 5 micron interval

Weightfield2 Build 4.64

—Run

ﬂ Potentials Currents - -

— Precision
eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ
Time Step [ps]:| 0.1 :,’ Step x,y [micron]: | 0.48 j’ 0.05 j’

— Output files for signals

" ON Name:lwf

—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]:
Number of Particles:

[
K=
251 2 10 2/ 27 | And
e

— Irradiation

Irradiation with:
{+ neutrons ¢ protons/pions ‘

e &3]

" Init. dop. removal; Fluence:

=
N_{Eff}[0-1 : 1
[T DJON | & Linear™ Step SEOS00] —

Fluence [10714 neq /cm*2]: | 30 j (

[~ CCE beta electron, holes:
I~ 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) =
" Diffusion

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

— Files in sensors/data && sensors/graph

|8&ve] [L6ad] FBK/We.dat  [S&V8||graph

— Detector Properties

Type
lf & Si ¢ Diamond  Free ‘
— Doping type
Strips Bulk
’( @ n Cp H( Con @ p ‘
— Dimensions

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

12
=

s
490ﬂ SOOE

—Gain
IBoron + Carbon B
|Deep doping: a square @ 0.6 -1.6 micron EI
| Massey model Bl
Gain Layer peak doping [10716/cmA3] 2.19 ﬁ
" Force Gain 15 j
Gain recess (um): ,_Oﬂ
— Voltage
Bias [V], Depletion [V]: 300 3 20 2|
Read-Out
’( ¢ Top Strip & Backplane
— Electronics
" oN Generic CS/ |
Detector Cap[pF] Ind [nH]: | =
3 5
Scope (50 [Ohm]) BW[GHzZ]: - — -
. . it
CSA:Imp[Ohm], Tr.Imp[mV/fC]: - ]
30 —[850 —
CSA(Cdet=0)T_r,f(10-90%; 4
(Cdet=0)T_r( )Ins] o4 oa
CSA:Noise,Vth[mV,CFD if<1]:
oise, [m if<1] 094034
BB:Imp[Ohm],BW[GHz],Gain:
PlOmn, Bl 25 | o7j320j

BB:Noise, Vth[mV,CFD if<1]: A j o :,,




Drift of the charge carriers — Ramo’s theorem

Current is generated using Ramo’s theorem: i(t) = qv(t)E,,
n n
Iior(t7) = zlk(tj) = _qz vk (tj, xx) 'E—w>(xk)
k=1 k=1
6 Eletrons

u(m [/ 0.1414 (ﬁ)_z's 0.0470 (ﬁ)_m
Vsat (T) [/s] 1.07€5 (g)om 8.35¢4 (g)m
He(T)Eq(x) Hr(T)Eq(x)
el e
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WFEF2 — Data: current in PIN

W8 NEU 6E15 PiN

¥y “ WF2 SC preamp [mV],

m FBK W6 PiN pre-rad 250V

Amplitidue [mV]
w

antg . . lll!_l....Wri....

-200 300 800 1300 1800

Time [ps]
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Gain modelling

If the electric field is high enough, carriers generate secondary ionization along the

drift path
Ne(.'X') = Neeﬁx Nh(X) == Nhe“x

By,
a — An exXp4y— F
B Different impact ionisation models can be selected:
= A,exp 1— £
p €XP I — Massey
—van Overstraeten-de Man
— Okuto-Crowell
— Bologna

Bpp(T) = Cpp+ Dppy T

WF2 -11.06.2021 17
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WFE2 — Currents

Drift Potential | Weighting Potentil Currents and Oscilloscope |¥Iectronics 1| Electronics I1 |
L I

Weightfield2 Build 4.64

x10°®
— 0 S
= 1
c . [
o —-0.01 &
= 13
b ]
o J 002~
- -0.03
—-0.04
—-0.05
— -0.06
P TN TP TP RPN RS BRI b [0 B
0 0.2 0.4 0.6 0.8 1 1.2
Time [s]
NETESHEHSIN CERERY INECESI  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

e- Lorentz Angle [D]: -0.00 h+ Lorentz Angle [D]: 0.00

(

Lorentz Drift ‘

—Run
E Potentials Currents - -

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

K

Step x,y [micron]: | 0.97 ﬁ 0.05 %

Time Step [ps]:| 0.3 ﬁ =]

— Output files for signals
I~ ON Name:|wf

— Batch Mode
[T ON Number of events: =]

-

v

— Select Particles

— Files in sensors/data && sensors/graph

|8&ve] [L6ad] FBK/PINdat  [B&V8]|graph

— Detector Properties

Type
( & Si ¢ Diamond  Free ‘
— Doping type
Strips Bulk
( @« n Cp w Con @« p ‘

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

[ 13]
55 ﬂ

|5 Al
490 E 500 >

|MIP Landau

#eh/um Range [um] Duration [ns] E [keV]
X[um],Angle[D] Y[um]:
Number of Particles:

[
e
251 2 20 2/[ 27 " Rnd

il 20 3] 27 =
[ 13

protons/pions
| =
8 =l 8l
™ Init. dop. removal; Fluence:

. =
N_{Eff}[0-1 g 1
[T DJON | & Linear™ Step S IOSO0] =

N_A/N_D: [g.5 -
— Plot Settings

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

— Irradiation

Irradiation with:

Fluence [10A14 neq /cmA2]: | 1 j ’( (+ neutrons ("

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

— Current Settings
" B-Field on. Tesla (Positive = entering the plot) =
" Diffusion

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

WF2 -11.06.2021

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

Gain recess (um):

=

— Voltage

Bias [V], Depletion [V]: 250 3 20 2|

Read-Out

& Top Strip ¢~ Backplane

[

— Electronics

V. ON

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

Generic CS/ |
[ a2l s

Al
2.5 >

| |

60 > 7 ~

| |

3.5 > 6.1 >

0.9 3 0.3 3

BB:Imp[Ohm],BW[GHz],Gain: = = =

i ) 50 > 1.2 > 94 -
BB:Noise, Vth[mV,CFD if<1]:

1.4 203 2




WF2 — Electronics

Drift Potential | Weighting Potential | Currents and Oscilloscop

. Electronics | | Electronics I

Weightfield2 Build 4.64

. CSA (blue) and BB Amplifier (red)

S
E
S 1
=2 N
= C
£ 2
-3 :
_4
-5
T b bl b bbby b a baa by s 11x10°
0 2 4 6 8 10 12 14 16 18 20 22
Time [s]
Rising edge derivative Charge
z 0 o)
< =
S o
E 206
S (&)
el
0.5
0.4
0.3
0.2
0.1
] ] x107°
0 0.5 1 0
Amplitude fraction Time [s]

—R

un
ﬂ Potentials Currents - -

— Precision

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

(a2

Step x,y [micron]: | 0.97 ﬁ 0.05 %’

Time Step [ps]:| 0.3 ﬁ =

— Output files for signals

I~ ON Name:‘wf

— Batch Mode

[T ON Number of events:

14

— Select Particles

—Files in sensors/data && sensors/graph

[8&ve] |E5ad] | FBK/PIN.dat  [B&V8 graph

— Detector Properties

Type
( & Si ¢ Diamond  Free ‘
— Doping type

Strips Bulk

’( @& n Cop H( Con & p ‘
— Dimensions

# of strips (1,3,5..): 1 ﬁ

Thickness[um]: 55 ﬁ

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

[MIP Landau

#eh/um Range [um] Duration [ns] E [keV]
X[um],Angle[D] Y[um]:
Number of Particles:

[]
[0
251 2] 20 2] 27 | Ana
(13

— Irradiation

Irradiation with:

Fluence [10A14 neq /cm?2]: 1 j ( & neutrons

protons/pions
= =]
5=l 8l

™ Init. dop. removal; Fluence:

N_{Effy[0-100]:] 1 =]
[T DJON | & Linear™ Step HEi10:100] L]

[~ 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) =
" Diffusion

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

WF2 -11.06.2021

—Gain
|No gain layer implant E|
[ Massey model |
Gain Layer peak doping [10216/cmA3] 0 ﬁ
[” Force Gain 15 j

Gain recess (um):

o3

— Voltage
Bias [V], Depletion [V]:

| |
250ﬂ 20ﬂ

Read-Out
’( {+ Top Strip ~ Backplane
— Electronics
¥ ON Generic CSE
Detector Cap[pF] Ind [nH]: ,—35,—54
Scope (50 [Ohm]) BW[GHz]: > 25 j
- =l

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

a7 4l
60 2 72
3.5 3{[6.1 2]
o.gﬁo.aﬁ
BB:Imp[Ohm],BW[GH?z],Gain: — = =
i EE R R

= =
BB:Noise, Vth[mV,CFD if<1]: — —
oise [m if<1] mj 03 jl




Step 4: Radiation damage

Drift Potential | Weighting Potential | Currents and Oscilloscope | Electronics | | Electronics 11

Weightfield2 Build 4.64

Plotting at: On Strips‘ Between Strips|

y [um]

0 100 200 300 400 500
X [um]

251 2 J Draw

150

100

Field: Ey| Ex

—Run

ﬂ Potentials Currents - -

— Precision

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

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

— Output files for signals

" ON Name:lwf

—Batch Mode

[T ON Number of events:

— Select Particles

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

X[um],Angle[D] Y[urm]: 251 3 10 3|[ 27 | Rnd
Number of Particles: 1 ﬁ

Irradiation

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

Entries

g 4 Enhist
Entries 1
Mean 322.5
Std Dev  97.95
0.5
0.|.|I‘.‘.I..|.I PRI RN A B P PRI b bl
0 50 100 150 200 250 300 350 400 450 500

# of e/h in each 5 micron interval

- Irradiation with:
Fluence [10*14 neq /cm”2]: | 30 — ( & neutrons ¢" protons/pions

e &3]

" Init. dop. removal; Fluence:

=
N_{Eff}[0-1 : 1
[T DJON | & Linear™ Step SEOS00] —

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

|8&ve] [L6ad] FBK/We.dat  [S&V8||graph

—Files in sensors/data && sensors/graph —————————————————

— Detector Properties

Type
lf & Si ¢ Diamond  Free ‘
— Doping type
Strips Bulk
’( & n C p H( Cn @« p ‘
— Dimensions
# of strips (1,3,5..): [ 13
Thickness[um]: 55 j‘
Width[um), Pitch[um)]: 490 2 500 %
—Gain
IBoron + Carbon B
|Deep doping: a square @ 0.6 -1.6 micron EI
| Massey model Bl
Gain Layer peak doping [10716/cmA3] 2.19 ﬁ
" Force Gain 15 =!
o

Gain recess (um):

o3

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) =
" Diffusion

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

— Voltage
Bias [V], Depletion [V]: 300 3 20 2|
- Read-Out
¢ Top Strip & Backplane
— Electronics
" oN Generic CS/ |
Detector Cap[pF] Ind [nH]: | =
3 5
Scope (50 [Ohm]) BW[GHzZ]: - — -
CSA:Imp[Ohm], Tr.Imp[mV/fC]: - : j
30 = 850 =
CSA(Cdet=0)T_r,f(10-90%)[ns]: 04 _, 04 _,
CSA:Noise,Vth[mV,CFD if<1]:
oise, [m if<1] 094034

BB:Imp[Ohm],BW[GHZz],Gain: ,TSJ 07 J 320 _,
BB:Noise, Vth[mV,CFD if<1]: =

WF2 -11.06.2021
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‘ects

Radiation damage e

Charge trapping with fluence phi:
: — 7 —t/t
i(t) = i(t)pewe /

T= B0

Acceptor removal:

N(®) = N(0) x e

Acceptor creation:

N(Q) = B9
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Time resolution

N 2 2
o = + (Landau Shape)” + TDC
"y T pe)

Time walk: Amplitude variation, corrected in electronics

ions: non-homogeneous energy deposition

x10°

total current

“—

electron current

; hole current
05 m
0: 1 I L 1x107°

0 1 2 3 4 5
Time [s]

Current [A]

=
= 16
i gom ‘;n I total current
dv o A
/ On |dt | 1 ' /

electron current

0.6F

! hole current
04&&
- Y
0.2F
0: ! 1 L %107

0 1 2 3 4

Need large dV/dt

5
Time [s]
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Non-uniform charge deposition

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
BBA amplifier, G ~ 20, various thicknesses

160 -
140 -
—300 um
E 120 -
.E. 100 - 200 um
o -
"3 80 - 100 um
S 60 - —50 um
[7,]
e 40 - - 25um
20 -
0 L] L] L] L] 1
0 0.2 0.4 0.6 0.8 1

Vin [mV]

=» Set the comparator threshold as low as you can

=» Use thin sensors

V. Sola WF2 -11.06.2021 23




Batch mode: deposited & collected charges

Weightfield2 Build 4.64 x
— Files in sensors/data && sensors/graph

Drift Potential | weighting Potential | Currents and Oscilloscope | Electronics | | Electronics 11

—Run |6&ve] [L6ad] FBK/We.dat  [S&Ve||graph
Set Potentials Currents - -
T — Detector Properties
= U - Type
> 50 — Precision . A
eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ @ Si € Diamond i Free
Time Step [ps]:| 0.1 :,’ Step x,y [micron]: | 0.97 j’ 0.05 i]’ — Doping type
401 | Strips Bulk
— Output files for signals ( @n cp H> Cin ep ‘
I ON Name:|wf
— Dimensions
—Batch Mode # of strips (1,3,5..): 13
¥ ON Number of events: 100 ﬁ Thickness[um]: 55 ﬂ
Width[um), Pitch{um)]: 490 2 500 3|
— Select Particles
|MIP Landau E — Gain
#eh/um Range [um] Duration [ns] E [keV] 0 j [Boron + Carbon 3
X[um],Angle[D] [um]: 251 3 20 3|[ 27 | Rnd |Deep doping: a square @ 0.6 -1.6 micron =]
Number of Particles: 1 ﬁ [Massey model -]
Gain Layer peak doping [10716/cmA3] 2.19 ﬁ
. " Force Gain =
; . ; i -l iald- Irradiation 15
Plotting at: On Strips| Between Smps| 251 | Draw Field: ﬂ ﬂ ! radiation with: @il E=aes (i 5 Z,I
” Generated average # of e-h per micron - Fluence [10AM4 neq /cmA2]: | 1 j ( & neutrons ¢~ protons/pions =
E Entries. 100
[ Vean 7.7 - O — Voltage
o 20— Suer e [~ CCE beta electron, holes: 8 83 Bias [V], Depletion [V]: Wﬁ 20 ﬁ
Constant By Init. dop. removal; Fluence:
Sigma 8.4381.301 . . =
1o} Deposited charge || wenooo | 1 read.out
N_A/N_D: " [o0.5 j ’( & Top Strip ¢ Backplane
0 / . ; o 0 = . . L -
050 100 150 200 250 300 350 400 450 500 Plot Settings Electronics
<#> of e-h per micron [ Draw Electric Field v ON CSA SC
" Measured average # of e-h per micron ™ Draw Current Absolute Value Detector Cap[pF] Ind [nH]: [—3 jll—s j
< 10— MeasEnhist . Scope (50 [Ohm]) BW[GHZ]: N
é Eniiies 700 " Draw e-h motion 25 j
i1} Mean 1198 CSA:Imp[Ohm],Tr.Imp[mV/fC]: /— =) =/
wint oz CSA(Cdet=0)T_r,f(10-90%)[ns]: 0 =00 =
L 2/ ndf 16.83 /29 SEPI=RUIER : Al =
5 Constant 36.81+5.87 CO”eCtEd Cha rge entering the plot) = 0 j CSA:Noise, Vth[mV,CFD if<1]: 04 ]| 04 3
MPV 873.1+33.0 : ! ' . 1.3 ﬁ 0.3 ﬁ
Sigma 138+21.3 . . in:
i n 1 1 [ Charge Cloud Dispersion (no Alpha) EEIRIONMEEVIGRZC 50 ﬁ 1.2 ﬁ 94 ﬂ
% ~"7500 1000 1500 2000 2500 3000 3500 4000 4500 5000 Temperature [K]: 250 2] BB:Noise,Vth[mV,CFD if<1]: —alfos 2
of e-h per micron =il |
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Batch mode: time resolution

Weightfield2 Build 4.64 Y
Currents and Oscilloscope | Electronics | _Electronics I | —Files in sensors/data && sensors/graph ————————————————
. . Run [&ve] |L5ad] | FBK/We.dat  [B&V8 graph
BB T|me ReSOIut'On Set Potentials Currents - -
17, . — Detector Properties
[0} BBtvthhist - Type
= AL @ Si ¢ Diamond C Free
'E1 5 Entries 100 eh pairs followed (1= Most precise, 100 = Fastest): 5 ﬁ
wtor . = - .
" 02151 Time Step [ps]:| 0.1 j Step x,y [micron]: | 0.97 j 0.05 Z, — Doping type
ean ) Strips Bulk
@& n el Con &
Std Dev 0.03226 Output files for signals ’( B H( ® ‘
oo Moo
¢/ ndf 13.23/12
10— . . — Dimensions
Constant  9.989+1.535 Time reSOIUtlon # of strips (1,3,5..): 13
al ; - Al
Mean 0.21150.0045 100 < Thickness[um]: 55 3|
Width[um), Pitch{um)]: 490 2 500 3|
5 [ Sigma 0.03674 +0.00525 selem Panicles
[MIP Landau [+] _Gain
#eh/um Range [um] Duration [ns] E [keV] 0 j |Boron + Carbon E|
X[um],Angle[D] Y[urm]: 251 3 20 5[ 27 | Rnd |Deep doping: a square @ 0.6 -1.6 micron |
ol o by by Number of Particles: ’_ 1 ﬁ [ Massey model |
0 0.4 05 _ 06 Gain Layer peak doping [10M6/cmA3]  [2.19 2]
Time [ns] - I Force Gain B
Irradiation o . =
BB Time Over Threshold o e oo | s ecsssmr 03]
Fluence [10A14 neq /cmA2]: 1 =l ( & neutrons ¢~ protons/pions
s 0.7
2 C — Voltage
¢‘\'s‘ L [” CCE beta electron, holes: 8 j 8 j Bias [V], Depletion [V]: Wﬁ 20 ﬁ
o C
0.6— [~ Acceptor creation ™ Init. dop. removal; Fluence:
- N_{Effy[0-100]:[ 1 =
osE [T DJON | @ Linear(: Step SEmeoe] - Read-Out
“E LAY (@B & Top Strip ¢~ Backplane
C I
04— — Electronics
n ToA ToT ield V¥ ON csAsC [+
- (0] VS 10 b Detector Cap[pF] Ind [nH]: al =]
03— . \bsolute Value 35 5
= il - Scope (50 [Ohm]) BW[GHz]:
C B e " Draw e-h motion 25 ﬂ
02— .f%:;;" . CSA:Imp[Ohm], Tr.Imp[mV/fC]: Wﬁ P ﬁ
o TR Current Settings CSA(Cdet=0)T_r,{(10-90%)[ns]: = =
= ) " ) O 0.4 3{[0.4 2]
o= [” B-Field on. Tesla (Positive = entering the plot) = 0 =l CSA:Noise, Vth[mV,CFD if<1]: b be
- [ Diffusion BB:I Ohm],BW[GHZz],Gain: 1 = o2 =
C | | | | | | | | [~ Charge Cloud Dispersion (no Alpha) Al (el e e 50 ﬂ 1.2 i’ 94 i’
o b b b b by — N o
00 L s L o o5 o5 : 5 T2 16 Temperature [K]: 250 Z, BB:Noise,Vth[mV,CFD if<1]: ,ﬁﬂ 03 Al
Time over Threshold [ns] il il
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Time resolution vs thickness

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

200 ® FBK - PIN (NA62)
— 180 | e FBK-UFSD
2 160 [ m HPK- UFSD ’
S 140 —WF2: Jitter+Landau - UFSD
£ 120 -+++WF2: Jitter - UFSD
o 100 T __\wr2: Landau- UFsD
v 80 |
(2
60 | o
| /‘A“
- =P
20 i ““““ﬂﬂ‘
0 3 | L 4 1 !
0 50 100 150 200 250 300

Thickness [um]
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Compensation with V..

Due to irradiation, the gain layer atoms get deactivated (acceptor removal)

The necessary field can be recovered by increasing the external Vbias:

proven to work up to 5-10%> n../cm?

Increasmg fluences

o HPK 50D Gain vs. Bias -20C 100,000 - — Active doping= 63%
PN § 80,000 = Active doping = 76%
o A T ——Active doping = 91%
<o A © HPK 50D pre-rad o - .
) o N ag‘ A HPK 50D 6e14 Eﬁ 60,000 - Unirradiated
g 10 + ° © A = & OHPK 50D 1e15 _‘;
A A . ¥ a CIHPK 50D 3e15 g 40,000 -
8 - =|: + HPK 50D 6e15 % Charges needed
for good timing
o
" X + O E * HPK 50D 1e15 -30C 20,000 - measurement
» o 4+ HPK 50D 6e15 -30C
X HPK 50C 6e14
1 T T T T T T T 1 0 !
0 100 200 300 400 500 600 700 800 0 1000
Bias Voltage (V)
V bias [V]
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Compensation with V..

As the gain layer density decreases, we need to increase the external voltages to create the Ef4
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

® CNM W5 -50 micron

s 1,000 r - - WF2: Shallow doping, Massey 7 10
8 300 ——WF2: Shallow doping, Massey bulk gain 8
e 4
= 600 g +_ o 6 S
S I -7 60
oo ~
s er g
- 400 | j, 4 14 @
8 i .7
S 200 |[* 12

o L ;

0 10 20

Fluence [1e14 neq/cm2]
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Pulse shape in irradiated sensors

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

L pre-rad ~——WF2: pre-rad
1.3 O 6el4neq/cm2 ~——\WF2 6e14 neq/cm2
1.2 . 6e15neq/cm2 ———WEF2 6e15 neq/cm2

Amplitude [mV]

2.5

With irradiation the signal changes: it becomes shorter and steeper

29

WF2 -11.06.2021

V. Sola




Summary

> Weightfield2 is a rather easy to use simulator for silicon sensors
= |t can help the user’s intuition in deciding the best solutions

> |t is fully configurable by the user
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