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Overview

Experimental setup

Alfa particles (5MeV) emitted with 2168Hz rate.
Distance 6.5mm between source and DUT.
Measure time for each V.. 30m

Objective
Reproduce the observed CCE(V)

Strategy

 Setup a Geant4 simulation to determine initial
charge distribution

* Setup a set of Allpix2 simulations with:
1.  Ad-hoc charge transport model where charge carriers
have constant uniform mobilities;
2. Electric field assigned:
a.  Uniform E=V/d
b. Two regions field
3. (Mobility x lifetime) fixed from fit parameters
a. DESY-II
b. Padova's
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Geant4 simulation

A
Observations from the Geant4 sim. 5 7

a. Alfatracks entering DUT with 65Hz rate. 10°

b. Alfa particles stop within the first 20um of
sapphire. Each track generates
5MeV/27eV =180k pairs 10

c. The integration time (<50us) is such that 1
charge from a single track (T=1ems) is

. I
relevant to the signal*. mE WWWW

MeV
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Geometry energy (MeV) deposited in sapphire pad
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Allpix? and experimental points

Allpix2 simulation strategy
1. Set (ut) product using fit values

2. Set electric field with constant
value E=V/d

0.06 -

0.04 - thickness

3. Run CCE vs.V and compare with =
datapoints

Il. If noagreement is found, try o0~ | |
with the electric field like ° ™ Potenta

Experimental points do not align as foreseen by the
Hecht equation, which holds under the hypotheses:

E(2) :{ Ey 0<y<uy [ — oD 1. Planar detector
Ev oy <y<d . N 2. Transport properties and electric field uniform in the
. 1 whole volume of the sensor
EO=f-Ex [0 1] : .y 3. Freecharge in stationary conditions is negligible and
d v . its generation, due to alpha absorption, is
/ﬂ dy B(z) = —_/“ v =V instantaneous

4. Diffusion and detrapping are negligible
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Sapphire parameters from fit

CCE experimental + sim. TI0um/150um samples
« 100000 events (1h sim.
u>“:|' 0.07 . experiment 110um 117k tracks Time) corresponding to
S 0.60*sim. 110um 1k tracks . 1050 tracks in the
0.06 - experiment 150um 117k tracks detector
' 0.60*sim. 150um 1k tracks ‘ * Parameters used:
- fte = 600 cm?/V /s
- (pr)e = 8251077 em?/V
0.05 L (u7), = 5.65-107 em?/V
B * Uniform electric field:
0.04 :— E(V) = 1L10 V/um
0.03— Comment
— Simulated CCE(V) is not
- reproduced.
0.02—
— Possible causes
— » Different parameters?
0'01j RN N T T N T Y A T T O Y Y T N U A TN O Y I Y I Y RO B  E-field approximation
400 500 600 700 800 900 1000 1100 1200 v inadequate?
bias
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Uniform field issue

0.08 - CCE

0.08 4

0.07

0.08 -

0.05

0.04

0.03 4

0.02

0.01 4

Biasing voltage [V]
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T
1,000

1
1,100

Sim. settings
a. 110um sample
b. Uniform E-field

Open question
Simulations with Tk tracks
and fixed (pt) product shows

dependence of the CCE(V)
from the mobility.

Why?

(this was not observed in
DESY-II validation using
MIPs.)
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Attempt Il. Using 2-regions electric field

E(z) = { Ey 0 <y <y 0 - GND 1¢¢E 0.09

E, Yo <y <d o \g‘g ——————————— oo ]
Eo=f-FE €0, 1 ] 00104
f 1 f [ ] 3 +V

d +V
/ dyE(z) = —[ av =V ¥ 0.009

0 J0

0.0899999959¢

0.008

The f fraction is a free parameter of the
simulation:

0.007

0.006 —

« Scanned f values, with fixed (ut) o
product, in the range - — ) P,
[0.001,1.0] o
the latter corresponding to uniform wi .
field. N S
0.000 - Biasing voltage [V]
Conclusions 1/2 % 2 % 8 % = RS R 0

Decreasing the field - as one may expect from a ‘screening effect’ of the external electric field
INn the region where alpha-sourced charge is accumulated- results in decreasing the slope of
the CCE(V). Therefore, this model doesn’t go in the right direction.

On the other hand, the opposite effect (f>1) may improve the agreement with datapoints.
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Conclusions and open questions

Conclusions 2/2

If we use an uniform electric field (E=V/d) and the desy-ii \mu\tau products for
electron/hole, the simulated charge is much bigger than the one measured.

Open questions

@ q
Polarisati ffect d the int | field
a. Pola [ ]
. . I~ - 0 L L 1 1 1 L i 1
b. Surface recombination - -
10 - E TIME ——(sec
M < lD-] r =
C. e-trapping - _ e
B h
; - .
& - -
al 35— i
o'k 1 4 W Q
9k i
10
- 4
1 i 1 | 1 1 i i 1
0¥ 0 0! 102 1 102 ol o
0 4 8 1216 20 24 B 32 3% 40
TIME AFTER PULSE (sec) TIME (500
IG. 1. Log- lot o i FIG. 3. Integrated photocurrent at 10° V/cm in the
,F G L g log p t of the relative COD_dIlctiVlty vs regime where sweepout of the carriers dominates the
time for a typical sapphire sample at 300 °K. The ap~ carrier lifetime. The curve designated by the circles
ied 3 is the data points. The lower curve is taken from data
plied field and the number of ex?ess carriers are kept at much lower flolds wheve the bulk Iifetime ot the
low enough so that all conductivity decays depicted are carriers dominates the photocurrent. The upper solid
i - 2 : : 3 line is a fit to the data employing the measured lifetime
due to.fu'st m:gler tra{fpmg kinetics. The excitation and the best~it sweepout time. The experimental seup
pulse is 3 xX10™° sec wide. The error bars reflect the is described in the text, but this data show the special
. 2 case where the concentration of electron-hole pairs was
exPeriI_nental error 111 taklng_ the derivatwe of charge not uniform throughout the bulk of the sample, but was
collection data in the given time ranges. enhanced near one electrode by a layer of high-Z metal.
ng by

Curve (a) was for a negative polarity at the high-density
electrode, and curve (b) was for a positive polarity.
Each curve was normalized to the same x-ray flux.
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Backup
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Geometry

\ PCB support

Alpha source enclosure \
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Weighting field
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Sapphire parameters from [1]

CCE experimental + sim. TI0um/150um samples
_ + 100000 events (1h sim.
u?:l' 0.07 . experiment 110um 117k tracks Time) corresponding to
8 0.09*sim. 110um 1k tracks ‘ 1050 tracks in the
. experiment 150um 117k tracks detector
0.06 0.09*sim. 150um 1k tracks ’ * Parameters used:
. pe = 600 cm®/V /s
— * (u7)e = 79.1-10° cm®/V
0.05 - (u7), = 4.2-107% em?/V
— ‘ « Uniform electric field:
0.04 - E(V) = %U V/um
0.03— . Comment
— . . DESY-Il parameters
- . (platel) are inadequate if
0.02— . . used in this model with
— . . uniform e-field, predicting
- a very high >30% CCE.
001 =1 | | | I | I | I N | I | | I | | I | I | I | [

400 500 600 700 800 900 1000 1100 1200
Vbias [V]
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Padova pars T1O0um

Desy pars 110um

0.45 =

0.012

CCE CCE
0.09
0.09 0,011
0404 0.0599999999¢
005 0.010 <
0354 0.0599999399¢
0.009 -
0.03
0.30 0.008 -
0.007 -
0.25 0.05
0.006 -
0.20
0.005 —
001 0.03
0.15 0.004
0.003 4
0.10
0.002 = 0.01
0.05 -
0.001 -
Biasing voltage [V] Biasing voltage [V]
0.00 I T I T I T I 1 0.000 1 T 1 T I T I 1
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Backup
Geant4 T1TOum
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Alpha source. Characteristics

« Source activity (27/7/2]): 2200 Bq Alpha source energy spectrum (from vendor)

BC2504_AMCMNP_2200BQ.CNF

2000

« Source composition:
1. 241Am - 1000 Bg
2. 244Cm - 1000 Bq

3. 273Np - 200 Bq

« Date of experiment: 16/02/22
- 205 days later

éa 1000{
750{
s00-+
2501

- Activity at the 16/02/22: 2168.17 Bq : N

llllllll
0 T 1

_—> Decays | N 30 ': 3.9 X 1OA6 - 4000 4500 5oognergie(kev)

I !
I 1 1
5500 6000 6500

Simulated an acquisition of 1800 sec in
Geant4 using 3.9 x 10A6 events

29/04/2022 | Validating the MC template against Padova a-particles experiments



Alpha source in the sim.

Source spectrum (measured) Source implementation in Geant4

BC2504_AMCMNP_2200BQ.CNF kin. energy (MeV) of alpha at t0

2000+

i pa o, e o X 0 ekinP
- R I = L Entries 3902400
1?501 = ~ Mean 5.606
i 8500 — StdDev  0.2039
15004 -
400—
12504 B
é,._mgg.: 300 j
750 -
r 200—
500 -
" 100 —
s0-- B
L —
: JA K ; 0 L = L 1 | ‘ 1 | L | | | 1l ‘ | | | 1 I | 1 |
0 k. 1 1 1 1 1 1 L 1 | | [ | 1 1 L 1 1 1 1 1 5 6 5 8 6

L
4000 4500 5000 . 5500 6000 6500
Energie(kev)

Alpha source is implemented using a Geant4-GPS
Number of events: 3902400
Average energy: 5.606 MeV
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Alpha source in the sim.

* Alpha source is enclosed in a plastic container with cylindric shape.

 The active alpha-emitting area is a circle of diameter d1 =7 mm, deposited in a
disk of diameter d2 = 25 mm, with thickness dz = 0.5 mm.

« The source enclosure is such that there isa 6 mm gap between the active area
and the device under test.

« Afurther 0.5 mm distance between the plastic container and the sapphire pad
IS present, to avoid damaging the wire bondings

DRAWING

Geometry -> alpha are emitted in a cone with semi-aperture

Yoy 110117277 /7 éf/xz/// 7777
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Sapphire pad

* Sapphire pad is implemented with a disk
-diameter 550 mm
-thickness 110/150 um

 Upper metallization is made of
50 nm Ti+50 nm Ag

« Lower metallization is not implemented
(see later)

* 110 um sapphire pad is virtually
segmented in 110 layers to study dE/dz
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Energy deposition (110um)

Let us focus on the 110-um pad detector. The conclusions hold also for the other one.

INn the Fig. Below there is the kinetic energy of alpha particles reaching the first sapphire
layer (left)

kinetic energy (MeV) alpha at 1st sapphire layer boundary

_ ekinPinSapphire__ 2
14000— Entries 470156 ] .

- ven 495 The average energy loss of alpha particles in
12000 the 6.5 mm air + 100 nm metallization is
10000 —

- \DeltaE_k = (5.606 - 4.945) MeV = 0.661 MeV
8000 —
6000 —
4000 —
2000

L | | | | | |

% : 2 3 4 5 6 7 8
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Energy deposition (110um)

Let us focus on the 110-um pad detector. The conclusions hold also for the other one.

In the Fig. Below there is
the spectrum of energy depositions in the sapphire (right)

Ho000

The average kinetic energy of alpha 12000
entering the sapphire is 4.945 MeV 10000
The average energy deposited in the 8000
sapphire is 4.937 MeV. 6000
Simulation are made using the FTFP_BERT 4000
physics list (the standard hadronic list) 2000/
0

29/04/2022

energy (MeV) deposited in sapphire pad

edepTot__1

Entries
Mean
Std Dev

470401
4.937
0.3222
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Energy deposition (110um)

The average energy deposited in the sapphire is 4.937 MeV.

Most of the energy is deposited within the first 20 um of sapphire, leaving only an O(10)
hits for deeper layers
(therefore no major differences are expected rear metallization is implemented)

10°
10*
10°
10?

10

107
107

1073

LayID {ELay}

energy dep. in layers (1-110) [thicknes = 110 um]

1800 sec.

htemp__2
Entries 5544487
Mean 7.481
Std Dev 3.496

= [T

29/04/2022

hits
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htemp

Entries
Mean
Std Dev

55644487

7.026
3.713

hits number (depositions AE>0) vs layer number




Deposited charge

 The DepositionGeant4 reproduces
the same results of the Geant4

simulation: the number of deposited charge per event

deposited _charge DUT

electron/hole produced is obtained
from the deposited energy dividing

TV I

Entries
Mean
Std Dev

201
455.2
38.28

for the 27eV average energy for pair
Creation

 There isthe Fano factor (0.115)
responsible for gaussian fluctuations
over the average pairs number.

dennsited charne kel
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Models in Allpix2

Built-in Allpix2 models parametrize the mobility as function of the electric field E
and/or the doping concentration N.

1

Jacoboni-Canali model E)=m , 6.1
”’e_l(E) = 1/#0,6 + E/'Usat
Hamburg model i (E) =1/pon for E < Eg
=1/pop +b- (E— Ep) +c- (E — Ep)? for E > Ey (6.3)
,LLe(N) = hoe + Hmaz,e — PJO,ZE . H1e B
Masetti model L+ (N/Chre) (L+ (Cse/N)e) (6.5)
un(N) = pop + ——moth LLA + e/
U LH(N/Crp)er (14 (Csp/N)PR)
He(N) = Hmin,e + NO,e/ (1 + (N/Nref e)a)
’ 6.6
Arora model i (N) = i + o] (11 (N/Nacg 1)) (6.6)
. _ i (N)
Extended Canali WE,N) = 1/8 (6.7)

(1+ Gun(N) - E/vom)?)

Custom model — const. uniform mobility
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Summary of the simulation strategy

« Three models have been used. Model-dependent parameters are varied and

simulation outcomes are compared with experimental data (CCE) for the
110/150 um DUT.

« All model neglect hole propagation, focussing on the electron propagation only.
* (Toy) Model T

— Fixed uniform electron mobility (no saturation speed)
— Fixed uniform electron lifetime
— Fixed uniform electric field along z

e Model 2

— Fixed uniform electron mobility & lifetime
— Linear electric field along z

« Model 3
— Fixed uniform electron mobility & lifetime -

_ Electric field along z with the form ) S

E.(z)=Ey— E1(z — z0)

)2

(2=
EZ(Z) = E() — El (Z — ZU) — Eg T[)(Vhiag) e 2”3
Vihias — 1200V

wW(Viias) = 500V — 1200V
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Hecht with linear electric field

CCE(V) for 110um pad

L
3‘":3 0.07F
o B
O :
© .06
0.05—
0.04—
0.03[
0.02—
0.01—
_||||III|||||||III||||||||||||||||||III|IIII|III
400 500 600 700 800 900 1000 1100 1200
Vhias [V]
root [1] fit110()
FCN=0.437789 FROM HESSE  STATUS=0K 16 CALLS 1760 TOTAL
EDM=5.11523e-06 STRATEGY=1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO. NAME VALUE ERROR SIZE  DERIVATIVE
1 p0 8.06842e-09 1.43563e-09 2.40803e-14 1.24240e+06
2 pl -4.19089e+06 2.12094e+07 9.99186e-01 3.02237e-09
3 p2 1.10000e-02 fixed

4 p3 4,19420e-02 1.11303e-01 3.84359e-05 -2.27460e-03
(int) O

CCE(V) for 150um pad

0.03

0.025

0.02

0.015

0.1

500 600 700 800 900 1000 1100 1200
Vhias [V]

root [1] fit150()
FCN=0.0250893 FROM HESSE STATUS=NOT POSDEF 16 CALLS 137 TOTAL
EDM=1.7533e-08 STRATEGY=1 ERR MATRIX NOT POS-DEF

EXT PARAMETER APPROXIMATE STEP FIRST

NO. NAME VALUE ERROR SIZE  DERIVATIVE

1 p0 8.50391e-09 6.86839e-10 4.77519e-15 1.60594e+05
2 pl -1.75392e+06 2.29618e+06 4.18167e-01 -1.78013e-10
3 p2 1.50000e-02 fixed

4 p3 1.43160e-02 1.10767e-01 2.26320e-05 -2.48039e-05
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