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< <K<K

CNM single diode$x1 mn%from runs 10478 (W4 & W5) and 10924 (W6)
50>m active thickness on 258m 4¢ Solwafers
Boron,Boron+ Carbon diffused and Gallium implanted gain layer
Irradiated with 124 GeV SPS protons and fast (~10MeV) neutrons at JSI
5 fluences 1e14, 6el4, 1els, 3el5, 6elp

Testedat -10C,-20C and30C

Manufacturer. Bun | ‘wafer Structure Carbon Infused  Multiplication Dopant | Active Size  Radiation Fluence Radiation Tupe TREC TRELC Status Awailable On Board Autotrigger Beta Measurements I
CMa 10478 Wd  S1067 i/lm] Bioran Tulmm®  1w10"n, fom? pratan CR-077131 oK atlFAE MO YES YES
M CMm 0478 W4 51095 MO Boron Telmm® 110", fom? neutron CR-077187 O atIFAE NO YES YES
? CMm 0478 Wd  S1064 MO Boaron Twimm®  Bx10"n, fem® proton CR-077189 oK atIFAE NO YES YES ' '
m CMra W0d7a Wd 51016 NO Beoron 12 1mm® B 10™ n_,,n'crnz neutron CR-077153 Ok atIFAE NO YES YES ? 1
a CMh 10478 'Wid 51099 [m] Bioran Telmm®  1=10% 0, fom? praton SET-003514 oK YES YES YES YES ; i
! CMw 10478 W4 5068 O Baran Telmm®  1210%n, fom® rewtron CR-077132 oK atFAE MO YES VES : :
B CMm 10478 Wd LGOS /[m] Bioron 138153mm*  3u10" n, dom’ praton CR-073552 oK YES YES YES YES
o CMw 10478 Wd  LGOT MO Boran 13x13mm®  3x10% 0, fom® neutran CR-076012 oK YES YES YES YES : : . :
; M 478 W4 51021 MO Baran Telmm®  Bx10%n, dem? pratan CR-073551 oK atIFBE ] YES YES : < Tmm > :
n 2mm
CMW 10478 'Wd ST022 MO Boron 1x1mm® uniradiated T T [ YES YES YES YES
CMm 0478 WS 51038 YES Baran Telmm® 110", fem’ proten SET-003367 oK YES YES YES YES
CMa 10478 WS S1076 YES Boran Tulmm?  Bal0™n, fom® pratan SET-003371 oK YES YES YES YES
CMm 0478 W5 SIS YES Boron Telmm®  1=210% 0, fom? proten SET-003372 O YES YES YES YES
C CMm 0478 WS SI037 YES Boaron Twimm®  3210%n, dem® proton SET-003377 e YES YES YES YES
2 CM 10478 WS S00 YES Bioran Tulmm® G210 0, fom® pratan SET-003615 oK YES YES YES YES
,'3 CMy 10478 WS 51013 YES Boaron 1x Tmm® unirradisted T T IS YES YES YES YES .
o CMw 10478 WS S1005 YES Boran Tyimmd  1w10%n, fom? neutran CR-083272 oK YES YES YES YES D | e d L
n CMy 10478 WS S1003 YES Boran Tuimm®  Bul0n, dom® neutron CR-083275 oK YES YES YES YES
CMw 10478 WS S1003 YES Boran Tulmm?  1w10% 0, fom® neutran CR-083273 oK YES YES YES YES
CMm 0478 WS S1004 YES Boron Telmm®  3x10%n, dem® neutron CR-083276 oK YES YES YES YES H
CMm 0478 WS 51003 YES Baron Twlmm®  Bu10%n, dem’ netran CR-083274 oK, YES YES YES YES ACtU al Iy more d e d an d
CMra 0324 WE  S1007 MO Gallium 1u1mm® 1a 10" n‘,qn'c:mZ reLtran Ok YES YES YES YES
CMm 0924 W5  SI012 MO Gallium Telmm®  Bx10"n, fem® neutron EEFERE O YES YES YES YES seve ral measureme ntS were
- CMv 10324 WE 51003 Ta] Galium Twlmm?  1wi0ntom®  neutron oK YES  YES  YES YES repe ated ~15 but had
- CMra 0324 WE  S1006 MO Gallium 1u1mm? Gui0™ n_,‘,n'czrn2 reLtran Ok YES YES YES YES
! spears]
I CMw 10924 W6 51021 /[m] Gallium Tu1mm® uriinadiated T T A YES YES YES YES
i CMm 0924 WE 51023 MO Gallium Telmm® 1210, fom? proten SET-003522 O YES YES YES YES
:1 CMm 0924 W6 SI036 MO Gallium Telmm®  Bx10%n, fem? proten SET-003528 oK YES YES YES YES
CMy 10924 W6 S1020 /[m] Gallium Tulmm® 1= 10%n, fom praton SET-003530 oK YES YES YES YES
CMw 10924 W6 S1022 MO Gallium Tulmm? 32100, fem® pratan SET-003534 oK YES YES YES YES
CMm 0924 W6 51032 MO Gallium Telmm®  6x10%n, fem® proten SET-003536 oK YES YES YES YES
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KElectrical characterization

IV measurements
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Keithley2410
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Keithley 6584

Individually monitor GR andPadCurrent

Single commonisolatedground
Singlevoltagesourcewith internalinstrumentsync
0.5V steps@ 1 secwith 2-5 secstabilizationtime

5 samplesper point, mean and std convoluted to
uncertainty

Measurementat-10°C, -20°C and-30°C

Repeafor all 30 sensors

Scaling with temperature and fluence within
expectations
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Klectrical characterization

IV measurements

1,0E-04

Simple Boron (W4), Neutron Irradiated - Total Current

1
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Simple Boron (W4), Neutron Irradiated - Pad Current
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1,0E-05 c ! é 1,0E-07
— 1,06-08 |
< T10C, WAS1095-1e1dn | — --20C, WAS1095-1e1am  ——-30C, WA51095-1e1an
< | o-10C, WAS1016-6e1dn  — --20C, WAS1016-6e1dn  ——-30C, W4S1016-6e1dn
c 10E-06 1,06-09 -10C, W4S1068-1e15n  — --20C, WAS1068-1elSn  ——-30C, W451068-1e15n
] &l ----- 10C, WAS1017-3e15n  — --20C, WAS1017-3e15n  ——-30C, W4S1017-3e15n
c | -----10C, WAS1102-6e15n  — --20C, WAS1102-6e15n  ——-30C, W4S1102-6e15n
> 10e10 L ‘
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1,0E-07 — Bias Voltage (V)
—
-— +
-10C, W4S1095-1el4n  — --20C, W4S1095-Te1dm  ——-30C, W4S1095-1e14n oos Simple Boron (W4), Neutron Irradiated - GR Current
w08 ¥/ | 10C, W451016-6e14n — --20C, W451016-6e14n  ——-30C, W451016-6e14n = 3
' -10C, WAS1068-1el5n  — --20C, WAS1068-lel5n  ——-30C, WAS1068-1e15n - voeos |
----- 10C, W4S1017-3e15n — =-20C, W451017-3e15n ——-30C, W4S1017-3e15n @
""" 10C, W4S51102-6e15n — =-20C, W4S51102-6e15n ——-30C, W451102-6e15n — T 10607
1,0E-09 L PR I .g._""&,'
50 -150 2250 350 450 550 650 750 = SR
Bias Voltage (V) ©
1,06-09
10C, Was1095-1e14n  — --20C, WAS1095-1e1dm  ——-30C, W451085-1e1dn
- -10C, W4S1016-6e1dn  — --20C, W4S1016-6e1dn  ——-30C, WAS1016-6e1dn
10610 L -10C, WAS1068-1e15n  — --20C, W4S1068-1e15n  ——-30C, WAS1068-1e15n
--10C, WAS1017-3e15n  — --20C, W4S1017-3e15n  ——-30C, WAS1017-3e15n
‘:' F ————— 10C, WAS1102-6e15n  — --20C, WAS1102-6e15n  ——-30C, WAS1102-6e15n
1,06-11 : : ‘ ‘ : :
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Passivation

Acceptor Removal -

®Rj | Estimation
Gain layer only present in pad region (GR region implanted with diffused n_
Additional pimplantation gain layer creates secondary depletion region

Motti Schottky equation I'h rapid leakage @urrent variation at depletion

< < < < C=

narrow width Gaussian

Depletion voltage determined by mean of Gaussian fit at depletion voltage

1.0 mm active area

Metal

-
4
3-51

P

0.7mm p-type implant ‘,//
; rat

X

Metal

GR diode

Performed at1(°C, -20°C & -30°C with independent fits on each temperatthye®0 GaussianiFits

Neutron Irradiated, Wafer 3 CNM 11476, | 81/8V| Pad : ;
I Gain depletiorV/oltage
: Fluenegn,/ecm?) -20°C -30°C
1,0E-09 —[\& unirrad. -34 -34
< {}(&% —— .30 CW3Y11 - 3el4 3el4 25 -25
:‘_?,1,0503 E ——-30 CW3Y10 - 7e14
> eV ——30CW3Y12 - lels 7el4d -20 -20
% 15V —— .30 CW3X18 - 3e15
1,0E-07 i 20V 1lel5 -15 -15
, 25v 3el5 -6 -6
HoRee o o -;_Lo I -:Lo B —(;O I -z;o o -100 oel5 0 0

Bias Voltage (V)

p-type Bulk

Buried oxide

d-function form of| ] | at depletion point convoluted with instrument resolution (Gaussiar@pproximated by
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Adcceptor Removal ) _ o,

5 oy . . . \
0 ®Rj | Estimation ay
V Plot for all implants (Gallium,. Boron and Carbon), for all fluences (1el4, 6el4, 1el5, 3el5 & 6el5)

on protonand neutron irradiated sensors (30 different datasets
V Repeat up to 3ell,/cn¥ i No observable gain layer at higher fluences

Carbonated Boron (W5), Neutron Irradiated -| 61/6V| Pad Simple Boron (W4), Neutron Irradiated -| 61/6V | Pad
LOE-05 L10e-06 “10C, WAS1095-1eldn  — --20C, W4S1095-1eldm  ——30C, W4S1095-1eldn
-10C, W4S1016-6e1d4n  — =--20C, W4S1016-6eldn  ——-30C, W451016-6eldn
1,0E-06 & -10C, W451068-1e15n  — --20C, W451068-1e15n  ——-30C, W451068-1e15n
1,06-07
< 1,0607 | =
£ £ 10608 G
@ 7]
=4 =
5 1,06-08 5
[s] a
1,06-09 |
1,0E-09
10810 b -10C, W551005-1e14n  — --20C, W551005-1e1dn ——-30C, W551005-1e1dn 1,06-10
’ -10C, W551008-6e14n  — --20C, W551008-6eldn —— -30C, W551008-6e14n
-10C, W551009-1e15n — --20C, W551009-1e15n ——-30C, W551009-1e15n
1,0E-11 : T : ' i I I 1,06-11 , . . .
o -50 -100 -150 -200 -250 -300 -350 -400 -450 -500 0 -50 -100 -150 -200 -250 -300 -350 -400 -450 -500
Bias Voltage (V) Bias Voltage (V)
Carbonated Boron (W5), Proton Irradiated -| 61/6V| Pad Simple boron (W4), Proton Irradiated - | 61/6V| Pad
1606 ¢ -10C, W551038-1eldp ~ — --20C, W551038-leldp ~ ——-30C, W551038-1eldp 1,0€-06 -Joc, W4s1067-1e1dp  — --20C, W4S1067-1eldp ——-30C, W4S1067-1eldp
-10C, W551036-6e1dp — --20C, W551036-6e14p ——-30C, W551036-6e14p -0C, W451064-6eldp  — --20C, W451064-6eldp ——-30C, W451064-6eldp
i -10C, W551115-1e15p ~ — --20C, W551115-1e15p  ——-30C, W551115-1e15p -J0C, W4s1058-1el5p  — --20C, W451058-1e15p  ——-30C, W451058-1el5p
1807 | 1,0E-07 |
< i <
£ 1E08 ‘g 1,0E-08
£ g \ |
= 3 \ —
© | © I\ - \,II‘ —_—— T
1609 | 10609 | N \ o~ TN
F b N N
V1 Rl e Y Y V] M
i ~ / WV = 7
I 8 Y IROAN gy I ES N T A Lt
1610 L 1,0E-10 '—’J/ /‘,\ NS T, PE o \
1E-11 1,0E-11
-100 -150 -200 -250 -300 -350 -400 -450 -500 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200
Bias Voltage (V) Bias Voltage (V)
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Adcceptor Removal
Repeat)(s

Gaussian Fits
V Depletion Voltage should not change with temperature
V Final value for each fluence determined as a mean of individual temperature depletion voltages

V Uncertainties: instrument resolution(Gaussian sigma) + temperature dispersion 5
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0 o L
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Adcceptor Removal

Gain Depletion - Neutron Irradiated

-50 r
: S S
Depletion Voltage vs Fluence P S
. . . . 3| Y
A Exponential decay of gain layer active implant| = ., | [+ G
() = .
. . . . a0 F A Gallium
A This is NOT probing total acceptors in the F5E | L goon
o - N
I > -20 E | ----- Carbon Fit %\
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£ ----- Boron Fit \‘\“\\
w wQ N 4
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0 Ll [ Ll 1 | |
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3 F \ o FTSTRRIRIIIIIIIIIIIENEEaza.
S . o Carbon Proton h s TR
= .30 [ . . 35 o Carbon \
) g A Gallium Neutron N = g _ -]
Ep 25 F o Gallium Proton N < < 30 F @ Gallium “‘\‘\\:\
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F O Boron Proton \ 5 20 7 ----- Carbon Fit i\
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AAcceptor Removal

Acceptor removal - Proton & Neutron Irradiated

120%
. 0 = r
Gain % vs Fluence e e ——
. . a r A Carbon Neutrons Saag,
A Assume linear dependence between depletion £ so [ | o cubonprotons %\}_}
. . . . - 3 . N
o L A Galium Neutrons AN
voltage and remaining active implant $ eon [ | o catum proton
A Apply an exponential Gain reduction model < - | 4 BoronNeutrons
(fB 20% [ o Boron Protons k-
© ; o r | ----- Carbon Fit ;\\
O I:) g 2 2 [ ----- Gallium Fit *
<‘t-’ 20% ¢ [ - Boron Fit :\\% %1
L ‘\ -~
0% L Ll L r‘\?‘lg.._‘_;;
A If linearity assumption is correct, removal 1E+12 1E+13 16414 1415 1E+16
. . . 2
coefficientsG,and G; should be compatible Fluence (N/cm?)
Acceptor removal - Proton Irradiated Acceptor removal - Neutron Irradiated
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100% [oeccmomcccccccccmann, | 100% [mmmmmmmmmmmmmm e
55355:-., T g
=X g0 [ N j\j 80% e
= o Carbon RS = A Carbon KN
© . NS © r ) “e\
2% | 2 paron RN 2% || L g %
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5 A0% | eeee Gallium Fit N, B A% | -mee- Gallium Fit 5
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AAcceptor Removal

5E-15

Acceptor Removal

Coefficients and linearity

A Compatible coefficients between voltage anc
Gain reductiory linearity valid

A All three implants present compatible results
in neutron irradiationg no change with

Gallium / Boron / Carbon

A Slightly better results for Gallium with
protons, softer collisions due to Coulomb

field ¢ higher mass effect

— A& Carbon Voltage

—&— Carbon Acceptor

— A~ Gallium Voltage — A~ Boron Voltage

—=8— Gallium Acceptor —@—Boron Acceptor

Removal Coeeficient

5E-16

—

- g = = = =
-
—
—
1

Combined

Neutron Proton

Gain Layer Type

GeneralAcceptorRemovalCoeeficiant

Implant Gallium Carbon Boron
C 1C C 1C C 1C
GainDepletionVoltage
Combined 7,66E16 9,33E17 9,11E16 1,02E16 8,52E16  1,04E16
Neutron 8,09E16  1,50El6 8,95E16 1,24E16 7,02E16 1,31El6
Proton 1,31E15 2,13E16 163E15 2,76E16 1,87E15 1,74E16
AcceptorRemoval
Combined 8,25E16  7,98E17 9,33E16 7,78E17 9,69E16  1,04E16
Neutron 8,28E16 1,16E16 8,85E16 8,76E17 8,19E16  1,35E16
Proton 1,41E15 1,88E16 1,70El5 223E16 1,96E15 1,60E16
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AAcceptor Removal

Conclusions and discussion

A

Acceptor removal coefficients between depletion voltage and gain % fits are compatible
linear dependence between depletion voltage and remaining active implant

No difference between different implants when combining proton and neutron data
acceptor removal model is trapping independent

Slight advantage of Gallium (lower removal coefficient) in proton irradiation, consistent
witch point displacement impact models (higher molecular ngas®re inertia)

Neutron irradiated sensors are quadentical, compatible with impact only model
(neutron interaction differential correction at 1MeV is the same for all implants)

Carbon does not reduces acceptor removal and Gallium does not increases it

4/6/2020
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ACharge Collection

B particles output  Sensor Boards

Sr90 Source Support
planes

SPY Timing setup

Spacers M4x20 screws

Trigger

Aluminum support assembly

Aluminury WShaped
Support Frames

Br7
i1 _DETECTORI IN

1]
1

L2
|

BOND_PAD = i o w = -
nos S .
ges- 552 ? g2s8
= 3 - <

“ | - B
aps H
[F

BOND_PAD

c23

APO201
33n

CaPO20

(reduced size) GNE O
baseplate

High frequency SiGe (~2GHz) common emitter first
stagechargeamplifier (4700Ohm transimpedance)
Integratedcommercialsecondstage GaAs microwave
voltageamplifier (gainof 10, 500hmline)
Meansensor amplifier noise < 1.8 mV

Useof identicalsensordor calibrationandcomparison

o T T >

Multiple wiresffor/low inductance
0201 smdcomponents’for dow parasitic
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ACharge Collection

Absorber & Trans -impedance V TansimpedenceSPICE simulation
V Using input capacitance of 3 & 4 pf

1O "0
Yl @ « 990"0; V Frequency ranges up to 10 GHz
Y bso,b 4/ V Only first stage simulated, second stage is a voltage
Enae 0.46 MeV Eyo= 2.28 MeV Cr amnolifier
T,,=288Yy T,=64h Single Channel Board
. . C 045
V Multi-energetic electron spectrum :
V E,at2.28MeV e _jpig::
[ pF Detector Pa
V Average energy ~ 93&Vfrom °°Y decay 035 |
V Average energy ~ 18&Vfrom 2°Sr decay o 03 |
g :
- - [
gl N 'qc:“; 0,25 |
card \ o C
1\ E o2k
g cqs. "‘,' § r
§ c.:zs- I'. —_—my = 0,15
E Cs‘j.\'a _T-:E;al 01 |
2 0334 ". C
g o2 \| 0,05 |
L | gy T - N
2m. : e e 0 1 2 3 4 5 6 7 8 9 10
25 1,0 15 20 2= Input Frequency GHz
E (MeV) P
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B} rimming Setup Configuration

ACharge Collection i s 1
Control Software =5 it/ Bl B
] g SR e S T
U Tab interface organized in 4 sections: LBtel B T B Bl
l. HV Control, ¥ recordingand— nE
visualization — 2
Il.  Low \oltage and temperature—» = o ,
control === s S
lll.  Oscilloscope and triggering mod: 5553 555 =5 o o
control g S, S (SR
IV. Charged particle and-#tgger o o o oo e
sequencing and programming = T o
U Multiple supported instruments — je==i""-  ——— |
withadaptive ~ ~ e T b 3
- - TlmPOfltumvo\:'th\S(lm = tn frroe @ e ST R i e
polymorphic Ul ‘e e Sl o & i e
i o g % :: 0 e o -..:: -n-I ll‘lg-_—‘—‘ l-:,:'--—n‘
U Integrated error —= (= < fomem | fomen-
] ] - fommcm c G
handling and === = e S0 v =3 | =75 [ =
quaifull proof e S = | '
operation)() :;_ e e [—
= e 057 M ! { {
3”‘ ; | = ma e co

U Reailtime Waveform
Visualization

U Dynamically enabled / o
visible during data taking

U Available fdreCroy
Tektronix and Agilent
oscilloscopes

» ?
Voltage | Temp &Low tioltage Control | Osciloscope { Autossquencing rm Preview
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ATiming analysis Framework

GCE e e e -

Cc:

General Layout

U Code availablegibhttps://qgitlab.cern.ch/egkougko/lgadutils
U Structure: l

Ciy ” Inheritance Tree

TSelector

HGTDUTils
v HGTDUtils //,l\.
cmt —» RootCordmplementation and version control DUT Channel WaveForm
HGTDUtIls— Package headers l
macros —— Steering macro examples (local and grid) HGTDRunN
Root — > Classes implementation
share External libraries Compatible data formats
Following standastlysics analysackage organization ., . . . e o Serles
Interpreted (CINT), compiléMake or RootCoreversion o Dedicated Converlersfor —

to 64 native or daisy i
chained ihﬂ\__nels/’, S

Multiplatform environment (Windows, Linux)
Onlyrequirement ROOT (WHFTW andRooFi}
Validatedvith ROOT 5 and production version of ROOT &
Allows users to control their analysis by creating a top level scies v20

Steering macro (16, 34, 68 ch versions)
Combines all steps, from data conversion starting fronm
or txt files to plotting

4/6/2020 E. L. Gkougkousis 15
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No smoothing
applied!!
Tow point linear
interpolation for
precision and to
satisfy continui-
ty requirement

of local maxima
miminma theorem

Ariming analysis Framework

Polarity and Peak detection algorithm

6,06+07

4,0E+07 |

Fita.
) We VeFOrm
C)(/\,

Calculate analytically the first and second derivative
for each waveform

soei0r | : A Find the zero crossing points of first derivative (local
: | extrema)
0,0E+00 [ . . .
: | . A Detect sign of the second derivative at each local
r | Points between Vmax
Era | extrema
I | [ 1st Derivative ] Alf f66 < 0 : Il ocal max
ey Alf f66 > 0 : local min
00E+00 | A Construct vectors containing the local maxima and
e | local minima amplitude values
ﬁ | A Calculate for each vector the standard deviation and
Fo | mean value
: | [_2ndDerivative | & Calculate the highest distance from mean value for
4,0E+16 | f 1 . h dD
aanal R 'J"”'-"--'&ff?' . each vectdD) -
oo LIRS % Mﬁdﬁ_\mﬂ! i 43.‘51"]!:...,7 0 A It SDyaxim SDiinima &
et el IR R : = . —
R AR LR ) D_(max) >D_(min) =
’ 7 |‘'l"“'-'----—---..Sc&:ond derivative < 0 - - ®  ~98% success
806416 L , 5-: . , or SDnaxim§ 1'05*5'_:211inima 8
0 20 0 g 80 100 120 Dm(maX) >Dm(m|n) %
<
4/6/2020 E. L. Gkougkousis 16



NoeiseH3ains

Nois€eeestimatian

ATiming analysis Framework ",

Is Signal?

G,OE[}JQ'Se AFind number of poipts v

ey | 0, AV Puse A fNyw& 2 continue ang tes:s
j to account faroisy waveforms

B A If N g 2 then require

00E00. ANpgines< 8/16/24/32

20007 L A Basyadncertainties implementation

sorsor | Pulse A Noise calculation include only points before pulse

. A Points considered:

oo N st 10% toN 1 ¥90%

N ) A If pulse not within window perform same operatior

| 108 90 % of preceding points Nend

A Noise defined &®f Gaussian fit

A Pedestal defined as mean of Gaussian fit

A Gaussian fit limits and range are constrained wit8tasntard deviation of amplitude values
A Fit quality check and revert to classic msialif anithimization fails

4/6/2020 17



Ariming analysis Framework T Mgy
Time Walk Correction G ) \/(A ) (£ )

8,0E+07 [

——Pulse 1 2D optimization plot; 0.5% binning

—eo— Pulse 2

6,0E+07
CFD Time 2

) [
CFD Time 1\ 2 0.9

e

4,0E407 |

2,0E407 |

o DUT, [ps]

0,0E+00 |°

-2,0e4+07 L

0.5
CFD Time is different for each waveform, to properly project and sum we need
compensate: 0.3
0.2
A Time correction Simples, fastest solution 01 m.
A Setd= terp Non—unlformtlmelblns 01 02 03 04 05 06 07 08 09
A Readjust ti me &af, e ,lm&,s@,me@otsuma s to =t foro DUT,

. Plot by L. Castillo
A \oltage correction

A Calculate the voltage afusing two point linear interpolation

More complex
A Recalculate the voltage at each time point using two point |l51r$ ' time vector
interpolation

I : yitos yand fit
A Readjust the time bins to be at exactly the same point betory O-sumand

4/6/2020 E. L. Gkougkousis 18



MIP measurements

Collected Charge

V Each point corresponds to MPV of Landau x Gauss fit on 5k recorded everits

V Measurements repeated fell0°C,-20°C &-30°C (see the backup)
Collected Charge - B, Ga & B+C at -30°C

~940 series of
measurements

— 1 071 3 Boron leld nﬂq/cmz, neutron Carbon lel4 nfq/cmz, neutron Gallium lel4 n,_,q/cmz, neutron
O —=—— Boron 6el4 n,_Jq/cm2 neutron =--==--- Carbon 6el4 .rf.!eq/cm2 neutron s Gallium 6el4 nfq/cm2 neutron
4] f Boron lel5 nﬂq/cm2 neutrom s Gallium lel5 n,ﬂ,q/cﬂ’t2 neutron ——— Boron 3el5 nﬁq/cmz neutron
% —— Boron un-irrad., =--k--- Carbon un-irrad., o e Gallium un-irrad.,
o ’ ——— Boron lel4 n,_,q/cmz, proton ---=x=-= Carbon lel4 nfq/cmz, proton e e Gallium lel4 nm/cmz, proton
@ l Boron 6el4 nm‘,/c;‘ﬂ"t2 proton Carbon 6e14 ;rfizﬁq/cm2 proton Gallium 6el4 rt,:q/cm2 proton
E { ==--e--= Carbon 6el5 .rf.!fq/cm2 proton
Q
g T.Fj T T
Q .
© I £ %
'y R . 2t &
1 0—1 4 1 ¥3 / / ‘
o / 8
.....'.“‘... T y }( / ’

: ( J|f ..' / " /J/ &

i A W, et A

A 1 | )vd WHAT???

1 Y U e A ¥

E I Y A T ‘ l & ] g - I
1 071 5 L | \ | | | \ ! \ ! \
100 200 400 500 600
Bias Voltage [V]
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MIP measurements

Noise and SNR

N0|se B, Ga & B+C at -30°C

10,2 on leld n,/fem”, neutron Carbon lel4 n.Jem, neutron Gallium lel4 nfem”, neutron
el Borrmé 14 n /m neutron ==w==

SR — g”'“";ij“ ,:,,m;;:::;::“ V Noise estimated as the average of the
o o 1 Gl i Gaussian fit of individual noise of each on of
the 5k events in each measurement
V Noise < 2mV at worst case scenamith
; d N normal values ~1.6mvV |
I HH+ Hodde _H,__ﬁ_-;%;‘iﬁ J/, e V Carbon samples present higher noise than

e TR i o i e i = standard boron (by 10%)

= Boron lel5 n u/m neutron
== Boron un-irrad., -
—r— Bomnl ]4 /m profon  ==ee==
Boron 6el4 n /m p oton

==r== Carbon 6el5n /m proton

Average Noise [V]

\100\ L 1 \200\ 1 L \300\ L 1 I400\ 1 L \500\ L L IGOO\ L L L
Bias Voltage [V]

+C at 30°C

1 03 Gallium lel4 n_/c m’, neutron
neu

SNR

V SNR estimated from average series noise
and average series signal

V Typical SNRsriefrom 10¢ 100

V

roton All N 7 C III:. roton Uy em”, proton
oron 6el4 n_/fem ‘arbon 6el4 n,, em® proton sallium 6el4 n,, em® proton
se-w-e= Carbon 6el5 n Jem” proton
102 v Lo
. ‘v-" .-"'f | . - - - -
/ Higher irradiation samples still get and SNR
e & > 20

N | = = V At 6el15p (Carbon sample) SNR is actually
decreasing with voltage (field)
|| NP S 5 P WS T VV CarbonBoron SNR at the same level

100 200 300 400 500 600
Bias Voltage [V]

Slgnal to Nouse Ratlo B, G
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MIP measurements

Rise Time - B, Ga & B+C at -30°C

-
S
@

Jitter and Rise Time

V Rise time individually calculated per event\

V Value represent the mean of the Gaussiang
X Landau fit over the 5k events per series E 1
(rise time propositional to charge)

V As gain decreases and field increases rise - 1
time tend to those of primary charge
collection

V Estimated ag,,./SNR for the entire series

(not an event by event calculation)

Jitter < 10psecfor highervoltges

Highly irradiated sensors (>1leljfe

have typical jitter of ~20psec

V Carbonated sensors have typically higher
jitter for the same gain with respect to
boron implanted sensors

< <

- 90%) [sec]

Boron leld n, ‘/('mz neutron
—  Boron Gel4 n !‘/ CUTTON  ==emzmen
Litro

Bor 1;5/

—— Boron

s Bor i.'(Mn/( p 010
Boron 6el4 n, fem ; roton
=-:= Ca i n Gel5 n ‘,/n proton

[

Ca

Ca
G
Car
Ca
Ca

rbon leld n, /em v, neutron

rbol 16 14 n, fen em’

allium lel5 n, /fem 2 neutro
i'J(m un-irrad.,

rbon leld n, /fem” . proton
rbon 6el4 n‘,/r.'mz proton

Gallium leld n, for r' neuiron

avn Gallium 6el4 n, fer r reutron

ron 3el r/

wo Gellivme un-ir

Gu.’lu Iu’4 ,/{r,r roton
Galliu rﬁMx/rp{

— e L : i —
L il 6 i aunaanans e === B
1 071 0 P IR S B R S R N ST
100 200 300 400 500 600
Bias Voltage [V]
O
Jltter SNR - B Ga & B+C at 30 C
— | ron lel4 n fem’, Carbon lel4 n, fom Galliw .' e 14 n,fom
8 Boron 6el4 n qﬁ'm' neutron » Carbon 6el4 n_/cm Gallium 6el4 n /
0, 10_9 [ == Boron lel5 ,‘/(-m: neufron Gallium lel5n / ? neutron == Bor ? I‘: 1. /om” neutron
E = —— Boron un-irrad., ~w--- Carbon un-irrad., - Ga [n'mm un-irrad.,
=z Boron I 1‘4 /('m:. proton - Carbon lel4 n“/r'm:. proton Gallium lel4 n_/cm ?, proton
Q — Boron 6el4 n,/('m: prot Carbon 6el4 n“/('m: proton Gﬂ[n'mm beld n“/(‘m: proton
3 Cai n' n el n”/(m: prot
o
— - —
-
o 10710 — —
57 = =
ot 4 O A O P N T SR R U P T S - -
1 S U S T e = U (R e R 5 ]
. -“:T\\\\\\\ |
[ S
- T2 .
1072

100

200 300

400

500

600
Bias Voltage [V]

4/6/2020

E. L. Gkougkousis

21



A/I | P measu rements Project and fit Primary harmonics

for all events

FFT and Slgnal Frequency : Signal FFT Original - 150V E : Noise FFT Variable Binning - 150

Z 5ok

Isolate the signal on the Wavefor Frequency Power Spectrum

00—

200 —

‘m__ \W*\‘
(L T ol e

00100200300400500600700300900100(;‘05 uﬂ 100 200 300 400 500 600 700 8O0 900
Signal FFT - 1e14n, -30C Noise FFT - 1e14n, -30C e e
< o Discrete FFT Resolution
@ 2 0.14 "
S 0.6 40V = — 40V NIV~
;?)_» q — 50V % — 50V O O Y O ”
5 60V g — 60V v
Z 05— — 70V = ] — 70V \
- — 80V = = H
~sov 1 R Sampling Number of
;- 0.8 | =i Frequency Samples
0.061- Fixed sampling rate
004t but Variable resolution
0.02- ) .
6 : |} Variable sample size
g Ly L IX10 LYV P | v v,
500 600 700 00 100 200 300 400 500 600 700
Frequency (Hz) Frequency (Hz)
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MIP measurements

FFT and Signal Frequency

Signal FFT - B, Ga & B+C at -30°C

Boron leld nﬁ,q/cmz, neutron

Carbon leld nﬂq/cmz, neutron

Gallium lel4 nﬂq/cmz, neutron

g —— Boron 6el4 nﬁ,q/cmz neutron ======== Carbon 6el4 }*1,5{I/c.=’n2 neutron  van - Gallium 6e14 qu/c'mz neutron
— ——— Boron lel5 nfq/cmz neutrom s Gallium lel5 n,:q/c.l’n2 neutron =——=—— Boron 3el5 }*1fq/c,l>;rf12 neutron
g —— Boron un-irrad., =---e--- Carbon un-irrad., e CGallium un-irrad.,
o ———— Boron lel4 nﬁ,q/cmz, proton  ====--- Carbon lel4 nﬁq/cmz, proton  vwn Gallium lel4 nﬁq/cmz, proton
E 9 Boron 6el4 nfq/cmz profon Carbon 6el4 }*‘t,:q/cm2 profon Gallium 6el4 qu/c'mz proton
‘IU 10 ===wx=== Carbon 6el5 nﬁ,q/cmz proton
-
©
E
i % """"" den o=
L Db L s il L T
| #“/’ oy J f 11T ] T l — 1 P TP 'f
...... ¥ Lot , 55," X
| | | | | | | | |
200 300 400 500 600
Bias Voltage [V]
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AGain Reduction

Method and principles

V Acceptor removal only gives information about active dopant, not

gain

V Gain also depends ahffusion profiles

V Effects after irradiation differ for different profiles
V For same amount of acceptor removal, different expected gain
reduction depending on initial gain layer geometry

o : 1.0 mm active area

> Metal
0.7 mm p-type implant ‘//‘/

f

Passwanon

Channel Guar: )-si
Stop Ring p-type Bulk

i dToxide
\ / Burie
/

Metal

GRdiwatte

wrl og

wrl 0og

< <<

Consider the Guard ring as a diode
Consider the pad a second separate
diode

Same bulk, same radiation effects
expected

Gain layer only present in pad
Geometrical factor different but stable
N-implant is the same in the GR and
pad region

4/6/2020
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AGain Reduction

Method and principles

Guard Ring Leakage "0 o(gr ")) ’
Current W) O_ “NO h h

N O

Pad Leakage Current O ~ol© p[Q nh ]

_ Normalize with
Gain Current unirradiated

V Because GR and pad are on the same substrate all 5
nongain related irradiation effects are normalized QB )X Q Ch)

V The Gain Coefficient can be probed by the slopénear Function in the Semi logarithmic plane
of the function at the semi logarithmic plane

V Assumption that differences between GR n

implant and pad n implant have minimal effects Coefficient extracted by slope of linear fit
In voltage region after depletion and before breakdown
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AGain Reduction

Method and principles

V Constraint 1: Voltage fit regions identical per fluence for different implants and for all temperatures

V' Constraint 2: Different slope per temperature, independent normalizations combined at thieezid

1E+03

1E+02

IpadI'IGR

1E+00

1E-01

1E+01 |

Carbonated Boron (W5), Neutron Irradiated - 1,,4/15r

-10C, W551005-1e14p ——-20C, W551005-1e14p ——-30C, W551005-1e14p
-10C, W551008-6e14p ——-20C, W551008-6el14p ——-30C, W551008-6e14p
-10C, W551009-1el15p ——-20C, W551009-1el15p ——-30C, W551009-1el5p
-10C, W551003-3el5p ——-20C, W551003-3el5p ——-30C, W551003-3el5p
-10C, W551004-6e15p ——-20C, W551004-6el5p ——-30C, W551004-6e15p

o] -100 -200 -300 -400 -500 -600 -700

Bias Voltage (V)

lpadIIIGR

1E+00

1E-01

1E+03

1E+02

1E+01

Carbonated Boron (WS5), Proton Irradiated - | ,,4/lgr

-10C, W551038-1el4p ——-20C, W551038-1el4p ——-30C, W551038-1e14p
-10C, W551036-6el4p ——-20C, W551036-6el14p ——-30C, W551036-6e14p
-10C, W551115-1e1l5p ——-20C, W551115-1el15p ——-30C, W551115-1el15p
-10C, W551075-3e15p ——-20C, W551075-3e15p ——-30C, W551075-3e15p
-10C, W551100-6el15p ——-20C, W551100-6el15p ——-30C, W551100-6e15p

o -100 -200 -300 -400 -500 -600 -700

Bias Voltage (V)
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