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Globally CMS p-p collisions at 7 TeV per beam
: 1 MeV-neutron equivalent fluence in Silicon at 3000 fb™
e New endcap calorimeter for CMS (|n| = 1.5 - 3) 300 e — le+18
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e High fluences up to 10216 neg/cm2 100 s
le+12
e Two different sensor types, different optimal - os11
annealing scenarios ; _\ o
250 300 350 400 450 200 550
e Large area to cover with Si sensors: production line CMS FLUKA Study v.3.7.9.1 . CMS Simulation PAgiminary
for 8" wafers being commissioned for HGCAL
e Radiation damage and annealing behaviour needs to -
SE UElES e N Scintillator+
Silicon sensors SiPMs
(diodes) ,
e Crucial input for operation and warming up scenarios ~ 5e13 neg/Cm

during technical stops
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Full sensors

The Breadth of Studies
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e In general three thicknesses and technologies

» 300um (FZ), up to 2 * 1075 neg/cm?
» 200um (FZ), up to 5 * 1019 neg/cm?
» 120um (EPI) , up to 10 * 1015 neg/cm?2

} Assuming 3 ab-

Bulk material
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Full Sensor Studies

CMS Simulation
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e Handling and
e HV stability,
e Homogeneity of cell properties
e Impact of geometry
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Temperature profile during irradiation
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; : : : : : Room tempeérature

Temperature in puck (°C)

_40 ............ ...............................................................................................................................
e Kapton foil -60 :
Sensor (3x) (~0 Ozsmm) 1 1% Mo S R | | [ T A ‘ PR I Ll | PR T S T N il Y T |
' 0 1 2 3 4 5 6 7 8
Puck : Time after insertion (h)
3. 175mm RTDs, DO diodes,

rri—— HGCal Diodes,
Iron foils

e Fluences upto 1 (1.6) rzeqlcm2 expected for 3 (4.5) ab-1 of data

=
an BRI EES =
L @ 0 = .
. J— g B i = o EeaEtor e Long exposure in the reactor
opening 3 > @ core e Substantial annealing during irradiation
QU . . .
< 5| & e Constant temperature monitoring required
e Recently achieved to stay within beneficial annealing regime
e Aomm + ki el g » Optimised puck material
o 212 sena0n » Split irradiation rounds

In a cylinder with dry ice
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front-side
camera

8” LD silicon sensor
™

C200-40 systems att cold chuck .

e Temperature controlled chuck ranging from -40°C to typical annealing temperatures £ Brondolin. et al
e Open source design of probe card arXiv:1903.10262, NIM A
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600014, HD, 120 um, ~9.5x10"°neq/cm?2
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Private Work (CMS HGCAL Data)
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e \V/olume-normalised current
increases with fluence

e Global pattern similar for all
sensors In an irradiation batch

» Fluence or annealing time profiles

e Locally, all cells, including those
in proximity to dicing and
internal supply lines, show very
consistent leakage current
behaviour
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Surface Damage

e EM radiation (X-ray) creates electron-hole pairs in the SiO2 layer

e Holes can be trapped
e Creates charge build-up at the interface
» Can deteriorate inter-pad isolation

[lllustration V. Hinger

o N x — VFB
' 4
@ Mobile ionic charge (Q,) | A
Oxide trapped charge (Q,) Si0,
T Fixed oxide charge (Q)
¢ Border trapped charge (Qsorder) Y
T \ T T T T A
3 nm B — *, a0,
— bt > I —_ T % *
¥ ¥ ¥ o ¥ %
T Interface trapped charge (Q,) gi
I
B i O WS e W SRS e W o 8 '

[PhD thesis of loannis Kopsalis]

e Anneals relatively fast
e Challenging to measure in a reproducible way

V<<V V>35>V,
SIOz
...... (.)( ~,(. - e e e - - -
OeE (_) ........ )( ,,,,, QIOICIOIOICLO)
@@3@3@9@@ VJUJ-Jp_b
ololcloloIcIoN0)
p-bulk p-bulk p-bulk

Accumulation Depletion Inversion
1.4n ‘ e
- 2n~: :
e, N
1.0n4 :
3:3 ) { Accumulation
© 800.0p 1
.g |
® 600.0p
® :
O 400.0p
200.0p
0.0

6 5 -4 3 2 -1 0 1 2 3
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e Sample cooled during irradiation and measurement
e Integrated setup avoids moving the sample between irradiation and measurement steps
e Fully automated measurement software enables reproducible and long term measurements

e Allows systematically studying of different oxide variants provided by the manufacturer

Jan Kieseler
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Oxide Quality

Oxide charge density (cm™)
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e Long continuous measurement campaigns possible (102 kGy correspond to a week)

e Detailed study of oxide quality using a floating and biased MOS (to emulate an electric field)

e "‘New Type C” chosen for production

M. Defranchis,

https://indico.cern.ch/event/1096847/contributions/4743792/
paper in preparation
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Particilars

Mvyon] Pemar Tow ryve
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HV—FlIter . || ”

‘ Dryxaali_s_upply“ aser Opticsg
Coollng tub J‘y .

Amplnﬁer+ Buas-T\

\\“ =

e Combined setup to measure charge collection, leakage current, and capacitance
e Enables precise and long-term annealing studies
e Irradiation of samples: JSI (well controlled environment)

Jan Kieseler
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Electrical Characteristics

Stronger doping

Medium doping

Stronger doping

e The electrical capacitance can provide a handle to extract the depletion voltage

200 um FZ 2.5e+15 neg/cm?

le21 103.0 min
xxxxx
X x data
Cend
0 200 400 600 800
U [V]

e Beneficial annealing dominates until approx. 100 minutes @ 60 °C
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J.K. etal, arXiv:2211.04849, JINST
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Frequency Dependence
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Depletion voltage vs frequency

Depl. voltage vs frequency

Fluence: 1.0e15 n,,/cm?

Frequency f [Hz]

Frequency scaling factor vs. annealing time
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N wn
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Scaling factor |a| [V/log(HZz)]
o
-

Annealing time (60°C) [min]

. Factor a vs annealing

600 | Thickness: 200 um 175 . Temperature: =20°C
Material: FZ
550 Temperature: =20°C

Annealing time @ 60°C
g~ 120 um, 1.5€15 n,,/em?

, , 75 - #~ 120 um, 1.0el16 n,,/cm*
Annealing time @ 60°C . '

300 k ~2 min v - - E—y 4 200 um, 1.0el15 n,/cm*
'. N $ ~110 min 20 L ' s 200 uym, 2.5el5 n,,/cm?
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5 ~380 min 25 1 \.—’_’_ﬂﬁ ,
200 ~a ~660 min at 300 um, 1.5e15 n,,/cm?

' 10°? 104 0 100 200 300 400 500 600 700

e Depletion voltage extracted from capacitance measurements depends on measurement frequency
e Higher fluencies and thicker sensors increase frequency dependence: there is no “good” frequency
e Frequency dependence also depends on annealing

J.K. et al,
arXiv:2211.04849, JINST
L. Diehl,

https://indico.cern.ch/event/1270076/contributions/5450197/

e Investigate collected charge instead
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Low-T annealing Room-T annealing
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L. Diehl,

https://indico.cern.ch/event/1270076/contributions/5450197/

60°C Annealing Time [min]



https://indico.cern.ch/event/1334364/contributions/5672066/
https://indico.cern.ch/event/1270076/contributions/5450197/

ST Summary
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e A broad program of measurements to study the radiation
hardness of the HGCAL silicon

» Full sensors e — > _‘— -
» Surface effects i j, e e UR|

_ r right)=
» Bulk properties =3 uﬁ:ﬁmogn)‘ |

e First measurements with full and partial sensors up to
1.4 1076 ngg/cm?2

HGCAL %
LL (lower Ieft)\*

Halfmoon

e Qualified surface damage in a reproducible manner

« Comprehensive studies of the bulk material in terms of = LR (lower right) Halfimaon
electrical characteristics and charge collection also . HPK Bottom —
extending to different annealing temperatures I

Jan Kieseler 16
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CCE measurement

Pulse Generator

Laser Driver
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Sensor in a “hockey puck”

Full Sensor Irradiation Cooling

Cylinder

Dry ice for cooling of the : .
cylinder Cylinder in reactor beam

port radial to reactor core

~ %i5kg diy ice

Jan Kieseler
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Wafer Types
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Low-Density sensor
~ 200 cells of 1.1 cm? size
300 pm & 200 pym active thickness

LD partial sensor cut types

HD partial sensor cut types
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“Partial sensor” example
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High-Density sensor
120 ym active thickness

~ 450 cells of 0.5 cm?
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