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High GranularityCalorimeter (HGCAL
HGCAL silicon sensors

Results of the characterization after neutron irradiation
Summary and future activities




CMSneeds to replace Endap Electromagnetic andadroniccalorimeters for Phask due
to radiation damageThisopensnew possibilities for Calorimetelesign.

We are investigating in detail the possibilityusinga highgranularity calorimetewith
~9M channelof siliconpads, integratindeE and HE functions (CALICE concept) with a
Back HE to capture enertpils.

We expect that with such detailed informatid/om the calorimeter, coupled with a
precisionsilicontracker, we will be able to measuphysicsobjects with high precisian

Current detector An Si Based HGC CMS at thellHHC
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Major EngineeringChallenges

600m2 of Silicon in a high radiation environment.

V Cost

V' Veryhigh radiation levelg need to plan for 3x18 neutrons/cn? in the highest
Cooling

V Weneed a compact calorimeter with small gaps betwaésorbemlates

V Weneed to operate at 30°C

V Totalpower isD 100kW.
Dataand Trigger

V Channekount isOM. Producing a prodigious amount ddita.

V Dataused in the Levell CMS eventrigger.

Adaptation to CMS Endcaps

From:
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HGCAISIliconsensors

Tolerancestudyof largeareapaddiodesas active sensdor a HighGranularity
Electromagneti&ndcapCalorimeterfor PhasellUpgrade

Investigatesensor performancafter neutron irradiation with neutron equivalent
fluencesup to 1-10n/cm?

Sensorainderinvestigation
V Silicongrowth technique(Epi epitaxial
layer, FZfloatingzone
V Polarity n-on-p (ptype), p-on-n (ntype)
V Activethickness
A FZz: 320, 200 and 120n
A Ept 100 and 5@im
V Size
A Largediodes: 5x 5 mm?
A Smalldiodes: 2 x 2 mn?

Ocm

HGCAIlbperatingconditions
V Temperature0 ¢ 0 E€Db o @
V Biasvoltage(U): 600+ 1000 V




Availablesensors

1MeV neutron equivalent in Silicon, HGC, 3000fb™'

1e+17

V Sensorsrradiatedin Ljubljana 1e+16
V Sensorsiow at HamburgUniversity routs E
V 2identicalsensordor eachtype andeach .
fluence festd g

V P:bulkP (ron-p) 1e+13

V N:bulkN (p-on-n) Te+12

280 300 320 340 360 380 400 420 440

Listof sensors e #teml
Fluence (@) Thickness [pm]
[n/em™2] 320 200 120 50
de14 2FZ-B 2 FZ-N
6014 || 2FZP,2FZN
1.5e15 2FZ-P 2FZ-N
— 2.5e15 2FZ-P 2FZ-N
6.25e15 2 FZ-P, 2 FZ-N, 1Epi-P
5 1.0e16 2 FZ-P, 2 FZ-N, 2Epi-P | 2 Epi-P, 2Epi-N
16616 2FZ-P, 2 FZN 2 Epi-P, 2Epi-N
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Properties to be measured:

V Bulk current I(U, f ,h) Y power consumption, noise

V Capacitance (1 MHzsignal): C(U, f ,h) Y capacitance seen by electronics (below ~50pF)
V Charge collection efficiency CCE(U,f ,thickness) Y signal

V MIPsensitivity with beta source Y for calibration purpose and S/N

V Effect of annealing on the properties (up to 3 months at room temperature )

TCT set-up for CCE

_ IVICV set—u IR laser (1063 nm)

7 U: bias voltage (V)
f :neutron fluence ( ¢c ml 2)
T. operating temperature

h: sensor thickness (um)

' 1D)

continue with S
measures at CERN
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Bulkcurrentvs fluence > N-type vs Ptype diodes

Bulk current/volume [uA/mm?]

Bulk current @ 1000 V

Bulk current @600 V CMS Preliminary CMS Preliminary
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V Bulk current normalized by the volume of the diode
V Bulk current compatible between P and N type diodes
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Bulkcurrentvs fluence ©> Temperaturedependence
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Calibrationcurve > from -10°C to-40°C

V measurement of bulk current vs bias voltage (1V) as functiaamperature
(from-10to b n @) for fewdiodes

V Results are compatible betweentype and ntype

V Also compatible between differemrtctivethickness



