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CMS High Granularity Calorimeter

Eva Sicking: Status and plans for CMS HGCAL, PSD12
CMS HGCAL TDR

Calorimeter endcaps:
● Coverage 1.5< | η | <3.0
● radiation tolerant
● high granularity
● precise hit/cluster timing
● Enhanced capability for particle flow reconstruction

● El.-mag. section CE-E: Si, Cu, CuW, Pb absorbers, 26 layers,
● Hadronic section CE-H: Si+scintillator+SiPM, steel absorbers, 21 layers
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Silicon sensors for HGCAL

High density
120µm

Low density

200µm

300µm

Close to the beam axis :
● Higher radiation fluence
→use of thin detectors

● Higher track density 
→ higher density of sensor pads
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Test structures on HGC wafer

PQC Upper Left (UL)

PQC Lower Right (LR)
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Electrical characterization of irradiated sensors

Bias voltage [V]

Florian Pitters

Variation of the p-stop layout Variation of the flatband voltage (oxide quality)

A large parameter space has been investigated:
● Variations in p-stop dose, p-stop geometry, flatband voltage (+ thickness)
● Fluences: 6.5E14, 1E15, 1.5E15, 2.5E15, 1.0E16

This study is now being repeated with new Proto-A sensors for different oxide variants. Measurements ongoing.. 
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Proto-A Samples

● 50 PQC structures from 25 wafers
● Unirradiated, measured at room temperature

● All wafers: 
120µm epi, 
standard p-stop concentration, 
-2V flatband voltage

● Oxide types B, C, D
● P-stop layout: com, ind (only type C)
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PQC measurements

PQC measurements for development:
● Establish differences between production 

processes
● Evaluate impact of design parameters on 

sensor performance
● Correlate PQC measurements with sensor 

tests after irradiation 

PQC measurements during production:
● Continuously monitor design parameters to

identify irregularities / changes in the 
production process

● Prevent bad sensors from being used for the 
experiment

Different structures to asses design parameters
● Diode: Current and Capacitance characteristics, Full-depletion voltage
● Gate-Controlled-Diode (GCD): Surface current, surface generation velocity, Si-SiO2 interface quality, interface traps
● Field-Effect-Transistor (FET): Threshold voltage is sensitive to p-stop doping and interstrip resistance
● Metal-Oxide-Semiconductor (MOS) Capacitor: Oxide thickness and quality (amount of fixed oxide charges)
● Van-der-Pauw structures: Sheet resistance of various materials / implants

Florian Pitters
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P-stop resistivity + FET
S

D

G

VDP P-Stop sheet res. [Ω/sq.]

FET

VDP

FET threshold voltage [V]

● FET threshold voltage is sensitive to the p-stop and interpad resistance
● Type B/D are more similar to tracker FET V

th
 and p-stop res.

Tracker PQC:
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ALIBAVA measurements

HV

ALIBAVA
motheboard

ALIBAVA is a read-out system for microstrip sensors
● The Beetle chip is an analogue readout chip used in the LHCb experiment
● Read-out based on LHC 25ns clock
● up to 256 channels
● Can be used with a radioactive source or a laser to generate signals

● Possibility to study noise / charge collection of unirradiated and irradiated 
sensors

● Complementary to electrical characterization
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Excess noise in HGC mini sensors

Non-Gaussian noise=
Noise count – Gaussian fit

120µm
Com. p-stop
V

fb 
=

 
-2V

T = -10°C

unirradiated

2.5 x 1015 n
eq

/cm2

Non-Gaussian noise contribution observed in HGC-mini sensors 
after irradiation

Study ongoing..
● Also visible in tracker sensors?
● Related to sensor design parameters?
● Is the performance / signal-noise discrimination affected?
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Backside protection

Production process of 8” sensors for HGCal is substantially 
different to 6” tracker sensors
– 300μm and 200μm float-zone (FZ) sensors: 

– Front side processed on thick wafers 
(presumably >600μm)

– Back side grinded and polished down
– Backside implant ~0.7 μm
– Backside metallization

– 120µm sensors no issues due to thick carrier wafer

Thomas Bergauer, HGC sensor Pre-series readiness review

Scratch test 2019
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HGC scratch study 2021

Stefan Schultschik
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HGC scratch study 2021

Current measurements are carried out after repeatedly scratching the sensor backside with varying force.

Depending on the force applied an early breakdown can be observed at the full depletion voltage.

Shown is the worst case sensor, three more were tested with much higher force (~ 230 to 250g) required to cause early 
breakdown.

Maximum depth of scratches is about 2.5µm at 250g.

First measurements indicate improved backside hardness compared to V0 (2019) prototypes.

Possible solutions:
● Delivery / testing on dicing foil: backside protected, increased risk of damage during removal 
● Delivery in coin stack, test on soft material as chuck cover (lint free paper, Delrin, Teflon)
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Outlook

(Delivery in Q2, 2022, common p-stop design, single oxide process (“type c”) variant)

Eva Sicking, P2UG review, 
May 2021

(Start Mid-2022)

(V2 Prototype Series: common p-stop baseline 
design, includes 3 oxide process variants)
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Summary

● For the High Luminosity upgrade of the LHC a 
High Granularity Calorimeter is under development

● Sensors are produced by Hamamatsu on 8” wafers, posing new 
challenges to development, handling and testing

● HEPHY is playing a leading role in the development of silicon 
sensors for HGCAL:
– PQC measurements
– Noise / Signal measurements
– Electrical characterization of Mini- and Full-size sensors

● Pre-production will commence in 2022
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