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Sensor development Performance

TimingTracker Endcap PiXel Detector

•Planar pixel sensors for hybrid modules: 
•High production yield 
•Large area sensors 

•Radiation tolerance → Thin sensors 
•   thickness 

•Track density → reduced pixel size by factor of six 
•   or   geometry under study 

•High efficiency → pixel cell design 
• Isolation, biasing scheme, layout details 
•Extensive tests at high radiation fluences on going to reproduce the 
conditions at the end of the lifetime of these detectors!

150 μm

25 × 100 μm2 50 × 50 μm2

Cross-section of a passive sensor across and the metal field plates 

8” wafer

Test and validation of the sensors with  
the probe-station in our clean-room

•Explore the feasibility of using established 
CMOS foundries for the production of our 
specialised  pixel planar sensors 

•commercial CMOS technology on high 
resistive silicon substrate 

•high volume production  
•production on larger 8” and 12” wafers 
allows wafer to wafer bonding to 
electronics 

•use of  multiple implant, polysilicon and 
metal layers available allows for an 
optimisation of the pixel cell design with 
respect to standard planar sensors

• Inner detector of CMS will be upgraded to match the needs of the 
high luminosity LHC 

•UZH CMS group responsible for designing and building the TEPX 
detector 

• largest system of the inner tracker 
•4 disks per end 
•2 dees per disk 
•88 modules per dee 

•Prototype disk ready 
•currently testing mechanical properties 
•study thermal properties and cooling  
of modules and compare  
with simulation 

 
 
 
 

 
 

•Prototype module produced 
• tests on-going 
• 1400 modules will be  
assembled at PSI and tested  
 in UZH!

Measurements of crosstalk 
•With direct charge injection 

•various charges injected in a pixel 
•occupancy of that pixel is read 
• threshold defined to be at 50%  
occupancy 

• read neighbouring pixel occupancy 
•second threshold (crosstalk threshold)  
seen 

•crosstalk value is the ratio of these thresholds 
•With an electron beam 

•selecting size-two clusters 
• lowest pixel charge over total charge 

• flat distribution for charge sharing 
•peak due to crosstalk 

•peak seen only in paired clusters

cluster width with respect to 
the impinging position

all paired unpaired

Due to the inter-pad isolation structures standard LGAD have a 
low fill factor

Time resolution of thin Low Gain 
Avalanche Detectors.
Riccardo Del Burgo, F. Canelli, S. Hidalgo, B. Kilminster, A. Macchiolo, G. Pellegrini, I. Villa Alvarez

ABSTRACT:  The CMS MIP Timing Detector, proposed for the HL-LHC upgrade, will be instrumented with O(10) square meters of ultra-fast Silicon detectors 
(UFSD) in the forward region. These UFSDs are aimed at measuring the time of passage of each track with a precision of about 30 ps. The sensor that will be 
used for this task is the low gain avalanche detectors (LGAD). In this contribution, we will present the latest results from laboratory measurements on 50 and 
35 µm thick LGADs fabricated by CNM. We will concentrate on the timing performance of the sensors. Additionally the electrical characterisation of the 
sensor will be discussed.

LGADs

Laboratory setup
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Time resolution 

AIDA2020 LGAD structure (left). In the figure are visible the multiplication layer and 
the JTE and the PStop that isolate the single pads. On the right a picture of the 
single pad (top) and the corresponding TCAD design ( bottom),. 
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The LGADs are thin silicon sensors 
of a typical thickness of 50 µm or 
thinner. The basic structure is the 
same of a PiN diode in which is 
inserted a gain layer. The sensor has 
a small capacitance (pF) and so the 
signal is fast with a rise-time in the 
order of hundreds of picoseconds. 
The ga in l aye r enhance the 
amplitude of the signal.The sensors 
investigated in this study are from a 
common  AIDA-2020 run, produced 
at CNM. This sensor are produced 
from 4'' wafer using JTE termination. 
Different  JTE width are available for 
testing, and also different inter-pad 
gap width.
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thickness doping quantity

35 µm Low 2

35 µm Medium 2

35 µm High 2

50 µm Low 2

50 µm Medium 2

50 µm High 2

35 µm Low doping tested successfully (     < 35 ps )! 
35 µm Medium doping under test ( promising) 
50 µm Low doping: one sensor broken after installation on the test board :( 

σt

�2

Leakage current of single pad devices 
in the AIDA-2020 run produced at 
CNM. The values are 3 orders of 
magnitude bigger than the typical 
values.
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Sr90
β−(2.28MeV )

SantaCruz RO boards

Second stage amplifier

S1 ∧ S2

OscilloscopeS1

S2

A simple lab setup has been used to obtain the time resolution. Two 
sensors are wire bonded to to two read-out boards (UCSC design) with 
a first stage amplifier. The signal is then amplified again with a 36 dB 
low noise high dynamic range three stage amplifier, and finally read by 
a fast  oscilloscope ( 40 MS/s 4 GHz bandwidth).

Schematic and picture  of the test setup @ UZH

The time resolution is extracted using pair of identical sensors and 
assuming they have the same characteristic and time resolution. The 
Time of Arrival (TOA) is extracted using the Constant Fraction method 
(CFD). This method takes into account that signals with different 
amplitudes cross a fixed threshold at different times and correct for it. 
The TOA difference distribution is plotted for a number of events after 
some basic quality cut on the amplitude, the RMS and the rise-time.The  
final resolution is affected by different systematic contributions, the 
most prominent are the Landau effect, and the contributions from the 
time walk and the jitter.
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On the top left, the time difference distribution for a CFD cut = 0.36. The distribution is 
fit and the time resolution of the single sensor extracted assuming that the timing 
performance of two sensors are identical. In the other 3 boxes: time resolution as 
function of the constant fraction cut for different bias voltage for the 50 µm (top right) 
and 35 µm (bottom) thick productions.

Principle of the constant threshold ( top left) and CFD method ( top right). On the 
bottom sketch of time-walk and jitter contribution to the time resolution.
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Time difference distribution  
( 35 µm medium doping @ 50%, 140V)

time resolution vs CFD
50 µm low doping

        180 V 

        210 V 

        270 V

CFD (%)

CFD (%)CFD (%)
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The sensors used are single pad. The sensors come in two different 
thickness, 35 µm and 50 µm, and different Boron doping for the gain 
layer. All the sensors have a production problem and as a result they 
show a higher leakage current than normal. Even if the leakage current 
level is very high, it has been measured to be uniform among the different 
structures and  the breakdown voltage is found to be in excess of 200V.

Close up of the sensor on the Santa-Cruz board (left), of the second stage amplifier 
(center) and of the signals on the oscilloscope (right).

A time resolution of 25 ps has been achieved for the medium gain 35 µm 
thick sensors for a CFD cut of 35%. On the other hand the low gain sensors 
performances are worse because of the lower signal to noise ratio. 
Comparing the two pair of sensors with the same doping but different 
thickness we conclude that the thinner sensors reach the working point at 
lower bias voltage.

time resolution vs CFD
35 µm medium doping

        120 V 

        130 V 

        140 V

time resolution vs CFD
35 µm low doping

        170 V 

        180 V 

Vidyo CERN. 08-10-2018 
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IMB-CNM Activities for CMS-ETL 

4’’ Thin LGAD 4 AIDA2020 (35-50 µm thick Si-Si) 
 o Run AIDA2020. Chips Distribution. 

9 6x CMS-ETL Structures 
¾ 2x3x: 4x24 (JTE = 5, 10, 15 μm) 
¾ 37, 47, 57 µm Inter-Pad Gap 
¾  P-type Multiplication Layer Area Variation 

with JTE (low JTE, high multiplication area) 
¾ Fill Factor will be increased 

9 UBM opening for bumps 
¾ Passivation opening of 90 μm 

9 Large opening for wire-bond + probe 

¾ 200 x 100 μm2 

9 An open window in the top metal layer for 
Laser characterization 

¾ 100 x 100 μm2 

time ns
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•LGAD (Low Gain Avalanche 
Detector) sensors are silicon 
sensors developed for fast timing 
measurement  

•Low doping in the bulk 
• Internal amplification achieved by a 
gain layer 

•Uniform electric field  
•Small capacitance 
•Proven time resolution below 30 ps!

•AC-LGAD, fabricated at FBK 
(Trento, Italy), propose to solve the 
problem 

•Segmented readout pads 
•Continuous gain and resistive 
readout layer 

•AC-LGAD have been produced 
•Different doping 
•Different readout pad pitch and size 
•Currently testing the performance 
in our laboratory!

3

RSD PROJECT

See Marco Mandurrino presentation @ TREDI 2018: https://indico.cern.ch/event/666427/contributions/2885020/
3

Marta Tornago                                                 35rd RD50 Workshop, CERN, Geneva                                      19th November 2019

Resistive AC-coupled LGAD (RSD) are designed as detectors 
with 100% fill factor 

➤ One continuous gain layer 

➤ Segmentation of read-out pads defines spatial resolution 
➤ Easy structure with a reduced number of edges, more resistant 

•Charge induction between pixels  
(crosstalk) in   geometry 

•Complications in: 
•cluster position reconstruction 

• track reconstruction 
•higher data rates 

• Implemented in CMS offline software 
•Asymmetrical cluster enlargement 

•Cluster Reconstructed Position: 
•Residual plot 

•defined as the “cluster reconstructed position” –  
“precise simulated position” 

• tails due to asymmetrical cluster enlargement 
•width increase due to charge induction 

•Mitigation algorithm developed

25 × 100 μm2


