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Introduction of the MITD Project

The CMS is going to introduce a new timing detector to measure timing of minimum ionizing particles (MIP)
during the High Luminosity LHC (HL—LHC) era. The MIP Timing Detector (MTD) will reduce the effects of up
to 200 pileup per bunch crossing, and thus, will provide better reconstruction of particles, and new
capabilities for searches for the long—lived particles.

BTL: LYSO bars + SiPM readout:

ETL: Si with internal gain (LGAD): p
= TK/ECAL interface: |n| < 145 + Onthe CE nose: 1.6 <|n|< 3.0 |
= Inner radius: 1148 mm (40 mm thick) + Radius: 315 <R < 1200 mm
+ Length: #2.6 malong z + Position in z: 3.0 m (45 mm thick)

+ Surface ~38 m? 332k channels + Surface ~14 m?; ~8.5M channels
* Fluence at 4 ab: 2x10%n, fcm? * Fluence at 4 ab™: up to 2x10'n, Jom?

A schematic view of the MTD Endcap Timing Layer.
The ETL will be instrumented with thin (50 um) silicon
sensors based on the LGAD technology
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LGAD sensors for ETL

The final ETL sensor will be a 16x16 LGAD, to be
bump—bonded to the ETL read—out chip (ETROC)

* 1.3 x 1.3 mm2 pads for a total surface of
21.4 x 21.6 mm2

* From the beginning to the end of HL—LHC
lifetime, sensors are expected to:
» achieve time resolution < 50 ps

> deliver > 8 fC

ETL sensors need also to be radiation—hard to
survive the harsh radiation environment @ HL—LHC.
The 1e15 neq/cm2 threshold is set as it represents | @

the turning point in terms of LGADs performance 16x16 array

degradation.
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Beam test result for 16x16 sensor bump—bonding to ETROC

ETROC2 beam test at DESY (June) and CERN (Aug and Sep 2024)

80 CMS ETL ETROC Test Beam_ ‘ BB 1-3 + HPK Spiit 3 W16 P6; Cooling @ 23C |,
A ! ' ‘ " 3 Discthreshold=20 @ DESY | 1°< HPK2 — Collected Charge — Beta Setup
‘c Disc threshold=10 @ DESY S CMS Phase-2 Preliminary
2 F  Disc threshold=20 @ CERN 120 GeV m* ]
2 70} Disc threshold=10 @ CERN 120 GeV-n* {10 O 451« Split1
é i Discthreshold=20 @ CERN 180 GeV n* {. & ol 2 gg"g
Disc threshold=10 @ CERN 180 GeV * = 5} * Pl »
E - Bias Curent 3 o B Our ETL colleagues have done a
i~ 60} = & )
. = __ series of beam tests for 16x16
sol- 3 Is qw _ sensor bump—bonding to ETROC.
15 P g o - .
A | o] e Check details below:
“r ETL spec ‘ 3 I . .
| et +1 e “°R - ;" o https: //indico. cern. ch/event/1381495/ contributions /59884
[ = Siorsgdnalvl 75/ attachments/2938155,/5161178/ETROC2—TWEPP—2024—
A ' e final . pdf
70N tnge wittir the spec Successfully reproduced ~35ps res. with this board.
|, Results from CERN 120-180 GeV m* beams agree
T I T w4 with those from DESY 4GeV e beam
Bias Voltage [V :
el $& Fermilab
19¢  M202  Ted LI ETROG Testing and Reriomance To be done: test in cold, and w/ irradiated sensors
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ETL LGAD QA&QC plan

ETL testing sites

testing fraction <10%

up to 100%

full size sensors

test structures

—

Sensor Quality Check
check consistency of results

non-matching
results exceed
1%?

On <1% of sensors
+ IV, Vgl uniformity

+ |nter-pad resistance
*  (lieax Stability )

10% of results
out of accept.
range?

I_‘

On <10% of sensors
« IV, CV, Vgl high precision
* ( Gain-V curve )

10% of results
out of accept.
range?

sensor batch N

full size sensors
test structures

Yy

On <<1% of sensors
HIGH-LEVEL PERFORMANCE
TESTS
In case of problems: production
halted to investigate
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batch kept on hold for
further investigation

batch released for
further processing

Vendor site

University of Science and Technology of China

USTC will take both sensor
and structures task.

And we have the unique
capability to do the precise
per channel IV measurement.



Post process for FBK wafer

We have 4 FBK wafers post—processed by NCAP. This wafer will be
tested in USTC&Torino lab to verify the post—processing result and the

sensors will be used in the module assembly.
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Test environment In USTC

—single needle test system

» Stable but slow, suitable for
small number of sensors

— probe card test system
> Complex but fast, suitable for

large number of sensors

— Both systems are available at
USTC.
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Test environment In USTC

eeeeee _ Shutdom / Abert
Switch

Vhin [¥1: 0 CV Freg [kHz]: 10— | Sv. Mo

2 Nax [V1: o= Precision: liers == e

B Step [V]: N {L.0 Compliance [4]: -_505*6 & ]
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The probe station 1Is apo| |owave a | pha—ZOOCS , . 1V/2023Jul19/USTCIMEPre/1x1/comparison/v2. 1/W17_P5 BO_SR40 Oct13 T2¢
gure: voltageMax:50.0 mode:CV delay:0.5 step:1.0 =

The HV power supply Keithley 2410, range
from O to 1100 V. Current precision 1 pA.
The pico—ammeter Keithley 6482. Current
precision 1 fA.

The LCR meter Keysight E4980A. Frequency
from 20 Hz to 2 MHz.

The software Ul we used to control the test
parameter .

rigger

e ofF
o i

Keysight E4980A
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Test environment In USTC

Probe station with up to b probes 16%16 probe card controlled by the switch matrix via interface pad
placed in the clean room. Temperature The details of the electronics can be found below:
from —40 to 25 degrees. https : //www . sciencedirect . com/science/article/pii/S0168900221003843
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Test environment In USTC

We also have an automatic
probe station. Suitable for
the wafer test.

This system Is still under

test. It will be put into use
soon.
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Test result, 1h*1h. |V
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The 15x15 test results using our electronics. We tested a 15x15 sensor (225
sensor pads) with 2 sets of electronics (same design). The voltage step is HV.
Delay is 0.5 s. The total scan time for a 15x1b sensor Is about 5 hours. The
single pad scan time Is about 2 s.
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Test result, 1h*1h. |V
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The difference here Is because of the 1
pA current precision of Keithley 2410. 107
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We use the Keithley 6482 to read the per
channel current and 2410 to read the total
current. After depletion of sensor, the 10710 Nl
total current tend to be consistent. :
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Summary

* Our test environment and setup are reliable and can perform both
IV/CV tests from —40 to 25 degrees. We also have the capability to

conduct electrical property tests for Quality Control Test Structures
(QC—TS).

* USTC plan to set up the LGAD QC site by Q1 2025.

* We will also participate in the ETL DAQ R&D process.
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