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High-Luminosity LHC (HL-LHC) at CERN

Goal: precision tests of the standard model and Higgs physics, and searches for (rare) BSM phenomena

0 Precision measurement of Higgs boson couplings (few percent)
0 Measurement of the Higgs boson self-coupling via direct observation of the di-Higgs boson production

0 Search for heavy dark matter candidates, SUSY particles, new gauge bosons, Long-Lived Particles, ...

Means: upgrade of the LHC optics and injectors to increase the beam intensity
O Luminosity delivered by LHC (2009-2026): ~ 400 fb! / experiment [~250 fb collected so far]
0 Target luminosity for HL-LHC (2030-2042): >3000 fb! / experiment [one year of HL-LHC equivalent to ~10 years of LHC]

CoII|S|on event W|th 35 reconstructed vertices Real life event at the LHC emulating HL-LHC conditions

CMS Experimient at the LHC, CERN
Datavecorded: 2016-Oct-14 09:33:30,044032 GMT.

Run / Event 74.8; 263171 /85092595 / 195 ‘ ~130" vertices
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LHC:
" “About 40 coII|S|ons / beanm

« An mteractlon of interest (hard-scatter) at less that 1%
. Up'to 2000 tfacks / eir a1\ = ofthe ‘collisions simultaneously recorded




MIP Timing Detector (MTD) for CMS Phase-2 Upgrade
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0 Important to maintain detector performance during HL-LHC running
o Time information will help to reduce pileup effects from approximately 200 simultaneous interactions
a MIP timing detector (MTD) consists of barrel timing layer (BTL) and endcap timing layer (ETL),

providing 30-50 ps time resolution per track

o BTL: LYSO crystal scintillator + SiPM readout

o ETL: Silicon based sensor (LGAD) + ASIC readout

o Two different detector technologies for radiation hardness and costs
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CHANG-SEONG MOON (KNU)

Mip Timing Detector (MTD)

CMS,

dOUbIe Eadca

e Thin layer between tracker and calorimeters
e MIP sensitivity with time resolution of 30-50 ps
e Hermetic coverage for |n|< 3.0

~ 40 m?*

~ 332k

~2x10"* n_ Jcm?
LYSO crystals + SIPMs

o

- ENDCAPS
Surface ~14 m?
Number of channels ~ 8500 K

Radiation level ~2x10"°n_Jcm?

Sensors: Low gain avalanche diodes

Korea’s contributions focus exclusively on the ETL project within the CMS MTD upgrade



MTD Barrel Timing Layer (BTL) 0rneononn————_

Tracker Support Tube -

R1188
|

0 3.8 cm thin cylindrical detector
o located inside the tracker support tube, |n| <1.45 it

38 mm

> ~5 m long, 38 m? surface

|
| EF board
cold plate LYSO:Ce crystal CO;coolingloop SiPM

BTL Module:

1x16 crystals
(32 channels)
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BTL Read-out Unit:
3x8 modules ! i

—_— BTL Tray:
\% — 6 Read-out units

(4608 channels)
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BTL detector
72 trays: 2(z) x 36(o)
332k channels

0 BTL construction: starting in early 2024!




BTL sensors : LYSO crystal

0 LYSO crystal bars (166k) 0 LYSO current status

> Cerium-doped lutetium yttrium orthosilicate ° Single vendor selected
(LYSO:Ce) scintillation medium » Considerably better offer

- Well established in PET applications and » One of best vendor for performance-wise
vendors widely available » Reliable vendor (large production capacity)

o High radiation tolerance o Pre-production in progress

° Trise - ~100 pS, Tyecay : ~ 40 ns » Ordered in March (2% of the total LYSO arrays)

> High Light Yield : 40000 y/MeV » QA/QC and construction database ready
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BTL sensors : SiPM

0 SiPM (166k x 2 = 332k channel)
o Well consolidated technology SiPM Module
o Photon Detection Efficiency (PDE) : 20—40%
o Compact, robust, insensitive to magnetic fields
o Good radiation hardness

Front side
.

o Fast recovery time <10 ns > o
> High dynamic range (10°) ="

0 SiPM current status !............l.

o Optimized cell size (25 um) as a default for BTL
e Additional performance gain to boost signal

o SiPM die size (3.8%2.9 mm?) fixed to match with
the thickest LYSO geometry
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a SiPM plans

o Tender starts in July

o Sign the production contract in September
o First batch delivered ~ Feb. 2024 (for 7 months)




BTL sensors : LYSO crystal and SiPM

tleft a4 tright
N s B LYSO bars with double end readout:
SiPMH ' SiPM2 » Improve timing resolution by a factor
I ; i :
' fv2th le-
thar = V2 [tiest + ttright] ° \/— than single end

LYSO:Ce 3x3x50 mm® - HPK 3x3 mm? (15 um)

Sensor Module (LYSO + SiPM & TEC) g g e
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MTD Endcap Timing Layer (ETL)

0 Two double- sided disks for each side Disk 1 Disk 2

o Maximize geometrical acceptance (85% per disk)
o Coverage:1.6<|n| <3.0
o Average of 1.8 hits per track

7330 sensors
for each disk (905 kCHF)
-> 123 CHF per sensor
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> Time resolution per track < 35 ps
* based on single hit resolution < 50 ps

0 Low-Gain Avalanche Diode (LGAD) sensor bump

TSl

4TI A A
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= bonded readout ASIC (ETROC) 3
% fecsccococoooooa: 8000 modules (4 sensors each) N
s faes
LZD - Module PCB
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@) i - N
= T el g N
ETROC < 16x16 array :
(ASIC Chip) \

LGAD sensor

Baseplate

31.5cm < radius <120 cm



ETL System (1) — LGAD Sensor & ETROC ASIC

Readout Board

Sensor : Low Gain Avalanche Diode Em

ETROC ASIC

Silicon-based detector with internal gain layer (Avalanche region) LGAD Senso]
esie

Achieves fast timing (30~40 ps) with moderate internal gain (10~30)
Key challenges: radiation hardness (~2.5x10"™ n.,/cm?), and maintaining Low-noise under radiation damage
e High uniformity and reliability in production

Sensor and ASIC Procurement Status

. . - LGAD Sensor : Tender (55%) launched in Apr 2025!!

ASIC : ET. ReadOut Chip KCMS in-kind contribution of 25% of total LGADs
g Readout ASIC bump-bonded directly to LGAD (TSMC 65 nm) Active production/testing ongoing: FBK, L-Foundry
=3 ‘ fr  Front-end electronics: (Italy), HPK(Japan) IHEP-IME(China)
8 i = |ow noise Amplifier, fast Discriminator, and Timing Information USFD-K1/K2 produced at FBK (by KCMS)
C . . - ETROC2 ASIC : Test towards PRR* in June 2025!
=l Time of Arrival (TOA) _ . . ' _
LZD \ Time Axis , \ Procurement Readiness Review
o
Ll Wavef . e .. . A -
g QO;vechm - ® Precise timing info extraction via Time to Digital Converter (TDC):
= / Chs Time of Arrival (TOA) and Time over Threshold (TOT
% Voltage Threshold ( ) ( )

e Key updates (2.00 - 2.02/03) : Enhanced digital logic
Global Readout, Calibration, Trigger, Waveform sampler
= Less noisy and Target <40 ps time resolution per hit (system-level)

T T iR st IEREIER I Amplh‘ude

*Image credit : e .
Taiwoo Kim (KNU) Time over Threshold (TOT)
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ETL System (2) — Hybrid, Module PCB, RB

Hybrid (LGAD+ETROC)

RB connector = Module PCB V1

ETROC2

front end
electronics

Challenges:

@ Mechanical
Robustness
under-bump metal
@ Thermal
Reliability

ump Bonding

LGAD

sensor

Ongoing works in KCMS  \ . iack

BB technique evaluation led by
Dr. Jin Hyoung Lee (KNU)

Readout Board
Module PCB=
ETROC ASIC

Module PCB

) | @ =ony, = @ i

2o R

Readout Board (RB)

Early Prototype for initial test 16x16 ETROC,

simple structure (~56 ps achieved) Connects ETROC to DAQ system (Optical fiber:

s RB2:Stable data

d transmission tested in
system setup
with Module V0Ob, V1
(stable, reliable)

o 1st Realistic Form-Factor
" (RFF) : Improved grounding
i & reduced noise(~55-80 ps)

RB Final 3 (RBF3) :
#% Enhanced data
“* throughput, firmware

2nd RFF : Advanced déSlgn with separate [ cmpatibility, and

power planes (Digital/Bias/Analog), noise RB
reduction, enhanced Bias Voltage delivery 8 upgrad
= Target <50 ps time resolution e Twiki




Ultra-Fast Silicon Detector - Korea 1, 2 (UFSD-K1,K2)

o« UFSD-K1 features the prototypes of the CMS Endcap Timing Layer
o  KCMS and FBK (Italy) is cooperating for production of UFSD-K1, UFSD-K2 LGAD sensors
o UFSD-K1, UFSD-K2 wafers are post-processed in Korea.

orea CMS Group is responsible for 25% of LGAD production for ETL.

o Full size sensor
o  16x16 array LGAD (21 x 21 mm?)

e Test structure

o Under
o 1x1, 1x2, 2x2, 5x5 array LGAD sensors

« Wafer post-processing
o  Under Bump Metallization (Ni/Au)
o  Backgrinding (300 um)

Test structure o  Back metal deposition (Al)

o Dicing

Full size sensor
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L Two 2x2 array K1 sensors were sent to Test Beam @ CERN SPS H6
UFSD-K]., K2 Iayout e Some of the K1 sensors provided to other groups for further test.




LGAD wafer post-processing procedure in Korea

1) LGAD wafer post-processing

UBM Wafer :
LGAD wafer Backside - '
» (Under Bump ‘ Back-grinding ‘ . ‘ Wafer dicing ‘|
from FBK Metallization) (550um > 300um) e e :

UBM Al pad

|

|

|

— '
Silicon I

' |

|

UBM Al pad

=) : -

= -

= ::if‘lzing Al Metal deposition

= L_ _

o ——————————————————————————————————————
®) - - ------ --- - - - - - - ---~- - - - - - - "~ -"=-"T-—"~-"=-"=-"=-"=-"°=-"°-= I
=

) |
5 Solder ball Flip chip Electrical Module I
v attachment bonding measurement assembly |
9 |
<

T

O

Boading force
J44444343334 Module PCB

2) Bump bonding and module assembly



Wafer post-processing status in Korea

Vendors from korea completed post-processing and delivered to KNU.

o Total 5 UFSD-K1 wafers
»  UFSD-K1 standard supplier wafers(# 1, 5, 9, 13)

= One new supplier wafer (# 6)
o One UFSD4 No. 14 wafer

e UBM process proceeds with electroless plating .. .
o  Thin film metal layer (Ni/Au) stack -

e Backgrinding thickness = 300 um UBM

o Al used for backside metalization e

e Dicing done with 16x16 sensor size (21mm X 21mm) e

Grinding wheel

UBM | Al pad

Ty

Wafer

™
Spindle axis

Silicon

2) Backgrinding 3) Al backside metalization

4) Dicing

15



Wafer post-processing status in Korea

e Two test structures in each wafer were diced in detail.

2
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Fabrication of dummy wafer for bump-bonding test

| designed the dummy wafers by myself and fabricated them at the ETRI fab in Korea.
0 To verify the yield of the bump bonding process on a large scale.
0 The dummy wafers have different sizes for the top and bottom parts compared to the Kansas University wafers.
o To facilitate the dicing process.

o Therefore, we made separate photomasks for the top and bottom parts.

0 Each wafer consists of 21 main chips and test patterns on the wafer.

6 inch wafer image of the Univ. of Kansas 6 inch wafer design by KCMS team for dummy wafer fabrication in Korea
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Solder ball attachment test on dummy sensors

- Attempting three types of solder bumping process

Laser reflowed solder ball

[SEM image]

== Methodl : Solder bumping by laser reflowed solder ball]
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e Solder bump height of ~80um (using 100um diameter ball)
* Good uniformity of the formed solder bump
= Qut of a total of 272 pads, solder loss is minimal and, if present, is at most 1 or 2 pads
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Solder ball attachment & bump-bonding process

Method 2: Solder paste printing & Bump-bonding process (at Hansol Semiconductor)

3) Bump-bonding usmgl

i

— I

1) Solder bump formation i | 2) Solder paste printing | I flip-chip bonder :
| 1 (~10 sec/1sample) i

: on sensor Ch_P I |L on ETROC2 Chlp :

Print direction

*Solder paste, with its slight stickiness, temporarily holds

o Solder paste Stencil . . . R
the solder bumps in place until soldering is completed.

mii "

‘ Removal of stencil

INEEEN

Il refiow (heating)

A

UBM ° Top part (sensor part)

Solder bump

| 4) Solder reflow process !
.__for bump solidification !

\r

5102 insulator

Al pad

Au laver

Reflowed
Solder Bump

Al pad

SiO2 insulator




Method 3:

Si sensor
wafer

[Electroplating process for solder bump formation]

Ti = Cu seed coating

Dummy
Top sensor part

~ Ti > Cu seed coating

Dummy
Top sensor part

~ Ti > Cu seed coating

Dummy
Top sensor part

Ti = Cu seed coatina

Dummy
Top sensor part

B

15.00kv | 3.0 | 173pym  1200x | ETD 9.2 mm

[Solder ball attachment process for mass production of solder bump]

15t station
Plasma De-oxide

Ar/H2 Plasma
Mold strip

1st station, Plasma De-oxide

2 station
Print & Ball Mount

Solder Ball
Liquid binder

2nd station, Solder Ball Mounting

3rd station
Laser Reflow

Laser Beam

3 station, Laser Reflow

Finished

50 pm

Korea Univ.




Bump-bonding / Flip-chip bonding process

- Bump/Flip-Chip Bonding is a process that creates a bump on the chip to
make an electrical/mechanical connection with the chip/substrate.

§ @‘d‘”

Semiconductor Chip Bumping

| b4

2 B

=2

<

= Package substrate

o vvvvv

O .....

= ,

O Die attach Flip I
=

8 Underfill UBM IC chip Solder joint Passivation
wn

O

=2

<

I

(©)

Package substrate

Bondin'g pad Solder mask

MR Bumps on die should be located at exact location
of bond pad of package substrate




Probe station setup for wafer-level and sensor-level tests

-

e Overview e wafer tray e sensor tray

~There are 6 probe arms that use magnets to connect with the station
(1 for signal read-out, 1 for bias voltage supplying, and 4 for grounding)
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Two types of tray available for wafer-level and sensor-level tests

KCMS currently has plan to prepare a probe card and switching matrix
for 16x16 sensors




Sensor level test at KNU

Bias voltage apply

3 1x1, 1x2, 2x2 5X5 16x16

| IOV Z
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e Sensors can be attached to PCB board with electrically conductive double sided tape.



|-V results comparison before and after UBM : 1x1 size (PAD)

Current [A]

Current [A]

1073

1074 5

10-5 el

107 4

1077 4

1078 4

1077

1073

1074 5

10-5 el

106 4

1077 4

1078 4

1077

CMS UFSD-K1 |-V Measurement

=== hefore UBM
=== after UBM
=== after UBM/backgrinding/dicing

14.8 °C
17.9°C
22.4 °C

W1 1X1 T9 GR3_0 PAD

T T T T
0 50 100 150 200 250

Bias Voltage [V]

CMS UFSD-K1 |-V Measurement

T
300

=== hefore UBM
=== after UBM
=== after UBM/backgrinding/dicing

W9 1X1 T9 GR3_0 PAD

14.3 °C
17.9 °C
22.4 °C

T T T T
0 50 100 150 200 250

Bias Voltage [V]

T
300

Current [A]

1073

1074 5

._.
5]
&

._.
b1
&

H
<
L

1078 4

1077

CMS UFSD-K1 |-V Measurement

=== hefore UBM
=== after UBM
=== after UBM/backgrinding/dicing

19.4 °C

W5 1X1 T9 GR3_0 PAD

717.3°C

22.4 °C

T T T T T
0 50 100 150 200 250 300

Bias Voltage [V]

® Current limit

100 pA
® Bias Voltage applied up to 300 V
@ Current increased after post-processing

24



|-V results comparison before and after UBM : 1x2 size

Current [A]

Current [A]

: CMS UFSD-K1 I-V Measurement
10-
= before UBM W1 1X2 T9 GR3_0
=== after UBM
107§ e after UBM/backgrinding/dicing
14.8 °C
10-5 4 1 79 oc
22.4 °C
1076
1077
1078 5
10-9 T T T T T T T
0 50 100 150 200 250 300
Bias Voltage [V]
: CMS UFSD-K1 I-V Measurement
10-
= before UBM W9 1X2 T9 GR3_0
== after UBM
107§ e after UBM/backgrinding/dicing
1073 14.3 °C
17.9 °C
22.4 °C
10-6 o
107 5
1078 5
10-9 T T T T T T T
0 50 100 150 200 250 300
Bias Voltage [V]

Current [A]

H
<
L

Current [A]

1073

1074 5

10-5 4

._.
<
&

1078 4

1077

1073

1074 5

1075 3

106 4

1077 4

1078 4

1079

CMS UFSD-K1 I-V Measurement
== before UBM W5 1X2 T9 GR3_0
w after UBM
=== after UBM/backgrinding/dicing
19.4 °C
18.3.°C
22.4 °C
(l) 510 1(|)0 1!’;0 2(|)0 2.’130 3(3:0
Bias Voltage [V]
CMS UFSD-K1 I-V Measurement

=== phefore UBM
=== after UBM
=== after UBM/backgrinding/dicing

W13 1X2 T9 GR3_0

17.0 °C
17.0 °C
22.9 °C

T T T T T
0 50 100 150 200 250 300

Bias Voltage [V]

| B 1x1 Types GR3_0 ypeS
PAD - PIN $_o SR N

Type9 H 2x2 Typel0
30 {8} or3o0

L] 5x5 Type9 GR3_0

[} 5x5 Type10 GR3_1

® Grounded other pad during measurement
@ Current increased after post-processing
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|-V results comparison before and after UBM : 2x2 size

Current [A]

Current [A]

CMS UFSD-K1 |-V Measurement CMS UFSD-K1 |-V Measurement
3 3
10~ 10~
== before UBM W1 2X2 T9 GR3_0 == before UBM W5 2X2 T9 GR3_0
= after UBM = after UBM
107§ e after UBM/backgrinding/dicing 107 § e after UBM/backgrinding/dicing
14.8 °C 19.4 °C
10-5 4 179 °C — 10-5 4 173 °C
22.4°C < 22.4°C
c
1076 1076
£
3
1077 v 1077
1078 4 1078 4
10-9 T T T T T T T 10-9 T T T T T T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Bias Voltage [V] Bias Voltage [V]
: CMS UFSD-K1 |-V Measurement
10~
== before UBM W9 2X2 T9 GR3_0
== after UBM
1074 5

1075 3

106 4

10-7 4

1078 4

=== after UBM/backgrinding/dicing

14.3 °C
17.9 °C
22.4 °C

1077

T T T T T
100 150 200 250 300

Bias Voltage [V]

| B 1x1 Types GR3_0 1x2 Type9
PAD-PIN [l

s e

L] 5x5 Type9 GR3_0

[} 5x5 Type10 GR3_1

® Grounded other pads during measurement.
@ Current increased after post-processing
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C-V results comparison before and after UBM : 1x1 size (PAD)

CMS UFSD-K1 CV measurement CMS UFSD-K1 CV measurement
—— wafer level —— wafer level
—— after UBM 05 - —— after UBM
0= —— after UBM/backgrinding/dicing ' —— after UBM/backgrinding/dicing
— 16.9 °C — 20.1 °C
_ W5 1X1 T9 GR3_0 PAD
Lé, 0.4 - W1 1X1 T9 GR3_0 PAD 17.3°C l-é 0.4 = 173 °C
) 22.4 °C ) 22.4 °C
c € 031
@ %37 °
L~ [
@ @
Q 0.2 Q 0.2+
© ©
O O
0.1 0.1
0.0 1 0.0 4
0 10 20 30 40 50 0 10 20 30 40 50
Bias Voltage [V] Bias Voltage [V]
CMS UFSD-K1 C-V Measurement
—— wafer level I 1
— o @ Bias voltage applied up to 60 V
—— after UBM/backgrinding/dicing ~
— 041 W13 1X1 T9 GR3_0 PAD O . Vfd . 24V
& 17.0 ¢ ® V is consistent before and after the UBM.
o) e . .
229-0€ @ Difference capacitance below V4
.*g’
® 027
©
O
0.1
0.0- T T T T
0 10 20 30 40 50

Bias Voltage [V]



C-V results comparison before and after UBM : 1x2 size

CMS UFSD-K1 CV measurement CMS UFSD-K1 CV measurement
0.6
—— wafer level —— wafer level
—— after UBM —— after UBM
0.5 1 —— after UBM/backgrinding/dicing 0.5 1 —— after UBM/backgrinding/dicing
L o W1 1X2 T9 GR3_0 16.9°C | L | W5 1X2 T9 GR3_0 20.1 °C
= - 173°Cc | &© 17.3 °C
g 22.4 °C g 22.4 °C
o 0.3 - o 0.3 1
[~ [
[v] [v]
© ©
Q 0.2 4 Q 0.2
© ©
@) @)
0.1 0.1-
0.0 1 , : 0.0 -
0 10 20 30 40 50 0 10 20 30 40 50
Bias Voltage [V] Bias Voltage [V]
CMS UFSD-K1 CV measurement
—— wafer level
05 —— after UBM
—— after UBM/backgrinding/dicing
w 041 W9 1X2 T9 GR3_0
! 16.3 °C
8 18.3 °C
C 0.3 o
& 224 °C
.
v]
3 0.2 1
©
O
0.1
0.0 A
0 10 20 30 40 50

Bias Voltage [V]

| B 1x1 Types GR3_0 ypeS
PAD - PIN B0 e

Type9 H 2x2 Typel0
30 {8} or3o0

L] 5x5 Type9 GR3_0

[} 5x5 Type10 GR3_1

® Bias voltage applied up to 60 V
O Vi ~ 24V
® V. is consistent before and after the UBM.
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KNU QC/QA facility setup in Korea

. . * lceFreeEnvironment™
3) Automatic Probe station system setup (ready soon) e rements down fo 40
- MPI TS2000-IFE, 200mm Automated probe station esiones simcliaaoody. T and miere

Guarantees stable low-temperature operation
without condensation.
ERS AirCool® PRIME Thermal Chuck
Temperature range : —40 °C ~ +150 °C
Integrated Hardware Control Panel &
Touchscreen
Intuitive operation for chuck control and system
status monitoring.
Active Vibration Isolation Table
Ensures stable micro-positioning and accurate
probe contact.
MPI SENTIO® Software Suite
Multi-touch, smartphone-like operation for
prober and microscope control.
DarkBox Option
, e Light-tight enclosure for photo-sensitive device
m testing.Probe card mounting




Test Beam @ CERN SPS H6

Six Ia er Mlmosa26 AIDA telesco e ' Right side Chiller used for constant temperature at 15 °C
__ __ i -v—l.: ) . _ " —
( | { P i‘i 7“ 7 \ R ‘ 7 @F Hmr il

-_.‘s
I.
it _i

| ‘Ei"};f \\

ga '\

Mimosa26 telescope were used for beam quality check & tracking
(left : 3 layer telescope, middle : dark box, right : 3 layer telescope)

CHANG-SEONG MOON (KNU)

6 Santa-Cruz boards are located in the test module
e Two UFSD-K1 2x2 array LGAD sensors
o Four UFSD-LF 1x1 LGAD sensors

Datas are acquired with 8 channel oscilloscope



Test Beam Results for LGAD sensors at CERN

 Test beam were carried out by KNU and Torino group at SPS H6

120 GeV
pion beam [

Dark box chll/edto 15 °C |

PCB wire bonding layout — —p——p

Telescope in Dark box

beam direction

A
A 4

ts

t t

« Time resolution of each sensors are extracted by following formula

02 = (02 + C)'Zlk o2 k)/2

| #] # Kk
, ), ke [1,2,3]

= 32.34 ps
0, = 35.04 ps
o3 = 33.30 ps

LGADs has been reached
35 ps timing resolution.
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Irradiated LGAD sensors at KOMAC in Korea

Snpmg JILIN  Yanbian Korean Vladivog
Autonomous Bnanuaoc

KOMAC (Korea Multi-purpose Accelerator Complex) n :/y R

© TR23 (20 MeV versatile beamline) ¥ | | Chongjin
h . .. A

i ALH N 8T
A research facility where materials or products are irradiated with a proton beam accelerated up to 20 MeV under various conditions. / - - - X { {Hyesan

! : S ALA|
© High-dose proton beam research facility © Specifications of the TR23 { e e . . /
— - o = —— = &

North Korea

- e \
r &9 N u'. 2
) =N b 'iﬂ E"' 3MeVRFQ o By andyarig
!ﬂ@ # ) LY —— ° 5o}
\d

o f (gmﬁ) "., 7|% T‘ iy i %“"“T ¢

Jf v

S. *h Korea

« For both room, beam flux would be 1E10-1E11/pulse &

(b=l

© TR103 (100 MeV versatile target room)

A research facility for iradiating materials or products with a proton beam accelerated to 100 MeV under various conditions.

i lentiotsios. s nsseiien = Depend on the beam status Gyeongju
E =»| Beam size: 30 mm ¢
e - Insure the fluence within 10% uncertainty
— - Outside the area beam is still active

Quaity standards (1S09001)  Unformity. + 10%
Enogy: + 5%

=> only use single sample per each irradiation

« With 100 MeV beam, deposited dose is so small and
expect larger irradiation time

=>» Decide to use|20 MeV beamline (TR23)

Apghcation fieids Biotechnology, materials, rciedr physCs, semiconductor
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Collected Charge vs Bias Voltage using CERN test beam
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Collected Charge vs Bias Voltage
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SPS Hs Hadron Beam at 120 GeV (T = -20°C)|

.................................. K2(W3 Tg GRSO)unlrradiated
| —§— K2 (W12 T9 GR3_0) umrradlated |

S i s i i S S s s S i i i i o i
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Collected Charge [fC]
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CMS Prellm/nary
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03y Beta -SOUICE | ——4&——  FBKUFSD-LF - sensor 1 - Unirradiated (shitted by -40V)

g ~——®———  FBK UFSD-LF - sensor 2 - Irradiated 1E15 E
= 25 C ..... -~

FBK UFSD-LF - sensor 3 - Irradiated 1.5E15

N
(&)
ULLLY LLARY LARN LLALY LAR)

00200 800 400 500 600 700
Bias Voltage [V]
Characterization of the FBK-LGAD devices

manufactured at an external foundry for
large-volume productions, Leonardo Lanteri



Timing Resolution vs Bias Voltage using CERN test beam

Time Resolution vs Bias Voltage

— 60

a SPS H6 Hadron Beam at 120 GeV (T=-20° ©

c - ; '
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Timing Resolution vs Collected Charge using CERN test beam

Time Resolution vs Collected Charge

-~ 60
(D -
a : sps H6 Hadron Beam at 120 GeV (T--20 C)
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o 55_ .................................. : .................................... :
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Test Beam @ DESY for bump-bonding quality test

°C H t hybrid (B -bondi lit
IV Scan @ DESY (15 It map per hybri ump-bonding quality
200 (DESY, room temperature)
= e \Q
1 | — Module 207 : ] £ O 208 Hits 207 207 Hits 209209 Hits
175} Module 208 ‘; 240v Z15 Z1s 14000
. — Module 209 § ] = 14 12000 1
1501 3 = 13 2 12000
5 : 1 12 12
1251 ‘3 1 " . 1000(¢ 1
- ]‘ . 10l 10 10000
100} 220 V i - ¢
- ; 209 i 8 8 8
75f : . - 7 7
- : 1 8 6 ‘B
50} . 5 . P
45 4 4
L - 3 3 3
251 ] N . 2 2K
ok el e e Db B e powow g ey B G ow g ' 1
() 50 100 150 200 250 300 k. DEE 0 w o 2 2w 0 : Wi W w1 o %0
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Timing Resolution (Module 207)

Module: 207 Bias: 215.0 Offset: 20.0 Energy: 5.0 Power: i1
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ST T el Highlights
N mggggg%;_‘ ® Collected >30 M events over 1 week (Single 207, 209 + Dual 207-208 modules)
6o Tgase2~ @ Stable DAQ up to 1.5kHz trigger rate = Highest stat. ever in ETL system test!
b st | @ Good performance:
i Solid Bump-bonding quality in 207, 209 (MICROSS)
20l 1 Achieved 51-56 ps time resolution (after time walk correction) with 207, 209
o MoK *ﬁ%ﬁ AT ; ® More interesting results will be updated!

25 50 75 100 125 150 175 200
Resolution (ps)




Test Stand for ETL System Test at KNU

Test Source Versatility @ KNU

TCT for IR/ — )
) l £ Laser test) SOON
b ] | IR Laser setup P Source setup  Next plan
Precise time Mimic minimum full-size hybrid
e L e calibration and ionizing particle (MIP) module testing,
: Ampllﬁer ,;ﬁ s S charge collection response from Sr-90  cosmic setup
' i__L(cividec S RS aTe N § measurement cooling test, etc ...

Nt owerSupI ‘ K&
P2 =

*KNU System Test Stand developed by Talwoo Kim

Status and Updates

Update Laser setup to B source setup with Sr-90

Performance test for UFSD K1-LGAD before IRRAD Test @ KOMAC
IV Scan & Charge Collection (Pre-Irradiation baseline)
Done in 5x5 array using Laser and Sr-90 source with only-scope data
(No ETROC data due to RB—FPGA IpGBT connection issue)

¥ Recently, the issue was resolved by updating “Clock config” /
in FPGA (Debugging & Verified at CERN Test Setup in B.904)

= ETROC data integration (with hybrid module) : To be updated
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‘ RBZ FPGA connection debug completed




MTD - Endcap Timing Layer (ETL) System Test at KNU Readout

Board

System Test Ingredient @ Korea ETROC2

2x2
Triggers  LGAD

l Data
Data

[ eg— |
FPGA e System test stand for LGAD + ETROC system

® System test setup are constructed in Korea.
Module vOb Y P

* Using this test stand, we can measure entire timing performance.
Readout Board v2.2 * We are planning to test with ETL Module v1 and v2 as well. 38
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Pulse shape from LGAD using laser (Vg;.. = 210)

—0.002 A

V]

1x1 LGAD

Bias Voltage : 210V

Voltag

0.000 { anwiwdw W

~ 320 fC

Vii,s measurement range:

- LGAD : 140~ 210V
- PIN Diode : 160~ 210V

™24 mips

—— Event0

0.0004

0.0002 +

Voltage [V]

1x1 PIN ~12 fC

—0.0004 A

Bias Voltage : 210V N 24 mlps

0
Time (ns)

Gain ~ a factor of 27
(1 mips ~ 0.5 fC)

e Laser Width: 81%
e DAC value : 2673 mV



Development of probe card jig system test bench for LGAD QA/QC test

« Development of a probe card jig system integrated with a switching matrix
« Manual probe card jig system to prepare a QA/QC tes using an automated probe station



Probe card design

Front

Back

EQENG
EMS POGO PROBE

| TRIT

K24PC256M001..,

Readout cable

connectors \ |



Probe Card 256 channel Switching Matrix System
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Pogo pins contact

Contact between sensor and pogo pins seen by two side usb cameras

- LAngeags Mey e Yea Lguape M

* My Mo 0} L — ~

Pogo pins

e

16x16 sensor

Vaporchgck

« Using two USB cameras, we adjust the tilt and the distance between the sensor and the probe card using the
tilt and z stages.

» Checking good contact

» Using a multimeter to confirm the connectivity between the two outermost BBs though the probe card.
> If they are connected we assume the contact is good.



Probe card jig system DAQ workflow

.\ _TECH PROBE STATION DARK SHIELD BOX

Probe station

ﬁ Sensor

Switching matrix
Ribhon

cables

Raspberry
Pico

Chuck

Daisy-chaining GPIB to USB p

— -H

USB cable
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IV measurement results with the current jig system

CMS Wob 16x16(diced)
S L L

| 1 T T T | I T T 1 1 I T 1 1 ) T | T 1 | I I T 1 1 E
— col9 row1 —— col2 row1 7

— col5 row1 — col1 row1 §
— col3 row1 E

Current [mA]
o o
o IR
|
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—
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w
[
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10-5) .
107 ] -

10—9 i L L ! 1 ! | 1 ! 1 ! | | 1 1 1 | | 1 ! ! | 1 | 1 1 | | | 1 | | | | | | | | | |
0 25 50 75 100 125 150 175

Bias voltage [V]

* Measured 5 different pads by manually changing the channels
* The IV curves look reasonable and are consistent each other




ETL Module design overview

0 Module design overview

ETROC+LGAD subassen
2 Sensor Mount Film
~
2 Module PCB.
2 PCB + subassembly Basic scheme of a module
)
%
2 a Module PCB
I
O

o Printed circuit board that serves as the power and readout interface for the module

0 4x ETROC+LGAD subassembly

o 2x2 arrangement of bump-bonded assemblies
o Each of a 16x16 pixel LGAD sensor and an “ETROC” readout chip




Assembling the ETL Modules

1 The ETL detector will need ~8 thousand modules

1 Each module will be made of 4 LGAD sensors and ETROCs

2 An automated robotic gantry will be used for precision placement at the 10 micron level
a1 All modules will then be assembled into disks at CERN

=)
=
=3
z
@)
@)
=
O
=
@)
(NN}
xn
O
=
<<
T
O

( N J
( N J
o0 |
X}
®0:
N J
[ N
®o |

Pick & place sensor + Wirebond and Apply film to baseplate, pick and
PCB encapsulating place, and cure film




Module assembly test with dummy sample

- Module assembly pre-test for final product

[Module assembly concept of

LGAD sensor] #1. Die attach of Bump bondedwsvarhr‘\“!ol’e # se plat ;overirlg
D S
VW2, '\e\

. Cover

,6: Conductive film
5: AIN carrier
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# MEMSPACK
ETL Module Bonding comparison

TOTAL WORKING TIME = 16sec / 1Chip TOTAL WORKING TIME = 1min / 1Chip

Korean vendor — die bonder machine

Fermilab — Gantry system



# MEMSPACK

ETL Module Wire Bondinc




# MEMSPACK

ETL Module Encapsulation

MEMSPACK




# MEMSPACK

 CERN Gantry system issue

- Inaccurate position of baseplate

Unable to place automatically for current component condition
Bumpy surface of baseplate makes lift

Vacuum leakage issue

HE = X| PACKAGING ZHH]|
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KCMS contribution for MIP Timing Detector (MTD)

Mitigate the pileup effects at HL-LHC using precision timing information to
enhance and expand the physics reach our detector performance.

Main contributions from KCMS
Low Gain Avalanche Detector (LGAD) sensor development & production

LGAD & ETROC Bump-Bonding development & processing

ETL (Endcap Timing Layer) Module Assembly development & production

KCMS contribution for MTD : 2.2 MCHF (25% of the total endcap coverage)
Total contribution with MTD on the Phase 2 will be ~6 MCHF



Current Korea CMS Activities and Future plan

o Significant contributions to prototyping towards production

0 LGADs prototyping and validation
o Detailed testing of prototype LGADs informed vendor qualification
o Probe station measurements to verify quality and uniformity of full-size wafers MBI TS2000-FE
o Preparing the test bench setup with probe card and switching matrix
o Participating various test beam at CERN and Fermilab

0 System testing with LGAD+ETROC

o Will receive 12-inch ETROC2 wafers from CERN

o Active in System testing with LGAD+ETROC2, including test beam campaigns for validation of the
performance of the LGADs +ETROC chain

0 LGAD Wafer processing

o Exploring wafer processing with one of the qualified LGADs vendors for wafer thinning, dicing, and surface
preparation at Korean companies for the production phase

0 Bump-bonding processing
o Process testing with Korean vendors for LGAD-to-ETROC bump-bonding during production

0 Module assembly

o Korean vendor (Memspack) showed excellent performance for module assembly process with the die
bonding machine.

o Plan to irradiation test for encapsulation and glue using the KOMAC test beam October and December.
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