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Introduction

« USTC’s commitment to the HGTD project: sensors and modules
* Sensors:
— 10% of in-kind contribution (USTC-IME sensors)

* Modules:
— 10% of module assembly and loading to detector units

FLEX tail
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Overview

« USTC-IME sensor: 10% of HGTD (in-kind)

— Pushing to start production at IME (IME saturated by CERN contract for now)
— Detailed study of pre-production sensors

« data management and re-analysis, inter-pad resistance of irradiated sensors
— Preparation for production QC

« Commission semi-auto probe station

* Optimize IV test procedure

« Assembly and loading: 10% of HGTD

— Completed preparation at USTC, but cannot get more hybrids (US restrictions)
« Assemble at IHEP (share gantries, detailed plan being worked out with IHEP)

— Module performance study at lab (measure time resolution with beta source)
* Actively contributing to test beam, demonstrator, DAQ and simulations




Sensor status
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— Produced 27 wafers

Senor status

 USTC-IME sensor pre-production:

— FEach wafer contains 52 LGAD sensors (15x15) and 52 QCTS (quality control test structure)

ain sensor
(15x15)

+

Qualification Control Test Structure (QC-TS)

1X1 LGAD

1X2 LGAD
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Acceptance criteria for USTC sensors

« Dedicated measurements have to be performed on wafers to verify the quality
« Wafers passing the following qualification tests can be accepted

SENSOR ACCEPTED
SQC on selected Samt_e COI’ld.It.IOI’L-S as fpr _CQC (single pa.d tests) t
. and in addition irradiation tests assuring that YES
main Sensors sensors comply with specifications. -
Sensors passed SQC?
Break down current: at 20°C

Ibd,lspad =15'Ipad,bd -> Vbd,lS pad is defined at IlSpad > 7500 nA ;
where |4 pq is the pad current breakdown threshold.

. Sensor break down voltage: 2
Main Sensor ‘ | Vg Min(Vos 1o pa) -> 165 V < Vo < 195 #I Sensor passed the test?

(CQC —1x1 probe) Break down spread:
RMS (Vyg 15psa)/AVERAGE (Vg 15,00 ) < 0.05 )
Vo 159uc) Vg 15paa ) P| >=18 sensors of quality

Current spread:
Max (13,4 at 0.8-V,g) /Min(ly5 g at 0.8:Vbd)<=2.5 A per wafer?

YES

Irradiation tests 1)V, >16.7 V after 2.5e15 cm2 (IHEP, USTC)
on wafer level 2.) Ajgo> 2.7 at 100 V (IHEP, UTCS?) Wafer passed IT?
3.) if needed *°Sr Q,;p,>5fC after 2.5e15 cm™

PQC ~10 samples 1.) V, spread across the wafer +/-2%
P 2.) Monitored excursions from pre-production -I Wafer passed PQC?
per wafer

YES

values
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IV measurements

» Used probe station to measure the |-V curve of each channel - obtain the breakdown
voltage (VBD)

Kesight B1500
* Acceptance criteria e
N = o
— Min VBD should be between 165V to 195V D I
— RMS (Vbd)/Average(Vbd) < 0.05 i
Chuck
— Pad leakage current spread at 0.8Vbd: max/min <3
20WS3001000312 .
W3P12 Vbd hist 20WS3001000312
= 60 1 13 1111 0 o011
142 1.1 1.0 1.1 1.1 11 11 1.1 1.1 1.1 12
1075 4 50 4
_ 152 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 12
‘E’ _ 40 4 152 1.1 1.1 1.2 1.2 1.2 1.1 1.1 1.1 1.1 12
E 107 5 g mean: 188.50 V
B £ rms: 3.04 V 12 11 11 11 12 12 12 12 11 1R
§ 2 30/ rmsimean: 1.61%
_Q ol E 152 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.2 1.2 13
% 1 g - 11 1.0 1.1 1.1 1.2 1.2 1.1 1.1 1.1 1.1 12
- 141 1.0 1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 12
10783 10 4 11 1.0 1.0 1.0 1.1 1.1 1.1 11 1.2 1.2 1,3
142 1.1 1.0 1.0 1.0 11 11 11 11 11 12
9 2 = » biasl\(;.o(v) S B &y 2 o 180.0 1825 1850 187.5 190.0 192.5 1950 197.5 13 © 0 +1

VBD (V)
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IV measurements

Production version | Wafer No. | Implantation | LGADs | VBD mean | Labelled | Thinned | Backside (Al) | UBMed | Diced Yield Quality
wi B+1C 15x15 | ~1828V | Done 17/52~33 %
w2 B+1C 15x15 ~186.5V Done Done Done Done 252~4%
w3 B+1C 15x15 | ~193.7V | Done Done Done Ready 26/52 ~50 % Good
W4 B+1C 15x15 | ~190.8V | Done Done Done Ready 24/52~46 % Good
w5 B+1C 1515 | ~19L7V | Done | Done Done Ready 24/52~46 % Good
W6 B+1C 15x15 | ~1885V | Done Done Done Ready 22/52~42% Good
w7 B+1C I5xI5 | ~1849V | Done | Done Done Ready 22/52~42% Good
w8 B+1C I5x15 | ~1862V | Done | Done Done Ready n/52~42 % Good
w9 B+1C 15x15 | ~1956V | Done 13/52~25%
w10 B+1C 15x15 | ~193.6V | Done 16/52~31 %
wi1 B+1C 15x15 | ~1923V | Done | Done Done Ready 26/52~50 % Good
USTCAIME w12 B+1C 15x15 | ~193.1V | Done Done Done Done | 13/52~25%
Pre-production w13 B+IC 1515 | ~1888V | Done | Done Done Ready 21/52~40 % Good
wi4 B+1C 15x15 | ~191.6V | Done Done Done Ready 18/52~35% Good
w15 B+1C 15x15 ~193.0V Done 12/52~23%
W16 B+1C 15x15 | ~1524V | Done 23/52~44 %
w17 B+1C 15x15 | ~1504V | Done 27/52~52%
WIS B+1C 15x15 | ~137.7V Done 25/52~48 %
w19 B+1C 15x15 | ~1465V | Done 26/52~ 50 %
W20 B+1C 15x15 | ~1389V | Done 20/52~36 %
w21 B+1C 15x15 | ~127.5V | Done 18/52~35%
w22 B+1C 15x15 | ~143.6V | Done 21/52~40%
w23 B+1C 15x15 | ~130.6V | Done 15/52~29 %
w24 B+1C 15x15 | ~151.8V | Done Done Done Done | 21/52~40%
W25 B+1.3C 15x15 | ~1169V | Done Done Done Done | 10/52~19%
W26 B+1.5C 1515 | ~111.8V | Done Done Done Done | 13/52~25%
w27 B+0.7C 15x15 | ~158.1V | Done Done Done Done | 25/52~48%

9 wafers passed the
acceptance criteria
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CV measurements

« Performed the C-V measurement of LGAD sensors after dicing

« Used probe card to measure the C-V curve of each channel - obtain the gain-layer
depletion voltage (Vgl) and the full depletion voltage (Vfd)

labprob-Data-CV-USTCIMEPre-15x15-UBMed-W3_P5 [Linear]
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Irradiation test and beam test

» Sensors should withstand irradiation up to 2.5 x 10*> n,,/cm?* and 2 MGy

* |rradiation test: USTC-IME sensors have been irradiated with neutrons at TRIGA at
Ljubljana, Slovenia

Table 4: Sensor performance requirements after irradiation to 2.5-10" n.,/em? and 2 MGy at Vopmin , -30°C.

Hit efficiency at normal incidence with >95%
discrete testing electronics central part of
pad ~1x1 mm?)

Time resolution (using discreate testing <50 ps

electronics)

Power consumption at Vop min <100 mW/cm?

total maximum leakage current (D=50 um) <160 pA/cm?

Collected charge Vopmin >4 fC

pad leakage current at Vop,min <5 pHA

Maximum Vgp max (limited by SEB) 11 V/um -D
Interpad-resistance at Vop,min >10 MQ

Leakage current stability to remain stable within +/-5% when

corrected for temperature exhibiting no
long-term drifts (on days scale) or
prompt excursions

micro-discharge (“ghost hits”) hits at Vop,min <1 kHz
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Irradiation test and beam test

 Performance tested with 120 GeV © at CERN-SPS
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35

30

Chargepv) [fC]

25

20

15

— T T T T T T T T T T T T
T T T T

- Unirradiated CERN SPS 2024 ]
— B USTC-W7-P50 -30°c -
L -+ |HEP-B3-W10-P51 ]
A HEP-B2-W16-P43 y
a = A o
~ 1 A * R
- ‘ -
| | o * ]
— & E
B r'e - .
- = ]

L1l

10

PRI T SN TN T NN TN Y T S NN SN SN Y SO NN SN SO S S N
110 120 130 140 150
Bias Voltage [V]

35

30

Chargepy) [fC]

25

20

15

0 ATLAS HGTD Preliminary Test Beam

T T T T T T T T T [ T T T T [ T T T T T
I I I I I

| |
*

- Unirradiated CERN SPS 2024 ]
- -ll- USTC-W7-P50 -30°C ]
|- - IHEP-B3-W10-P51 ]
[ --A- IHEP-B2-W16-P43 1
- ] A ]
n n A * E
B = A * ]
- A -
C | r'e = 1

10

| T TS T PRI T SR B
110 120 130 140 150
Bias Voltage [V]

01112020

Time Resolution [ps]

Time Resolution [ps]

ATLAS HGTD Preliminary Test Beam
L L BN L B L

[ I "]
50F Unirradiated CERN SPS 2024 -
- -l USTC-W7-P50 30°C -
| k- IHEP-B3-W10-P51 ]
45 .4 HEP-B2-W1G-PA3 -
40 -
350~ -
- B ]
30f e * ]
- S N .
- Ak RS T
250 .
P P BRI R B Ll
110 120 130 140 150

Bias Voltage [V]

ATLAS HGTD Preliminary Test Beam
T T T ]
65:— @ IHEP-B2-W16-P52 (¢ = 1.5 x 10’ oy cm?) CERMN SPS 2024 =
F M- USTCW15P49 (6 = 25 x 10" ng cm?) 30°C ]
B0 --A- IHEP-B2-W16-P49 (6 = 25 x 10" nygem?) -
F W USTC-W15-P1 (6 =25x 10'° ngem2) -
55:— -~ IHEP-B3-W10-P49 (¢ = 2.5 x 10'° ngg cm?) E
70 o—— =
45 =
Fooe. 1
40 e, =
r .. ]
35 = .. E
30f- e =
25:“.,...J...,lH,.J...,x..ul.u.l.:

300 350 400 450 500 550 600
Bias Voltage [V]

Efficiency [%]

Efficiency [%]

s
—_
o

100

ATLAS HGTD Preliminary Test Beam

ATLAS HGTD Preliminary Test Beam

M7 7 ]

100_:_—_ Wl g B it A .

90 =

80 .

70 :_ Unirradiated CERN SPS 2024 _:

I -~ USTC-W7-P50 30°C ]

[ - IHEP-B3-W10-P51 ;

60 L k- IHEP B2 W16 P43 B

50 F M T I P B P IR TRI N .
110 120 130 140 150

Bias Voltage [V]

90

80

70

60

50

TT T T[T TT T[T T I rrrTr [ T rrTrT
I I \ \ I

- IHEP-B2-W16-P52 (¢ = 1.5 % 10'° ngg cm?)
- USTC-W15-P49 (6 = 2.5 x 10'° neg em?)

- IHEP-B2-W16-P49 (0 = 2.5 x 10' n,q cm?)
- USTC-W15-P1 (¢ =25 10" ngg cm?)

- IHEP-B3-W10-P49 (6 = 2.5 x 10'° nq cm?)

+anrme

e e b b b s s 1

CERN SPS 2024
-30°C

I NN RS A A T |

300 350 400 450

500 550 600
Bias Voltage [V]

12



Analysis of pre-produciton USTC-IME

* Developed analysis scripts using information stored in produciton database:
« Serves as an interpretation of USTC-IME CQC |V data in DB

— also a verification of data management
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Ref: presentation at March 31- April 5
HGTD week

Link to analysis scripts in gitlab
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https://gitlab.cern.ch/yliu/sensordbcheck
https://indico.cern.ch/event/1515767/contributions/6430435/attachments/3041373/5372664/SAITO_DB_HGTD_WEEK_APRIL2025.pptx%20(3).pdf
https://indico.cern.ch/event/1515767/contributions/6430435/attachments/3041373/5372664/SAITO_DB_HGTD_WEEK_APRIL2025.pptx%20(3).pdf
https://indico.cern.ch/event/1515767/contributions/6430435/attachments/3041373/5372664/SAITO_DB_HGTD_WEEK_APRIL2025.pptx%20(3).pdf
https://indico.cern.ch/event/1515767/contributions/6430435/attachments/3041373/5372664/SAITO_DB_HGTD_WEEK_APRIL2025.pptx%20(3).pdf

Inter-pad resistance verification at USTC

 Infer resistance from the additional current caused by the bias shift of 1 V
— Sensors irradiated by reactor neutrons with fluence 2.5 x 10*® n,,/cm?
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https://indico.cern.ch/event/1515767/contributions/6430430/attachments/3041357/5372622/KMA_SummaryIPPCtests_20250331.pdf
https://indico.cern.ch/event/1515767/contributions/6430430/attachments/3041357/5372622/KMA_SummaryIPPCtests_20250331.pdf
https://indico.cern.ch/event/1515767/contributions/6430430/attachments/3041357/5372622/KMA_SummaryIPPCtests_20250331.pdf
https://indico.cern.ch/event/1515767/contributions/6430430/attachments/3041357/5372622/KMA_SummaryIPPCtests_20250331.pdf

Preparation for sensor production QC at USTC

« Setup a dedicated semi-automatic probe station for sensor production
— Stick to per-pad measurement

« Optimzed the IV test setting (improved both speed and quality)

— Lots of experimenting: so far achieved ~20 h/wafer

— Furthur tuning still on-going

Comparison of test and refer set on W6P7 Comparison of test and refer set on W6P7
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Module status

6/7/2025
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Module assembly at USTC

* Assembly method : gantry system

 Infrastructures ready for metrology, wire-bonding, thermal cycling and module test
(DAQ), etc

6/ 7/ 20 25 ) ner tester
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Assembly procedure

« Assembly procedure ready and validated

el
Dispense glue on hybrids pick flex and place it on hybrids

(glue pattern) (flex alignment)

Pick-and-place
hybrid to vacuum chuck
(hybrid alignment)

Customized tools

Wire-bonded module

6/7/2025
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Modules assembled

« Assembly procedure ready and validated

Tvbe Flip chip Metrolo Charge scan | Radioactive Thermal
L bonding gy validation | source test cycling

Assembled

DMO001 Digital - - USTC Done - Done
Manually

DMO002 Digital - - - USTC Done - Not yet

FM001  Full IHEP-IME NCAP Done USTC Done Done 60->75 cycles
pre-production

FM002  Full USTC-IME IFAE Done USTC Done Not yet Not yet
Pre-production

FM003  Full USTC-IME IFAE Not yet USTC Done Not yet Not yet

Pre-production
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Module loading

DU loading procedure also ready and tested with dummies
— Based on the same gantry system with a dedicated vacuum chuck
— 12 Dummy modules (glass + flex) were fabricated to test loading procedure.
— Dummy modules loaded into FIO1SU

* Metrology measurement also performed on the dummy detector unit
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Module performance study at USTC

« Study hybrid timing performance with Sr-90 source at USTC

« Use single-pad HPK sensor as reference to study the timing of DISC output from
ATLIROC3

— currently obtained o,~70 ps at 20 deg C ATIROC3 hybrid with Sr-90
- Re-discovered the noise from HV ground HPK single-pad LGAD as ref

signal z-scale:resolution in ps
Beta-electrons HPK sensor
5 1 V
L # I Signal
: Oscilloscope<——— PC
" S Disc
i “ v:‘“\‘ ‘
a Chip FPGA

Configuration

200;_ i —Disc signal

Ampl [mV]

isc sil
~-HPK signal

1001~

-100F—

-200—

-300F

P et St Ref: presentation at March 31 — April 5 HGTD week
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https://indico.cern.ch/event/1515767/contributions/6451673/attachments/3042238/5374967/HGTD%20mini%20week.pdf
https://indico.cern.ch/event/1515767/contributions/6451673/attachments/3042238/5374967/HGTD%20mini%20week.pdf
https://indico.cern.ch/event/1515767/contributions/6451673/attachments/3042238/5374967/HGTD%20mini%20week.pdf

DAQ and demonstrator

« USTC students and postdocs at CERN contributing to probe station setup,
test beam, demonstator and DAQ

 DAQ tests and software development: presentation at Feb HGTD week
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https://indico.cern.ch/event/1479316/contributions/6338205/attachments/3008075/5302899/QTFinalReport.pdf

Assembly plan

« USTC is on the US entity list
— Can not get any more ALTIROC chips to USTC site
— CERN vetoed the option of module assembly in a company contracted by USTC

« Solution: plan to collaborate with IHEP on the assembly
— Do the assembly at IHEP

— Merge the share of the two sites (IHEP 34%, USTC 10%) into one common site
(IHEP+USTC, 44%)

— Joint efforts of IHEP+USTC: personpower, equipment, etc

6/7/2025
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Summary

« USTC-IME sensor: 10% of HGTD (in-kind)

— Pre-production accomplished and conducted detailed study of pre-production
Sensors

— Pushing to start production at IME
— Preparation for production QC ongoing well

* Assembly and loading: 10% of HGTD

— Completed preparation at USTC
— Module performance study at lab (measure time resolution with beta source)

— Due to US restrictions, plan to do the assembly at IHEP (share gantries, detailed
plan being worked out with IHEP)

 Actively contributing to test beam, demonstrator, DAQ and simulations

6/7/2025
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Backup

6/7/2025
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USTC-IME pre-production sensors

good sensor

we have also 2 test wafers for UBM testing — not within the specs

thicknes Average  number per sensor

ATLAS ID USTC-IME ID s(um) Vbd (V) wafer yield UBM
1 20WS0100110002 w2 300 186.5 2 4% no
2  20WS0100110024 w24 300 151.8 14 27% no
3 20WsS0100110015 w15 775 193 12 23%  yes

4 20WS0100110023 w23 775 130.6 15 29% __ves
5 20WS0100110003 w3 300 193.7 26 50% yes
6 20WS0100110004 w4 300 190.8 24 46%  yes
7  20WS0100110005 w5 300 191.7 24 46% yes
8  20WS0100110006 w6 300 188.5 22 42.00% vyes
9  20WS0100110007 w7 300 184.9 22 42.00% vyes

—10  20WsS0710071710008 W8 300 186.2 27 6% no |
11  20wWS0100110011 w11 300 192.3 26 50% no
12 20WS0100110013 w13 300 188.8 22 42.00% no
13 20WS0100110014 w14 300 191.6 18 35.00% __no

early preproduction — not fully post-
processed and not necessary within the
specs

core preproduction — all finished
in accordance with specs and
requirements

core preproduction — not UBM-ed in
accordance with specs and
requirements

6/7/2025
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HGTD preproduction acceptor removal
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