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A ATLASone of the 4 major experiments at the LHC FEag
at CERN dJpgrade itdetectors A a

A The HGTD (HigBranularity Timing Detector) is
chosen for the ATLAS Phase Il upgrade

Position of the HGTRithin ATLAS

A The time information be used as another PR R
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radiation hhardré)ess, LSAD (Lothaln Avalanche Local pileup vertex densities truth interactions in a single
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Low Gain Avalanche Detector

A LGADs are-in-p silicondetectors containingin extra
highly-dopedp-layer (gain layer) belothe n-p junction.

A The high electric fielth gain layer region wiiccelerate
the drifting electrons and generase/alanches.

A With a proper design of gain layer, the LGAD can achieve
promising S/N and time resolution.

ADesigned parameters: 1 LGAD pad—

A Activethickness: 56> Y

A Pad size: 1.3 x 1i31

A Qollected charge (most probable value): $G4

A Time resolution40 ps(start), 70ps (end of lifetimég
A Hit efficiency: > 95%

A Radiatiortolerance:2.5e151 A ,1.5MGy

Xiangxuan Zheng 43rd RD50 workshop
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Low GairAvalanchdetector (LGAD) R&D
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Acceptor (* ) removalin the gain layer after irradiation

A Thereduction of effective doping\ Y
reduces

A Explored use dfiifferent designs doping materialsand Genriched substrate$sh
O #/ competes with" /

gain after irradiation# /
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https://indico.cern.ch/event/806731/contributions/3516709/
https://indico.cern.ch/event/777112/contributions/3314805/attachments/1802242/2939922/TREDI_19_paternoster.pdf

QualityControl Test Structure (K3

Gated VDP MOS Capacitor PIN
diodes structure

R R R
N 7 % >

Ed NG

Gate controlled diode Van der Pauw structure PIN LGAD LGAD1x2

1 1LGAD 1 2LGAD

A QGTSwill be used by CERN to monitor the production process and perform quality assumaaserements
on thesupplyfor LGAD

A LGADest sensorswith the same gain layer design properties as $e@sororganized as
A 1x1 LGAD, 1x2 LGAD

A Process control test structure that will provide diagnostipability for the nearby main sensdrshall be
composed of:

A PIN diode, MOS capacitor, 2 Gated diodes, 3déaRauwstructures
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USTC-1.0
Deliver: 2020.7

b 4

USTC-1.1
Deliver: 2020.10

!|||| l 5*"15

USTC-2.0
Deliver: 2021.4

USTC-2.1
Deliver: 2021.10

USTC-pre
Deliver: 2023.6

_ USTEL.0 usTEL 1 USTE.0 usTe.1 UST@re

Propose First attempt

Performance Fewsensorscan
work (VBD ~250V,

VGL 40y

Problem Almost all sensors
have large current
(VBD < 10V)

Xiangxuan Zheng

Improvedthe process

New layouimainly for yield

technology same layout study and issues fix

as 1.0

~30%can work {YBD
~300V

Almost allsensors have Toolow VBD for some wafers.

large GR current

> 99%smallsensors and-35%
15x15 sensors can work, GR
leakage disappeared. VBD
lowered (100170\).

43rd RD50 workshop

Same layout as 2.qst
iteration

>99%smallsensors and-35%
15x15 sensors can worketter
uniformity, VBDs in ideal range
(~150240\).

New layoutbasedon USTE.1-W17,
in-kind/tendering preproduction. (10%
of total supply ~2100)

Under test



USTAGME Preproduction sensor for HGTD

v A 27 wafers have been
L\ O\ producedwithout UBM,
thinning and metallization
on backside

A3 extra wafers are used
for fine tuning of the
Retcle carbon dose for future

Qualification Control Test Structure (QETS)

s 1 Improvement

8B 8B o
d wf v B | LR
71 B & B8 ‘{ B
SN

v ’:}{ L

W16

N S

A The baseline wafer of

Mailn;igsor e———  Gated VDP  MOS Capacitor  PIN
(L) diodes structure

FH ]M - 15 USTAGMEpre-production
------ —=—=——l==————=ml  SUSTAMEV2.1-W17.

1 1LGAD 1 2LGAD
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Performance of USTIBIEV2.1 W17

[Paper link]
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A For USTAMEV2.1, W17 shows the best performanafter irradiation fluencesup to2.5e151 A )at
safe bias (< 55QV
A Collected charge 4fG time resolution< 70ps, efficiency> 95%.

A UST@MEv2.1 W17 is chosen as thaseline wafer o) STGME pre-production

Xiangxuan Zheng 43rd RD50 workshop 9


https://iopscience.iop.org/article/10.1088/1748-0221/18/05/P05005/meta

Overview of USTWME FPeproduction

Production Wafer No. | GL.Dose |Implantatior] LGADs | VBD mean| Labelled| Thinned | Backside (Al UBMed| Diced Yield Quality
version
w1 Medium B+1C | 15x15| ~182.8V| Done 17/52 ~ 3%
W2 Medium B+1C | 15x15| ~186.5V| Done | Done Done Done | 2/52~4%
w3 Medium | B+1C | 15x15| ~193.7V| Done | pone Done | Ready 26/52 ~50% Good
w4 Medium | B+1C | 15x15| ~190.8V | Done | pone Done | Ready 24/52 ~46% Good
W5 Medium | B+1C | 15x15| ~19.7V | Done | pone Done | Ready 24152 ~46% Good
W6 Medium | B+1C | 15x15| ~1885V | Done | pone Done | Ready 2252 ~42% Good
w7 Medium | B+1C | 15x15| ~1849V | Done | pone Done | Ready 2252 ~42% Good
w8 Medium | B+1C | 15x15| ~1862V | Done | pone Done | Ready 2252 ~42% Good
w9 Medium B+1C | 15x15| ~1%.6V | Done 1352 ~25%
W10 Medium B+1C | 15x15 | ~1®%.6V | Done 16/52 ~31%
w11 Medium | B+1C | 15x15| ~123V | Done | pone Done | Ready 26/52 ~50 % Good
w12 Medium B+1C | 15x15| ~1%.1V | Done | Done Done Done | 13/52~25%
W13 Medium | B+1C | 15x15| ~1888V | Done | pone Done | Ready 2U52~40% | oo
PLrJ:pTrth:_io W14 | Medium | B+1C | 15x15|~191.6V | Done | Done Done | Ready 18552~35% | 004
W15 Medium B+1C | 15x15 | ~1®8.0V | Done 12/52~23%
W16 Medium B+1C | 15x15 | ~152.4V| Done 2352 ~44%
W17 Medium B+1C | 15x15 | ~150.4V| Done 27/52 ~52%
w18 Medium B+1C | 15x15 | ~137.7V| Done 2552 ~48%
W19 Medium B+1C | 15x15 | ~ 146.5V| Done 26/52 ~50%
W20 Medium B+1C | 15x15 | ~138.9Vv| Done 20/52 ~36%
w21 Medium B+1C | 15x15 | ~127.5V| Done 17/52 ~33%
w22 Medium B+1C | 15x15 | ~143.6 V| Done 18/52 ~35%
w23 Medium B+1C | 15x15 | ~130.6V| Done 1552 ~29%
w24 Medium B+1C | 15x15| ~151.8V | Done | Done Done Done | 952~17%
W25 Medium | B+1.3C | 15x15| ~116.9V| Done | Done Done Done | 2752 ~52%
W26 Medium | B+1.5C | 15x15| ~111.8V| Done | Done Done Done | 12/52~23%
w27 Medium | B+0.7C | 15x15| ~158.1V| Done | Done Done Done | 2552~48%

Xiangxuan Zheng
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Normal
VBD
in box1

Low
VBD
in box2

VBD the voltage where

UKS
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RQa

reaches00nA.

Thed D2 2 Ré¢
the yieldis morethan

18/52 (~35%)

t S1 1
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Probe station testing systems at USTC

j« = — = | Keysight B1500

[ SemiAutomatic probe statiorfR.T)

_ _ A Vender testing
(RT)

PC for data
acquisition and
chuck movement

’\’—é_——:— 2

~— "

Vacuum pump|l -| 1 | _ . Manualprobe station
e 4 (in backside) | i ;
- | et = _ (Generally, chuck at 20)

Chamber temperature

. }:.‘ Yy - and humidity monitor A CrOSSChECk Vender testing

QCTS probe card

results
Low temperature A Test thesensorsby probe
cicclator card and compare results

with three probeneedles

Xiangxuan Zheng 43rd RD50 workshop 11



VBD HistografUSTa@MEpre W3)

» El ® E w© 'l © 5 w o n ” © " w0 o 0o 3 e " 12 s 10 s 10 145 15 15 150 8 n s i s 0 8 W 18 an ns m us m

E A VBD 2VMAX (VMAX < 150 V) due to the limit of compliance
Good sensors:

No earlybreakdownfor -
all 225 pads and GR )
A 1th = 500nAfor pads USTCIMEPre-W3 VBD Hist

USTCIMEPre-W3 VBD Hist
A Ith= 1uAfor GR m——
1600 Mean 193.7
Std Dev 6.872
1400

1200

1000

800

600

400

200

50 100 150 200 250 300 350

s

Vth > 150 V to cut early breakdowads,
for calculation of mean per wafer.

QGTS1 1LGAD
QGTS1 2LGAD

Main (15 15) LGAD

Xiangxuan Zheng 43rd RD50 workshop



Yield estimation (USAMEpre W3)

BN "Bl VvBDRMS[% Y Wl \/BD Mean (V)

184

1 FooTF T
1
177.38 | 185.24 | 185.63 : 186.47
1
7O k==t
1
185.23 | 187.57

il
[}
| 187.97 L103.49
[}

1
I
| 187.45 : 187.35
I

1
- -

163.67 191.93 186.41

192.07

Vi3 Filg:a L W3y

Variation of the Vg between different 8% from the average Via
Sensors

[178.20, 209.20] (V)
Good/Total: 26/2x 50 %

RMS(Vhd,pad)/<Vbd,pad> <0.05

Vbapad spread over the Sensor**

Good/Total: 26/2x 50 %

Xiangxuan Zheng 43rd RD50 workshop

With limits both onRMS ano
average breakdown voltage
combinedresults:
yielox 50 %
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LGAD sensors @GTS
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A The pads of PIN, 1x1 LGAmR 1x2 LGAD have the same area with pads of main sensor.
A Thelxl LGAD and 1x2 LGA&ve the same doping with the main sensor.

A The parameters extracted from the test structure can be used to estimate the nearby 15x15 main sensor.
A Acceptor removatonstant, collected charge, time resolution, efficiency etc.
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Evaluation of radiation hardness

Measured by JSI

Vgp(V), unirradiated Huence 30
2 = -1.070E-16x
Sensor ID 1x2 Left_pad  1x2 Right pad (Negfcm ) y = 2.403E+01e
L y =2.37E+01e 1.21E-16x
W2_P39 190 190 0 |
o e
W2_P29 194 194 4E14 0
W2_P24 184 184 8E14 s o USTCMEW24 {132 LoA
w2_p37 194 196 1.5E15 a3 ®  USTCIME-W2 (1x2 LGAD)
W24_p39 146 148 0 seesesens Expon. (USTC-IME-W24 (1x2 LGAD))
5
W24_P29 152 152 4E14 Brpon (LSTCANE W2t LAT)
0
W24 P41 150 150 8E14 . — R
W24_P23 146 148 15E15 Equivalent Fluence [cm-2]

A Sensors were exposed tinenceup to4el4, 8el4, 1.5elb6 A | atthe TRIGA reactor in Ljubljana,
Slovenia with neutrons

A Acceptor removal constant{factor) is extracted from the gain layer depletion voltages obtained from CV
curves g Ao

6 T

A The efactor of USTAME Preproduction WRGADs]( 21e16A [ ) is similar to USTIME v2.1 W11.GADs
(1.23e16A [ ), which means the gain layer is radiatioferant.

Xiangxuan Zheng 43rd RD50 workshop 15



Collected charge and timing resolutipmradiated

35
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Measured by JSI

The collected charge can be4fC

and timing resolution can be 70

psafter irradiation {luences up to
1.5e151 A ) at safebias

( <550V)
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OtherResults of QTS at USTC

7
I

W2 CV resul

t for MOS
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A Maxdepletedcapacitance from CV of MOS capacitor can be used to get thickhesisle. (0.91¢ 0.96> Yf

20 30
Bias Voltage [V]

B fR _£B A
g we B W
(Z SRR 5 B - NN« s Nl
R

P-stop VDP

. -q—--————:;:%—é?v—”J
o NP e

— P19
P22
— P23
— P27
— P34
P45
—— P46
P4
P7

0.004 0.006
|_meas[A]

0.002

0.008

0.01

v

R_meas[Ohm]

100

80 4

60 1

40

201

N+

— P19
P22
— P23
— P26
P27
— P34
P45
— P46
P4
7

0.002
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A From VDP structure, resistance of different structures in LGAD can be extracted.

A For N+ layer, ~38
A For Pstop, ~34w

Xiangxuan Zheng
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0.008

0.010

(by needie)
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Summary

ATheUST@ME preproduction sensors hatbeen produced based on USIME
v2.1 W17

AThevender testing results shows thegery good yield of around 480% is
reached and 9 wafers with at least 18 good sensorselected.

AThe acceptor removal constant of W2Li®1e164F 1, which means the gain
layer is radiatiortolerant.

AThe charge collection can4fCand timing resolution can be 70psafter
irradiation fluencesup to 1.5e19 A | ) at safebias (< 550V).

AQGTSwill provide diagnostic capability to production process aedorm
guality assurance measurements foGAD.

A By nowmost of the testresultsare in our expected range babmeresult still needs to be
understood



Thank you RD50!

The USTC team acknowledges the strong support from
the RD50 collaboration during the entire course of the
LGAD RD!

Preliminary USTC LGAD Results and Large Array Characterization 37th RD50 Workshop
for HGTD

Characterization on the radiation hardness of USTIO GADs 38" RD50 Workshop

Recent results of the carbonated USME LGADs and fabrication 400 RD50 Workshop
of the AGLGADs at USTC NRFC

USTAGME LGAD prproduction for HGTD 439 RD50 Workshop

Thank you for your attention!

Xiangxuan Zheng 43rd RD50 workshop
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https://indico.cern.ch/event/896954/contributions/4106305/attachments/2146338/3617806/XYang-37thRD50-USTC.pdf
https://indico.cern.ch/event/1029124/contributions/4411273/attachments/2268558/3852165/Characterization_on_the_radiation_hardness_of_USTC-1.1_LGADs.pdf
https://indico.cern.ch/event/1157463/contributions/4922750/attachments/2467985/4232954/XYang_40th_RD50_220622.pdf
https://indico.cern.ch/event/1334364
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Back up
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W19¢ VpHistogram

0 15 2 30 3 a0 a5 50 55 60 65 0 7 80 85 %0 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200

IZI A VBD =VMAX (VMAX < 120 V) due to limit of compliance
Good sensors:

No prematurebreakdown
for all 225 pads and GR
A Ith = 500nAfor pads
A Ith = 1uAfor G

USTCIMEPre-W19 VBD Hist

USTCIMEPre-W18 VBD Hist

2000~ Entries 10897
C Mean 146.5
1800 StdDev  6.63

1600
1400
1200

1000

800

600

400

200

Y L P T

00 50 100 150 200 250 300 350

A Vth > 120 V to cut early breakdown pads

QGTS1 1 QGTS1 1
Q&FéP 2 Q&FéP
LGAD LGAD

Main (15 15) LGAD Main (15 15) LGAD
Xiangxuan Zheng 43rd RD50 workshop 21



W19¢ V;p,RMS and Mean
BT BE veormsiw N W VvBD Mean (V)

i A
14021 | 143.48 I 14277 | 140.88

132

Lo _L___1
T TTy-————fF---- v F====%
: F F 1 ! 1
1429 | 14231 | 14087 ' 13075 | 14254 ' 14257
! I | 1 !
| Y R A — | |
2 T5- == =16 L L
1
: 141.68 145.78 : 1445 ' 14111 | 14435 : 145.0
| | |
2 =TT TR T T T e
6 R U
111.08 10476 | 143.51 : 13432 | 14648 | 147.8 : 152.09
| L L1
&7 Ipo'“"m----:az 33
| 141.32 14205 , 14503 | 139.89

) 14421 : 133.96

_____ e | I

42 il ek T TR R
Sy

137.45 | 138.36 : 143.96 I 146.3 { 149.03 | 153.83
(I L
S e 47

[}
1 139.86 = 139.7 I 1421 : 147.9 141.69

L _L____1
B 1|51 o

1
' qa679 | 15341

1
| 14247

e [134.78, 15822] (V) ' '
Viapaa spread over the Sensor**® ‘ RMS(Vbdpad)/<Vidpad> <0.05 Variation of the Vi between different ‘ +8% from the average Vi
Sensors
Good/Total: 29/52x 56 % Good/Total: 26/52x 52 %

A Combined results: yiel&k 52 %
Xiangxuan Zheng 43rd RD50 workshop
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Label of sensors

Xiangxuan Zheng
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A The label is done bya unique binarycoded
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Checking of cutting edge

DENEAEE SEAAEE aEe

43rd RD50 workshop
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aSFadNBYSyia

2 FPrefildry 32 NEQ (]

o

Probes
LGAD

w2_M
W24 P4
USTSIMI_E W12 P1
Preproduction -
W12_P49
w25 P1

Xiangxuan Zheng

15x15

15x15

15x15

15x15

15x15

Wafer level

302.32um

305.56um

301.83 um

303.14 um

301.18 um

43rd RD50 workshop

304.39 um

305.40um

301.60 um

302.74 um

300.80 um

Top

" Right

307.01um

305.39um

304.44 um

302.09 um

303.43 um

Botto

306.40 um

305.68um

302.16 um

302.20 um

302.45 um
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Check the effect of thinning, metallization on backside and dicing

W24 P17 (Wafer level, no metallization on (After thinning, metallization on backside and

W24_P17 WMS VBD hist W24_P17_WMS_Refest VBD hist
Mean=147.82 RM =0.0153 Unit: V

15237
Ais

Mean=148.56 RMS/Mean=0.0152 Unit: V
15315 154

-
o

Row number
Row number

10

VBD distribution

o T s 10 15 o - 10 15

0
Col number Col number
2D distribution 1D distribution
W24_P17 Delta VBD hist i
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A The uniformity of 15 15 sensor is consisteand the difference of VB[Delta VBDis within ¢ 6, which means the
processes (thinning, metallization on backside and di@angyeliable
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Crosscheck ofl5 15sensors byt5 15 probe card

A Tested by probe needles while other pads and GR are floatif)T.

labprob-Data-IV-2023Jul19-USTCIMEPre-15x15-W24_P45_WMS-rename [Log] W24—P45—WMS VBD h|St W24_P45_WMnsnlfiziggzcgaggsg |253t Unit:0.1 nA
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A Tested by probe card while other pads are grounded and GR is floataimck at 20°C

labprob-Data-1V-2023Jul19-USTCIMEPre-15x15-W24_P4S-Fullscan [Log] W24 _P45 VBD hist W24_P45 leakage current hist
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Max/Min(1@0.8{p = 2.03 (<3)
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The 1D and 2D distribution¥¥BD and ratio of 1@0.8VBD

A YiAA (6" ®AOOKA AAOAAINT HHHH 6H1THADD "1 T "HHA'EOAE TH\ E RE) &

W24_P45 Delta VBD (Configuration) hist ) ) )
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A The difference of VBR2VBD) is in order of 10 Vand the2 A G Ef m&) 6 " @ inner pads is in the range of 1.7
2.6, which is mainly related to the temperature of the chuck.
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Crosscheck ofl5 15sensors byt5 15 probe card

A Tested byone probe needle while other pads and GR are floatifiR)T.

Leakage Current [A]
g

A Tested by probe card while other pads and GR are groundebuck at 2C°C

Xiangxuan Zheng

IV results

labprob-Data-IV-2022Apr15-USTC15x15-0E0-W20-P46_SE4-IPT [Log]
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A The difference of VB{BD) is also in order of 10 folUST@MEV2.1 sensors
43rd RD50 workshop

Row number

USTAMEV2.1-W20_P46
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s Mean 5.363
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Comparison of single LGADs (IV)

A Repeated testing on Cascade probe statioR dt(vender test)
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A Testing ompollowaveprobe stationat different temperature of chuck'crosscheck)

labprob-Data-IV-2023.ul19-USTCIMEPre-1x1-comparison-W2_P27-Steady [Log] labprob-Data-IV-2023.ul19-USTCIMEPre-1x1-comparison-v2.1-Steady [Log]
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Comparison afingle LGADs (CV)

C A#
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A The depletion voltage of
gain layer is consistent

A x 1.5% variation on gain
layer dose© x 22.5V

v

variation the V;,

A The true Vg, difference
between W2 and W24 is
about 36 V, maybe the
difference between
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