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= Updade for the timing performance of the LGAD at HGTD

— From the sensor to the system
— Contributions of the time precision

— Performance study from the sensor to the system

* Sr90 and laser tests
» Test beam facility

= Status for the R&D for strip AC/DC-LGAD and ASIC status at IHEP
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HGTD Technical Design Report (2020) =
hitps://cds.cern.ch/record/2719855/ ECLARG |\ u T|m|ng |ayer for phase ] upgrade:

e | — CMS ETL detector, ATLAS HGTD detector
= High Granularity Timing Detector (HGTD):

— 50 ps for the whole system

— 3.6 M channels for ~6 m?

— Double sided wheel to reduce dead area
— CO2 cooling....
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A@ From the sensor to system

Hybrid Module Detector Unit
LGAD = (LGAD+ASIC) - Disp

ensing with GluingTool

X-ray image of hybrid

ALTIROC
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A@Z How to face the chanlleges of the Time precision

= Contribution of the timing precision

UT;zit = OLandau T 0w + O}itter + O lock + Oipc +...(O'to)

\_Y_} \ v )
~39 ps Sensor Read-out electronics Other souces
~30 ps ~25 ps
Landau: Fluctuations of energy Timewalk effect:
» . . TDC:
deposition + charge Signal amplitude TDC binning/non-linearit
transport in the sensor affects the Time-of- & Y
v Mitigation: thinner the Arrive(ToA)
active thickness, satureated v" Could be
drift velocity reduced with CjIOCk‘
CED Jitter from the clock of the system
method(ToT)
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&3 Performance Study

EXPERIMENT

= Sr90 source and laser tests
* Test beam @DESY and @SPS (setup)

— CERN North Area SPS H6A beamline (120 GeV pion beam)

— DESY T22 beamline (5 GeV e-beam)

— Tracking Use of beam telescopes for tracking (EUDET-type 10 um/MALTA 5um)
— Time reference: LGAD (CNM 0) used as a time reference in some tests (CERN SPS) as well as a SiPM

device (DESY)
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A@ LGAD Sensor

= Carbonated LGAD sensor designed by IHEP and produced at IME
— Radiation hardness: 2MGy, 2.5X10" ng/cm?

_ Before irradiation After irradiation

Carbon implantation
Time resolution ~ 30ps -40 ps 50 ps

Cathode
N++ | q
. Collected charge per hit 10 fC 4 fC
‘ P+ Gain Layer
JTE JTE 9 2 R () (0)
Hit efficiency 97% 95%
o
T 20 | g HPK-P2-W28 80
-Fe- 2.5e15 cm2
Depletion region 18 |—=FBK-UFSD-3.2-W19 -30°C o Insufficient time resolutior: region
(Active layer) 8) 7 -6-CNM-R12916-W1 SEB region \
% -4 IHEP-IMEV1-W1 — 60 t
P-type Bulk Q014 ' -e-IHEP-IMEV2-W7Q2 = \\;‘
2 7 NDL-V3-B14 S 50 )
% ~USTC-IME-V1.1-W11 =
o 10 4 USTCIME-V2.1-W17 el Sl
© 2 -=-FBK-UFSD3.2-W19
g & o 30 -eCNM-R12916-W1
S
a g QE) -+-|HEP IMEV1-W1
‘g iz 20 -IHEP MEV2-W7Q2 SEB region
s * s o~ NDLV3-B14 3
2 o* -+ USTC-IME-V1.1-W11 i’i‘fés S
0 Insufficient charge region o [AUSTCIMEV2.1.W17
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The ALTIROC readout ASIC

ATLAS LGAD Timing Integrated Read-Out Chip (ALTIROC)

— 225 channels
— 130 nm CMOS from TSMC

— Jitter: <25 ps at 10 fC (<65 ps at 4 fC)

— TDC: 20 ps binning
— Discriminator threshold >= 2 fC
— Radiation hard > 2 MGy

ALTIROC-A

Jitter vs. charge for ALTIROC-A, detection threshold: 5fC

ATLAS HGTD Preliminary

. . lw 60 1 I
— Also in preproduction... E L veesicTea0c
i B ~@- ASIC + LGAD 1
: S 500 A ~® - ASIC alone 2 FIB Columns + CJ' = 3 pF |
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HGTD Technical Design Report (2020)
https://cds.cern.ch/record/2719855/
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&) Test-beam performance for the Hybrid

= Performance measurement conditions:
— Low tem. (-35 °C)
— High bias voltage (> 120V)
— Low thre.(4 fC) Hybrid:

4
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& B-source time performance for the Hybrid 1

EXPERIMENT

= Time rsolution: ~45 ps with 7 fC threshold
v" Consistent with test-beam threshold

Sr-90 source (~ 30MBq)

ATLAS HGTD Preliminary

e 60 T T T T 7 T T T T ] T T T T ] T T T
9 [ ALTIROC-A + IHEP-IME preproduction —— Sr-90 @ -30°C ]
| Pixel 127 _35°C
& [ pisc.thr:7.21C = SorTemBeanic)=0oier
S 551 1
O Ir .
(’) - -
9 I ]
£ 50 -
E [ d
40 — 1 .
35 I T TN NN WO N TR TN WO MO NN T SO NN M NN NN SN RN
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Sl Vollage i) MCP-PMT(time reference)  ALTIROC-A + LGAD test board

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HGTDPublicPlots

Least Significant Bit (LSB) calibrated to 20 ps
) Yunyun Fan



A@ Module test-beam performance

= 2 ALTIROC chips + 2 LGAD sensors + module flex

— < 50 ps timing resolution in test team

— with time-walk correction and substracting 4 ps contribution from bad clock jitter
of about 20 ps

Module test-beam time resolution

T

@
o

== an [T L) T AR | ' T T LI I ' T 3
& 7| ATLAS HGTD Test Beam Preliminary === Constant fit: 52.17 £ 0.42 ps
c April 2025, FM03/B3W1 sensor +10 band
- LS | HV:110 V, T°: -34 °C, Threshold: 8 fC TOA € (0,32
MOd u Ie - LGAD + ASIC + _g | 4 LSB Data calibration + time — walk correction TOA € [32,64]
° . N 70 TOA € [64,96(

o]

Peripheral electronics ks Liggeriagnd

Mean: 52.2+0.4 ps

Wire-bonded HGTD module 60;_ “L _I_ . -L_ lLL _I_l I" — .I
BT — PR T PI
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ATEAS System level tests to be done

13

Test the time performance at the system level

Full demonstrator - 1 peripheral electronics board (PEB)

Thermal demonstrator connecting 54 modules on 4 support units + cooling

-> CO2 cooling tests with realistic heat load

DAQ demonstrator

LARAER Carrier board
14 modules ~ [mimm ==

——

¥ m s 5

Noise comparison demonstrator / test bench
1.0

—— ZC706 @Room temperature, Mean = 0.32, std = 0.007
—— Demon @Room temperature, Mean = 0.36, std = 0.009
—— Demon @-35°C, Mean = 0.31, std = 0.007
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Status for the R&D for strip AC/DC-LGAD and ASIC status at IHEP

Yunyun Fan
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A@ Design and Production of AC-LGAD s

= Aimto4D track: 30ps, 10um

= AC-LGAD: no dead region Signal of AC-LGAD
LGAD DC contact AC_LGAD , . . . d - .
--------------------- N\ AC pad n.1 AC pad n.2 AC pad n.3 AC-pad
I —— \\(‘()l.ll)lillg _]L _/L
‘ resistive n* pT-gain axide . .. .
p-Si Hit point | *
= . E R E
= Different designs of AC-LGAD in IHEP H B B B

v Pixels AC-LGAD: reduce the material budget

v’ Strip AC-LGAD: no bump bonding, easy to produce
Pixel LGAD Strip AC-LGAD

el




A@ Performance Test Setup of AC-LGAD 1

EXPERIMENT

= Timing and spatial resolution test of AC-LGAD Mooecond L sowit

* Transient current technique (TCT) Synchronous pulse —1 Focuser

= Picosecond Laser: 1065 nm , spot size10 um (30) Signals Amp”fﬁ‘er AC- LGAD

= 4 channels readout board designed by IHEP 4-CH readout board

— 470 Q Broadband inverting trans-impedance amplifier
— Reference of 1 channel board designed by UCSC

ty, t2, t3, ta

— QOscilloscope — Data analysis
t,, trigger

4 channels readout board designed by IHEP

Laser spot

| / /7

o




A@ Timing resolution of AC-LGAD

EXPERIMENT

* Timing resolution of AC-LGAD with different N+ dose

- 22725 PS Tested AC-LGAD
— N+ very slightly affects the time performance e

Timing resolution of AC-LGAD with different N+ dose
40
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A@ Spatial resolution of AC-LGAD 1

EXPERIMENT

Spatial resolution vs N+ dose
- 10 P = 0.2 P, spatial resolution f 15 pm (minimum)

- Estimated laser point positions fit the measured well

- Better than the FBK design even with 2 times larger pitch

40
'€ 35
= T Pitch size Spatial resolution ~ Time resolution
_5 30
E . Sensors [um] [um] [ps]
o ;
4 i ® Measured results IHEP AC-LGAD 2000 15 22 (laser)
_T_U 20 X Estimated results
= s ; FBK AC-LGAD 500 11 32 (laser)
215 |§x

BNL AC-LGAD 100 - 45 (beta source)

8 10 12

=
o

4 6
N+ dose [P]



&) Performance of AC-LGAD: Spatial Resolution

EXPERIME

2

T

Laser point: ) L
2 um pitch Spatial resolution :
> N |
> A I NN 8.3 um (150 um pitch )

10.9 um (200 pum pitch )
12.8 um (250 pum pitch )

2.85 mm I

Amp, 1

0.05

0.6
0.58
0.56
0.54
0.52

0.5
0.48
0.46
0.44
0.42

0.4

- Amp, + Amp, 0.04

Gap 350 um Sigma: 8.3 um

0.03

Ratio R

0.02

Normalized Count

Strip 1 Strip 2

L 1 A A . 1 A A A A A A A
40 80 120 160

Position [um]

Position reconstruction: U , | . . | ! |

0.01

P lllllllIlllIllllIllllllllllllllllllllll

[—]

Gap 1150 pm Sigma: 12.8 {m

Gap 2100 pm Sigma: 10.9 um

il A I

Illllllllllllllllllllf

£

The fraction of the signal (R) changes linearly with the move —40 =30 20 -10 0 10 20 30

Recon-Laser [um]
the laser.
9> Yunyun Fan
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ATLA

EXPERIMENT

Performance of AC-LGAD: Time Resolution

30

25

20

Timing Resolution [ps]

15

10

Jitter tested by laser

_l 1T 17T ‘ T l | L | T ‘ L l I_
_é —
- . 70
N e Gapl 150 pm i
— Gap2 100 um — 60
i 2 Gap3 50 um i 50
N laser test  _
I ] T 40
i i 30
i T 20
- s 10
_l | l | | 11 1 | | 1111 | | I ‘ 1 Al 1 1 I l— 0
10 15 20 25 30 35 40

SNR

At Distribution (Beta source)
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Timing resolution of Trigger

/ Z,(ll2 T,'

AT = Ttrigger - 5
Xia;

L

Sigma: 47.1

Beta test

Weighted timing resolution of
three strip electrodes

I|||l||l|||||||||||l|l|||llllllll||l||
llllllllllIlllllll[lllllllllllllll

Sigma At =47.1 ps

_lllllllll IIII|IIII|III Ll 1

[l N
N

1.9 2 2.1 2.2 2.3 24

Time [ns]

AC-LGAD strip : 37.5ps

* No significant change in timing resolution was observed for different pitches

e Saturation was observed:

~ 10 ps.

e 37.5 ps timing resolution, via Beta source test.

B>/ Ntinyun Fan

20



Recent Progress on LATRIC test

The latest tap-out chip (with wire bonding) for testing was returned on Aug 25,

o Itintegrates Preamplifer, Discriminator, TDC, and Serializer.

o LATRIC-VO0, with LSB of 29.8 ps, has been verified.

o Some bugs were identified and require further debugging (e.g. unstable data latch).
The next 8 channel version chip is scheduled for tape-out in October.

R&D new progress
Not in TDR

W From Xiongbo Yan
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Summary and Plan

Extensive testing of LGAD sensors, test structures, hybrids and modules
— Sensors meet requirements for timing, charge, and uniformity

— Hybrids and modules show good performance after calibrations, down to ~40 ps

2 _ g2

2 2
aTIzit Landau + aclock + aTDC

2 2
+ OTw + O—jitter

strip AC/DC-LGAD and ASIC
v Aim 30 ps, 10 ym

v Present results of current 5 mm prototype :22~40ps (Beta) and 15 um (laser results)

v Plan focus on centimeter long strip AC-LGAD, reduce the capacitance by increase the pitch et .al. , charge sharing by reducing the n+

v" First engineer run has been tested recently

Future Application of the ToF and Tracker based on LGAD technology
— EIC (25-35ps,30 um ) , FCCee, Belle (IHEP joined recently)....

Yunyun Fan
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Thank you for your
attention !

26

23



24

Yunyun Fan

Back up



25

Yunyun Fan



) Current application 2

= AC-LGAD would be applied at EIC , also other experiments (such as
Pioneer, FCC-ee et all)
— EIC barrel strip: 25/35 ps, 30 uym

Preliminary Design Report in 2025 for EIC
— TOF-PID, tracker y esigh Hep

Area dimension | channel timing spatial material
Subsystem (m?) (mm?) count o1 (ps) 7y (um) budget
. (X/ Xo)
Barrel TOF 12 0.5*10 2.4M 35 30(r-¢) | 3%
Forward TOF | 1.1 0.5%0.5 3.2M 25 30 (x,y) | 5%

: 8.5m s Production in 2024
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&2 L GAD YT ERME- M BB TR
T M aETEpRE IR EE 4 HES
« At~30ps, /v (F5HR) #aF
« BEXME (~=1-XLEHD >90%, HEiiF
- INEEREMAR2ZE, BHE>99%
o BERT* BIRRIEATE ~< 1 mm2* s, /LT
- E{IZE100MHz, BEHAELRTERT, mNELHEE~102
© FURBRIE~>100kGy, FHHFFEE~>1X10" nyg/cm?
« BEX/Xo~<2%
o Ip%¥E < 20 mW/cm?

From: {i& — PRIBRILK4IIRRT

. U R E{EMstarting point, EEESWHSSME (Ha) &K
o bR BSEMUSEIEFRMAVIEFR, O] LLUFEE
o LGADFEIZIZ(L AN R BELIR BRI AR, FE~2FFTMM4L, ATAETHE
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 AESIBERNEE 2N AT RE SN IR scIE
— EsefELHCSLES, EfHE X HENL (CEPC) , EEEIC, EEMHIAF....
 10-50RZFSRERBISEMAN, SINESYIESITGR T HVERS
— WA K3 FFLong Live particle FIERMEUKE Gotti, C., et al. (2022)
— B s
— Ty (A5 B E #1518/ Trigger
— XHLFEO.5 GeV-3 GeVIIki 17 #Ehe T2 7T ...
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Table 1. Table listing all the LGAD-based devices cited in the text, with main properties. In this
example, pitch is taken to be 100 um (except for LGADs) and thickness 50 um (except for i-

LGADs).
Device Spatial Resolution Timing CR Process
LGAD ~mm ~30 ps std
TI-LGAD ~10s pm ~30 ps trenches
i-LGAD ~10s pm ~60 ps std
AC-LGAD <10 um ~30 ps std
DL-LGAD 1 <10 ym ~30 ps epi layer
DCRSD ' ~10s pm ~30 ps std
DJ-LGAD 1 ~10s ym ~30 ps epi layer

1 For DC RSD and DJ-LGAD, spatial and timing resolutions need to be confirmed when
actual devices are fabricated and tested.

9 Yunyun Fan



5 EF=LGADRYIBIR(GEEARSCIE

EEEEEEEEEE

IRERIAST: RFIRER. FRFIEHR. xIEiEHR
|HEPﬁﬁaﬁ?$n RRINJISI K H A CYRICA1EHAT R FAIAP-F
LRI

— HGTDE:ZE W35y & Re 4 S i
— JT4E B R R HGTD Iy HE 2 5 1 1 4 R AR
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HBREELGADAYER IRIRIG TR 2

» RERSCISAINEFFLGAD $EIRIR(HFIEIMER :

Beta KSR

70

60

50

Timing resolution [ps]

40

q "
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-30°C, IHEP-IMEv1 LGAD
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The Electron-lon Collider

 Flagship Nuclear Physics Collider
Experiment constructed at
Brookhaven National Laboratory

- Protons/nuclei 40-275 GeV (Z/A X E,)
— Electrons up to 18 GeV
- Up to 80% polarized beams

— Luminosity up to 1034 cms-!
(100-1000x HERA)

« Two interaction regions
 First beams in early 2030s

*NOAK RIDGE

tional Laboratory

) Yunyun Fan
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AC-LGAD TOF in EPIC

e Target: 25ps detector resolution

« <20ps event t, determination
- Machine clock + X-t correlation
- Scattered e timing, fitted hadron
timing
« Serves as additional tracking layer
— Barrel: 0.5mm x 10mm strips

- Hadron endcap:
0.5mm x 0.5mm pixels

QQA RIDGE

tional Laboratory

—r
ECCE simulation _|

Pythia 6, e+p, 18x275 GeV

aeet aunt K - pIp —
{

-1.2<n<1.3_]
w/t,

T
ECCE simulation
, 18x275 GeV

Pythia 6, e+p

1

0 b (GeVrc)

10

10

10°

L B0

10
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Current application

AC-LGAD would be applied at ePIC , also other experiments (such as
Pioneer, FCC-ee et all)

— ePIC barrel strip requirement: 25/35 ps, 30 pm Preliminary Design Report in 2025 for EIC

— TOF-PID, tracker

. : . : material
Subsystem | (5t | rmession| chanael | B | spate.y | budget
tP v (X/ Xo)

Barrel TOF 12 0.5*10 2.4M 35 30(r-¢) | 3%

Forward TOF | 1.1 0.5*0.5 3.2M 25 30 (x,y) | 5%
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