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High Granularity Timing Detector (HGTD)
ATLASSZ IS =y RIURL AT I [8] PR &%
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sensor modules

16 LYSO bars+ 32 SiPM - 51x57 mm 2
2 sensor modules per FE board

12 FE per CC - BTL Read-out unit

6 BTL RU per tray

72 trays (36in ¢ x2inn)-250x 18 x2.5cm
331k readout channels, 10368 modules ™

BTL Module:

1x16 crystals
(32 channels)

1:TOFHIR board with 6 ASICs

2: LYSO array with 16 LYSO bars, bars oriented in ¢
3 : Concentrator card

4: DCDC converter

5 : CC-to-FE connector
6:IpGBT

7 : SiPM-to-FE connector

8 : Cooling bar with CO, pipes
9 : Cooling fins

Crystal bar

BTL Read-out Unit: -~
3x8 modules -
(768 channels)

BTL Tray:
6 Read-out units
(4608 channels)

BTL detector
72 trays: 2(z) x 36(¢)

™ 332k channels

AEHTOR S H A — BB 2 vl i
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Strong effort to combine inputs from studies into a complete
detector design and layout: ~8000 modules (4 sensors each) on 2
EndCaps. ~8M channels in total

Each detector consists of 2 disks with front and back face
instrumented

Modules + front end electronics and services need to fit in very
tight mechanical envelope - total detector z < 99mm

Beamspot!!

ETROC2 HPK BOTTOM BOARD HV210V, Heat Map_ Inclusive
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ATLAS =N Ta] 2 iR g = EE 28 BRERA
o HREHAEATLAS i ok ) I TR ER M 28 0 H - (HGTD) e = SAEH
- S BEPT JoaotHAEHGTDIN H 2234, ATLASSZEGLevel -1 FHHERA
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- A NFEAT R ZsLevel 2B E N (REY, BM, kBan. W)
- 2 NIEAFRRM 28 Level -3 HEN (GG, #E)
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Management architecture of HGTD projects




Low Gain Avalanche Detectors (LGAD)
(IR 7 =5 A A R A

> LGADEIFFHIIFEFHEREE, TLERENSME (20-305F)

>  5APD F SiPMLYER, LGAD has i&+aJiEzs (10-50) | |
> (SRS, kEmE b by xGain
> HEERK (EBK) , EEBFSBFERRE

2
2 . lrise i(t)
ajitter - (S/N)
»  Modest gain to increase S/N

>  Need thin detector to decrease t;; S -
G PN (R 1l 55 0 feE A% B
X INZR TS A P+ gain layer on top of PIN diode

n**-p diode | [> n*-p*-p ii |
_____ m, __<‘__________“ m,
o bulk - o~ bulk L
d| 0.5-15 kQ cm 0.5-15 kQ cm avalanche

multiplication

i
t1 tz 3 t
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PLANAR TECHNOLOGY — more vendors
(e2V, BNL, Micron ...)
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B 5 B2 1Y BRORE - 52 5% XU ; Single Event Burnout (SEB)
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ATLAS HGTD Preliminary Test Beam ATLAS HGTD_Preliminary Test Beam
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ALTIROC : #B R Z HH ASIC

« ATLASH 6] R I 2 BT Lt Y ASICHES %/\$4¢7“%'ﬁ
- FIREITS S ASICH VT BB AT R T, KA 509 1) 5 IR

° 2251H1E, BIEEA —DHEIEBOREE, Eollds, MASTDC: H
* Two TDC (Time to Digital Converter) to provide digital Hit data
e Time of Arrival (TOA) : Range of 2.5 ns and a bin of 20 ps (7 bits)
e Time Over Threshold (TOT) : range of 20 ns and a bin of 40 ps (9 bits)
* One Local memory: to store the 17 bits of the time measurement until LO/L1 trigger (~ 1 MHz)

) I ttt nghE gyPhy cs
7 Chinese cademy of S es

Time walk

Edge
Threshold

Time
Time Walk

ALTIROC timing ASIC in nutshell Time walk correction with TOT
1 Hit Flag % 3OS L e A =
[\ cd=2pF, LGAD signal G=20 £ 3.4 C,=43pF =
1 6 : 1MIP (9.21C) to 20MIP
e N 8 s E
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J S - Bin = 40 ps 3 = E
il Y= ‘-Z';"f 3
= 4 oy o 20 Y "o jpur =
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17x400 2.7 : =
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X-ray image of full-size hybrid
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- Module level Test beam showed that
* Individual channels can reach ~50ps level timing resolution
* In next few years, HGTD will have 3M channels @ ~50ps resolution

T [ T T T T T T T T T T T T T
7 :_ ] Entries 20
6 :_ B} Mean 49.35

- Mean: 49 PS Std Dev  2.521
5 =
4e i 558 482 493 44.9 E
3 50.6 49.1 473 522 3
25 508 49.0 482 _f

- 491 511 489 458 .

1= —‘ —
O : I | 1 1 | ] 1 ] | 1 1 1 | 1 L 1 | 1 L 1 I | :
60 80 100 120 140
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HGTD module loading
* |[HEP loaded the first ALTIROCS3 detector unit for HGTD demonstrator

+ Use Gantry system to position all 15 modules and glue dispending
+ Delivered to CERN, and passed reception tests

Detector unit shipped
Put the support unit Backside view after removal to CERN

- 3 -

Dispensing with GluingTool

—3, I S —




Peripheral Electronics Boards, flex tail, HV power supply

» IHEP and NJU developed Peripheral Electronics Boards prototype
» SDU developed long flex tail prototype (75cm)
» IHEP developed high voltage power supply prototype

ﬁ « 12C slow control . (ﬁ HI h V |t W r | r t t
22i:: B Trigger, clock, fast commands g O age po e Supp y p O O ype
—3 | ALTIROC h Output
e

LGAD I FLEX PEB
225 ch
—_
:: ALTIROC Main data stream, Monitoring
Luminosity data stream @40 MHz R
) ~ / -

Modular Peripheral Electronics Boards prototype =~ ‘'em



HGTDE AN RS

» IHEP and NJU played important role testing demonstrator system at CERN
» Jie Zhang and Zhenwu Ge (NJU) played key role in demonstrator
» Setting up the system early April
» Noise levels were measured with 42 modules, no major problem
» First time to demonstrate multi-module operation that in system level

A
il )

HV, LV, Cooling plate prototype Module threshold scan obtained in demonstrator test
Electronics : PEB 1F + flex tails + 54 modules mounted on 4 support units (detector unit)
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15X 15 LGAD for ATLAS HGTD project

/ ,V Z 7 ; , <
E .t
/Zég//g A

ATLAS HGTD

e Dead zone : ~0. lmm
e Pixel size: 1.3mm

ATLAS HGTD Test Beam Preliminary

Y[mm]
Efficiency

AC-LGAD: two layout schemes for AC—pads

H|t point

-:' """ ". ]
_,l\~ N
Pltch

Pixels AC-LGAD:.
« Position information: 1 layer (x,y)
« Bump bonding

Strips AC-LGAD:.
« Lower readout electronics, no bump bonding
« Position information: 2 layers for (x,y) mzli@ihep.ac.cn
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Gectron-lon Collider (EIC): Timing-tracker

Barrel AC-LGAD detector

10.9 m?

e

Hadron endcap AC-LGAD detector

Nuclear Medicine Instruments:
Such as proton therapy and proton CT

position+time position+time

\
Proton beam

time

2.5m

il

0.5-1m

D1 D2

S

~

[¢)
<
x
X
Q
<

Mx,».,_*—n__*-——ae——-

e — L

2.22 m2 / \

other applications

* Beam Telescope for Beam Test Platform

* LiDAR: Positioning and Navigation

* Track and time detectors in other particle
physics and nuclear physics experiments
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Baseline detector concept in CDR

IR ws

di}

LGAD timing detector in Barrel region

—1850
BT
1800[.

4 —

TPC

£

///
///// -
’ =[] reosino.093 +  ~100 modules, -
ol i W s =bm
800 T

Barrel TOF
~100 module groups

CEPC 4D outer tracker concept design:

<o 2400
Z [mm]

Should be part of SET (silicon wrapper layer outside TPC or
drift chamber)

Serve as Timing detector and part of the tracker
Barrel : 50 m2, Endcap 20 m?, ~ 10 channels

ASIC

Strip AC-LGAD ( each strip: 4 or 10 cm X 0.05cm)
e Timing resolution: 30-50 ps Strip AC-LGAD + ASIC :

e Position resolution: ¥ 10 um @ R-phi direction

Wire
bonding

FLEX cable

* TOT->amplitude->charge sharing->position

* TOA+TOT->timing (time—amplitude correction)
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* Laser test result of strip AC-LGAD sensor H 'uil”
* It can reach about ~10um resolution with 150um pitch strip detector
* While timing resolution of AC-LGAD is still can reach 30-50ps

0.05

Gap 1150 pm Sigma: 12.8 um

Gap 2100 pum Sigma: 10.9 um

0.04

Gap 350 um Sigma: 8.3 Um

0.03

0.02

Normalized Count
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Module level and system level design

* One layer: One layer ToF
> 90 ladders, 45 ladders each side, R= 1800 mm T
H~5800mm _=

€ 42 modules/ladder
B 22 ASIC/module
v 128 channels/ASIC

* Total modules needed:
45 *2*42 = 3780 modules

Ladder

Module
140mm x 160mm

B A7

_>‘ ‘4—0.1mm

70mm

FLEX cable

PCB
AC-LGAD

Carbon fiber board




LGAD development for CEPC time of flight detector: Motivation

« CEPC will produce 10?2 Z boson at Z pole: Rich flavor physics program
» Particle separation problems of Gas detector (dE/dx) for CEPC flavor physics:

- 0.5-2 GeV for K/pi separation, >1.5 GeV for K/p separation

= CEPC International Advisory Committee: one of the key recommendations

Precision timing detector should be determined as a matter of urgency (4D track)
= Timing detector is complementary to gas detector: improves the separation ability

0 - 4 GeV for K/pi separation, 0 — 8 GeV for K/p separation

0 k/p Separation k/pi Separation
s o —10ps TV T TTT—Tops
7 8§ — 20 ps R — 20 ps
6 7: —30ps \\\\\ — 30 ps
@5 65 — 50 ps L — 50 ps |
E —~ _E ]
“"" 2 \\\ g
3 4; : e
2; z; % == E
0" = S i'iiiz 0; N S 1
! Y 10 1 10° 1 10*

10 10
p (GeV/c) p (GeV/c) p (GeV/c)




AC-LGAD sensors development

Pixels AC-LGAD: Strips AC-LGAD:

e Position information: 1 layer e Position information: 2 layer

* Pitch size 2000um, pad size 1000um e Strip length 5.6mm, width 100um
e Different N+ dose : * Different Pitch size:

e 10P, 5P, 1P, 0.5P, 0.2P * 150um. 200um. 250um




AC-LGAD sensors testing system

Pico-second - 3D platform

Laser

—ﬁ . - A — .
Synchronous pulse . Focuser l . -\ > ' \—

3D platform F

' Pre-amplifier DUT LGAD
Signal ﬁ -

Readout board

‘7 Amplifier

t
Oscilloscope — Data analysis

ty, trigger

1.4F

® Measured Signal

2f . .

Lol e Picosecond laser scanning
' — Differential of Fitting

0.8¢ (Laser Spot) SYStem

 Displacement accuracy 1 um
Automated scanning

0.6¢

Signal [uA]

0.4}
02 e Picosecond laser 1064nm
0.0L | | | 1 i« Spot size 275 um

0 2 4 6 8 10

Position [um]




Spatial resolution of AC-LGAD pixel

e Spatial resolution ~15um

Sensor size [um]

pad size [um]

Picth size [um]

4000 1000 2000
AC-LGAD @ Laser hit points @ Reconstructed by DPC1
Spatial resolution ~15um 250
§ - hPosX < o) o @ &
8 100 N Entries 1000 150 N
[ Mean ~0.1017 [ ® @ - ¢ ®
80 Std Dev 0.01444 e 0r
- X* / ndf 15.79/19 = [ ® L 2 L w
60 Constant 108.7 £4.2 > 50 [
) Mean  —0.1015  0.0005 L @ fo! o g @
40 Sigma  0.01449 +0.00032 -150 |
N . 9 ® € €
20k -250
B -250 -150 -50 50 150
| PR T I T T | YRS S T T T S T N N SN R N N |
002 2015 01 005 0 005 0l X [um]
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Spatial resolution of AC-LGAD strip

 Laser test result of strip AC-LGAD sensor
* It can reach about ~10um resolution with 150um pitch strip detector
* While timing resolution of AC-LGAD is still can reach 30-50ps

0.05

Gap 1150 pm Sigma: 12.8 um

Gap 2100 pum Sigma: 10.9 um

0.04

Gap 350 um Sigma: 8.3 Um
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ALTIROCR & D

* |HEP is responsible for 50% of ALTIROC ASIC wafer testing
* IHEP joined the digital part of ALTIROC ASIC design

e ALTIROC2/ ALTIROC3— 15x15 array with almost complete functionalities

e ~15 ps jitter @ 15 fC, better than 70 ps jitter@ 4 fC

* Full-size ASIC prototype ~2x2 cm?2 with 225 readout channels
* Large amount of digital data, limited power consumption (1.2W/ASIC = 5.3 mW/ channel)

)CLab a In tH nghE gvPhy

JltC Chinese cademy of Si

Injected charge Vs Jltter

E 70 - T I T T I ]
e - HGTD Test Bench Prelimina ]
ALTIROC and test boad ALTIROC3 wafer@IHEP & 60 i =
— . 5 C oo ® ALTIROC alone C, = 4 pF (Dirac signal) ]
) 50— @ ALTIROC + sensor (Dirac signal) —
7 < = B O ALTIROC + sensor (extrapolated LGAD signal using simulation)
. N 40 — 9 -
=3 g C ([ ] o ]
~ - Y [ ] . e} 5 .
20— ® o @ ° o -
- * 3 ¢ o e 5 8 8 8 ¢ o of
10 =
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Electronics for CEPC LGAD based outer tracker

LGAD ele Iayoutﬁ% -N
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LGAD sensor after Irradiation

* Lots of prototypes R&D in LGAD in last few years, active vendors includes:
e |IHEP-IME (China), USTC-IME (China), IHEP-NDL(China), FBK (Italy), CNM (Spain), HPK (Japan) ...

* IHEP-IME and USTC-IME LGAD with carbon-enriched doping
 Significantly lower acceptor removal ratio, the most radiation hard

* After 2.5X10% n,,/cm?, LGADs can operated below 550 V = avoid single event breakdown
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Hybrid test beam result

 Hybrid functionality was validated by test beam
* The EUDET telescope is used for track reconstruction

* Sensor bias voltage is -180 V, corresponding to a charge of ~20 fC
* ASIC threshold 4.8 fC

 Close to 100% efficiency in the center of the pixel (pad)
- The gap between pixels (pads) is about 50um
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Motivation

* Pileup background is major challenges at high luminosity LHC

* High precision timing info can reduce the pileup by one order of magnitude
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* Pileup background is major challenges at high luminosity LHC

* High precision timing info can reduce the pileup by one order of magnitude
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