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»>ATLAS LHCHZHGTDHI H

HGTD: High Granularity Timing Detector
ren ROURSE B2 i IR 1] PR 45

> LGADIL##%: Low Gain Avalanche Diode
MEH6.4m2, ~21000LGAD sensor

Hit efficiency at normal incidence with > 97% (>95%) before (after) irradiation
12K 1.3 % 1.3 mm? discrete/testing electronics and ALTRIROC

(central part of pad ~1x1 mm?)
%2 FE%): 15x15 Time resolution (discreate/testing electronics) <40 ps (<50 ps) before (after) irradiation

Time resolution (ALTIROC) <50 ps (<70 ps) before (after) irradiation
LAFLE: <550V Collected charge >10 fC (>4 fC) before (after) irradiation
B[R] 38R <50ps pad leakage current <5 pA

Maximum V,, 11 V/pm -D
TUFRRERFE: 2.5e15 n,,/cm? | power supply limit at the sensors 800 V

> BT W T A

PHIEA CNM. HAREMHPK. & KFFBK, HENDL, HEUSTCE:
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*Vendoril i\ 8 73 M1, # 5€ /& 7575 A£ HGTD Specification
*Sensor M Slll, IHEPIIR: KRS I, QC-TSSS 4 £ T RE I\

good sensor number
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ATLAS ID IHEP-IME 1D thickness(um) A Vbd (V) f jeld UBM RN \ ~
aowsoot0002  viR2WT) 1% 127 e ie50% no j-:ﬁ /'_:E }LL LGAD%%,{L—I: tl::li ;rét ‘\{% /@ Iﬁ H E::) :\ f E .
20WS0000110003  v1-R3(W2) 775 2225 25 8% no J\ ~) J\ 27 .
} . 20WS0000110016  w1-AT6(w3) 775 196 18 35% no . "
IHEP-IME: 20WS0000200012  v2-12(wd) 775 180.8 39 75% no > Vendor ‘{1}]” t_& N ﬁﬁ J:/ﬁ%
52 wafers be tested - zowsoooo110015  v1A15 715 217.7 22 8% yes j—\‘ I}#EAJ j:EE */\ ‘|_|J Jﬁ
by IME. > IHEP IEjiiRlllgm
20WS0000110005 1R5 300 190 22 80.77% A
Good 5ensors-1700 | sowsoovozooots  vets 300 201.7 an ‘JS‘;Z% yy: Jar N7 B UA 22300105
20WS0000300010 V310 300 196.1 31 59.62% yes > CERN N USP%PE‘{)LEE Emﬁ@]lﬁ
Here is list of 27 20WS0000400007 V4.7 300 169.9 31 59.62% yes s [ M S
20WS0000400009 V4.9 300 168.2 33 63.46% yes > (=1 I
wafers that be diced | zowsoooos00011 a1 300 170.8 39 75.00% yes JSI TFL?EE o ri HE‘MJ f&
and tested by HGTD | 20Wsooctooor2 w12 300 1707 33 63.46% yes
) 20WS0000400014 V414 300 1621 30 57.69% yes v
(23 wafers with UBM,| 2owsoooos00015  va-15 300 172 39 75.00% yes 2024 7 é Bg 3 P R Rﬁji
Good sensors with — 20Ws0000400020 V4-20 300 171.8 28 53.85% yes -L
UBM: 789) 20WS0000400022  V4-22 300 160 26 50.00% yes
: 20WS0000400024  V4-24 300 1781 31 59.62% yes
20WS0000400001  Va-1 300 1781 e 82.69% yes
20WS0000400003 V4.3 300 1674 6 11.54% yes
20WS0000400013  V4-13 300 1749 40 16.92% yes RMS(Vbd.pad)/<Vbd.pad> Pad leakage current spread at 0.8V,
20WS0000400023  V4-23 300 1648 34 65.38% yes 200 Max/Min
20WS0000300001 V3.1 300 178.1 43 82.69% yes : 150
20WS0000300005 V35 300 172.3 36 69.23% yes
20WS0000300015  V3-15 300 1716 38 73.08% yes = ;.
20WS0000300022  V3-22 300 176.6 . 84.62% yes s BT Mean: 1.718
L 20wsa000300023  Vv3-23 300 1711 39 75.00% yes T[0T - Signa:0. 265
N 20WS0000300024  V3-24 300 1743 a 78.85% yes o -
- / -
£ 100 / g
—200 S g
Only a few bad pads | 180 7 i
160 ‘
- i L
140 |
120 8 = - ] =
Sl e ) B <N ‘ Eash =l [l —‘ [ 5 S
0 5S S A & = 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
0 ! < g 4 ? Ratio of Current
S > o0 RMS/VBD (%)
| 2 RMS (Vi pad)/<Vig pag> Of all Pad leakage current spread at 0.8V, peak to
i the sensors are less then 0.05 peak within a factor of 3X
+ 20
et i ! o L
Break-down Map Leakage Current Map
Break-down Voltage: 188.0+8.53 V =1 NSNS YR =] /22 Vi
il B 5 AR, INESCEE), KEECEE), B
ield:

Sensor: 46(88.5%) Pad: 11675 (99.8%)
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ATLAS HGTD Preliminary Testbea
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- Timing performance

— after full calibration

AT vs TOA after t.w. correction

LET
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N
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60

Leakage Current (A)

50
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Bias Voltage (V)

aluminum

Epitaxial layer - p

* substrate - p* :
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HAhZ 5 N
e (54 2E),
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FAhZ 5 N
B D,
YR e ) j}%f g ) % :IL: i/j
/7k j:éi ﬁ;}j—é A simple monte carlo scheme
Wafer
C (1e-16cm2) proton
C (1e-16cm2) netron
C (neutron) Assumption 1
C (neutron) Assumption 2

Ratio (proton / neutron)

DRD3 project: Study of irradiation characteristics of carbon enriched LGAD for high radiation fluence application
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N\ .
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n

Std LGAD

AC- LGAD

Peri: TR AR RS A0 W B DR FA S /T R R 7R 2R, AR N B L e iR IIAE X .
»>CEPC OTK&TOFM H
17507 OTK 6\40%“
1500 1 (+TO F)*@e § K/pi separation K/p separation
dxnd "..@i{é"g‘a\.;ég 'EE:_YT | kim derax '%f. L Kip dE/dx
TPC = e - — - K/x TOF — - Kip TOF
——1000 B : : _ — K/x dE/dx+TOF :_ — Kip dE/dx+TOF
: .
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AC LGADERIM| 28 Hff 77

> AC-LGAD R
2022 - 2023

AC LGAD R&Dvl - AC-LGAD R&Dv2:

Pixel(?d AP-LGAD o Pixeled and strip AC-LGAD
* With different pad-pitch size + With different pad-pitch size

1000-2000um 1000-2000um pixel

IOO-gOOum 100-250um strip
100-200um 100-150um strip
50-100um

50-100um strip

*  wafers: with different n+ dose: 10P to 0.2P + wafers: with different n+ dose:0.2P to 0.01P

Process parameters be studied.

The performance of large-pitch AC-LGAD with different The performance of AC-coupled Strip LGAD developed by
N dosé. Trans. Nudl. S, 2023.6 IHEP, NIMA, Volume 1062, May 2024, 169203

TZ5k WMARTTA: B
FRERE (FARAAE) |, 5KE (A
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|Perpendicular i | € Sensor
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10000
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= 1000 f Vgl 24.11V
=
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%
5
o 100F
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‘!ffd: 38.34V__ C: 26.3pF
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PRt i Pixel electronijcs in the deep n-well
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> BEF55nmEE T Z-HVCMOS# it (COFFEE2)

% &= R~F40um*80um, B EFES: 3220
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@E /A ‘n
W éﬁﬁwmﬂﬁg\
fRRRAF I

D: Distance between two pixels
Type 1. D:10um, with Pstop
Type 2: D:15um, with Pstop
Type 3: D:20um, with Pstop
i Type 4: D:10um, without Pstop
Ly )—il‘ %ﬁi& I‘ @'ﬁ% Type 5: D:15um, without Pstop
IR G Type 6: D:20um, without Pstop
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Long term Satellite CEPC
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application
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