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Noise increases faster than then signal

Koji Nakamura (KEK), https://indico.ijclab.in2p3.fr/event/9730/

-> the ratio S/N becomes worse at higher gain
https://doi.org/10.1201/9781003131946
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*Size: 15x15 array, 1.3x1.3mm? pixel size

*Active thickness: 50um(Thin: faster rise time, lower impact from radiation)

*LGAD sensor can withstand the lifetime of the HL-LHC running: irradiation requirement
Maximum n, fluences: 2.5X10% n_ /cm?

Total lonizing Dose (TID): 2 MGy at the end of HL-LHC (4000 fb™1)
*Time resolution: 35ps (start), 70ps (end) per hit, while 30ps (start), 50ps (end) per track
*Collected charge per hit >4fC (minimum charge needed by the ASIC to hold good time resolution)
*Hit efficiencies of 97% (95%) at the start (end) of their lifetime
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PLANAR TECHNOLOGY — more vendors
(e2V, BNL, Micron ...)
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CEPC

» CEPC--huge measurement potential for precision tests of SM: Higgs,
electroweak physics, flavor physics, QCD/Top
» Produce 102 Z boson at Z pole: Rich flavor physics program
» Particle separation problems of Gas detector (dE/dx) :
0- 1 GeV for K/pi separation, 2 GeV for K/p separation
» 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
» Outer layer adjacent to TPC, Barrel : 70 m?, Endcap 20 m?

Outer Silicon Tracker (OTK)

TPC
Inner Silicon Tracker (ITK)
Vertex Detector

K/pi separation K/p separation
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CEPC out-tracker4s#4) % 11+

R= 1800 mm

[H AR ~70 m?2

Az 1.8m

K 5.8m

WUk 70mm x 0.1mm
HIER ~1x10’

Ladder number 90

Module area 140mm x 160mm
(2 sensors and 22 ASICs)

Module number 42
per ladder

ASIC per module 22

Channel number 128
per ASIC

(R-Zdirection) LGAD:0.9mm - A

D 2 e 2
Carbon fiber board

e ) ol

—_— ‘ {4—0.1mm

| < 70mm g

FLEX cable

e

2024/8/15 o B W 2 R RE R 2 2 S DU s R B 2R 8 (2024)



CEPC out-tracker4s #1511

Petal 235.5 mm

R10

AN

THI R ~20 m?

petal number 48

Sector module 10 overlap arrangement

Number per

petal \ Sector module

~ Sensor

PCB

(R-®) LGAD:8uym
(R-Z direction) LGAD:0.9mm

ASIC

R1
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AC-LGAD

aluminum

JTE
n

(a)

Epitaxial layer — p-

))

= substrate — p**

-
-

£ G LGAD

o HiiEH

« I [A] 5 ¥~ 30ps

o NMEDHABERRT/V12
« HLIX:ITE, Pstop, ~100um

AC-pads

dielectric l ,

Epitaxial layer — p

-
Fa

\

)
\

substrate — p**

AC-LGAD

HH 454 5132 HAC coupled readout electrode
B LRI SR LA R RN S R NS LA

K

I [R] 737~ 30ps

£7 & 71 #: <10um

HEIX : 0 mm (no dead zone)

HA & B [a) FIAL B 7 HERE 74D detector

Signal of AC-LGAD
H B . B B

AC-pad

I NN
H B- B B

Hit point { (@)}

A TR R
il 20 5 BT AR N
S B AR AE R R AT R
AE 0 A BT 1 FL AT
AT S o, AIE
R AN E, SE
BIXRLT NI AL BAE
BT 7 %
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IHEP AC-LGAD

IHEP AC-LGAD % it 5 T. AW

Design of AC-coupled low gain
avalanche diodes (AC-LGADSs): a 2D
TCAD simulation study

JINST, 2022.9
DO0I:10.1088/1748-0221/17/09/C09014

IHEP AC-LGAD BB IR R4t
Pico-second IL 3D piathorm

Laser
Synchronous pulse
y P Focuser

. Amplifier AC- LGAD
Signals éb =

4-CH readout board

ty, to, ts, ta
— Oscilloscope — Data analysis
t,, trigger

2024/8/15

GRIEskY B oo

REMIEE A o2

T
\ Plcosecond laser scanning H%’fq: lﬁp——q

/y%‘é{ﬁ”ﬁ =)

51 DY Je 4 [ KL T ) 2 A

system
« Displacement accuracy 1 um
« Automated scanning
* Picosecond laser 1064nm
+ Spot size 2”5 um

T IR 5 2E %



http://dx.doi.org/10.1088/1748-0221/17/09/C09014

IHEP AC-LGAD

Eﬁ“ﬂ E O Laserspotposton O Reconstruction position ]
= = — . T - @ & -0 ]
E 4-Al AC-LGAD E 4-Al AC-LGAD 200 E
3 hods 3 ~ a2 F o ¢ o & o O
2 Pads = P 100 3
E £ . L o a8 o O 1
0F -
F o @& @ @ ©
—100 .
L B =2 @ @ B/ @ 1
=200 =
P ¢ & & = B ]
—300F =
H }FU A _ —30D ZGH —IDD 0 100 200 300
Plx(:l EI:AC LGAD 0
Pad-pitc Imm-2mm
e Pad-pitch:. m 36 A3 R
,E; : 5P Measured results . E I
35'_ U - r 7] q
'g B * Estimated results Q N E 25__ ~ Pad-pltChRT‘I‘%g'fq:
= C ] = i N
2 30F . % 20f = 100-500um
P E > ]5%+ ' ¢ 100-300um
e . [ I -
5t gg : = 5ET : 100-200um
oy ] 10F - 50-100um
s ; : ]
- n 5_— ] N ooy S
lﬂ'...|...|...|...|...|...' - 4 {Ij\lulﬁlﬁ{j‘tﬁ
0 2 4 6 8 NJ% [;ﬁ ) P P SR S S R
. ose 0 2 4 6 8 10 12 Paper: The performance of large-
N++ZIRE AL, 178 79 HERE S s I N+dose [P]  iich AC-LGAD with different N+ dose,
HTJ‘[EJJJ ﬁ#lSpS Trans. Nucl. Sci. , 2023.6

AL B 57 #¥15um
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IHEP AC-LGAD

':'-6: T T T T T T 4 T =
::: i +  Amp 2/(Amp 1+Amp 2) E
StripZi4 F)JAC-LGAD osiE- E
s E E
Z ospE =
0.46 F— =
044 E— Strip 1 Strip 2 —f
maé- é
/E\‘ﬁz: EgapﬂgSt”p}—*ﬂAc'LGAD 045 o ' FTa— B E— TP T T 200
Position [Lim]
B O L I L B B B B 16
n.osj— | | | + | | | —t E) 2
: 4 Gap 1150 pm Sigma: 12.8 jim : E-' 14 ;-
B Gap 2100 pm Sigma: 10.9 ym = a
0.2 ;— 0.04 :_ Ga: 350 pm s-g::: £3 pm _: % 12 E-
o:— o009 o0 0 e eee e 88 80 e 88 88 se E C ] —'810 o /X
402__ = B ] — 8 C /
- ] C ] < o X
04~ - E - 1 £ 6 E
C Laser Position £ o002 a1 & . —8— Measured
-06F z C 1 -
- @® Reconstruction - C ] 4 F .
08 o - - —*— Estimated
E 1 | l | | ] | 0011 . 2 £ Spatial Resolution vs. Pitch
0T e 80 100 120 140 160 180 E . i 0 F From Strip-LGAD ... ...
- 0=
reconstructed positions T T e T T T —T—— 130 150 170 190 210 230 250 270
Recon-Laser [m] Pitch [p.ll’l]

s o . The performance of AC-coupled Strip LGAD developed by
Gap 50um: AN E 77 HE~8um IHEP, NIMA, Volume 1062, May 2024, 169203
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LGADTR M 28 & Fie 5 M

» f&8%LGAD - AC-LGAD, DJ-LGAD, inverse LGAD, Monolithic LGAD

(a)

AC pad
DC cathode dielectric - ( d )
e I

" v v —

el 10 um
?h
Deplet g Sp.m
(Active layer) Y
pype ik LGAD_I= 77 [ ASIC HL 2%
—_— R ghoksrnd e N LA,

INFN, CNM, FBKZ:

AC-LGAD: & Hi bl

[ FF S EUL BN () RIS B 4 9, 4D
B 7 #E<10um, A} #<35ps
$, PSI, EEPEGIE
WAL mReRT, BER, £HE
BNL, RXVYHFBK, INFNZE
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LGADTRIMN| 28 NV FH 4 Fi

£4%:-LGAD: Yeray detectors @ advanced light sources
ATLAS HGTD TiH: HB4 = 5RESE
CMSIR B: Timing information, 5 HiiE#F, BEid eI
ATLAS BMAINBR: FizitMIBeam monitor
HRERFRAMM
XETERARM : MESIRER YL, TEIXSTERERM, (REEXHZEEM, K iti#iTH

AC-LGAD:
CEPC outer-tracker and TOF:
prototype design: 1cm, 2cm, 4cm length; FEestF; SHIRRZRKA
mEyeit¥l (Dark SHINE)
. EERGNR?

Monolithic LGAD: B FILGADKE#ERNEE, FBRAEZRIE (<100ps) FARKETHEES.
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