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» Motivation
»Basics of Timing measurements
» Quick view of the LGADs — the choice for the HL-LHC

» 3D detectors for timing applications
» 3D with conventional cylindrical/column electrodes
» 3D with trench electrodes

» Conclusions
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Motivation — Physics B

HL-LHC upgrade Phase Il (2027->)
o number of pileup collisions will increase to 140-200

> huge task to assign reconstructed particles to individual collisions and to extract interesting collisions

° |s there a way to separate vertices also not only in space but also in time
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on average 1.6-2.35
vertices per mm

At LHC the vertices are distributed (Gaussian) with: 5,=5 cm &
c,=180 ps

Tracking detectors (pixel+strip) provide separation of primary
| vertices in forward region typically ~1 mm.

It is a task of the ATLAS-HGTD/CMS-MTD to provide timing

resolution of around of ~35 ps for minimum ionizing particles
I e I I reee e nEr I : : } } : (mip).
- ' ' SRR » 20-30% more effective luminosity
—: |1| ‘ LY |:|::|1 |: ) H:: | H:” 1|:::|1 1 e eept [ARLINE nm 1 | | I . . _ . . .
00-80 -80 -40 20 0 o040 60 80 100 » improved r.eco.nstructl.on (b 'Fagglng, isolation of photons
Tk leptons, rejection of pile-up jets ...)
s Vertex z [mm]
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FCC-hh — very challenging requirements by today’s standards
almost impossible for r<30 cm:

' Timing at each point along the track:
= Massive simplification of patter recognition, new tracking »radiation hardness up to 10** cm, 300 MGy
algorithms will be faster even in very dense environments >timing of tracks ~10 ps
= Use only “time compatible points”
y < »cell sizes of 25x50 um?

[
+ + + + 1" + »surface inner tracker 15 m?

I /
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p.=1GeV/c, no timing
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p=1 GeV/c, 6t=25ps
—_— pT=1GeV/c, St=5ps
------ p,=5GeV/c, no timing
----------------- p,=10GeV/c, no timing ;
n CMS Ph2: PU=140, q=1GeV/c, no timing | :
® CMS Ph2: PU=140, p =1GeV/c, t=25ps |:
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Effective
o

Timing of tracks - preferably on pixel level:
» no need for dedicated timing layers as e.g. at HL-LHC
» improved algorithms for track finding

1: Indication for unambiguous

primary vertex identification
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Effective pile up — number of vertices
compatible with reconstructed tracks

Eff. pile-up
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time walk
correctable for same shape by
(constant fraction disc. or ToA/ToT)
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» o; -jitter —fast rise time and high signal/noise (related to ASIC)
»Grpc — vey good granularity a challenge for ASIC
G,,-time walk component includes (correlated — should not be simply summed in squares):
o weighting field/electric field contribution ->depends on hit position in segmented devices (sometimes called distortion
component)
o Landau fluctuations in shape of the signal -> depends on hit position (segmented devices) and gain layer in LGADs
o Landau fluctuations in amount of deposited charge —> correctable with ToA-ToT or CFD
Example: 3 tracks hitting the same pixel/strips and depositing the same amount of charge, but with different induced currents!
(non-correctable time walk — will determine the limits of time resolution)
-E-2CID — — -E-2CID T— — 200 — =
= 180 =180f- E;mn— E 2
160 160 [ 1600
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Conventional planar silicon detectors By

»NAG62 Gigatracker combines good position resolution with timing good resolution (required for K,  separation).
> Planar pixel sensors p-on-n of 200 um (300x300 um?, 0.5% X, per station)

» The time resolution is around 150 ps, peaking time of 5 ns

» Radiation tolerance to ®,,=2x10'* cm

» The key is the TDCPix ASIC

» Time resolution — well studied:
» Jitter — 80 ps
» Time walk (hit position) - 85 ps TOTAL TIME RESOLUTION ~ 150 ps
» Energy straggling/Landau — 100 ps

Mag2 Mag3

NA62, NIM A958 (2020) 162127

Magi Magd

S D A GigaTracker presents roughly the limit of achievable time resolution
" for conventional position sensitive planar detectors.
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Passivation . 4% e So ATLAS and CMS have used G~50 (excess noise prevents going
_‘;‘__ﬂ;-“ .‘I‘u 15,;.__.—_._ ~higher), D=50 um and t;,,~1.2 ns:
s t f L T g * 0;=10 ps with discrete electronics G=30-60, S/N~60-120 -> 10 ps
GuardRing pStop " JTE p.type Multiplication Layer | 3 (agrees very well with measurements)
High p * Non-correctable time walk depends on Landau fluctuations only as
S~eoPe-nl Vsat tine 5 piypeFZ | " the “distortion component” is negligible (1.3 mm >>50 um)
Ot/ /M) D = Ve Lint Lowpcz F" " Ow 25 nsfor 50 um } Sets the limit of resolution
oo 4 ¢ th~18 ns for 35 ”’m Hartmut F-W Sadrozinski et al 2018 Rep. Prog. Phys. 81 026101
Metal
E o[ = S o5
s E - i oot homogenous £t 5-ray with 30%
WS E > w0 CF distribution 20f of total ener
— 120 - — = 8y
0 F . I_!PK P2.prototype g of energy loss - loss in the last
= »o. simulation oF for mip 15[
-15 = snE_ - E 10 um
E E o holes i
_253 ni— 5:_ 5:_
wE T Maepn g rom slcrade sty electrons 4 E )
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Both experiments use Low Gain Avalanche Sensor Technology and have very similar requirements:
» sensor size 1.3x1.3 mm? (ATLAS 15x15, CMS 16x16 arrays)
» 50 um thick active layer
» t..=1.1ns, required charge MPV>4 fC (ATLAS), >6fC CMS
» ©.=50 ps /track (30-70 ps per layer) at the end of lifetime
HGTD: ETL:
» Nn=2.4-4 coverage » Nn=1.6-3 coverage
» 2-2.7 points per track » 1-2 points/track (not full coverage)
» 8 m? of LGAD sensors (readout with ALTIROC) » 14 m? of LGAD sensors (readout with ETLROC)
> Radiation hardness: 2 MGy and @,=2.5e15 cm » ®,,=1.6x10"> cm™ (no replacements)
» Replacements of sensor (3x for the inner ring), 1x for the middle [ >
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The main problem is radiation hardness (see M. Moll’s presentation)
60 . . .
I Loss of gain layer doping has to be compensated by larger bias
Xgl~2 /um ., : :ﬁ: Sszl)lji?v?.‘u 40 90 --2.50E+15
* S Cacmmel | s HPK-P2 2306+ 80 - 150E+15
o » ® NDLV3 --1,50E+15 0 -+8.00E+14
S 40 ? ST g 800414 B 4.00E+14
2 = ?ﬂzs / i g 60 --1.00E+14
> - | | f : g5 ~+-0,00E+00
20 4 e Vgl = Vgl,O EXp(_C y (beq) ?‘320 ~+1.00E+14 % » /\\\ \
Xg™~1 pum . Eg/N Vgl/ Xg/ %15 / 0005400 § 30 LAV
50 o : ) 10 20
e N : { 5 10
10 B % 0 0
. 0 100 200 300 400 500 600 700 800 900 0 200 400 600 800 1000
5 W28 Voltage[V| W28 Voltage[V]
0 1E+15 2E+15 3E+15 4E+15 5E+15 6E+15
reactor neutrons ®,, [ cm?]
, @cceptorremoval consta Radiation reduces the gain layer doping and by that the gain
FIE » In thin sensors the loss can be compensated by the bias
R ~Genriched _ Lenriched 3> Many attempts to design a more radiation hard gain layer design
2 1 ! 1 1
1 . I )
o 1 . . . .
o @ SRR e o & o . “3377" The LGADs are limited to fluences @,,<3x10" - even with C enrichment.
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LGADs to be used at HL-LHC don’t have a good fill factor: 5 Passivation y‘“‘" 1.3 mm
g F —“_ﬁﬁ. f -
»Isolation between the pads (IP) requires space and this is the region Z0.98| Gmm 0 V I
without gain, where it is not possible to achieve desired CC and time 096/ SRR L
resolution 0.0af-
>The reduction of IP is possible, but there is a danger of breakdown if "2E
pads get disconnected — HGTD/ETL > 40 um 09
Th | ¢ mitigating that but they all have limitations at: o X3 mm pads
ere are several ways of mitigating that but they all have limitations at: ool ATLAS/CMS
> High particle rates (AC,DJ-LGAD) 080T 603005 0ok 005 E.E&n&‘ﬁm?aﬂﬁ pé’dﬂg'[mn?]"
> “Large” fluence (AC) ( Trench Isolation LGAD | | ACicAD | | InversLGAD | [ Deep Junction LGAD |
~ Tl N
>Very small pixel sizes (TI_LGAD) Front: segmented readout Front: segmented readout

P Extraction P Extraction
fing pe strip P strip P Strip P+ strip Ring

» DS processing (iLGAD)

traditional gain isolation

Gain layer located
deep under front electrodes

L trenches isolation (HD-LGAD)

see M.Moll’s presentation
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3D detectors for timing applications -

V RD50

How about 3D (of all types) as timing detectors?

» They have fill factor ~100% (inclined tracks) 50x50 um?, 1E
50 ym

» The radiation tolerance of small cell size devices is large (in signal) and allows o

operation at higher bias voltages (next slide) T

But/However: Le=35 um

»3D can be fast — © short drift distance, but ®saddle regions in the field

»There is no multiplication ®, but they can be thicker as Landau fluctuations don’t

matter much, so the signal can be partially compensated © Planar sensor 3D sensor

d=L d<<L

»The weighting field — hit position - will impact the signal ® (replacement of the S. Parker, 1997

Landau fluctuation problem with the impact position problem).

bucm

»for small size sensors and large thickness the capacitance will be much larger, — ___-

hence noise and the jitter ! *

- Gtw.OLs ’—

>Lower operation voltage_s 'ghan_ for LGADs and possibly lower current (ILGAD=G-Igen) | i *%%(u -

result in smaller power dissipation
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Radiation hardness of 3D design B

Agency

3D CNM, 50x50 um? 1E, d=230 um, 0°, 10ToT@20ke: 3D CNM, 50x50 um? 1E, d=230 um, 1.0 ke, 0° tilt ar-s

10IlIrllI!lII!lI\!lII!\II!I\I!I\I%III{:III!\II

—_

? . T T
(=P O O WO OO O O S MO OO WO O ElN:) T e ] Imadiated strp sensors
g ] -9 0_98 \ ----------- o 3 B S E I -\ --------------------- : 25
. - - ! : L~ e B
E """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" _E E 0.96 :_ ............ .......... 3 ............ ..... ........ - I
i 'g 0.94 :_ ............ ........ L ........... /... ........ _: % 20__
Lo Ul E - 2 T T R S I
= [®] = 10" n/em? . 0.92 :50x50 um’, 1E D N e PP ’ -] B i
_ 7 - 50 um i : / [®]=10 neqlcm2 n O 45— S S
! - —e— @= 0, W3-E E 09k i ] —e— ®= 0, W3-E - B r ! *»*
L B 0= 5,WaC1 KT 7 - a /[ -m o= 5W3-C1,KIT1 3 I &4 [3D cellsize; fuence [n_jcm’}
S0x50 pm% B —— o= swscz kTt 0.88 T T e 0=10, WAE, KITZS 8 10 | 500 Sets
50 pm  —+— =10, W4-E, KIT2 NoAnn]} 0.86 C /. 3 ¥ d)=10, W4-c,1 PS1 g I | :ﬁﬁﬂ'?i:i
. 861 B Ay ’ i = [ ! 1
%_I | —&— ®=10, W4-E, KIT2 _: E Le|—35 um : —y (D=14, w4_c1, PS1 E B T=_25oc —&— 25x100_Sel15
/. .5 —¥— =10, W4-C1, P51 E 0.84 __\\. ............ e , —@m— ®=22, W3-C1, PS3-] 5_— e s S :gx:ﬁ_t::g
ore wa.ot o 3 0.82 b fL L Y ©=25,WAC1, PS3 e o0 ts0 200 250 } _2'300
. Lg=3sym FT wm22WSCLPS3 3 e/ —m— ©=27,W3-C1, PS4 Voltage(V]
% 20 40 60 80 100 120 140 160 180 200 220 0.8, 55208080 100 120 140 160 80 200 220
J. Lange et al 2018 JINST 13 pogoog  ¥Oltage [V] J. Lange et al 2018 JINST 13 P09009  Voltage [V]

Good charge collection after large fluences (detection efficiency equal to the non-irradiated one after CI)eq”E%xlo16 cm2:
»short drift distance and depletion depth
> ability to bias to >200 V

»Saturation of effective trapping times, effective doping concentration and possibly leakage generations current allow
them to be operated to ®.,>10% cm™
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Operation of 3D sensors at >1el7 cm? 5=

Simulation with known damage parameters Measurements of 3D - Strip sensors

»Simulation and

track i irradiated to FCC-hh fluences using measurements are roughly
g TCT/Alibava setups compatible
iR L
i =——— » It seems that 3D sensors can
iR =——= | | offer enough signal for
M. Manna et al., NIMA 979 (2020) 164458. detection even at extreme

M. Manna et al., 35t RD50 workshop,2019

o 0100 eyttt fluences
e s50004| ™ 1e17| Q=21-k-V- ®P ]
mean charge ] ® 3el7
1-107 cm~2,200 V, 0° ,-20°C 40001

/LT0Z ‘41SH IT 43biaquiniy "9

O .
el
o @ 30004 -
: 2
3 @ 2000- -
= = - : .
; O 40001 | What are the limits of 3D
0. ‘ as a timing detector?

0 25 50 75 100 125 150 175 200 225 250
Voltage [V]
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e 1IMiNg measurements —devices used  HE
The problem is lack of a suitable readout for studies (50x50 um? << 1.3x1.3 mm?) |rrs
. Si0, o
2um %
& '?g . 50um . ..::h ) High p
h+
" 20um + E
Aluminum
HV |

CNM prodced the devices almost ideal for such study — a 3x3 matrix with
investigated cell in the middle and neighbouring cells connected together

»cell size 50x50 um?—RD53 chip design
»p-type bulk ( N =-1.4-10*> cm= ), n-type collection electrode

—
ww 90010

»1E, holes 2R=8-10 um and 235 um and 285 um thick

»max operational voltage before irradiation ~50-150 V
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04/07/2021



o9 s

ATLAS =.. Ljubljana
. Simulation of the device (single cell)
kdetsim.org = ooF arrs
'E E_ close to ohmic column (x=30,y=30) S|mu|ated at room
b ?0—__ I;"FH‘-._L between ohmic columns (x=25,y=50)
o I ", close to junction column (x=47,y=47) tempe rature and 50 V

E Gl} Ir: —Fr.l_,-‘"‘—_‘ ‘l‘.l_ .. .............................. ..

1 - o T : :
= 50 . | »Signals are faster than in
= © 7 sho K LGADs — approximately
= 20 ' o, .* * . the same drift distance,

b7 S but no gain

8 50V, 27°C T
10 . S »Low field regions (saddle
U'u‘f‘ﬁ"f I.ulﬁl L ljl Tllhl | |nL1.I§“l 11 |é [T r'2‘|5| 1 |:i1 L1 |3‘35|‘1 1 ﬂﬂﬂ'ﬂ' potential) between Ohmic

t[s] columns worsen the

X10° X 0° . . .
iy 1E i Yz timing resolution (spread
< .
e - ¢ inToA
8 g
2 70 ~

G. Kramberger et al., NIMA 934 (2019) p. 26.

E & 8 3

285 um, track inclination 5°

20 30 40 50 60 70 80 9 100 10 20 30 40 50 60 70 80 9 100
X position [um] X position [um]
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S 7 F

s 2 10| ¢ Sim. T=-20°C

s 3

3 © 10 O o Sim. T=27°C

S -

N 100 m Meas. T=27°C

2 N e O

= 80— .

2 - o . 50x50 pum?

(o] 60:__ Y o

g . _

o 40—

I . :

I 20 T

S - 285 um, track inclination 0°

¥ -] 1 l 11 I 1 i1 I - l - l L1 ' I - l -

% 0 20 40 60 80 100 120 140 160

_ Vbias[v]

/,’ \\

2 ! 2 2 . . . . Ik

0 =0, %0 E,/distortion dominates time wa

\ /

N
~ -

A good agreement of the first measurements with

simulations!

200 arrs
gt v
3 -
© 250: Y V=30V
. ® V,.=50V
200F- 0 V=100V .
150:_ -20°C v
- v e O©
100
50— . o
o T
- O
—I L1 1 I 11 1 1 l L1 1 I L1 1 I 11 1 1 l L1 1 1 I L1 1 I 11 1 1
'} 30 40 50 60 70 80 90 100

cell size [um]

For single square cell readout G, _
time walk of ~30 ps

* for bias voltages of >50 V _ .

. cell sizes <=50 um ‘ is achievable for
* low temperatures <-20°C 50x50 um? cells
For multiple cell connected together and inclined tracks

even better time resolution can be achieved
« around 20-25 ps for 50x50 um? cell
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Single cell timing measurements H=
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106 Ru D. De Simone et al, 37t RD50 workshop,2020
& O
n
GI3 o, 3D Waveform
A collimator ~N J— == ' '
mm i _— ~ O = - i i
> : 57'5mm I wn .g;' 0.15 — : - L — I
17.5mni 1. stage ~ - %l
:  UCSCboard LGAD w - h
v v [ 30%CFD o
R e W maliin
At B - %% é DA TR T8 R 2 %ﬁ%mﬁ 53 & o
LGAD = 3D of— S et *%f T e + -
O RRTUNg T Ty TN
5 h_deltat = il | #Tg T *
B Entries 899 B * : *
50__ troan s onoe 10 —0.05+— . i . . . | | | | | : | e 5 — | | - o i o )<10_9
~ =10 -5 tsw 0 5 10
| ‘ : FI:.MS 7.926e—11 tlme (S)
.. - 40} Constant 34-33.1 1.81 LGAD WavefOI’m
| Mean 2.016e-10+* 2.549e-12 = - : ;
> v | ~ Sigma 6.185e-11x 2.26%e-12 o == H
I ' 30 : - Es -4
“UCSC timing boards” used — the same ., E o
. . N 0.8|— o
used in most LGAD studies for HL-LHC - = = B ﬁ
.r: 10— - SR
(4700 TZ amplifiers, >3 GHz) - e BT
_nm- L L . n.ajx107® = = 15% CFD P 3
%1 0.3 0.4 0.5 =8 . '
—9.23— _ :
Fit on At to obtain: o=(d’ . +0° )" = s s e o (s)x""
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! G t’ GW f a n d G | D. De Simone et al, 37t RD50 workshop,2020 o

ol o
D. De Simone et al, 16" TRENTO workshop,2021

oy

] hgency
.V)". /

65 50 55
a3D(ps) } owf(ps) Oij(ps)

) §%¥: i}

N ; % : |

25

20

25 15

2 15
40 60 80 100 120 140 160 180 200 220 10

Vbias(V) 40 60 80 00 120 140 160 180 200 22 10

¥ 20°C 285mum 4 -20°C 285mum W +20°C 235mum ¢ -20°C 235mum Vbias(V) 40 60 80 100 120 140 160 180 % ) 20
148!
¥ +20°C 285mum A-20°C 285mum M+20°C 235mum ¢ -20°C 235mum ¥ 20°C 285mum 4 -20°C 285mum m+20°C 235mum ¢ -20°C 235mum
» Time resolution of around —

» 45 (55) ps at -20°C (20°C) for 285 um thick sensors

» 35 (45) ps at -20°C (20°C) for 235 um thick sensors
Measurements are even slightly

» Time walk contribution independent on thickness - better than predicted by simulations!

»~35 ps at 20°C and ~25 ps at -20°C

»Slightly lower jitter for 235 um thick detector — yet to
be understood
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g Performance after irradiations H=
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100 V +20° o3p (ps) | 0j (ps) | owf (Ps)
not irradiated H3+2 367 38+4
45 285 um 8eld MeV ng,/cm? | 3742 23+3 | 2942
:2 Ty K 2.3e15 MeV ng,/cm? | 4442 26+5 | 29+3
0 -20° o3p (ps) | o (ps) [ owf (ps)
25{ 2 i not irradiated 3712 2313 2845
20 8el14 MeV ne,/cm? | 3442 23+3 | 34+2
15 2.3e15 MeV n,/cm? | 3542 23+4 | 2743
10

0.00E+00 1.00E+15 2.00E+15 3.00E+15 4.00E+15 5.00E+15 6.00E+1

m20°C ¢-20°C  Fluence (1Mev n_/em’) »No impact or slightly better performance

after irradiations.

8
020z ‘doysyiom 0say /€ ‘10 13 duowis ag ‘d

1Z0z‘doysyiom OINIYHL ;9T ‘10 13 duowis ag ‘d

gj 35 }
- » At 5x10%°> cm the 6, increases by 10 ps —
i * * not yet understood why ( rebonding ?)
25
TN » At high bias voltages the G, can improve
20 - 7 \ wf
2.3e15 cm™ ! % / due to charge multiplication?
285 um N
1050 100 150 200 250 300 350
] ._zooc & +20°C
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Future — RD50 3D timing project

BiEs arrs

* 50x50um (100x100 pixels) 3- orthogonal

* 50x50um (10x10 pixels), 6- orthogonal, 7- hexagon
* 50x50um (5x5 pixels) 4- hexagonal + 5- orthogonal
* 50x50um (1 pixel) 1- orthogonal + 2- hexagonal

Altiroc 1
ebepeld 5 ' Simple pad

Altiroc 1

8 wafers of different thickness with
different test structures will be
produced by CNM — processing has
started

=
5x5 pixels 1 pixel
Activity Institute Lead
Wafer processing CNM Barcelona G. Pellegrini
Process/Detector simulations CNM Barcelona G. Pellegrini

Signal/timing performance
simulations

JSI. Uni. Freiburg

G. Kramberger

TCT measurements

Uni. Freiburg, JSI, IFAE

U. Parzefall

Electrical characterization

Uni Freiburg, JSI, UZH, IFAE

C. Betancourt

Neutron 1rradiations

JSI

G. Kramberger

Timing measurements
(with discrete electronics,
ALTIROC)

JSI, UZH, Uni. Freiburg, [FAE

S. Grinstein
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ATLAS

EXPERIMENT

s Irench 3D timing detectors

'RD50

2

M. Garau, 16t TRENTO workshop, 2021

How to improve G, ? Optimize the design for E,,, and minimize the “price to pay” for that.

Contact opening metal

«— Bump contacts —-

passivation

5 columns 3D trench Weighting : ;:.(1;?‘ ) > oxide
o |
— =
' 5 0.000e+00 RESISﬂV'ty
i=g Ew - Ug4 y : : E'”"‘l'.‘_;‘:,‘,",i ) substrate
150 pm Iiﬁm l
Sooise p* Si Low
Resistivity
: substrate
support wafer (to be thinned) |

» 55um x 55um pixels (for TimePix/Medipix ASIC family)

» In each pixel a 40 um long n** trench is placed between
continuous p++ trenches used for the bias

» 150um-thick active thickness, on a 350 um-thick support wafer

55 um

Biasing electrode
") Collecting electrode

3()
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o lest beam measurements

v, Slovenian
" Research
J/ Agency

Paul Scherrer Institut (PSI): ™ beam, 280 MeV/c _
Structure tested: double pixel * 55x55 um?pixels A. Lampis, 16" TRENTO workshop, 2021

The discrete electronics board developed within
TimeSpot was used.

M. Garau, 16t TRENTO workshop, 2021
* 150 um active thickness

=

= Y

* Collection electrode 135 um deep

IRy |
R ‘hé — = M-PMT 2;| !
o\ SN

@b MCP-PMT 1

IBD sensor

i

PSE I A M A A Y A
Com Eam B e T,

QI\ FN -&.

SEM HV: 10.0 kV WD: 11.59 mm | VEGA3 TESCAN

View field: 176 pm Det: SE 50 ym
SEM MAG: 1.57 kx  Date(m/d/y): 10/29/19 FBK Micro-nano Facllity

18x18 pixel matrix
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Measured time resolution

sensor sensor

=k . | —=— beam test LAB
© — : :

+ | —*— DEAM test PSI

26 __ ........... ............. ............ ALamp[$,16thTRENTO Workshop,zaz_l .................
- M. Gc{rau, 16th TéRENTO wérkshop, 2Q21

R ‘
oard 288hoard 1[

16 | — l | l | I I | S | | | | I | l | I L l | I |

0 20 40 60 80 100 120 140 160

bias (V)

Time resolution around ~15 ps better than for column 3D.
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“we TOA distribution for different designs =

% Half trench pixel : "ﬂi—
o =]
mf—
M
s
e
e
il Bs ETSHI 'j-ul1 TSI ’T;A'[nc;]as
LU x(um) For good timing, it’s not important to be fast but to be uniform!
< , & Hexagonal pixel g nimivg
60 i 8 -
40 E— ( ) & 302_
30 :— 20_—
20 — r
s 100 V i
ﬂn-"'z'o"'4b"'e¥:"'a‘o"'1do"' B
18/02/2021 ¥ (um) A. Lampis

TCT measurements (ToA wrt to laser trigger) of the response of the sensor to ps laser pulses focused to 5 um.
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oo Drawback of 3D design (C and fill factor) @

1 0 .................. . .................. . .................. .................. . .................. . .........

S
5
U1
o

Thlckness 135 Hm

o
o

Tlé'ench 3D - 10 pm étrench thickness

N (junction electrode as wide as the cell)
160 %~ ............. ColumngD-lOumcolumnwidth ..................

cell capacitance [fF]

o
(]

geometricall fill factor [um]

P!anar ﬁ)ixel
100 : : : 0.4
— 0.2
- I — N
40 | 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200

cell dimension [um] cell dimension [um]

»Much larger capacitance of the trench design wrt. to column and
planar (ASIC is crucial)

» At small cell sizes needed for superior timing resolution the fill
factor is small

» For column like the direction of the inclined tracks is not very important not fully efficient for fully efficient at

» For trench detectors the direction of tracks is crucial (detector design all @ at 620 020
tailored to application)
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Outlook for the future — 6,=10 ps goal ="

arrs

»The cell size should be even more reduced — that makes sense only if the column widths are reduced from ~10
um to <5 um. For FCC-hh the cell size of ~25x25 um? is required for position resolution anyway.

ATLAS

EXPERIMENT

»Narrower columns will reduce also the capacitance -> improvement of S/N and reduction of the jitter.

» Extreme radiation hardness requires thicker active layer to improve the signal (and hit efficiency)
» improved aspect ratio of Deep Reactive lon Etching (DRIE) is crucial.
» larger thickness will lead to large cluster sizes ...?!

»If large fill factor is required trench design could be less appropriate

» reducing the cell size the jitter will become the main contribution to the time resolution (fast integration and good
signhal/noise needed) and there will be little difference between column and trench design.

» the fragility of the wafer may become an issue at small cell sizes.

The 3D design with several important modifications is very likely the solution for 4D tracking where high radiation
tolerance is required!

Appropriate ASIC development is equally challenging in terms of radiation hardness, power consumption and
required functionality per pixel.
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~ Conclusions ="

» Track timing is valuable for HL-LHC, while for any future hadron collider correct assighnment of the tracks to
different vertices and better track finding will become crucial (4D tracking).

»LGADs are viable solution for HL-LHC where 30 ps track resolution is possible, but they have two main
drawbacks: radiation hardness and fill factor for which 3D silicon detectors can be a solution

» TimeSpot/INFN and RD50 3D timing projects are ongoing to explore performance of the detectors

> 3D technology with small cell design (50x50 um?) have been shown to achieve:

»time resolution of around 35-40 ps with “standard” columns before and after irradiation to 515 cm2 (with time walk
contribution of around 25 ps)

» time resolution of around 20-25 ps with trenches (almost entirely jitter)

» Trench design offers superb time-walk contribution (of few ps), but suffers from larger capacitance and
worse fill factor

»Improving aspect ratio of DRIE should allow for even smaller cells (column 3D cells) where time walk
contribution to timing resolution can approach to ~10 ps

»There are a lot of problems ahead, but at the moment there is no other technology outperforming 3D when
superb radiation hardness and timing resolution are required.
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