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» Context = combining Tracking & Identification
» Schedule overview / sensor prototypes
» First prototype: requirements & status

» Current activities: tests & second prototype
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y. . : Energy loss
TIMM' = Precision tracking + Ow materia + &Y !
target G oo < 10 pum udget << o8 Mmeasuremen

1-103 MIPs
Current
achievements
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Hybrid detectors  ° At the limit of feasibility‘ ° Limit around 1 % X, ‘ o Strong point ‘

o Thick substrate 300-1000 pu m

o ~5 um ALICE — ITS2 ; ‘ o Avai
Monolithic sensors il ‘ 0.3t0 0.8 % X, Available for MIP leve
° with 1-10 MIPs o ALICE — ITS2 over 10 m? ° 0 not investigated
° 5-10 um FIRST, hadrontherapy - ~p 2 % X, > Initial work for >> MIPs

> lons 150-300 MeV/u > FOOT prototype over 30 cm? o Indirect estimation of AE
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https://indico.in2p3.fr/event/19715/

SG Schedule
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WO
Requirements def. | -
Sensor design

Integration & Tests o

Interim report MS60 Report MS61 Report MS62

= deliverable D27.1 = deliverable D27.2
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STG First glimpse on requirements

ToF
|dentification of low Z fragments (1-8)? VX
o Produced in 80 + 12C @ 200 MeV/u IR
o Set-up =
o 4-8 stations of thinned (20 m) pixel sensors (VTX) @ mean charge per tracked clusters
o Time Of Flight from plastic scintillator o ~ 60 ps e il
- - - - 3 = 8 sensors with AE over 7 bits
o Simulation by Christian Finck @ IPHC S8 F _ _
- Partial depletion
1035—
Assumptions :
> Sensing layer partially to fully depleted 1 =
o Charge spread model tuned from previous sensors !
10
o AE digitisation from simulation of TIIMM-0 prototype £
o Average AE over all pixel sensors i
DZIII'II'II'III'I|1'E|IICIIII12'DI

Charge (a.u.)
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SG First glimpse on requirements

*

ToF .
|dentification of low Z fragments (1-8)? VX o
o Produced in 80 + 12C @ 200 MeV/u IR
o Set-up =
o 4-8 stations of thinned (20 m) pixel sensors (VTX)
o Time Of Flight from plastic scintillator o ~ 60 ps g:zzg | " 2 e 3977 D
o Simulation by Christian Finck @ IPHC —\ E . . g sensors -
2P S \ith AE over 7 bits
E 0oL ! A 'Full depletion =100
Assumptions S00F" TR 80
> Sensing layer partially to fully depleted 500? ol , .
o Charge spread model tuned from previous sensors :zg;
o AE digitisation from simulation of TIIMM-0 prototype sooF-
> Average AE over all pixel sensors 100E- ,
i
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Pixel concept

X

sensing bias
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Equalise threshold dispersian/\ /
over pixels
trimming
threshold # + - —
threshold
omparat
Time Over Threshold Tor
provides digitised time value

v

matrix output

1.91

;E, - Pulse width oc AE

\>E = =
11 i

= . l

= i

-{'.13__ ;I@IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIIIIIIIII
0.0 3.0 6.0 0.0 12.0 15.0 18.0
time (us)

JRA9-TRACKING AND IONS IDENTIFICATIONS WITH MINIMAL MATERIAL BUDGET

STRONG-2020 Annual Meeting, October 14-16, 2020



First prototype TIIMM-0

Features + FOR TESTEE ANALOG: DIGITALE
° Pixel pitch 40 um E
o Matrix: 32 rows x 16 columns T I\ ' '
o ToT output over 6 bits f,.;a.

> +1 column with analogue out Trimming DAC -

o Trimming DAC with 4 bits o o 1

Design & Fabrication
> Maciej KACHEL & Weiping REN @ IPHC

Digital part

[ERY
iﬂ 40 um . (6-bit in-pixel counter for ToT
. 3 == Comparator § DAC ccnﬁguratxou
o Submitted March 2020 3 .

° 180 nm technology

° 4 sensing layer variants TIIMM-0 sensor layout

> Thickness ~ 20 um, from partial to full depletion

> Back from foundry July 2020 g ,
—M
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SG First prototype TIIMM-0

Expectations (from circuit simulation) :?E
o Known overshoot (limited) issue of CSA m:ﬂ
o Equivalent Noise Charge ~ 42 e- 9.0
o Comparator offset stdev sizeable 8.0
but within trimming trimming-DAC range 70
> Non-linearity for Qin > 6 ke- (AE for few MIPs) 2 zz
O .

o But still useful relation Qin — Time Over Threshold = " 40

20 Pulse width of the comparator

’ output vs Qin (0~100k e-)
2.0 @threshold = 387 e-

1.0
0.0

LU LLad LA Lty LAY L LR LA L) RRLA UL L LAY L R L L) L L L)
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100

Qin ke_)
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SG First prototype TIIMM-0

Expectations (from circuit simulation) ' :?E
o Known overshoot (limited) issue of CSA m:ﬂ
° Equiv: .
> Comp %60

butw =
> Non-| >0
o But st 40

Pulse width of the comparator

. . output vs Qin (0~100k e-)
Digitisation @threshold = 387 e-

over 6 bits

30

20

LU LR LR LR RN R RN TR R R RN LR RN LR R LRRL RN IR RIRLN RN RN LRI R
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First prototype TIIMM-0

Expectations (from circuit simulation)
o Known overshoot (limited) issue of CSA

o EqQuiv

o Comp
but w

binary ToT
D
o

18]
o
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o But st 40
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Basic tests are ongoing

With standard sensitive layer
Digital functionalities OK

One issue detected in layout
Under correction for a few samples...
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SG Second prototype TIIMM-1

Strategy FORTESTE  pgq T ANALOG] DIGITAL
o Keep TIIMM-0 overall structure " Kol ; :
° same size & communication protocol SR =

o Basic plan = keep same digital part : T( o :

' iéczl_ mplifier i

. . . E ii I Tcm ection diode = coupling n E

Current work = analogue optimisation ! ;; COMACBINSD  fone y o7 §
> Mitigate CSA overshoot i veDF T \mw . rowesen
o Better offset compensation Vih D—/ i 6-bit counter)
> Stdev decreased 15 mV N 2 pV i Comparator ., 5

> New balance between noise & dynamic
©c ENC42 e- A52 e-
o Extended pulse width duration
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SG Second prototype TIIMM-1

*

Strategy
o Keep TIIMM-0 overall structure

° same size & communication protocol
o Basic plan = keep same digital part

20.0
Current work = analogue optimisation .,
> Mitigate CSA overshoot E
o Better offset compensation S

o Stdev decreased 15 mV N 2 uVv
> New balance between noise & dynamic 5.0

©c ENC42 e- A52 e-

o Extended pulse width duration

Pulse width of the comparator
output vs Qin (0~100k e-)
@threshold about 500 e-

10,0 200 300 400 500 600 700 800 900 100
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STG Summary / Outlooks

Project on time / sensor design
° First prototype fabricated & currently on test

o Second prototype well on track
o Still need test outcome to be finalized

More difficult with testing due to pandemic situation
o Lab test more or less OK
o Beam tests not easy to plan ...

Simulation activities / tracking & identification
o Excellent early start
o Need test results for further developments
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