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Starting point: CPS for the ALICE-ITS & CBM-MVD

Pixel dimensions
Spatial resolution
Time resolution

Hit rate

Power consumption
Insensitive area

Rad. tolerance

ALICE-ITS

26.9um x 29.2um
~ 5 um
5-10 us
~ 10%/cm?/s
< 20-35 mW/cm?
~ 1.2mm x 30mm

300 kRad & 2-10*% n,, /cm?

CBM-MVD

26.9um x 30.2um
~ 5 um
~ 5US
~ 10%/cm?/s
< 200 mW/cm?
1.5mm x 31mm

1-3 MRad & 1-3-10'% n., /em?



Main Features of the ALPIDE Sensor (1/2)

From G. Aglieri et al. (ALICE coll.), NIM A (845) (2017), 583-587

e Pixel characteristics:

- EPI layer parametres:

o thickness ~ 18 - 30 um
o resistivity > 1 k{2-cm

o Vpias down to -6 V
. pre-amplification & shaping stage
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e Observed m.i.p. impact characteristics:

» pixel dimensions: 26.9 um x 29.2 uym
. single point resolution < 5 um
« cluster multiplicity => 2
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Main Features of the ALPIDE Sensor (2/2)

From G. Aglieri et al. (ALICE coll.), NIM A 845 (2017), 583-587

1024 pixel columns

Matrix

32 readout regions

00 ONg 0N oo G e e
1 16 double columns ! P | ! i
D?D D’eDG?D B’ED Ei} 1£| o ! o | i |
00 offla - 0fflg oo LR
el g Lyl Ohgild) Uil oo EE L
IS E el el — |igede gdeii & |
S%%g %gg %%B ggg 8b DACs Pixels Config i E EE i i i i i E i
_ﬁ?‘j % s 8 ~§ E L________K_________: 'L_A__' IL_ZY_I U
D'M‘D DID DED D_mD ﬂ 1 Regi R{}d t(1) R:TZ) R:{?») RR€(3}2)
egion Readou
oo oo oo oo
. 1 </ 24bx Vv Vv v
| Bias, Readout, Control l 11bADC  |e=> [ < 24 40MH§2:1 BATA 1AL —~
Configuration <
Pixel array read-out: BamEaer Registers | o qf‘:?::;;fm &—— | Chip Data Formatting
) Temp Sens ‘ @24b"4OMHl Parallel Data Port
data driven (= asynchronous) $ Module Data Management | (4x80 Mbps)
,
very low power consumption
3 y P P Conl:crO! Bus Triggers @30bx40MHz Serial Out Port
. . oeic Serial Data Transmission | (1200 Mbps /
blnary Charge enCOdlng Differential Single 400 Mbps)
. . Control Port Ended PLL Serializer I>
(Only addreSSGS Of h|t p|Xe|S) (40 Mbps) Control Port ]

r.0. unit: pairs of columns (2x512 pixels)

serial r.o0. of 16 pairs of columns at 20 MHz
= 50 ns per hit pixel

Global sensor organisation:

sensor is fully progammable with full custom
Data Management & Slow Control circuitry
specific to ITS organisation requirements

8b/10b serial output — 1.2 Gb/s



Pixel dimensions ;
26.88 um x 30.24 um

In-pixel discrimination
Binary charge encoding
Data driven read-out

P < 200 mW/cm 2

< 108 hits/cm /s
< 1 Gbit/cm ?/s

Buffers for < 10° hits

~13.55 mm

MIMOSIS development plan:

MIMOSIS Overview

<
“<

504 x 1024 pixels organised in 16 Super-regions
1 Super-region has 4 Regions of 16 columns
Data-driven read out, all Regions work in //

In a Region, 2 columns share 1 Data-driven read out
Every double-columns is read out in serial

Digital Periphery + PAD ring

« MIMOSIS-0: portion of pixel array with 2 diff. pixel designs ~— submitted in May/’17

« MIMOSIS-1: 1st prototype of complete sensor, to be submitted in Z Q2/'18

« MIMOSIS-2: 2nd prototype of complete sensor, to be submitted in Z Q2/'19

« MIMOSIS-3: final sensor pre-production, to be submitted early in 2020
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Overall Sensor Organisation

1. MIMOSIS_0 ys MIMOSIS

Includes full chain upstream
from Cluster Finding circuitry

Pixel dimension: 26.88 um (height) x 30.24 um (width)
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Extension of MIMOSIS to ILC Vertexing & Tracking

e Minimise changes w.r.t. MIMOSIS »— finalise CPS < 2025
. Keep CMOS technology: TJsc 0.18 um CIS and its extensions

. Keep main features of sensor architecture (pixel and read-out system)

e 2 sub-systems targetted:
« Vertex detector

« Silicon (inner) trackers

e Targetted performance improvements wrt MIMOSIS:
« ~ 20 % better single point resolution (vertexing)
- Read-outime: 1 ps in ILD-SIT and 2—4 s ILD-VXD

. Power saving (alleviated power cycling requirements) wrt previous designs



Improving the Spatial Resolution

Objectives:

Aimfor osp >~ 4 um = pitch >~ 22 ym

Combine impact positions observed on each ladder face

to derive hit position in ladder "medium plane”
aé%yer ~ 0o /V2
Based on straight line interpolation, exploiting low

occupancy, proximity of impacts, low material budget

Faisability:
Present MIMOSIS pixel circuitry still shrinkable

Replace (logical) IPs of priority encoder

with full custom circuits & new routing
Translate design to 110/180 nm TJsc process option

Optimise epitaxial layer thickness & depletion voltage

Etc.

Mimosa resolution vs pitch
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Improving the Time resolution

e Elementary read-out region:

o 8 pairs of columns counting 512 pixels

o pixels of 22 x 22 ,wm2 = S(region) >~ 4 mm?

e Expected performances:

(0]

(0]

o

signal peaking time 5 2 S
single pixel address read-out

takes 50 ns (20 MHz clock)

If clusters have 5 pixels (inclined et tracks)
= 250 ns/hit= 4 hits/region/s
= 100 hits/cm2/,us

PSIRA
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Application to an ILC Vertex Detector (ILD-VXD)

VXD innermost layer: Impacts of beamstrahlung e + dominating
At Nyiregion (lcm?)  P(1) P(2) P(3) P(4) P(5) P(6) P(7) P(8)

1us 0.4 (10) 26.8% 5.4% 0.72% 0.0/% 0.01% — — -
2 s 0.8 (20) 35.9% 14.4% 3.8% 0.77% 0.12%  0.02% — -
4 1S 1.6 (40) 32.3% 25.8% 13.8% 5.5% 18% 047/% 0.11% 0.02%

4 s seems OK (room for ~ 15-20 hits from physics signal / region)
Investigate if 2 (s could still accommodate the hit density from physics signal

No safety margin on beamstrahlung rate accounted for !!!

+

VXD central layer: Impacts of beamstrahlung e marginal
At Npiregion (fcm?)  P(1)  P(2) P(3)
1 us 0.02 (0.5) 2.0%  0.02% -
2 1S 0.04 (1) 3.8% 0.08% -
4 1S 0.08 (2) 7.4% 0.30% 0.01%

Physics signal governs read-out time: 2 s is OK if physics signal creates SJ 12 hits (X-check needed)

VXD outer layer: Impacts of beamstrahlung e + negligible
Hits from physics signal dictate the read-out time: numerical input needed

2 1S expected to be OK = check if 1 us is OK
10



Application to ILD Silicon Inner Tracker (SIT)

Concept : o, f
2 double-sided layers = 2 mini-vectors per track EI_ o _‘
. . . . % ‘J////
=> improved spatial resolution & track seeding \//// //p‘ ///////z

Baseline sensor performances:

e /\0

OR®,7Z =5 um V2 ?

At =1 ps Freq.

Expected occupancies :

Beamstrahlung: 102 hits/cm2/,us

= negligible impact on read-out time
and size of data sample

Physics: may be > 4-5 hits/region/us

= governs read-out time = MC values required |~

Read-out time :

- | I
0 0.2 0.4
4-5 hits/region/us = 12/15 pixels hit Distance to closest hit ([cm])

=> 600/750 ns read-out time needed

Assume 3 pixels/hit (signal)
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Potential improvements of the Time resolution

Potential improvements on the 2 parametres governing the re ad-out speed:

pixel address encoding: 50 ns — 25 ns
signal shaping during pre-amplification: 2 ps — < 500 ns

Pixel address encoding:

revisit the hierarchy of the priority encoder

reduce the number of nodes/steps

— accelerating the clock frequency to 40 MHz (minor impact on power consumption)
Signal shaping:

increase the pixel current to shorten the time-over-threshold but Ipm ~ 1/t3hapmg

Ex: going from 2 u1s to ~ 300 ns requires = 5 times higher current in the pixel

power density of pixel array raises from 8 mW/cm? to Z 40 mW/cm2)

Remark:
the above applies to the TJsc 0.11/0.18 pm CMOS process

— smaller feature size and larger N(Metal Layers) would allow further improvements

alternative sensor architectures are being explored, aiming at read-out times < 1 (s

12



« Geometry (material distri.), detector performances (o'sp, t

s Guariguanchi Tool: analytical calculation of average

GUARIGUANCHI Tool [A. P érez-Peéerez]

s Track resolution and efficiency main aspects for tracker design. Mainly
dependent on

R.

track resolution and pseudo tracking efficiency

» Average track resolution calculated using nominal trajectory and
covariance matrix (including multiple scattering) of measured

points

» Pseudo-efficiency calculated with simple model of probability for

adding background hits to track

s Calculation ignores effects only accounted for with full

simulation, but it has some advantages

Quick calculation of tracking performances for several
geometries

Can be used to identify the crucial parameters in detector
optimization process

ldentify subset of detector geometries for full simulation

13
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GUARIGUANCHI: Rec. Efficiency & Pt Resolution

Pseudo-Efficiency (%)

Pseud-Efficienc (Nfakes = 0) vs momentum G(pt)/p Vs momentum
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Remarks:

VXD (4um, 4 ps) improves tracking

Pixellated SIT improves track reconstruction
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GUARIGUANCHI: Impact Parametre Resolution
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SUMMARY

The potential of the CPS developed for the CBM experimentat F  AIR
IS being investigated for vertexing and tracking at the ILC
Expected performances for the ILD-VXD: —
o Osp § 4 um o At ~ 2-4 s (layer dependent)
PSIRA
Expected performances for the ILD-SIT: : 15w Al pepaibins ok ocpitns :
= '.g? Data-driven read out, all Regions work in // ig
© CPS a”OW for dOUbIe-Slded Iayers 3 mInI-VeCtOI’S 2 f In a Region, 2 columns share 1 Data-driven read out i
Every double-columns is read out in serial
o Osp 2,5 pm in both directions o At ~1pus
Remarks: E Digital Periphery + PAD ring

Option under study: store data on chip during

full train. followed by slow, low power, data transfer
— may be applicable to SIT and to outer (& second ?) layer(s) of VXD

o

R&D on shorter read-out time on-going

R&D also addresses power saving together with mild power cycling

(0]

No safety margin on beamstrahlung rate accounted for YET !
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