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On impact of VLSI ASIC chips export ban to Russia on ability to perform

== ' HEP experiments homeland - 'NICA

“A chain is only as strong as its weakest link “
«Tam 20e moHko, mam u peemes»

O Scientific background: brief history of experimental relativistic nuclear physics highlighting the
silicon tracking systems.

O The ongoing silicon revolution in HEP experiments/ Future is being made today!

O The NICA MPD ITS project experience.

O Three possible ways for remedy the problem.

O pCT scanner demonstrator as a spin-off the MPD ITS project.

O RAS central role in the implementation of the problem solution.

O Conclusions and outlook.
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A.M.Bangun (PAH-OUAN) A.Poskanzer (BNL-LBL) H.Gutbrod (LBL-CERN-GSI)
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MPD Collaboration Publications (https://mpd.jinr.ru/collaboration-publications/)



NICA at JINR

Yucras komuara
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» The NICA challenge for study of new state of matter
invVSnn = 3+11,5 GeV Bi+Bi L= 10%27cm -2 sec !

NICA start in 2013

First beam in 2025

MPD - ITS




NICA MPD-Inner Tracking System based on ALICE ITS-2 technology NICA

MPD-ITS structure: 3-layers Inner Barrel + 3-layers Outer Barrel . Looking for need le in a h ay StaCk

It will supplement the TPC for the precise tracking, momentum determination and vertex reconstruction for low Pt momenta

hyperons (A, E, Q) and identification of D-mesons. Some of the MPD-ITS requirements:

- Fast, high granularity CMOS pixel sensors with low noise level.

™

CD - Spatial resolution of track coordinate registration at the level of
Yoke Cryostat ECal ~5—10 pm.
SC Coil” TOF

FD - Material budget as low as possible.

- Positioned as close as possible to the interaction diamond

CPC Tracker’ FHCal

prompt tracks

Yu. A Murin and C. Ceballos, "The Inner Tracking System for the MPD Setup of the NICA Collider", Phys. Part. Nuclei 52, 742-751 (2021).




— Hauajio npuMeHeHHnsA KpeEMHHEBBIX AeTEKTOPOB B ®BJ

MPD - ITS
NICA
Komnerr 1970-x: Hagasio HOKP ycrpoiicTs 11 uyieHTUDUKAITUT KOPOTKOKUBYIIUX yactur B ITEPH u [1uze

1980: IIpon3BoACTBO NEPBBIX MUKPOCTPUIIOBBIX JIETEKTOPOB 10 TexHosioruu PIN-ano108
1981-1982: IlepBoe HcCOIb30BaHHE MHUKPOCTPUTIOBBIX /leTeKTOpoB B IIEPH (NA11) u ®PHAJI(E706)

NA11 : 6 Iwiockocrei (24x36 MM? ),
2-3K0M,280 MKM, I1ar 20 MKM
E706 : 4 miockoctu (3x3 cM? )+

2 IJIOCKOCTH (5X5 cM? )

1989-1990: IIEPH(DELPHI,ALEPH,OPAL,L3)

-> npobJsieMa HaJI0KeHUH U JIerpajiallid CBOMCTB

Pewenue: Vcnosib3oBaHUE NUKCEIBHBIX JETEKTOPOB

u cucreM cunuthiBanuA Ha VLSI anektponuke (WA97, DELPHI)

ILtomans — (5x5 cm?)
- e Yuc10 miockocrem — 7
e Yucio nukceaen — 0.5M

(3000m)

4
/ displaced tracks

Pazmep nmukcesed — 75x500 MKM?
Yacrora Tpurrepa — 1 kI'g
Nma CUMC — Omega2

Kapton:

prompt tracks



IInkceanHabie cucrembl LHC Run#1

W-B_ (NICA
HauaJjio 2000-X: BHYTpPeHHUE TPEKOBbIE CUCTEMBI BKJIIOUAIOT B ce0s1 MMUKCEIbHBIE CJIOU TPeX 6A30BBIX YCTAHOBOK

10 croée: 2 3 3
10 nuxceaeit: 9.8M SoM 66 M
wadv, M 0.21 1.17 1.0

mep nuxceas, memz  50X425 50x400 100x150
muna (siasio), x/xor% 0.21+0.16 0.27+0.19 0.30+0.19



Mimosa series — IPHC Strasbourg - Move to standard CMOS

A monolithic active pixel sensor for charged particle tracking
and 1imaging using standard VLSI CMOS technology

R. Turchetta®*, J.D. Berst?, B. Casadei®, G. Claus?, C. Colledani®, W. Dulinski?,
Y. Hu?, D. Husson?, J.P. Le Normand?, J.L. Riester?, G. Deptuch®?, U. Goerlach?,
NIM A 458 (2001) 677-689

S. Higueret®, M. Winter?
Mimosa2 — 2000 Mimosa3 — 2001 Mimosa26 — 2008
MIETEC 0.35 pum AMS 0.35 um

Mimosal —1999
AMS 0.6 1

1
(AR S

A,
“a%

18.4um pixel

20um pixel 20um pixel

12 years from idea to first results STAR!

Time of flight

2 12
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(o]
(7]

|
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p++ substrate

/ particle track
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&

Beam-beam counters | §
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FIRST MAPS in HEP: MIMOSA28 (ULTIMATE) in STAR PXL

Time of flight

sa et el Full detector Jan 2014
Beamiine [ IR p— \ @ Physics Runs in 2015-2016
R -/ g AN = 2 layers (2.8 and 8 cm radii)
= 10 sectors total (in 2 halves)
= 4 |adders/sector
= Radiation length (1% layer)
= x/X0=0.39% (Al conductor flex)

x10°
22 e (oo 200Gey | 10<p,<i20 | MIMOSA28 (ULTIMATE) - 2011
i “EBRAM0T B E First MAPS system in HEP
L r Wi h 1 MAP N r 1.8 -Projected S//S+B =220 S/(S+B =33 E
adder with 10 S sensors e Coms-287+%2  Twin well 0.35 um CMOS (AMS)

E = 18.4 um pitch

] = 576x1152 pixels, 20.2 x 22.7 mm?
STAR Frefiminery 2 = |ntegration time 190 us

" No reverse bias -> NIEL ~ 10'? n,,/cm?
= Rolling shutter readout

:l L1 | L1l J L1l ‘ L1l | L1l J L1l \ ] | L1l J i | |:
1717518 18519195 2 2.05 2.1
Invariant Mass m,.(GeV/c?)



The INMAPS process: STFC development, in collaboration with TowerJazz: a game changer Additional
deep p-well implant allows full CMOS in the pixel and 100 % fill factor

Monolithic Active Pixel Sen;sor§ (MAPS) in a Quadruple W’-ell e o e —

Technology for Nearly 100% Fill Factor and Full CMOS Pixels —
P+ P+

Jamie Alexander Ballin °, Jamie Phillip Crooks ', Paul Dominic Dauncey ’, Anne-Marie Magnan

2, Yoshinari Mikami ", Owen Daniel Miller ", Matthew Noy %, Vladimir Rajovie *™"", Marcel P-Well P-Well

Stanitzki ', Konstantin Stefanov ', Renato Turchetta "*, Mike Tyndel !, Enrico Giulio Villani ', Deep P-Well

Nigel Keith Watson *, John Allan Wilson * P-epitaxial layer

' Rutherford Appleton Laboratory, Science and Technology Facilities Council (STEC), Harwell

Science and Innovation Campus, Dideot, OX11 0QX, UK _
*  Department of Physics, Blackett Laboratory, Imperial College London, London, SW7 2AZ, UK P-substrate
* School of Physics and Astronomy, University of Birmingham, Birmingham, B15 2TT, UK in Sensors 2008 (8) 5336, DOI:10.3390/s8095336
New generation of CMOS sensors for scientific applications in TowerJazz CIS 180nm
TPAC DECAL PIMMS CHERWELL

ILC ECAL (CALICE) Calorimetry TOF mass spectroscopy  Calorimetry/Tracking

.............

= :
AR

-----------------------------------------------------

50 um pixel 50 um pixel 70 um pixel 48 um x 96um ixel 50um pixel, waferscale




ALPIDE

Zero-suppressed readout, no hits no digital power
G. Aglieriet al. NIM A 845 (2017) 583-587

NMOS PMOS
MO =" ELECTRODE MDA
PWELL Mﬂ PWELL | NWELL

DEEPPWELL DEEPPWELL

15 mm

DEPLETEDZONE

DEPLETION

P=EPITAXIAL LAYER BOUNDARY

130,000 pixels / cm? 27x29x25 um3
charge collection time <30ns (V. = -3V)
Max particle rate: 100 MHz/cm?
fake-hit rate: < 1 Hz/ cm?

power : =300 nW /pixel (<40mW/cm?2)

2 x 2 pixel
volume Artistic view of a
SEM picture of

ALPIDE cross section

A" Q. (MIP)=1300 e = V =40mV
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zero suppression

1024 pixel columns
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zero suppression
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Bias, Data Buffering, Interface

Pixel Layout

151

, 8-11 Jan 2019 4 pixels

wrl 08'9Z

Design team: G. Aglieri, C. Cavicchioli, Y. Degerli, C. Flouzat, D. Gajanana, C. Gao, F. Guilloux, S. Hristozkov, D. Kim, T. Kugathasan, A. Lattuca, S. Lee, M. Lupi, D. Marras, C.A. Marin Tobon, G.
Mazza, H. Mugnier, J. Rousset, G. Usai, A. Dorokhov, H. Pham, P.Yang, W.Snoeys (Institutes: CERN, INFN, CCNU, YONSEI, NIKHEF, IRFU, IPHC) and comparable team for test
1 MPW run and 5 engineering runs 2012-2016, production 2017-2018

ND




Basic ALPIDE signal processing and data management features i

Extremely high sensitivity Analogue delay memory Clockless priority encoding
Double column 0 Double Column 511

IRESET

PIX_IN VRESET — s — — " s
(mee. LI STATE| | STATE STATE|  |sTATE|
* ezopeel Ny~ 10%cm? ‘ . ?1%' B 4??2_ ?1%' B <ﬁ2_
N N, 108 e {7 oputsage vvuLsEc, : Pixel analog Front end o 3x ‘Multl event B 5 s -
— Ny~ 10% cm i 0% sTate g — E 1 o) — E ]
Spacing Not to scale ;""-‘" Ciule: = 2|12 > s12| = Z| 512 s 512X
Diameter Cur25F @ ,Bivhh CoﬂIII:Zr!\on : et i) Nusmcnqz E E
| sus | a [
Vi geetone V4§ 2 s e time Rt I o Ao o Ao
1 / our_n, 2 'E’ x ° E =
Av:Q/i: 1 l \ threshold B 2 3 2
t> 1005 , lsmose [ Periphery |
CIockT Control I Datal
Analog front-end and discriminator continuously active Front End Characteristics Igﬁj;rrl]onty Encoder sequentially provides the addresses of all hit pixels in a double
Non-linear and operating in weak |nve.r5|on. vitra-fow power: SLt i/ pisel Gain (small signal) [mV/e] 4 Combinatorial digital circuit steered by peripheral sequential circuits during readout of a frame
The front-end aCtS. a.S ar_]aIOg.ue qelay line ENC [e] 3.9 No free running clock over matrix. No activity if there are no hits
Test pulse charge injection circuitry Energy per hit: E,~= 100 pJ -> ~3 mW for nominal occupancy and readout rate
Global threshold for discrimination -> binary pulse OUT_D Threshold [e] 92+2 Buffering and distribution of global signals (STROBE, MEMSEL, PIXEL RESET)
Smart data management and Control GBT interface Sufficient adiation hardness with reverse bias -> NIEL ~ 3 -1031n,,/cm?
26u3] ONfbrg2 (7500 WPb2) 3% 3B1 LIRS/ KU 100 10t
rRU | , ST S,
! N ——— g 9% 6GeV/cn 10°@
C - ®
T B LR R \———
| 8x RU/ERU— . = Fake-hit Rate @ V;=-3V "} ¢ [
| | | | | | | | | 24x LINKS oo F +—  Non Iradfated 1078
CIOCK + COULO| + ILIBB6L c 94 . — Non lrraqiated . &
|12 IUUGL RILLEI INOANIE — A CUID2' 2WBLEQA CIOCK (N IAIHS) SUA COULLOI (N IAIDD2) IUAIAIGNS] 0SLS LEIAONL I1UE i) = E’ : @ TiD Irrad!ated, 206 krad 10%=
ITS Outer Barrel Module — 2 groups of chips, Master + 6 Slaves ; ——— 3 8 92— —=&—  TID Irradiated, 205 krad T
Only the Master interfaces to the external world and bridges control and data transfer i T - —a—  TID Irradiated, 462 krad L9
Clock + Control + Trgger QO 90— —%— TIDImadiated, 509 krad 10s
. - Clock, Coﬂmrol, Local I};rallel Data gzo Mbps) - " ﬂ]mm - r L E — m:gt 1;::13 }m:x :eq ; 223 100
= 88 [sensitivi Lj-mit”s_ S e g N
I- I -1 [20 Pixels masked 7(3(;_ 10"
I [ sl ,
L L n Il L L L n Il L L L L | L L L L 1 e 1 L s L I 102
T T T T T 1 100 200 300 400 & 500
‘ Clock, Control, Local Parallel Data (320 Mbps) Serial Out (400 Mbps) Threshold (e)

Clock + Control + Trigger I 3



ALPIDE usage at CERN and JINR (planned)

MPD - ITS NICA

ALPIDE - 2017-2018 e

Twin well 0.180 um CMOS (INMAPS)
§ 29 x 27 um pitch

§ 512x1024 pixels, 29 x 27 mm?

g2 oo § Integration time 6 ps (190 s )

5" § No reverse bias -> NIEL~ 3 -1013n,./cm?
§ Global shutter readout (TRO or SRO)

Beam pipe

MPD (planned!) SUPERPHENIX(under construction) CSES-LIMADOU (launched Dec 2024) BERGEN pCT (to commissioned 2025)

ECal —
SC Coil o P

/—Ploton beam

- {p—— tracking detectors:

Record paths of indwvidual
pratons with high precsion

Yoke ——_

of profons with high precision




R@D for increase of radation hardness and timing

Standard pixel design Modified with
NMOS PMOS nwell collection nwell collection 1 collect
= - e = - oS oS electrode NMOS PMOS ™ Glecirode
Co= el T il 0 - e
] i pwell well b 4 1 i u
doep pwell deep pwell - / Lo L pwell wel ! pwell nwell
Lk I B e - Ay S S deeppwell _____ AN
% 5 5 low dose n-type implant
3 ) 2
g g J depletion boundary E d depletion boundary
a depleted zone 4 &
iy 4 &
depletion boundary Sty ore) sotteczone

it is difficult to deplete the

epitaxial layer over its full width without bias with bias
~10% 1 MeV n,, /cm? ~ 101 MeV n,, /em? (180 nm) ~10% 1 MeV n,, /em? (65 nm) at room
tfemneratuire
100 ALICE ITS3 | 103 Corrected time residuals (ns)
L, s T S P —— doT67G/10 485507aTxiv.22 12108621 ~ | —04 -02 00 s i . a8 1.0
*o5 Measured at 7000 -
DPTS, Vo = -2.4 V t t NIM A (2024) 170034 | Entries: 43340
102 fopl room temperature 0 Time residuals
;\3 '_I'm —— Detection efficiency 6000 : [ Eﬁg?: -g;fﬁ z*:plsps
~ | -#- Fake-hit rate = i meangg 70 -2752 = 1 ps
o L10? T —— 25000 RMSgo7%: 87 %1 ps
o 2 —#— Non-irradiated 0 v 176 ps
g 2 —— 103 1MeV ngg cm~2 5 | 1777 Corrected time residuals
= | [0} 14 -2 o 4000 ! mean: 1+1ps
£ i 100 8 % 10M1MeVngem < B RMs: 76 3ps
- 15 -2 [J] meanggy%: 1+ 1ps
S H —#— 107 1MeV neg cm g 3000 RMSQ:.:;T 70 = 1 ps
5 ﬂ‘\ it e L 10-1 -q?) —f— 10 kGy ol ~ | FWHM: 148 ps
9] = - ian fi
9 ~ —§— 100 kGy 5 ! . . . . Gaussian fit
o ® g2000 | Pixel time resolution:| . "
e ITS3 Requirement L= —#— 10 KGy + 10%3 1MeV neg cm—2)) S ! 5
J = y \-----------------10-2 67 pS Fitrange: +30
- / 1000 = = Gaussian fit extrapolation
e - SIS H Lo esremetnt&x?y-ﬁ;r’ﬁi'tm Errors are statistical only
70 1073 ITS3 TDR requirement ol
y -3.2

-3.0 -2.8 -2.6 -2.4 -2.2 -2.0 -1.8

75 100 125 150 175 200 225 250 275 300 325 350 : :
Time residuals (ns)

Threshold (via Viasp) (€7)



Detection efficiency (%)

TPSCo 65 nm technology qualification — pixel prototype chips (selection)

1981
95
90
85
80-
75

70

Corrected time residuals (ns)
. 0.0 0.2

ALICE

7000 -0.4 -0.2 0.4 0.6 0.8 1.0
AL|CE ITS3 r103 ‘ ‘ ! ! . ‘ !
"""" o= dol.orG/10.48550/amav.22 12108621 NIM A (2024)170034 | Entrles:  “4a34D
e DPTS Vap =24V Measured at A\ [ Time residuals
- r1r room temperature 60004 RMG, 555321 T
N & — : * Z2ps
) N ' —#— Detection efficiency m IeRrGsaRs <2752 £ Jpa
101 T -4~ Fake-hit rate 250001 ?Wﬁi%?%: ‘i; Gipls ps
o P :
X + Hensimadiata (:l : L7277 Corrected time residuals
L 100 & | 10" 1MeV ngg cm~* 2 40001 | mean: 1+1ps
% ~#— 10 1MeV ng; cm™2 b  J RMS: 76 + 3 ps
= 15 -2 < \ meangg7%: 1+ 1ps
0 E Do == o
e . 1) . [ _ 5 ps
) % + 100 kGy E . . . . [ Gaussian fit
I I _ 183_Reﬂre£ant__ 10 2 = {{—#— 10 kGy + 10'* 1MeV neg cm—2)) g 20001 ‘ PIXG' tlme reSO|UtIOn T8 ﬁ?@
I a:
S N - . | Fit range: 30
Eﬁ meabUrement sensitivity limit 103 i 10001 67 pS = = Gaussian fit extrapolation
: : : : : : ‘ ‘ ‘ ‘ ‘ ‘ ITS3 TDR requirement T Errors are statistical only
75 100 125 150 175 200 225 250 275 300 325 350
) _ 0. > — 1
Threshold {via Veasp) (&7) 32 30 -28 -26 -24  -22 -20 -18
Time residuals (ns)
. Technology explored far beyond the requirements of ITS3 in terms of radiation hardness and time

resolution Promising also for future applications like ALICE 3 Vertex Detector and FCC-ee

* Various small scale prototypes with pixel matrices and ancillary circuitry

. Multi-Layer Reticle 1 (MLR-1): common effort by ALICE ITS3 and CERN EP R&D



A Large lon Collider Experiment

ALICE 3

ECAL
RICH

Absorber
Magnet

Muon chambers
FCT

TOF
Tracker

Vertex detector
ALICE 3

Today

ALICE? ALICE 2.1
LY 5 i 5t et s O S Y N B—

LHC LHC LHC LHC
LS5




ALICE 3:

ECAL
N Wagnet | — RICH Detector concept

Muon chambers
FCT

TOF

Tracker
Vertex detector

* Compact, low-mass all-silicon tracker
* Retractable vertex detector

* Excellent vertex reconstruction and PID capabilities
* Large acceptance

* Super conduction magnet system
* Continuous readout and online processing and cooling

Vertex detector: key characteristics

3 detection layers

Retractable: ro=5 mm

Material budget: 0.1% X0 / layer
Spatial resolution 2.5 um

main R & D challenges

10 pm pixel pitch

https://arxiv.org/pdf/2211.02491.pdf

Hit rate in the inner layer 100 MHz/mm?2for a 50 cm barrel
Tolerant to 10161 MeV neq/cm? + 300 Mrad
Light-weight in-vacuum mechanics and cooling

Specifications of tracker/vertex detector very similar/equivalent to those of FCCee, except at higher radiation levels.

Ideal as a stepping stone towards an FCCee detector.

See also MAPS for FCCee workshop
https://indico.cern.ch/event/1417976/timetable/



Enabling 4D tracking with planar silicon sensors up to the fluence of 2- 10'® n., /cm?

Maximum Fluence [cm™]

1E+19 ¢
F FCC-hh
1E+18 | %
L ,'
18417 1 HL-LHC .~
1E+16 | > 4
LHC .-
C ..’
1E+15 =
1E+14 f -
1£+13 | TEVATRON .-
1E+12 [ A aaaaul i il i aaaaul i aaaaul L3l
0,1 1 10 100 1000 10000

Concurrent Interactions

Wafer Good sensor
number

IHEP-IME 58
USTC-IME 9

~1,700
~200

Depth Particle
n™ electrode LGADs are n-in-p planar silicon sensors with internal
. 1 B moderate gain (20—30) controlled by the external bias
p* - layer (~*10'° atoms/cm?) L.
(Efielg = 300 kV/cm generated by gain implant)

p bulk (~ 10*? atoms/cm?) L. . . .
gain implant (p*-layer) obtained by the implantation of
arrantnr in a ronfinad vunliima iindarnaath tha nt+

. p+*e|ectr°de u\.\.\..t.lt.ul HI U CUITHTTTITICU VUG vlivCcinicacr i n
Electric field electrode
LGAD performance

» Timing ~ 30ps
» Tracking (TI-LGAD, RSD) ~ 10-20 um
> Radiation resistance up to fluence of ~3E15 n,,cm?

State of the art of silicon sensor performance in hadron colliders:
> Precise tracking down to ~ 10 um — 1 fC up to 2-:10*° n.,/cm?

» Precise timing down to ~ 30 ps

— 5fCupto 3-10% neq/cm2



~——— MPD ITS computer simulations predictions for open charm identification

HEP
EFiT, ) ) ) ) ] MPD - ITS N[ C A
10,8 GeV Bi+Bi: D' and D° reconstruction using KF with TPC-TOF PID
+ D0— K+ 7™
+ — +
—
D K+m*+m Particle Decay Channel ct (um)
M(nnK): signal+background(100M) M(nK): signal+background(100M)
x10° o T Do K-t (3.8%) 123
o B
I= - c 6505
3 R =3 L TPC + ITS-6-40 D+ K-t ot (g 5%) 312
31.65— M(D*)=1.867-0.001 GeV 3 B '
& LB (D) o S/\B+S=23
E 6(D*)=0.015+-0.001 GeV e40— S/B = 0.035 D K"K n* (5.2%) 150
1.6 B £=0.4%
- AL pK-n* (5.0%) 60
r5- o+ o] pRELMENRY s 2008 G
- S/VB1S =95 r o(D"=0.019+-0.003 GeV
1.5 si8=onf ] 620
- £=1.0% E H H
145 610:t ﬁ [ HU A U \_r WGDEDUDDE
Eﬁ = ] SR s E H H
1-4—_\ :_I_“\\_f_\Il!J\II|\III‘IIHH\\I'\\I\'II\I BOO_II\\|IIII|\\II|\\II‘\\II‘\III‘\I\\'II\\
17 175 18 185 19 195 2 205 21 17 175 18 185 19 195 2 205 21

M(rniK), GeV M(rK), GeV

N, = 19 000 mesons/month for D* Looking for a nedle in a haystack

N, =3 200 mesons/month for D°

Using the optimal BDT cut allows to reconstruct
D" and D° with an efficiency of 1.0% and 0.4%
respectively.

20



Development of module assembly capability at JINR - by 2022

MPD - ITS

Full technological transfer from ALICE to MPD

« Complete KnowHow

» Detector assembly and testing hardware/software Setup at JINR of the full detector assembly line from chips to detector layers
» Supervision and support from ALICE specialists

\

I§ Ultrasonic bonding Chips - FPC IH E HIC testing !

2



S

Equipment acquired from ALICE/CERN and elsewhere -1 TOA

Full technological transfer from ALICE to MPD

= \ p HD i /
= ) T

. CEATS
me tan\\m\ng\{ as

Carrier Plates

Visual inspection Station

MOSAIC boards Power boards

() Power Boards BoR to be produced Pull test station
Qualification and Endurance test boxes

22



Preparation for sensor Electronics
bench & in- beam tests ,

CERN-Equivalent DAQ boards and MAPS carrier-plates
Made in JINR

ypsorest &

35Fe spurce with Aluminum collimator

ALPIDE 2 Raw Hitmap
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NICA

Preparations for the in-beam tests MICA chip in 2023-2024;.;s

23



In-beam test with 1 GeV protons at PNPI in Gatchina w1 ATCA

Tests with 1 GeV proton beam in Gatchina Residuals
] oot 7 anas | 70000 e
60000; 5‘!':. -D..msn -l ﬂ.ﬂm;;m gggzg; Blﬂ:ﬂnl B’.m!g -l omlu;ﬂa
AN \ N .-~ 50000; 40000-
I HW\ AR 40000 g
TR | | 30000 30000
M 'l\lw \H i\ il 20000 SRt
DUT | \:l l“l ‘ll m WU T osso#s 10000? 1000
LI 1 i 0" 0.004 0002 0 0.002  0.004 0~ 5.004 0002 0  0.002 0004
| dX (cm) dY (cm)

Residual X/Y = 6.58 um / 6.52 um,;
Spatial resolution X/Y = 4.1:0.4 um /4.06 + 0.4 um;
Efficiency > 99 %
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The MPD ITS project and the s
ban of export of the ALPIDE chip to Russia

By 2021 we had been fighting for a year for receiving the already paid ALPIDE MAPS (~ 1.8 MCHF).

CERN agreed to create a non radiation-hard version: the ALTAI

by February

2022

&
+

ALTAI

We fought for another year trying to get the ALTAI chips...and failed

Highly prioritized tasks:

- Solve the microelectronic limitations (due to sanctions).

- Finish the mechanics on time for the commissioning of the MPD.

ALPIDE

I
I
I
I
I - Strengthen the international cooperation (specially with China).
I
I
I
I
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== Looking for the ways around the bans of “unfriendly countries”

MPD - ITS

Do nothing, waiting for the problem
to be resolved by itself or by someone. GOD CREATED

HE wokL0

Go to China and develop the required ASICs, produce them
and export them to Russia in large quantities.

Develop the chips in Russia to secure technological independence
and wide-range availability.

We propose to follow the last two options. One of them is already in motion. o



&= The China connections WD TS
S NICA

The long-term sustainable proposal

NICA-MPD/ITS Seminar on China-Russia Cooperation, Wuhan, 2023.06.15-16
= —————— gl

202
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Participants: JINR, CCNU, USTC, IHEP and IMP.

It was agreed: A joint development and construction of Monolithic Active Pixel
Sensors (MAPS) for fundamental and applied science experiments including
front-end electronics to make this technology freely accessible to China and
Russia.

Yu. A. Murin, C. Ceballos Sanchez for the MPD-ITS Collaboration, "Modern Microelectronics for MPD-ITS. Monolithic Active Pixel Sensors and Readout System", accepted
for publication in the 4th issue of Phys. Part. and Nucl. in 2024
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Summary MPW Pixel Technology Research

55 nm CIS
technolog

y

MPV (ADC 10(178e")
Value)

Case rate (per 4100
hour)

Pixel size 24ux24u

Courtesy of Prof. Xiangming Sun (CNNU)

180 nm 180 nm | 130 nm Bulk | 130 nm Bulk
High High
Voltage Voltage

technology | technolog
0V bias y
-9V bias

10 462¢) To be

tested
1440 To be

tested
30u x 30u

CMOS
process
Low
resistance
substrate

6.5

340

CMOS
process
High
resistance
substrate
0V bias

8.5

2760

40u x 40u

130 nm Bulk
CMOS
process
High
resistance
substrate
-9V bias

12

11700

28



Research on 180 nm High Voltage Process Pixel Chip—Chip Test

Pixel Array Testing Chip

Pixel Structure : Diode + SF
Pixel Size - 30 = 30 um
Array Size :  (4x4) =B
Chip Size : [a80um = [5a0um
PXL<0:7> - DIODE RESET
PXL<8:1a>: PMOS RESET

YVVVVVY

Courtesy of Prof. Xiangming Sun (CNNU)

Testing System
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Research on 130nm Bulk CMOS Process Pixel Chip——Chip Test

55Fe Energy Spectrum (High Resistance Substrate -9V Bias

Matrix Signal Distribution(thr=10 ADC) Seed Signal Distribution(thr=10 ADC)
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The signal of %°Fe source did not fully reach the sensing area, and no calibration peak was measured.
Courtesy of Prof. Xiangming Sun (CNNU)



Research on 130nm Bulk CMOS Process Pixel Chip——MIC6_V3

'/f‘ully functional MAPS chip MIC6_V3

/[T »  Process: 130 nm bulk CMOS
Pixel Arl‘a . Chip Size: 15mm x 30mm

> Pixel Array: 0l2 < 1024

1.5¢cm

> Pixel Size: S0.08 pm = 26.8 pm

»  Peaking Time: < lus
-:-—-mas,neadou Contro]_ » Integral Time: a-10 us

™ Mot |+ Parallel Data Port: B0 MHz /0 CMOS 3.3V
ﬁm"'—”u% > High Speed Serial Data Port: 1.1 Gb/s, 8BI0B encoding
HEqEqE > [onfiguration Interface: SPI
(oo | “cm g%gggg A A > TYVEI Reqduut Modes: trigger mudg and nuntiquuys mude
1 e | =la R;fa,| [i‘l:’| : SII‘IQ|I.3 |JIXI.3| can be masked; Pixel includes built-in testing
R S s functionality
e R e »  /ero Compression Readout

Module Data Management
4
I 8b/10b I
3 Serial Out Port

Serial Data Transmission

[ oot [ ——>

Courtesy of Prof. Xiangming Sun (CNNU)




Research on 130nm Bulk CMOS Process Pixel Chip——MICé6 V3

MICE V3 Water photo MICE V3 Test Platform

Courtesy of Prof. Xiangming Sun (CNNU)



On possibility of ALPIDE-like chip manufacturing in Russia

MPD - ITS

“’Ecnu paHbwe nepedosbie mexHoa02uu MOXHO 6bis10 Kynume 3a pybexcom, mo ce2co0HsA neped Poccueli cmoum 3a0a4ya obpemeHus
Hay4HO-mexHosno2u4yeckoli Hezasucumocmu. M 30ec Mol 00axCHbI paccyumeoieame Ha ceou cunel.” I''A. KpacHuxoe, 2024

Complexity of the task is not only in technical but mostly organizational challenge to

O Identify and coordinate the potential consumers of a chip to prevent duplication of developing
chips with the same functionality (a typical error of the former years)

O Establish working cooperation between consumers, designers and foundries

O Guarantee the future usage of new technology by adding new courses to the existing
educational programs for training young researchers and engineers

O Gain support from the country top medical experts to the application for financing the
pCT demonstrator project as additional source of funding of the project

RAS seems to be the best choice as a coordinator for pursuing these goals!33



The pCT demonstrator based on ALPIDE-like chip?

Current state

* Planning with x-rays, treating with protons
e X-ray attenuation is not directly related to proton RSP
e Errorsin planning decrease advantages of proton therapy

e Currently WET errors up to 5%

Gordon Isaacs — first patient to
be treated in USA in 1957...

100 —
90 —
80 —
70—
< 60—
=
@ 50—
-]
(=] 40—
30—

Proton Beam

Bragg Peak

20—
10—

Tumor

10
Depth in tissue (cm)

15

Proton Imaging

Same particle source for imaging and treatment

Image metallic implants without artifacts

Capable of daily range checks and patient alignment:

From 10 to100 x lower dose to the patient compared to x-

ray

- Verify Anatomical changes before every fraction

Significant reduction of uncertainty margin (WET errors below

1%) enables accurate treatment delivery
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Conclusions and the outlook

MPD - ITS

O The increasing use of custom-designed VLSI microelectronics in HEP experiments is
fundamentally changing the way of constructing experimental setups allowing for getting
much more data, containing much more information, in less time.

O Unfortunately, at present and at any foreseen future this modern technology (ASICs) is
and will be denied to reach Russia.

O Such a situation in fact dooms the Russian megaprojects to use 20-years-old outdated
technical solutions that jeopardize the achievement of the goals they were created for. This
brings the necessity to develop such technology in homeland.

O The ALPIDE-like Monolithic Active Pixel Sensor seems to be a good choice to start with
due to its perspective of use both in fundamental science and medical application.

RAS seems to be the best choice to act as the coordinator of the project pursuing these goals!

THANK YOU |
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