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OUTLINE

MPD - ITS (NICA)

- Cooperation background
- Gurrent work

- Future collaboration
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MPD-ITS Collaboration MPD-1TS "N IC A

CERN supervision

JINR CCNU

- Components distribution

‘- HIC assembly (33%) - HIC Assembly (66%) ‘
|- Stave assembly [(33%) - Stave assembly (66%) |
|- Simulations [50%) - Simulations [50%) |
- Integration Mech. & Cooling (100%] - Read-out electronics Devel. (100%)]
- DCS (100%)]) - Read-out electronics Prod. (100%

00% 00%
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The MAPS chip

MPD - ITS

Towerdazz 0.18 um CMOS pixel sensor

» High-resistivity [> 1kQ) cm] p-type epitaxial layer (20um - 40um thick) on p-type substrate.
» Small n-well diode (2-3 um diameter), ~100 times smaller than pixel => low capacitance.

» Deep PWELL shields NWELL of PMOS transistors, allowing for full CMOS circuitry within active area.

012 x 1024 pixels flexd _
R T— 2x7 sensors »-ge '
] L] ] ool el B B / ~ CO\d \a
—

Y,

NWELL NMOS PMOS | | /,'4‘/,/:‘
DIODE TRANSISTOR TRANSISTOR j p (/“ "
L PWELL J L ‘ J L PWELL NWELL y — . . ¢ : [ ~2g~)
N ) pl DR Sensor architecture
.: \\\\ 4 T e == oS
': e /B : Size: 19mm x 30mm
| e fC. ) Pixel pitch: 28dm x 281um
Epitaxial Layer P- R g Power consumption: 39mW /cmz |
Dead area 1.7mm x 30mm / 42 Staves

1 3 :
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MPD-ITS Collaboration

NICA}CAINA

Chinese Group Members

Xiangming Sun

Le Xiao
Yunpeng Lu

CCNU:

Pixel,

Readout architecture,
Integration,

Stitching

Chip test,

Thinning

IHEP:

Diode,
Front-end

IMP:

Peripheral digital
readout and control

Lei Zhao

USTC:

Scheme design of
Readout Unit (RU),
Hardware design of RU,
Firmware design of RU,
RU Test,

Scheme design of
Power Unit (PU),
Hardware design of PU,
PU Test,

Demo circuits design
based on NICA-ROC &
NICA-GBT,

Demo test

Di Guo

CCNU:

NICA_GBT ASIC
NICA_LD ASIC

NICA_TIA ASIC

Optical module
development;

USTC:
NICA_ROC ASIC

Yaping Wang
Chengxin Zhao

CCNU:

R&D on OB HIC and
stave assembly and test
Production of OB HIC
and stave assembly

IMP:

R&D on OB HIC and
stave assembly and test
Production of OB HIC
and stave assembly

USTC:
OB HIC and stave test

Jiansong Wang

HZU:

ITS simulation,
Vertex resolution,
A reconstruction,
DO reconstruction,
Physical research
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PD-ITS Readout electronics coordination meeting

Friday 18 Dec 2020, 12:00 = 14:00 Europe/Moscow
-~ Webcast (JINR)

MPD - ITS
Description Note: Meeting start time is Friday, Dec. 18, 04h00 (Havana) / 12h00 (Moscow) / 17h00 (Beijing).
Zoom link: Click here

Meeting ID

Passcode:

@ There are minutes attached to this event. Show them

- f-jVIPD-ITS meeting for resuming Russia-China collaboration

Friday 25 Sep 2020, 09:00 — 10:05 Europe/Moscow
—." Webcast (LBNL)

PR -~ 12:15 About MPD-ITS radiation environment. ®15m

Speaker: Yuri Murin

Description Note: Meeting start time is Friday, Sept. 25, 9:00am Moscow / 14:00pm Beijing / 23:00pm (Thursday, Sept. 24) San Fransisco.
[® Murinds

Zoom: https://Ibnl.zoom.us/j/7515309921 Y | urinasemenova.

Meeting ID: 751 530 9921

Passcode: 0604

onics coordination meeting

Monday 8 Feb 2021, 16:00 = 18:00 Europe/Moscow
" Webcast (JINR)

IEZEEl - 1235 R&D for MPD-ITSRU
Speaker: LEI ZHAO versit

m —10:05 MPD-ITS Collaboration Status
Convener: Prof. Nu Xu

Discussion on Rea

.nt\\,_' nd Meeting on China-Russia MPD IT System

Current Status of the NICA project

Description Note: Meeting start time is Monday, Feb. 8, 08h00 (Havana) / 14h00 (CEST) / 16h00 (Moscow) / 21h00 (Beijing).
Speaker: Dr Yuri Murin (JIN

AT, 16 Oct 2020, 18:00 = 17 Oct 2020, 23:55 Europe/Moscow
Webcast (LBNL) m -+ 12:55 Test bench proposal for the readout of MPD-ITS.
7 'ebcas

Speaker: Raul Arteche Diaz

Zoom link: Click here
& MPD-TS_China_25

Description Note: Meeting start time is Friday, Oct. 16, 08h00 San Fransisco / 17h00 CET / 18h00 Moscow / 23h00 Beijing. Meeting ID: 684 5796 9651

Passcode: 137401 MPD-ITS Workgroup meeting 2021.06.17 - Special Readout Edition
[&# Thursday 17 Jun 2021, 10:00 = 12:00 Europe/Moscow

Q@ Bld. 216 (Room 120 & Webcast)

& Yuri Murin

MPD-ITS current status

Speaker: Dr Cesar Ceballos Sanchez (JINR|

(The Agenda's timetable is in Moscow time) |} MPD-ITS Test Benc.

Zoom: Click here

[% There are minutes att

B MPDITS_Currentst

Show them. m -+ 1310 A.0.B.
Speakers: Aleksie Sheremetev {institute for Nuclear RGN — 16:15  Readout Electronics Design for ITS of MPD in NICA
Dmitrii Dementev (JINR LHEP) , LEI ZHAO versity of Sei Speaker: LEI ZHAO versity of Science and hr jy of China)

versity(CCNU)) , Raul Arteche Diaz (CEADEN) , Xiangmll
, Yuri Murin

MPD-ITS Structure and Management
Speaker: Dr Yuri Murin

StructureAndMana FRIDAY, 16 OCTOBER

; Readout Electronic

LK — 21:00 Technical Reports

Convener: Prof. Nu Xu

PLAC - Capabilities for Vertex Detector

Description Note: The starting time of the meeting is 9h00 (Moscow)/14h00 (Beijing)/8h00 (Geneva)/00h00 (San Francisco)
Speaker: Dr Yaping Wang

LCHEW — 1630 Test bench proposal for MPD-ITS readout

A _B_B B @

(Please try to use a headphones/microphone set to avoid undesired noise)
(8 ITs_iscussion_YP. ¢l MPD-ITS read-outp 18:00 Answers to Yaping's questions from last meeting ®5m Speaker: Raul Arteche Diaz )
Speaker: Dr Yuri Murin Zoom link: Click here
MPD-ITS read-out plan o [S MPD-ITS_Test_Ben
A Question from Yapi. . . . ™ - _Ber i
PD-ITS General Coordination meeting Passcode; 311162
'] !:H Working groups: Org Chart and Milestones
Speaker: Prof. Xiangming Sun (CCN T Thursday 18 Feb 2021, 18:00 = 20:00 Europe/Moscow LK — 16:45 A.0.B.
3 comectionpptx [ NICA Working Groua Nu X | China Normal N Speakers: Aleksie Sheremetev (Joint Institute for } QLI — 11:20  Readout Electronics Status
= = 3 U XU (Central China Normal University(CCNU)) Dmitrii Dementev (JINR LHEP) , LEI ZHAO
o ver , Raul Arteche Diaz m Readout Electronics Design for ITS of MPD in NICA 15m
EEEE  waPs for lnner Layers Description Start time: 7h00 (Berkeley) / 16h00 (CEST) / 18:00 (Moscow) / 23h00 (Beijing) : ' SReSly O15m
Speaker: Le Xiao » Yuri Murin Speaker: LEI ZHAO nce and Techr f
(3 1 Inner Lay Zoom link: Click here ‘
) UG T (8 Readout Electronic
Passcode: 0604 H H H
IR Resdout Electronics Desig or TS of MeD S PD-ITS General Coordination meeting
Speaker: LEI ZHAO (University o Science and TeS EEEE  updates on NICA_GBTX/LD/TIA ASICs developments ®15m
' . Thursday 24 Jun 2021, 09:00 = 10:25 Europe/Moscow Soaaker:DBuo{Central Chinaiiiom o
ASIC R&D in NICA Readout Electronics KM — 19:00 Round Table: ALPIDE(-like) chips for MPD-ITS peaker. uo (Central C Norma
Speaker: Di Guo Speakers: Cesar Ceballos Sanchez (JINR) , Luciano Musal « Nu Xu (Central China Normal University(CCNU)) B Upstaes on NICA_
[ AsicReDinNICA : -
Description
- NICA_ROC ASIC Design Progress 015
HIC-Stave Assombly and Teats Note: The starting time of the meeting is 9h00 (Moscow)/14h00 (Beijing)/8h00 (Geneva)/23h0023June (San Francisco) m A 9 9 O15m
Speaker: Yaping Wang Speaker: Jiajun Qin (University of Science
[® Hic_Stave_Assemb. Zoom link: https://lbnl.zoom.us/j/7515309921 // Passcode: 0604. _]
] NICA_ROC design.
PARLM — 22:00 Round Table
Convener: Dr Yuri Murin m Test RU based on GBTxEmu board ®15m
PARGN  Detailed info on Budget, MPD-ITS readout design, timeline d to this event. Show them MPD'ITS Genel’a| Coordination meeting Speaker: Raul Arteche Diaz
: s : ' (8 MPD-ITS RU-GBTXE.
PD-ITS General Coordination meeting ../ Thursday4Aug2022,10:00 — 11:40 Europe/Moscow
LN —~ 09:15  Status of the ALTAI chip ¥
Wednesday 26 Jan 2022, 09:00 = 10:00 Europe/Moscow ShashueeAnkonts DIk Room 120 (JINR-LHEP Build. 216) BEETN  The concept design of power supply system for MPD ITS ®15m
 Nu Xu (Central China Normal University(CCNU)) e r—— Yuri Murin Speaker: Aleksie Sheremetev (Joint Institute for Nuclear Resear
Description [® 3403.0100.pdf [®) 3403.0200.pdf [&) Fischer_Connector.. [ HDR-202156-XX-28.. [& HDR-202157-XX-28
Description
Gabll — 09:30 Status of the MPD ITS mechanics Note: The starting time of the meeting is 10h00 (Moscow) / 15h00 (Beijing) (9 HOR203194xx28.. [8) Samtec UECSpdf [5) The concept desig
Note: The starting time of the meeting is 7h00 (Geneva) / 9h00 (Moscow) / 14h00 (Beijing) / 22h00[25-Jan] (San Francisco) Speaker: Yuri Murin . 9 9 Jing

Zoom link: https://lbnl.zoom.us/j/7515309921 Zoom link: Click here

Fasscode sz MPD-ITS General Coordination meeting s

Thursday 29 Sep 2022, 10:00 — 11:00 Europe/Moscow
Room 215 - Conference room (JINR-LHEP Build. 215)

Murin-24.06.2021...

®

Passcode: 0604

SRl — 09:50 Status of the design of the MPD ITS readout electronics
Speaker: LEI ZHAO

Readout Electronic... Upstaes on NICA_.. R [<1 8 — 10:40 Current status of the ALTAI chips production riMGRn
(PR — 09:05 Update on ALTAI chips production status Speaker: Cesar Ceballos Sanchez (JINR

Speaker: Yuri Murin e PD-ITS General Coordination meeting B avmmeiieon Description
m r T Friday 22 Apr 2022, 09:00 = 10:00 Europe/Moscow Note: The starting time of the meeting is 10h00 (Moscow) / 15h00 (Beijing)
- 09:25 Milestones for 2022 X
) Nu Xu (Central China Normal University(CCNU)) (T — 10:50 Current Status of the MPD-ITS Mechanics Zoom link: Click here
* Russianside Speaker: Yuri Murin (JIN
= Chinese side Description - Passcode: 102977
) MurindChina-04.07.
Speakers: LEI ZHAO (University of Science and Technology of China), Xiangming Sun (Central China Normal University) , Yuri Murin (JINKS Note: The starting time of the meeting is 9h00 (Moscow) / 14h00 (Beijing) / 23h00[21-Apr] (San Francisco)
IB sensor design, 0. [&) MilestonesMPD-T.. [ Readout Electronic Zoom link: https://cern.zoom.us/j/8444033669?pwd=bnJ4Q2ZvOFFQAWhsb1hTUGK3d002UT09 JEIET - 1100 Current Status of Electronics (Russian Side) @ Thare are minites aftachad i this évent: Show hem
Speaker: Raul Arteche Diaz (JINR
o . X Passcode: 0329
m - 09:35 Updates on the organization of the ALTAI mini-Workshop (Murin) () MPDTS_2022.08
Speaker: Yuri Murin (JINR = S A[XM — 10:10 Current Status of the Work (Russia Side) ®10m
Speakers: Cesar Ceballos Sanchez (JINR), Yuri Murin
YTl - 0045 AOB LKl — 11:30 Current Status of the Work (China Side)
N ' Seaker Al (LRl — 09:20 Assessment of the current situation of the MPD-ITS project and future steps. Speakers: DI Guo na Norm rsity) , LENE 8 20220929 MPD-T...
eaker: 1
P Speaker: Yuri Murin Normal U ty) , Yaping WANG (Central China Normall
([N — 10:30 Current Status of the Work (China Side) ®20m
[EZ0 — 09:40 Discussion on the "Joint proposal for applications”. m ~11:40 AOB Speakers: DI Guo (C . sity) , LEI ZHAO (University of ¢ d Technology of China) , Xiangming Sun
Speakers: Yaping WANG (Centr na Normal University) , Yuri Murin Speaker: All Normal y) , Yaping WANG ) Normal University
(LR — 09:50 AOB (=<1l — 10:40 Discussion on import/export of components between Russia and China ®10m

Speaker: All Speaker: Ekaterina Tsapulina

(X1 — 10:50 Discussion on the possibility for the participation of JINR on the development and production of the Chinese version of MAPS ®10m
Speaker: Yuri Murin

(M — 11:.00 AOB ®10m
Speaker: All
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Readout electronics Design/Production

MPD - ITS

MPD-ITS RU design solutions.

FPGA-based ASIC-based
____________________________________ . free ASICS
SEU Flash Flash ! ] ! | | Sanct|0ns fre s
Prot. [ FPGA [¥| Mem. | | Clock || Power | . Power s
| I 1 | | |
i Lo - ' Link 0~6 Data |_4> NICAROC Lo |
____________ Clock 1# NICA-GBTx Optic GBT link (Control)
i E FPGA (Xilinx UltraScale ) Conlig 41— 14 Transcever GBT link (Data)
| | | GBT link 3.2 Gbps 3.2Gbps
contro ! ! — Optic (Upstream: Data, ch1-10; Link 7~13 Data [~
S ) ::> NICA-ROC
clock i E ALPIDE core || Transceiver [€] Downstream: Trigger from Clock « 24
! ! . Trigger unit) Control < > Opti
< I ! i . NICA-GBT ptic .
| In!:erf?ce | Interface Logic aot | [ [ optic 1 | | curink(Data, ch11-20) R GBIyl OPte GBT link (Data)
. Circuits | core Jransceiver 3.2Gbps
28X 0.4Gbps (8b10b)> ! ! 3.2 Gbps Link 1420 Dat E:>
. | i GBT Opti . ink 14~20 Data NICA-ROC
copper links i | o | Transpc:iver «—+—> GBT link (Data, ch21-28 + DCS) Clock "
| '| | Central Control Logic 3:2 Gbps Control ¢f— . GBT link (Trigger)
i E Link 20~27 | Ranadill PN IRELLL eSS
L] l , : 34 Transceiver | GBT link (Data)
Link 21~27 Data E NICA-ROC 3.26bp$
Clock an
. Control «<—»
Readout Unit (RU :
(RU) Readout Unit (RU)

> NICA_ROC: Concentrates the output data of front-end MAPS chips and transfer the packaged data to the following NICA_GBTx ASIC. It also receives control commands,
clocks, and trigger signals from the backend and distributes them to ALPIDE chips.
> NICA_GBTx: A high-speed bidirectional data interface ASIC for optical links.
* [t receives multichannel data from the front-end [NICA_ROC], performs scrambling, encoding, frame building and serializing as the main function for the up-link direction.

* It receives high-speed serial data from the back-end, performs CDR [Clock and Data Recovery), deserializing, decoding and distributing to the front-end as the main function
for the down-link direction.
> NICA_LD (Laser Driver) and NICA_TIA [(Transimpedance Amplifier): Are two analog ASICs that would be integrated together with the laser and PD (Pin Diode] in the
customized optical transceiver module.

* NICA_LD receives the high-speed up-link serial data from NICA_GBTx and amplifies the signal to driver the laser.
* NICA_TIA receives the down-link serial signal from the pin diode, and amplifies the signal to NICA_GBTX, so that the data can be furthered processed in NICA_GBTx.
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Readout electronics Design/Production VIPD . TS

MPD-ITS RU design solutions.
FPGA-based ASIC-based

‘
S

[

199 | |
) 98 | Power |
........ . o A
ol I : " 1. NICA-ROC
N T, ‘ 14 Optic GBT link (Control)
= . <> . ,
E . Transceiver | GBT link (Data)
L 3.2Gbps
- * ]
..... i g NICA-ROC
Y Ea Jl 2#
=t : NICA-GBT: Optic .
Link 10~19 b, X > Transceiver GBT link (Data)
Readout Board v1 3.2Gbps
o sl x;s]p - NICA-ROC
- : e i | 3#
Be=g ~
i —_— ] i .
: —— - i N i GBT link (Trigger
_ L Link 20~27 | Rt Optic ks (Mrigges)
P =K ‘&3 3# Transceiver GBT link (Data)
l = - NICA-ROC 3.2Gbps
P = U 44

Readout Unit (RU)

//-_ = : N\ ¥
_____ b ——— AR SEN OSCOPE

" H
g i -

-------

[ Lo o -

Readout Board v1

2 x QSFP

—

NICA-ROC
Test Board
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Readout electronics Design/Production - ASIC_based

NICA_GBT, NICA_ROC, NICA_LD/Rx ASIC and customized Optical Module

— 7

First chips already under test

NICA_ROC

+«—— D-Link Pow@

<«— D-Link

Clock Phase
Control

— Decode | De-serializer] CDR

Encode
Scramble

PLL
Ref CLK

Phase
Control

Serializer

I12C Configuration

NICA_TIA

*
}

NICA_LD

Optical Module

NICA_GBT_v1

Overall layout

NICA_LD & NICA_TIA

' NICA_LD and NICA_TIA designs are co

erification

MPD - ITS NICA

The second MPW run for the NICA_LD and NICA_Rx together with
NICA_GBTx is scheduled for October 16th, 2022 based on SMIC 55nm
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Readout electronics Design/Production - FPGA_based

MPD - ITS NICA

The RU firmware is being jointly developed by T. Yao (USTC) and R. Arteche (JINR)

AR | HEP )

-
S Internet ReadoutBoardvl
e s
Scrub control
. Arteche Is remotely testing the firmware of the Auxiliary Flash FPGA that will be ]| SelectMap
responsible of the booting, scrubbing, monitor and control of the main FPGA. ~ 2l 12 GPIOS Flash DATA
| , - _ _ _ e ————————— FPGA ol m Flash Flash
i | FPGA flash contro  MEMOry
e R
JITAG VITAG
Swiéhes
& buttons
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Production of 7 Sets of Breakout and Filters Boards wo-ms (TCA
NICA

A..Z'.y" o Q

-~ RTIT
= LILLLLL
= L LLLLL

D EN - -------“

:: I
. PB I
Computer [2ntor controll meomny S| _power, bias &3] Filter . Stave L}
:: | power cable [@| Board—p—— I

r Y F 3 |l

Main [power, sense bias, sense| Bjas
Power | | Supply
i_(__ —_ I — __ __ — . e :_; ______ R — D ’)—'
' Four Set of Break Out Boards and Filter Boards will be exported to China
?IIIIIIIO ?IHHH\
LLLLLLL LLLLLLL LLLLLLL
LLLLLLL! LLLLLLL LLLLLLL : 'ball
TILIEIL TILITIT TITITIL T TALRLRER
R LRI 1R 1RI TRITT
il il LU i ! 1 I
o o O o8 O 08 o o G
(LTI TR T sEmiEEs | EEEEEEE | DNRREER | gppmams
HHHE: SHH - D HHH i TS SR SR EITmT : :
FHAHE 38 B S HEHEE S R R R RS, From Russia with Love

T SCUUTE ST e M

14 lJ Il

Sgganam

*
sj
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The MAPS chip

MPD- ™S (NICA

Technique scheme - MAPS VS Hybrid pixel detector LED.
- \‘::"«... N‘:
= =N . Hybrid pixel detector:
" / o /4 » The sensor and readout electronics are
: gt combined by flip chip bonding
=
B =/ » Fast readout rate
, | » Strong radiation resistance
E z Gotector » Large input capacitance
\_*"_J » High mass
» High cost
""""""""""""""""""""""""""""""""""""" Charged particle
Collection Collecti MAPS: .
oliection . . Exploring the Hubble tension : SR
i Fe > The sensor and readout circuit are Acp,.iwﬁ‘,f'c',,:,a'::lcha,,ge -
integrated on the same silicon chip i e

A . . .
A % » Small input capacitance->Achieve low

power consumption p e .
> Low mass g First-ever full MAPS detector (10 m?2)

» Low cost

.........

......

-----
.......

P-epitaxial Layer Sl T b AN

------
,,,,,

p-substrate S 2 1. ALICEATS (LHC, CERN])
Le Xiao [CCNU]

- I — - — —_— 2. sPHENIX-MVTX (RHIC, BNL)

‘ MAPS based tracker technology Is foreseen to become the new standar'd for \I
' fundamental and applled r'esearch

e S . I

3. MPD-ITS (NICA, JINR])
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The MAPS chip

MPD - ITS

Monolithic Active Pixel Sensors

MPD-ITS Outer Barrel

syul| g s1eyng ejep ‘o1boj 1O
1nauy |eseydusd

Reticle
ol el
Il [l |
———————— Pixel Matrix --------

== |--------—--
oooo;

MPD-ITS Inner Barrel

Side Power

Periphery e Modular design of reticle

SHILLINSNVHL
V1iva AHON3N
V1va ‘“Ova 1¥10 ‘avd

~10 mm
EoC Bus Extensions

Stitching

?

llI
: Ill :

vy

L R ||||
III|
¢

- - llll- [-

Large-area MAPS (14 cmm x 3.6 cm/ /.5 cm/39.4 cm)]
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The Chinese version of MAPS MPD - ITS

MPD-ITS Inner Barrel

Already undergoing R&D as First MPW on a 535 nm CIS process ~ The wafers may be delivered in December 2022.
part of the MPD-ITS project

*CMOQOS Process: 95 nm CIS, stitching, 4
metal layers , support N-WELL., P-WELL.,
Deep N-WELL., Deep P-WELL.

eDie size: Bm x 5mm

ww g

*Including 10 kinds of chips:
EEER] e : readout architecture chip, diode and pixel test
M . =5 S 1 chip, PLL, Serilizer, DAC, LDO, ADC, etc..

HERAANANRRELLRARARAREEA
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The Chinese version of MAPS MPD - ITS
Monolithic Active Pixel Sensors

A new project proposal was born!
19000 chips should | Discussion on the possibility for the participation of JINR on the _ _ _
MPD-ITS Outer Barrel |arrive from CERN development and production of the Chinese version of MAPS Chinese ALPIDE-like MAPS version
* Development time ~ 2 years.

S a\\‘. e I y 11 Oct 2022, 10:00 — 11:00 Europe/Moscow
d ‘\-\a‘ \ " Room 215 - Conference room (JINR-LHEP Build. 215)
M i e Russian contribution (Initially):
Description . .
g > Financial support

Note: The starting time of the meeting is 10h00 (Moscow) / 15h00 (Beijing)

Zoom ink: Clck here > Providing beam test capabillities.
Passcode: 102977 a0
et

eod OV
| | . \T,e
@ There are minutes attached to this event. Show them. “\\m
gtV
- 11:00 Round Table \pcces
Speakers: All, Xiangming Sun (Central China Normal University)

MPD-ITS_ChinaCol..  [z¢] Participation of JIN..

Already undergoing R&D as First MPW on a 35 nm CIS process The wafers may be delivered in December 2022.

part of the MPD-ITS project
*CMOQOS Process: 95 nm CIS, stitching, 4

metal layers , support N-WELL., P-WELL.,
Deep N-WELL., Deep P-WELL.

i mer |
S5 N R SR S S o
CEL] LU n B

eDie size: Bm x 5mm

AN

ww g

*Including 10 kinds of chips:
readout architecture chip, diode and pixel test
chip, PLL, Serilizer, DAC, LDO, ADC, etc..
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Joint Research Proposal

RSF-NSFC Cooperation: Possibility for Joint Russian-Chinese
Project Proposals

2023-2025 Joint Project Description Template

A complete proposal in this competition consists of the joint project description
(following this document) and the specific documents, necessary for both funding
organizations respectively (for Chinese Scientists — following the NSFC rules, for
Russian scientists — following the RSF competition documentation).

The proposal must be written in English. There is a strict limit of 20 pages for the
joint project description (font size: 11 or 12, line spacing: 1.15). Applicants are
obliged to ensure that the project description contains sufficient information for

evaluation.
Core data

Title of the Research Project

Title in English: Fast data processing through real-time Al for NICA/MPD and
future EicC detectors
Title in Russian: BeicTpasi cuctema 00padoTku JaHHBIX Ha ocHOBe U B pexxume

peanbHOro Bpemenu ajsa MPD u Oynymmx 3xcnepumenToB Ha EicC

Title in Mandarin: SZFHF NICA/MPD FIR K EicC M 2% XLk N TR g8
BB S b 2

Project Partners

Name and affiliation of the Chinese Principal Investigator

Name (in both English and Mandarin), title: F=IZ~F, Yaping Wang, Professor
Host Institution: Central China Normal University (CCNU)

Contact telephone number and E-Mail address: 86-13697332703,

wangyaping@mail.ccnu.edu.cn

Name and affiliation of the Russian Principal Investigator

Name (including Patronymic name), title: César Ceballos Sanchez, Staff Scientist
Host institution: Joint Institute for Nuclear Research (JINR)

Contact telephone number and E-Mail address: +7 9261486684, ceballos@jinr.ru

NICA}CAINA

Motivation: Current and future major HEP experiments would face the challenge on how to deal with the large
volume of raw data [ > Tb/s]) generated from sophisticated state-of-the-art detectors in high rate collisions.

Basis: most heavy flavour physics measurements can be performed solely based on tracking.

NICA Example:

- NICA can deliver proton beams at interaction rate around 4 MHz .
- The triggered readout rate of MPD is limited to 5 kHz by TPC readout.
- The MPD is limited to collect less than 1% of the total p+p (and p+Au] rate when using triggered readout

Proposed solution: To develop real-time artificial intelligence (Al) technologies implemented in the detector
readout electronics loop that address these challenges [Selective Streaming Readout).

Al decisions
to TPC

K

Raw hits via
optical links

MPD IT RUs O,
(Si Pixels) - M L Common Readout uni

Al-trained FPGA, will identify tracks from heavy quark decays
that are pointing away from the nominal beam center to

trigger the readout of the much slower TPC detector.
'—f

Goal: To design and test a system for the MPD experiment to demonstrate the feasibility and performance,
and later apply it to the EicC experiments.
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Summar
y There is a mutual interest on getting access to MPD-1TS NICA

sanctions-free state-of-the-art microelectronics.

> The MPD-ITS project offers the opportunity to strength the collaboration with Chinese top-level scientific institutions (CCNU, HZU, IHEP, IMP, USTC).
> The current and future collaborations on microelectronics development and production will make available to Russia sanctions-free cutting-edge technologies.
> A special role is played by the joint development and production of Monolithic Active Pixel Sensors [MAPS] to be used on:

> Current and future HEP experiments.

> Other possible applications.

> Current and future enrolments on the collaboration with China:

> Production of the Inner Tracking System of the MPD (Electronics, Mechanics, Assembly).
> Developing and production of FPGA-based GBTx emulator readout units.

> Developing and production of full ASIC-based readout units.

0
> Developing and production of ALPIDE-like MAPS and large-area sensors.
0

> Developing and production of an Al fast data-processing smart trigger system ITS-TPC.
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MPD - ITS

It will be very difficult to Implement serious and large-scale collaboration with China unless the current trading procedure

won't be revised and restructure.

General paperwork procedure

Latest Updates to the procedure are in blue

Approval should be followed within JINR internal electronic

STEP 1 (JINR and
CCNU).

Define and fagree on the STEP 2 (JINR and
set of equipment and
the timeline CCNU). ,
Elaborate and confirm

the
basis document

Collaboration Addendum
Contract or

Implementation
Agreement or

document management system =» duration is increased

STEP 4 (JINR from Chamber

of Commerce and Industry).

Prepare new set of documents to
request and receive the certificate

of origin for the Customs in Russia

STEP 3 (JINR).

Prepare the

documents for the
Export Control Group

Technical H ervice note
passports document

v

document

Certified copies and
translations of the basis

STEP (JINR).
Export Control Group
requests permission

from the Customs in

Russia (using docs from
steps 2,3 ) STEP (JINR and

CCNU).

Start planning and
arranging of the

shipment
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MPD - ITS

Pa3sfenuTenbHble 40CKM Groka NUTaHus “ ‘

From Russia with Love...a ¢ 6onblinm TepneHnem

BHyTpeHHMe pasaenuTenbHble JOCKN

[TTITTT
HHI

£ B
i | - Task Status | Timeline

AL n"ATA¢"bTPA - ﬁé" . Purchasing the components, elaboration of design and production of the  completed Ready by 07.2022
% '. 'f},[“ T i i et set of boards by JINR
L 2 Elaboration and approval of the Basis document [Addendum Ne2 to completed e started on 04.07.2022,
MoU_NICA_Wuhan] by both parties (JINR and CCNU] within JINR  completed on 08.08.2022
internal electronic document management system
3 Elaboration and approval of the set of documents (technical passport, completed e started on 04.07.2022,
service note documents, certified translation and copies) for the Export e completed on 22.07.2022

control group

4 Elaboration of the certificate of origin required by the Customs in Russia  in-progress e contract initiated on 23.08.2022
comprised of the following: and completed on 04.10.2022,
* the first remarks on documents
Total time = ? 1.elaboration and approval of the contract between JINR and Chamber received on 05.10.2022
of Commerce and Industry - completed,
[EStimate B monthS] 2.preparation / negotiation on details for the set of documents to apply

for certificate based on rules from Chamber of Commerce - in-progress,
3.5igning the documents and getting the certificate of origin from the
Chamber of Commerce

) Requesting the permission for the export from Customs in Russia on not started .
behalf of JINR with the set of documents from # 2 - 4

6 Plan the flight and send the package to China not started .
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Remark (!

MPD - ITS

It Is necessary to have a permanent political support all the way and it should be coordinated at the level of JINR, if possible.

Special attention should be paid since the very beginning to key issues like intellectual property and export licenses in order
to avoid repeating bad experiences from the recent past.
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Conclusions weD- TS R #

> The STS-Department has established collaborative links with specific Chinese scientific institutions.

> In addition to the current collaboration projects, there are clear proposals for future collaboration on the development and production of state-of-the-art
microelectronics with a preliminary identification of our possible contribution to those projects.

> |t is necessary to simplify the procedures for import/export from /to China, otherwise not a single serious project will be possible to be implemented in
practice

> A strong and permanent political support will be essential to ensure that Russia will receive the expected benefits.
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MPD - ITS

Thank you.
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MPD - ITS

BackUp
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NICA_ROC ASIC Design N

NICA ROC test.

| e I
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Input| S : NICA
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ALPIDE CDR . Data capture SDACT capture
Data capture _. xbar SDACT capture
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Eerial data CDR | ) 'y AL P ,;-
Input i : ARV AN
T L:Aaumblo: FIFO "?‘::“:"g packet]_| £1F0 L. istroamort+{ Eacode _
“Evaluation
Serial Serial _ Clock, Trigger High Speed Board ..
Config Data and Control Serial Interface A ity s

+ Design based on the self-defined interface and data format
* Receives trigger/clock/control from NICA_GBT, and distributes to the front-end
* Receives and merges data from ALPIDE modules, reformats the data and send
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to NICA_GBT
* Receives trigger to reduce the number of events to transmit WY . t2 Test Board
Layout NICA ROC ASIC
Il_—A_u_réf _f POWER POWER I'__ E_BI_ | power
| glr::s =245%7 mm>4.5 mm « The KC705 FPGA evaluation board act as a © of Lot )| oc
s i . Package: QFP256 substitute for GBT ASIC. | I @
il e * The AC701 evaluation board simulates ALTAI AC701 . ] e m—
T function to generate data. E":t‘:f‘f" b e g | g|<»| Evaluation
i * The control commands received by the A7 is ) = ik Board
decoded and sent to PC. =[S Roc
« Data loopback test to verify that the link logic is g
correct (Tx and Rx). o |[g 8| 1 | wen e
« Compare and analyze data transferred directly “ |5 e B A=
Y A Sreire o vt A e to PC with data in NICA_ROC format
PC
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NICA_GBT_vl overall Iayout

NICA_GBT_v1 includes the following sub-modules:
 5.12Gbps/10.24 Gbps 16:1 Serializer

e 2.56Gbps/10.24 Gbps 1:16 Deserializer

« 2.56 Gbps/10.24 Gbps CDR

e 5.12GHz PLL

* Clock manager module

« 160M/320M/640M/1.28Gbps Phase Aligner
 Up to 1.28 Gbps rail-to-rail Receiver(to front-end)
 10.24 Gbps three-tap pre-emphasis

MPD - ITS (NTCA)

NICA GBT vi: the first prototype
version of NICA_ GBT with full

analog sub-modules.

Total pins: 166
Die size: 2880 x 4000 um

(Dimensions shown in the picture will shrink
to 90%)

Dual-row wire-bonding pads used in
this version for test, and will be

replaced by BGA package in the
next run.

Scheduled to be submitted on
October 16th 2022, tested in March

2023.

Digital function is under design and
will be included in NICA_GBT _v2.
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NICA_GBT, NICA_LD and NICA_TIA ASIC MPD-ITS AT A

NICA_LD and NICA_TIA overall layout

NICA_ LD and NICA_TIA designs are
combined into one chip for test and

verification.
Die size: 1400 * 2000 pum

Four independent channels. Two channels
are laser driver designs and two channels
are TIA designs.

Different data-rate and power
consumption versions.

Scheduled to be submitted on October
16th 2022, tested in March 2023.
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Joint Research Proposal

RSF-NSFC Cooperation: Possibility for Joint Russian-Chinese
Project Proposals

2023-2025 Joint Project Description Template

A complete proposal in this competition consists of the joint project description
(following this document) and the specific documents, necessary for both funding
organizations respectively (for Chinese Scientists — following the NSFC rules, for
Russian scientists — following the RSF competition documentation).

The proposal must be written in English. There is a strict limit of 20 pages for the
joint project description (font size: 11 or 12, line spacing: 1.15). Applicants are
obliged to ensure that the project description contains sufficient information for

evaluation.
Core data

Title of the Research Project

Title in English: Fast data processing through real-time Al for NICA/MPD and
future EicC detectors
Title in Russian: BeicTpasi cuctema 00padoTku JaHHBIX Ha ocHOBe U B pexxume

peanbHOro Bpemenu ajsa MPD u Oynymmx 3xcnepumenToB Ha EicC

Title in Mandarin: SZFHF NICA/MPD FIR K EicC M 2% XLk N TR g8
)R B Ach 2

Project Partners

Name and affiliation of the Chinese Principal Investigator

Name (in both English and Mandarin), title: F=IZ~F, Yaping Wang, Professor
Host Institution: Central China Normal University (CCNU)

Contact telephone number and E-Mail address: 86-13697332703,

wangyaping@mail.ccnu.edu.cn

Name and affiliation of the Russian Principal Investigator

Name (including Patronymic name), title: César Ceballos Sanchez, Staff Scientist
Host institution: Joint Institute for Nuclear Research (JINR)

Contact telephone number and E-Mail address: +7 9261486684, ceballos@jinr.ru

NICA}CAINA

Tasks

* Task 1 - Physics simulations, tracking and selective streaming system design and algorithm development:
(1) Simulated data generation for selected physics; (2] Co-design of physics-aware artificial system to detect
selected physics signal.

Task 2 - Al model development based on Graphic Neural Network (GNN), and the GNNs are adopted for
handling sparse detector images and identifying interesting tracks.

Task 3 - FPGA board development for the Streaming Al Trigger System.

Task 4 - Integrated selective streaming readout of the MPD/IT detector, the related electronics hardware
development and the FPGA implementation of the machine learning algorithm.

Task 5 - Built a standalone test station comprising the front-end electronics of MPD-ITS detector plus the
streaming readout unit.

Partner A’s work (China): Task 2, Task 3, Task 4.
Partner B’s work (Russia): Task 1, Task 4, Task 3.
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