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Readout electronics in particle physics experiments

* In large-scale particle physics experiment facilities, electronics are key parts.

|
|
> Data Transfer i Off-line data
and Acquisition :: processing
I 4 |
v | !
Trigger oY :
control |
|

% The information obtained from the detectors (sensors) has to be manipulated,
processed, and transferred by the electronics before being used by the

computer farms.
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Tasks of readout electronics

< New challenges appear for electronics ® Electronics from other fields can not
with the development of particle physics meet the requirements
experiments: B Necessary to study key techniques

< Faster signal processing
<& Nns — sub-ns

© Higher measurement accuracy Higher Speed

< Higher Accuracy

»o Higher Integration »

< Low Power
< Tens of thousands -> millions or
<~ Radiation Tolerance

<~ ps Time, sub-fC Charge

< Larger number of channels

more channels

< High-speed real-time data processing
and transmission
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H-NS Structure

Nucleon Polarimeter \ | Pixel tracker | l Calorimeter l g%gﬂ ﬁﬁ:

AC-LGAD TOF °

1) A (p) polarization, hadron spectra, spin structure, ...;

2) High ug properties, QCD critical point, ...

Pixel tracker

LGAD TOF

Target

Nucleon Polarimeter
Calorimeter

Electronics

Magnet

Beamline

Mechanics + Engineering

< Pixelated silicon detectors are key parts in H-NS:

1) Low material, high spatial resolution tracker -- MAPS (Monolithic Active Pixel Sensor)

2) Large area, high time resolution TOF system -- LGAD (Low-Gain Avalanche Detector)
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| Development of high-granularity detectors

Tracking
Vertex, tracker rebuilding

High-precision position
measurement

Time-of-Flight
Particle Identification

High-precision time
measurement

/ Mesh (13 um wire diameter, 35 pm cell size) \.

........ leeessnsrsessssssssssasnases

10 um glue + 25 um Polyimide 50 um Polyimide + 50 um Prepreg DLE (0.1 pm thickness)

Top strips (80 um width, 17 um thickness} Bottom strips (340 pm width, 17 um thickness)

() MicroMegas

Well structure (50 um thickness) 20 um epoxy glue + 12 um Polyimide + 20 um epoxy glue

DLE (0.1 um thickness)

25 ym insulator

Top strips (60 um width, 5 jum thickness) Botiom strips (350 jm width, 5 um thickness)

Silicon Pixel Detector

/

NWELL PMOS NMOS
Spacing DIODE Spacing TRANSISTOR , TRANSISTOR
<> <>

nwell
Collectionl; ; *

| ]
tio

diode |
Depletion. | . ..
region._ /"

p substrate

Particle hlt‘[

Qpatial precision: tens of py
/— MRPC ﬁ\

Outer glasses
with resistive
layer

Inner
glasses

Supporting
frame

Gas tube
HV contact

\ * High time precision /
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Readout electronics system

// Power| | Trigger \\ [ _ \l

I _ Data | I Trigger |

s -t Analog signal preprocgssing | ! &Clock |
5 Processin an i . ,

o & assembler oy ShSpees IO R |

© 1 Digiti ) t Transmission| | | Data > |

Igitization

an 9 Slow Control | __ I | Extraction |

\ and / | |

\ Monitoring / )

~ - \_ _

. Data -«—— Trigger & Clock <" Control & Monitor Fiber

s Data Link: Analog — Digital —»Preprocessing — Reformat —EXxtraction

» Time stamp Link: Clock System — Synchronized Clock — Clock Distribution
% Trigger Link: Multi-Level Trigger —Trigger Information Dec & Check
—Trigger Signal Distribution

s Control Link: Control Information Dec & Check — Control Signal Distribution
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DAQ. Trigger. Clock
System
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Front end ASICs for pixelated detectors

< Silicon pixel detector

< LGAD
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Pixel Detectors

< Hybrid pixels
< Advantages:
Sensor and readout circuit can be optimized separately
Excellent radiation hardness
Fast timing and high rate capability
< Disadvantages:
Relatively large material budget

Hybridization: complex, expensive

<+ Monolithic active pixel sensors (MAPS)
<~ Advantages:
Easier integration, lower cost
Potential of low material budget
Higher spatial resolution
< Disadvantages:
Smaller signal and longer collection time

Radiation tolerance limitation
UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

front-end
chip

detector

NWELL PMOS NMOS
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<> <>
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Collection]: |
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Pixel chips

Chip Process Array size Pixel size Experiment Type
FEI3 250 nm 18X 160 50 X400 pm? ATLAS pixel detector hybrid
FE-14 130 nm 80X 336 50 X250 pm? ATLAS pixel detector hybrid
Timepix3 130 nm 256 X 256 55 X 55 um? GEM-TPCs hybrid
HEPS-BPIX4 130 nm 20X 32 55 X 55 um? HEPS hybrid
EMPIX 180 nm 32X8 150 X 150 um? / hybrid
ULTIMATE 350 nm 928 X960 20.7 X20.7 um? RHIC STAR monolithic
ALPIDE 180 nm 512X 1024 28 X 28 um? ALICE ITS monolithic
ATLASPix3 180 nm 132X 372 150 X50 pm? ATLAS pixel detector monolithic
Mupix10 180 nm 250 X 256 80 X80 um? Mu3e monolithic
TJ-Monopix2 180 nm 512 X512 33 X33 um? ATLAS pixel detector monolithic
CLICTD 180 nm 16X128 300 X 30 pm? CLIC monolithic
JadePix3 180 nm 512X 192 16X23.1 pm? CEPC monolithic
TaiChuPix-2 180 nm 192 X 64 25X 25 pm? CEPC monolithic
MIC 180 nm 356 X 398 20X 30 pm? CEPC monolithic
Topmetal-M2 130 nm 400X 512 45X 45 pm? / Topmetal+MAPS
Topmetal-S2/CEE 130 nm / / Ovpp/CEE Topmetal

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA
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NWELL NMOS PMOS

S MAPS for the ALlCE |TS upgrade DIODE TRANSISTOR /  TRANSISTOR

NWELL

[ ; DEEP PWELL

h s

< Process: TJ 180 nm (High resistivity p-type
epitaxial layer on a p-type substrate)

Vaed

< Array size: 512 X 1024

Epitaxial Layer P-

< Pixel size: 28 ym X 28 ym

< Chip size: 15 mm X 30 mm

Matrix

<> POWGT < 40 mW/Cm2 32 readout regions

! Input stage  VRULSE_* | i Pixel analog Front end | 3x Multi event bofjooio g o ] b E
Ut [ | Ma, q 8 g ' g
il s _T_ C | i | STROBE o : : I o
| eset | I Lo H H ! '
230 aF | i | ; P i fee e :
| 1 STATE ' ;4 i I q '
! T PPN | I\ OUT_A |\ 1 = 3 8b DACs Pixels Config : Por b o
T k Ml s S 2 S o s Y
| ! : I/ ! ouT_D 1f 0 @—
I
! —— Collection : : | Hit Storage Region Readout (1) RR (2) || RR (3) RR (32)
| diode ! I | Latch / 128x24b DPRAM)|
I ]
| L suB ! i e ; L 2apxaombz &
e EeE | e | N 11bADC  [&=>> ITTDATA MUX
Configuration
i} Registers e o | Readout | |chip Data Formatting
v PIX_IN OUT_A 5-10 s Bandgap +
ty~=10ns Vg~ s peaking time r Temp Sens @ZdbmeHz Parallel Data Port
T J OUT D $ Module Data Management (4x80 Mbps)
)
8b/10b
Av=Q/C _\/_ threshold --— P fu
M) L Triggers 30bx40MH Serial Out Port
' t> 100 us STROBE Logic . T oema But e
Serial Data Transmission (1200 Mbps /

>t

Differential Single — 400 Mbps)
Control Port Ended [—
|

(40 Mbps) Control Part
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MIC6 V3

MIC6 V3 wafer

Matrix

32 readout regions

| Pixels Config |
g ~ ~
Region Readout (1) RR (2) [| RR (3) RR (32)
I128x24b DPRAMI
< <
[ 32:1T DATA MUX
Corifigaratl o
Registers | 5 | Readout 4= | Chip Data Formatting
& Parallel Data Port

Module Data Management
| [Eb/ioh ]
Control Bus Trigge U
Loglc Serial Data Transmission
I e ] Lo ][>

[e—

Serial Out Port

———4

MIC6 V3 block diagram
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Clock Source

-

Ay
MIC6_V3 Test Board

Test System of MIC6 V3

l- ﬁ' 2 {
‘E’ MIC6_V3 Chip
S
o S

Features MIC6 V3
Process Technology GSMC-130 nm
Core Voltage 1.2V
Chip Size 30 mm X 15 mm
Pixel Array 980X 512
Pixel Size 30.53um X26.8 um
Zero Suppression

Readout AERD
High-Speed Serial Output | 1.1Gbps
Power Consumption 32 mW/cm?
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MIC6_V3

D et e e

’
\

i

} Input stage VPLH_SE - : Pixel analog Front end 3x Muiti event

buffer
! STROBE
Reset i
230 aF | | L STAT
i PIX_IN | ouT_A

| ! | ouT_D
! Collection : ! Hit Storage
| diode H | Latch
: - |
; suB :
b iy Ty etk Hioth Aoty RRUtes Demos Nieiy g T Ry 3

g g

I

0Sr Test using MIC6 V3

o o o
N o o o o o o o o e e

N o o e e

o > x .o o O (3] o > Jo O A "
PEPFPLPLIP L LT R LR P LSS S S P S C SR R LI PRI P PRI PPN T LS TSP
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CharTPix

» Designed for Super Tau-Charm Facility Inner Tracker )

» Position, Time and Charge measurement with low power
consumption (Low material budget )

« Pixel Pitch: 33 ym X33 uym
* Pixel Array: 576 rows X 144 columns (prototype chip)

------ 33.2 ym
A S
Super Pixel Token n S £
I iR s e e s .| Dighallogict (red)| |~ S
: [E /\ J—l— ' Digital logict (blue)| " a
'
: Amplifier omparato Digital logic2 (red)| |-
: ' Digital logic2 (blue)| "
Sensor '
' = Digital logic3 (red)| "
sU et
Sadl I I L - EN R S 6x12 Picels 1 Digital logic3 (blue)| [~
Token cut

FSM | ___FSM FSM | FSM
| Gray Counter+Oriver | | |
_8605 DACs
VCO | Cong Data Processing

i P e
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CharTPix

» A novel super-pixel readout scheme is proposed

1 2 5 6 9 10
oD o> (o> fo- o> [+ [+ e e
» Prototype performance LEn S N
R T AT 3 EWW?& R —
Threshold: 225 e-, ENC: 6.6 e- 1111 e 1 e
. . - ‘ - R
o Position resolution: up to 5 ym R P FSR S PSR PSR PSR SRS RS D el [
> Time resolution: up to 50 ns o> > o> o> o> > o> pop> lop>- > > o>
of> o> fob>- oD o o> o> [ob>- o> [ob- P> |ob>
Position Resolution vs Threshold Time resolution vs Threshold
= T 2 [
E = F »
5 75f el $ 7of e
R o " g P
@ ~ o o o
& 7— ,::"g —3$— Column, 10GeV, -4v | GE> 65: i
B :,,8" / —F— Row, 10GeV, -4V Fr / °
6'5: '-:"‘.". ...§-- Column' 4Gev' _av 60 N "
- ] 8- Row, 4GeV, -3V - / o
- 55
o4 fo - VAR
- I ¥
Cogf 50 Wt
55_ ,":\; : O_.’
C é 45: e 4 10GeV, bias-4v |
5: ¢ d E .0.-*"@' -&- 4GeV, bias -3V
C 1’ 405 G--n"O..
4.57| i I I | [ I N [ N I I I | T - 1:1 I TR Lo L11 T R I |
250 300 350 400 450 500 250 300 350 400 450 500
Threshold (e-) Threshold (e-)
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Front end ASICs for pixelated detectors

<&

< LGAD
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LGAD

-1
» LGAD : Low Gain Avalanche Detector
> Pitch: ~1 mm — ~100 ym (AC-LGAD)

» Advantages:
> High time resolution (~30 ps)
- High spatial resolution (AC-LGAD)

Current [pA]
o L L] w = v o ~ =]

» Fast and weak signals:
- Rise time ~500ps; bottom width ~1ns;
charge quantity ~10fC
» Readout challenge:
o Lows-jitter amplification discrimination
o High-precision time measurement

o Low-power readout (for low material
guantity application)

» Readout ASIC: ALTIROC, ETROC,
EICROC, LATIC...

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA EIC AC-LGAD 18




ALTIROC (for ATLAS)

» ATLAS LGAD Timing Integrated Read-Out Chip [ T ——
Process: TSMC 130 nm ’ T

i T0A, Hit

. . L | il i er | [Matene g

Architecture: Pre-Amplifier + Discriminator + TDC  ||:| . P7e SR e

TOT e : TOT Selector Buffer =

PA: Cascode + Source Follower e me B Reer [} v wermcm|
TOT it Processor 2

Jitter: ~20 ps @ 10 fC ANALOG FRONT END _— . DIGTAL

LO/L1

Power consumption per channel: 4mwW ~ 5 mW  S—— = | —

O
O
O
<~ TDC: Vernier TDC (20 ps LSB, 2.56 ns range) —
O

+ £
i
;:DI A Time-to-Digital Converter (TDC) \
z ¢ B~ 1 ‘
+ H :
15 x 15 channels
= : 1
$3 Veas: i
: =a TSMC 130 nm
2 Ceom, B (S 1 il 1 . d) = o
S in_TZ | |
H = T Vin | :::‘1 | |
H : oy =t + 12 0 m a1 @ oz Q3 Q3 Q4 omam -
:Es Ca sensor 1 leak r z — -
“? L = BOC EOC EOC FOC FOC BEOC EOC EOC FOC FOC FOC BOC FOC BOC FOC
ATLAS HGTD Preliminary Thres = 51C
80 v v ¥ —— —— e — — T— vl Trigger Data Processing Unit EERIRGuty
@ E- I I | l I | I = L g Data Processing Unit
2 0E Boards ASIC alone - 100 = Bias blocks _
s "E ) with Cd = 3 pF o 01 | = - i
E 60— t N Boards with -@- 102 ] TEmp SERSOX Registers Hit Data Luminosity Data
] - e \\\ oards wit -® 117+ LGAD T z Formatting Formatting
v sobE- LX) ASIC + sensor (=> Cd = 4 pF) { @ 118+ LGAD_J POR PLL + Phase Shifter _BC
E f\\\ — Counter
40 E_ \§\ —f Fast Command Unit .NI"“ Luminosity Data
E :\ 10 fC E 2EEE, Hit Data Serializer i
30 — - T —
E e N =
20 — -~ O — —
E =gy E L] L V V \ 4
10E- Frrrnngnigung . .
E E F"s‘rw'“"l‘:(';ds;"“k 32f0 M‘:Z °';;k DRClink 320 Mb/s, 640 Mb/s or 1.28 Gb/s 640 Mbls
L L 1 1 I L L - rom rom i :
03 4 s 8 0 12 7 6 PG elink to IpGBT elink to IpGBT

Charge [fC]
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ETROC (for CMS)

» ETROC (Endcap Timing Readout Chip) 2 S

x

< Process: TSMC 65 nm
< Architecture: Pre-Amplifier + Discriminator + TDC 1 (5= L1 Trigger )
-
~ PA: Cascode + Source Follower N
I .
< TDC: Delay chain TDC(15 ps LSB) g n
o Jitter: ~20 ps @ 10 fC i CT | s oo
. e i N )
< Power consumption per channel: 2.9 mW |
: P ’
—— 70 ',
ml‘j}—I—thmz |—4EPM3 o[ Pms s —=— Csold=2 pF, high power 256 GSPS
R1 __60 Csold=2 pF, low power
m “ é —0— Csensor, high power Waveform
L 250 Csensor, low power Sampler
4| eme T (On'Chip
@r | ;]:1—|tNMz 5 ! %w Oscilloscope)
- %30- 1
@«..{tlmm usflf)o:{ NM4 -05020 |
”8_1 ™ =3 ] 10
i en as em
Sb—__L < % 5 10 15 20 25 30 35 p IE'
—mE % Injected Charge (fC) E
“““““““““““““““““““““““““““““““““““ | | PLL | ‘ 2E ‘ sﬂﬁ:r’cﬂull
START, | |dw | e e | , ,
7 iy
.I:\}".::\ ] Il L ] Y
TOTCLK® Clack scL  ADDR scL ADDR

TOA/CAL
—
fine recorder

TOACLKm®
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EICROC (for EIC)

» EICROC (Electron-lon Collider Read-Out Chip)
< Process: 130 nm
< Architecture:
Pre-Amplifier + Discriminator + TDC (time measurement)
Adopts the time measurement circuit of ALTIROC
Amplifier + Shaping + ADC (charge measurement)

1 channel (1 pixel) schematics

TZ Pre Amplifier TDC > Time of Arrival

< Design Goals:
Pixel size: 0.5 X 0.5mmz  EEXXTM ...
Power consumption: 2 mW/channel
Minimum detectable charge: 2 fC ~ AC-LGAD
Time resolution: 30 ps pixelated sensor

designed and 'arovided apn Tackind . { ADC > Charge
Charge measurement function by ¢ Brookhaven ’

National Laboratory

Discriminator

Integrator

< Preliminary test results: jitter ~ 30 ps
Time jitter estimated from noise/slope of preamp output waveform

Injected charge value | ASIC without sensor | ASIC with sensor
10fC 27.5ps 33 ps
20£C 16.5 ps 20 ps

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA 21



Development of Pixelated Detectors

<+ Larger scale & high density:
< atotal area of m?to 100 m?
< small pitch size: hundreds of um for LGAD and tens of um for pixel detector

<~ Smaller pixels to improve position resolution and to cope with higher hit

density
% Pixel detector <+ LGAD
< High-precision position < High-precision timing
< => Improving timing precision < =>» improving spatial precision
< + charge measurement < + charge measurement

—_ =

Multi-dimensional information measurement
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Challenges for Pixelated Detector Readout

< Larger number of chips

;ll - > v\‘\,
- .F:_c()h . R "‘.. o~ \ A )
< e.g. ALICE ITS2 ~24000 ALPIDE chips LR '\\
. . Whatitns® ocad
< Multi-layer data concentrator is needed RS o
N ~
o >

< Large amount of data to collect,
process, and transfer in real-time

< High speed data receiving and transferring
< Trigger match
< Data compression

% Control/Clock distribution

<~ Command decoding and distribution
< Clock recovery and distribution

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA
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Readout system for pixelated detectors

v
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RHIC-STAR

*» Heavy Flavor Tracker, HFT

» Readout required

* 400 MAPS chips

» Trigger based hit selection

* Format event package

« Configuration /Trigger/Clock

» Readout System

Mass Termination Board
* Drive the detector data

« Config & monitoring

« 160 Mbps
Via a 13 m twisted-pair cable to RDO
ReaD Out Board (FPGA)

« Zero compression and data formatting

« Configuration processing
* Optical fiber transmission

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

MAPS Detector

Ladder x 4

RDO board x 1

L4 *x
Y =
[}
LU prot. power 5 I
2V

MTBx 1

Power Control Triager
Supplies PC 88
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RHIC-sPHENIX

< Time-Projection Chamber, TPC MPGD Detector

#cryogenio chimney

» Readout required S6 megnet

flux return door

« ~1.6x10°chl/ 624 FEE INTT outer HCal
i : inner HCal
* 960 bidirectional fibers links gl == B cvca

TPC

* Average continuous: 1.1-1.8 Thps total

support carriage

» Readout System

* SAMPAASIC FPGA: Xilinx Artix-7 —>
+ 32ch/chip & 320 Mbps " intal setup
- Fast timing /ADC/DSP s [ e
ast timing sapAfeSSIRE—) | § v
o FPGA :slow control
e-ink I_” FPGA rom L,
« Data formatting SAMPA [_siow cont T D
« Clock/Trigger/Slow control i |T>
« 5 Ghps fiber link f wemninnes® TPC FEE
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LHC-ALICE

* Inner Tracker System, ITS

>

>

Readout required
2 barrels (1B,OB)
7 cylinder layers
Data Reformat & Uplink
Control /Trigger/Time Signal

Readout System
SRAM-FPGA

* Control and read out the data from stave
» Deliver packed data to CRU

Flash-FPGA

* monitor and protect the SRAM-FPGA from

SEU

SCAASIC
* Control and monitor

GBTASIC

» High-speed data transfer(4.8 Gbps)

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

Beam pipe

Radiation, Magnetic Field No Radiation

MAPS Detector

3.2Gbps.

(o ]|

v

[ ||«

»
>

Common Readout

(1)

Main FPGA: Xilinx Kintex
Ultrascale
Aux FPGA: Microsemi ProASIC3

Power Board
(PB)

Trigger System

Detector Control System

(Dcs)

Unit 02 First Level Processor

(FLP)

M TRIGGER
I conTROL

DATA

Il POWER
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LHC-ALICE

s Block Diagram of ITS-RU data processing logic

W Control

__ MAPS data
Trigger link =~ o= P R \assemble

I | | ALPIDE 1
Daa I Data Packer Alpide Datapath : F'%".Iﬁ':'d ; Du:lGTH 1
I | ! gm I
I Datapath GTH GTH || oRP | ¢ ]
I H Manitor monitor | | Control|| Bridge | | ] I

i1 | TRiceER

GBT control-

Ui

'

Alpida
Control Alpige
Monitor | Control

PU controller
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LHC-ATLAS

* New Small Wheel,

« VMMASIC

channels
Output: 2 lines @ 640 Mbps

« ROCASIC

formatting the data
E-LINK
320 Mbps/link

NSW

Merges data from 64 front-end

Handling, Preprocessing and

- SCAASIC &GBT ASIC (4.8 Gbps)

s Inner Tracker (ITK)

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

Pixel module

Flex
.

f.

Sensor

7

RD53B ||

0.1~1m

“|Connector

Twinax Cablci

3~6m

sTGC
Repeat 1/sector USAlS f
?[a)l; D »|Pad trigger obe Big ;i?meel
twin-ax — SCA
1/pFER == bl 2xGBT 1/sector
strip 4 — Router F Taeor »| Trigger | fibres_y S&,Cgtzr —>
DS | = E=yl fibre | PrOcessor
3/sFEB 1/layer/sector A
SR on NSW rim T
1fsector
—_— = = = fibre > Tri
gger
) MM ADDC e ver/sectoL/ |y |processor
IM & sTGC
BT e
Jetectors twin-ax | "’
> VMM | [scA | >
#VMIMs per FEB: I JI SWROD
MM: 8 on-chambe
sTGC strips: 6 or 7 twin:
STGC packwire: 241 \\ I / event
P %/ fibre monitor
ASIC Config | RxTx [
DCs calib- ,
L1DDC erjsecor | || ration Config
S oabwinac -
=== config/monitor trigger

Front end boards

LL_NSW_EIxOur_v13

Readout

= readout monitor
- trigger

unit

. | Counting

Data Transceiver

e ' Ficb’er
GBCR2 — lpGBT «—>»| VTRx+ E- 0 m

Room
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LHC-CMS

» Tracker system

— Providing tracking information
to the L1 trigger

— Quter Tracker & Inner Tracker

» Trigger rate: 100 kHz to 750 kHz

» Latency: 12.5 ys

> Readout System R o
- CICASIC o —
v' Collect and format the front-end chips data | .l e o e,
| et vins* :L&LA ] tposr | Proges e
v’ Distribute clock, trigger, and control signals ;'43-’[ i —
« IpGBT ASIC & VTR+ ASIC 4’ | E—
v Transmission of the data and the distribution & ) '

&

of clock and control signals
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Data chain options

» FPGA

<~ Programmable device

< Flexible

<~ Abundant resource

< High speed data interface
< High cost

< High system complexity

< System radiation hard design

» ASIC

< Specifically designed chip
< Much effort in chip design &

testing
< High speed data interface
< Low cost in massive production
< Low system complexity

< Chip level radiation hard design

» ASIC-based technique is very important for large scale application.

» Categorization in functionality and systematic R&D is necessary.

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA
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High-speed Data Transmission System in HEP

» FE/ROC ASIC: Detector Front-end Back-end
data collector & processin FE ASICs .
P J — : Downlink
. - I L on
» SCAASIC I I 1 GBTX ﬁ ! FPGA| coow
slow control, cmd & config distribution = Fper |
i Il pa s S ) | DAQ
» GBTX: — . —— |
- . . et ] ' Fber Timin
bi-directional data interface ASIC — : . ! | and Trigger
»  VTRX: Customized optical module By Bl ey B o
s st 0t g
<o GBLD monitoring ?
high-speed laser driver ASIC Uplin |
<> GBTIA: GBT'SCA Embedded electronigseigct&er } Control room

high-speed low noise Bi-directional Optical data transmission

Optical data transmission between the front-end and back-end is widely used in particle
physics experiments.

Versatile Link Project: A typical system developed by CERN.

<~ Aims to build a high-speed, radiation-tolerant, bi-directional optical data transmission
system for the particle physics experiments applications.

v

v
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‘ CIC ASIC

% The Concentrator Integrated Circuit (CIC) ASIC is a front-end chip for
both Pixel-Strip and Strip-Strip modules of the Phase-Il CMS Outer
Tracker upgrade at HL-LHC.

PHY-port (TRIG_IN) Trigger data-path block
TriggerFE Blocks StubSelection - StubOutputFormatter

FE ports : >
3 D Cka0_Core

> [>Ck320_Core|

" . : 2
E D ckieo_pHY | m
[>ckao PHY || ' b0

................ v

‘I

¥

]
’ 118

RESET_IN
Ck <
Ck32 El
Gk ~||spe B
fCIK IN r AT 3
| S]|FAST CONTROL |N Cka0_| ——
Ck40_12C L1 data-path block

System Manager

PHY-port (L1_IN) L10utput Formatter

»|| FE ports - »

P> Ck320_Core|| . 1

K D Ck160_PHY m
: D Cka0_PHY ' Slock sampling

* Input: 48 lines @ 320 MHz, connected to 8 FE chips

rw@gwwm;vﬁ « Each FE chip, 5-bit trigger data and 1-bit L1 data

pass| . fail .
1-6-4-0mm| ( )Z;‘;?;E'UJ.';Z‘Z,‘&/ 55 * Output: 7 lines @320/640MHz

Lnl@{_;m_n_gé_nmn_l * 6 lines for trigger data and 1 line for L1 data
stub

« Data compression
UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA 33




VMM ROC ASIC

<+ VMM ROC is used for handling , filtering and real-time packet
processing of ATLAS muon detector data

> Input
» 8 channel / Data rate: 640 Mbps ;

C, BCR separate delays for
T T each of 4 TDS ASICs

RO clk

> Output DI E— S i NPT
p ‘_gc ok BC clk < E-link clock (= BClclock)
ENA/SOFTRST p::se ENA/SOFTRST
BCR/OCR aligners BCR/OCR TTC ki e @ oAl
. TestPul TestPul -lin! s)
* 4 channel / Data rate: 640/320/160/80Mpbs <= estPuse_capture
Separate delays for BCID, Orbit count 111D
each of 8 VMMs [
(DDR) | -
VMM capture (1 of 8) —-— SROC1 b AU,
Captures LO event packets J mn 1 BCID‘OHTS c°“m| Le\aeFlng |

> TTC rate: 320 Mbps (DDR) o e o ndow. |3

E-links

Select L1 events

from LO events FIFO serializer
according to to E-link
BCID match

from up to

» Configurable X Bars

I
[l
I

\ 3/

VMM-to-RO Companion Serial link is F t: Event fi
2 x 160MHz DDR = 640Mb/s, ormat: Event frame, | |
8b/10b encoding yields 512Mb/s net. 8b/10b encode H

» Multi-channel data aggregation Readout Controller
» Output clk 80/160/320MHz clock signal to

VMM, TDS, ART
» Send soft reset /BC reset/Test Pulse
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Slow Control ASIC

« GBT-SCA ASIC provides slow control

monitoring FE and detectors.

» Variety of protocol buses and functions

« 32 bit Parallel Interface Adapter (GPIO)

« 16 independent I2C master serial bus
channels
SPI master, 8 individual slave

« JTAG serial bus master channel

« 12-bit ADC (31 bit analog inputs )

* 4 DAC channels , 8 bit resolution

« Temperature monitoring module

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

E-PORT
CLK < -i-1 CLK
RX 2O | .. [+ RX FIFQ
oo 5| el
SLVS A —
Cm: +0.2V 1 e
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GBTx & LpGBT ASIC

Clock[7:0] ﬁ External clock reference

Phase - Shifter CLK
GBTIA P
P

Dafaranca /DI

LI L

¥25a/23a

Ja8euen 1D

o\

JN3/¥DS

Control Logic Configuration

JTAG 12C Slave 12C Master

| 12C (light

< GBTx ASIC

> Input:
-40 channels @ 80Mbps
-20 channels @ 160Mbps
-10 channels @ 320Mbps
» Output : 4.8 Gbps
» Power : 22 W/ 1.5V
> BGA 400 pin
» 130 nm CMOS

GBTX
Each bank can be configured at Slow Control at
80Mb/s, 160Mb/s, 320Mb/s 80Mb/s

Bankl] Bank2] [Bank3] IBank4| lSC

FE
120|bits
A
[ Internal  External |
Control  Control G BT p rotoco I
Header Data Data Data Data Data FEC FEC
(3:0) IE(Eal =) (47:64) | (63:48) | (47:32) | (31:16) | (15:0) | (31:16) | (15:0)
\ J \ J\ J\ J
. ! | !
Header field Slow Control Data field - 80bits Forward Error
- 4bits field - 4bits Correction field - 32bits

< LpGBT ASIC is the upgraded of the GBTx

> Input :
- Input channel: 28/14/7
- Data rate: 160/320/640 Mbps @ output 5.12 Gbps
- Data rate: 320/640/1280 Mbps @ output 5.12 Gbps

» Output: 5.12 Gbps /10.24 Gbps
» Power : 1.2V
> BGA 289 pin

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA  » 65 nm CMOS 36



Optical Fiber Transceiver ASIC

Optical Connector

Latch
/ Transmitter Optical

Sub-Assembly
(TOSA)

GigaBit Laser
Driver
(GBLD)

Receiver Optical
Sub-Assembly
(ROSA)

Small Form-factor Pluggable (SFP+)
Interface

VTRx Optical Module Developed by CERN

Optical Fibre
VTRx and Connec tors TRx (SFP+)
TOSA
Singlemode - ' .
EEL/InGaAs A ‘
) 50-150m O
Multimode _W
VCSEL/Gans oA
ROSA
On-Detector Off-Detector
Radiation zone Radiation-free zone
VTTx DRx12
TOSA O
Multimode _> D
VCSEL 3 50-150m
R ey S GRS
TOSA

VTRx (Versatile Link Transceiver ) is a
customized optical module developed
by CERN. It is a pluggable module that
integrates the laser, PIN-diode, GBLD,
GBTIA and related optical components
and mechanics.

This module was first developed using
TOSA and ROSA components as the
single-channel form (1Tx + 1Rx), and
updated to VTRx+ using the laser
array and array driver to achieve the
parallel-channel form (4Tx + 1RX,
configurable).
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|
GBLD & GBTIA ASIC

1900um

25V BT voImGE | BANDGAP | ...
GND B SHIFTER REFERENCE
L5V
EMPH >
g
~— | o
. MOD > MODA
Ekj - = - | =
DIN IN > |DLY > PD >
= R s | Rt i - 5
g : MoD > MODB
q =
MPH >

INTERFACE

DAC | Buas™>
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LDQ10 ASIC (GBLD ASIC in 65nm)
* Upgrade to 65nm CMOS

* 4 x10 Gbps/ch
* Four-channel laser array driver

r

1700um

GBTIAASIC

GBLD is a laser driver ASIC. It amplifies the high-speed serial
data from GBTx ASIC, and drives the VCSEL laser to emit light.

This lase driver ASIC was first developed under 130nm CMOS
technology (GBLD, 5 Gbps/ch), and updated to the four-channel
array form (4 x 10 Gbps/ch) in 65nm CMOS technology.

» GBTIA is a transimpedance amplifier
ASIC. It amplifies the high-speed current
signal from PIN-Diode as part of the
downlink optical-to-electrical conversion.

» This ASIC was first developed under
130nm CMOS technology (GBTIA), and
updated to the IpGBTIA using 65nm

130 nm CMOS CMOS technology.
2.56 Gbps/ch

Downlink
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‘ Summary of GBT & VTRXx

» The first generation of the GBT ASICs is based on 130 nm CMOS technology
(around 2011). 2.56 Gbps Downlink + 5 Gbps uplink.

» The second generation of the GBT ASICs is based on 65 nm CMOS technology
(around 2019). 2.56 Gbps Downlink and 10 Gbps uplink.

» In future, more advanced process (28nm, ...), higher data rate, lower power...

1900um

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

£
.E...‘T” g
GBT_SCA IpGBTX GBLD (LDQ10) GBTIA
130nm CMOS  65nm CMOS 65nm CMOS 130 nm CMOS

VTRx+ optical module
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Content

»  Our work on readout electronics

< Front end

< Readout chain
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MIC6 V4

1 .0
MIC6 V4 has been designed and fabricated.

Modifications based on MIC6 V3 | ‘
» Add clock interconnection between chips |w Il
» Add control management unit to replace SPI
» Add master-slave transmission mode
>

Differential signals are used for clock and control

i
I |
I |

e
e
AL

T T TR

[

i o A R
(A e |

A |

A |
(A AR AR

i |
(e |
11 [

I
1 i |
I |

A}

il |
(Al I |
i |

{1

i |

I
It |
I |

(A A

(IR

A

Sig nals ] | I ST mﬂmmmmazm* Rt
> Increase output data rate to 1.2Gbps
. P P Layout of MIC6_V4
» Add on-chip LDO
0 Core POWER 1.2V ‘ X B Process GSMC-130 nm
LI O B A A +i'fa Core Voltage | 1.2V
b bk Chip Size 30 mmx15 mm
) Pixel Array | 980x497
IEI Pixel Size 30.53 umx26.8 um
| |Readout
Mode AERD
Output data 1.2Gbps
rate

Encoding 8B10B
Slow Control | MLVDS Control Bus

acuow EH
mwmﬂ

Add Red Blocks Modify Yellow Blocks

master-slave data
Cascade

MIC6_V4 block diagram Test board of MIC6 V4  |Readout aggregation and

transmission
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|
LGAD front-end readout ASIC

» LATIC: LGAD Amplification and Timing IC

» High precision time measurement array for weak and fast signal

] Counter H
Slow Line

[ T T [ T 1
Arbiter Array I—)
L T 1 [ T 1

Fast Line
l Counter |—)

T
g2
8a

<10 fC charge, ~500 ps rising time N

< < 20 ps electrical time measurement precision

STOP

eledg odlL

o Disable

Internal ¥
power: D—{— .

<
S
O
L
|

Supply w o e s ' R 2 S
H [ STOP Signal
Gating Reset belay
Disciiminator Digital Pads | DLL I !
-
3
3 < >
c Delay
=
1
__________ \2|
Second stage H H
mplier 3 Dual-ring Vernier TDC
p
___________ )
QD
o
7]
1.3mm
Y TDC Test Pulse Clock
‘ \J\ Bump Pad -Analog FrontEnd = _...1b¢c
~ ! [
> v Rt [ s
H 1
: = | Discriminator i | - __l
= Test Charge : . 0 "
= Generator Chargei ] ST 4
: /l\ Input E Pre-Amplifier ;
= _ [ Twestog— }jLveSEnae, \ .
: 1
r/ Control Signal ~>to LVDS Driver
....... I e
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LGAD front-end readout ASIC

» TDC performance:
< Dual-ring Vernier TDC
< ~b5 ps precision

» Full-chip performance:
& <20 ps @10 fC, 4pF
<~ < 10 ps @large signal (>15 fC)

» Power consumption: 3 mW/chn

TDC precision (ps)

key design parameters of LGAD readout ASICs.

Jitter (ps)

100 ~

[+
o
L

@
o
i

B
[=]
L

20+

0 -l

0
.10
/"/ectedc 20

9e (fC)SD 200 gt N

ASIC ALTIROCO ALTIROC1 ETROCO ETROC1 LATICO LATIC1
Technology 130 nm 130 nm 65 nm 65 nm 180 nm 130 nm

LGAD pad size 1.3 x 1.3 mm? 1.3 x 1.3 mm? 1.3 x 1.3 mm? 1.3 x 1.3 mm? 1.3 x 1.3 mm? 1.3 x 1.3 mm?®
Channel number 8 5x5 1 5 x 5 (4 x 4 with full chain) 8 /5x%x5 5x5
Integrated TDC no yes no yes no yes

Groa @ 27 ps <25 ps <16 ps ~42 ps beam test with sensor <20 ps <20 ps
Charge 10 fC 10 fC 15 fC sensor cap. 10 fC 10 fC
Capacitance 3.3 pF 4 pF 6 pF 4 pF
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LGAD readout ASIC for H-NS

Further power consumption
optimization for the in-pixel circuit

Develop LGAD readout ASIC with
20X 20 array size

Global Bias and monitoring
Global Slow Control
On-chip clock management

On-chip data buffering and
aggregation

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

1 mmx20

. Bump pad
Discriminator
— Test signal Vo ~
generator > PA Vth'
|| WV/'
Slow
| | Control DAC

TOA&TOT Trigger |Dete
TDC > Match

\ 4

Data

A A A A
ClocK Delay-Ctrl[Voltage Bias Current Data Trigger
: Data .>| Data I
Phase shifter Bandgap || DAC Formatting
+ o @] FastC g]| High-Speed
low Contro ast Comman
Data
FEL g PLE Registers Receiver T e
Tciock Unit Bias Unit 1 Data Processing Unit
Clock Slow Control Fast Command

44



Scheme of readout electronics for LGAD

» H-NS LGAD includes one barrel and one endcap.

» The front-end electronics include carrier board and
peripheral electronics board (PEB).

< The carrier boards are installed in the sensitive area.

<~ The PEBs of endcap are installed on the outer of the endcap.

<~ The PEBs of barrel are installed along the beam direction.

Flexible board Flexible board
-
~
- 3
Sensor and [ g? - X2 ¢ E
readout ASIC R = optical
N
N interface
2. = _31
-~ CETCCCCECTCCC CLC e et Ceee eeee -
ﬂ § BDTC ASIC
Sensor and E 8- C;rrl:r
readout ASIC E i BDTG ASIC CCCCRLEE L LCLE LCEC CCee CLce cecc
N | Sensor and readout ASIC _m'i
° ° RCC ASIC
® %39 —m-i o X10
[ ]
Py RCC ASIC
Flexible board Power
- module
Nl ]
Sensor and [ 9’1 PEB i
"~ n
N =
readout ASIC R —- Power barrel
"~ o
N module
s g E 8' T TCCCTTCE OO Ceee e e ceee
ensor an - 1 Carrier
~ o
readout ASIC a PEB n board
N €CCCLOLC CEOC CEOC CeCe Ceee Ceee eec
N enaca
" - d p Sensor and readout ASIC

Scheme of electronics in endcap Scheme of electronics in barrel
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Amplify and
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\ 4

conversion

High speed serial

|

|

|

|

l

Time to digital i
|

|

l

|
interface |
|

Carrier |

board

Power

Data preprocessing

1 ¥

Data summary |

t .2

Data buffering |

t ¥

High speed interface and
clock recovery

PEB J/

J

DAQ
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Content

»  Our work on readout electronics

&

< Readout chain
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FPGA based Readout Unit

\ r— — — — — — — — — "
\TS-Baﬂe Power Supply I
— Power Unit (PU)
:: Config. & Flash | | -, |, |F————1————=1 I Time
I Seuprot. | FpGA | Flash | Clock H Power | Server ‘__(
b I 7 I I 1 I ¢ &
}" _______ 1| FPGA (Xilinx Front_end control network .
v control I | | UltraScale ) I >
} | Controlilir\ki E x ~
od | (=] S
ri‘;f':"_"ﬁ,_,_‘"—,_"f_‘“—d ----- E— clock | ! \ ERC ! Data_lin EE g
— ! | Interface || Readout C £z @
DATA | Circuits || & | Data oot z z
| ircuits BDC I Readout Clk_link Clk
MAPS ! || Control ) D &
\ ! Logic I Unit £
I } } BDC ransceiver | -
! Triggr 5 A ¥ o
| [t | "9 1 S
: g clk S
Trigger o]
. — > = — =
I Readout Unit (RU) I L Local Busy | & C)
I Trigger é"
Units .
I—————————— Time | SysClk
:- WCR p1p | |
1 ey
LD

Control and read out the data from MAPS stave
SRAM-FPGA receives control/trigger signals and delivers packed data to CRU
BDTC function integrated into the SRAM-FPGA

A Flash-FPGA to monitor and protect the SRAM-FPGA from SEU based on
scrubbing
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ITS-FPGA based Readout Unit

€ Tested and verified the circuits

« BER < 1072 for serial data links and
optic fiber paths at 99.99%
condidence level

« Data rates:
* 400 Mbps for serial data link
* 5 Gbps for optic fiber path

€ Tested and verified the logic

« FPGA implemented high speed
data transfer protocol

« Scrubber design
MAPS imulator

od : ks o

1;'. W3 WE WR we WR WR wE we W
BBRBNEBID
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Power input Control signals

ITS-Power Board

€ One PB is composed by two 1 M

A4 V4

independent PU (PUR and PUL) dom ] [ o

FPGA connector K y FPGA

€ Each PU contains 8 channels of
analogue output (1.8V/250mA) and 8 " o) e

PUL PUR

Power output
to Stave

DW

channels of digital output (1.8V/1.5A) o o | L) Goma

Power output
to Stave

il

Power
connector
Power
connector

& A flash FPGA on PUR controls both  roweom

to Stave output

Digital

PUR and PUL and is responsible for ... || &
communication with RU

Digital
voltage X8
domain

Power output
to Stave

to Stave output

T T =
@ i‘@

",

oisn | 8d VOIN
 —
. E—

&
‘ o - rm-= Front Panel

PUR PUL Cooling -
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00

00

000

*

ITS- ASIC based RU

Trigger signals

Tirgger
Processor
Front_end control network
77777777777 =
i Control_link < [e)
| - i 5 2 3
:‘|> : F=)
53@1 5 alk_link E g E
Control < > ‘I iy (GBT link (data. Control] Common é} po g
o
— Readout & 5 5 w
> H (] 3
2 i » Unlt S o) g
%: ) | GBT link © = s
= &J = -
= t 1 ‘BN
< o o - —
1 Local B % =
- _|_> Trigger ° = o
< ::> gg (a] = (S
T Units
Readout Unit (RU) Timei sysClk
Yt
| wg PTP | |
I ore! |
|_\_'_®‘_I

ASIC group replace the function of FPGA, form the complete data and control link;
RCC: Readout and Control Chip

v MAPS data receive and processing, Slow control, Clock and Trigger
BDTC: Bi-directional Data-transceiver Chip

v" high speed bidirectional data transfer

Optical Transceiver : Laser-driver/receiver ASIC to modulate serial data on a laser

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA
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RCC ASIC RCC: Readout and Control Chip

| ‘ Next

| PU ‘ BDTIC RCC
UART SPI
Global clk Control
Control& trigger Slow control 40MHz
ENA/BCRST
PLL
Config Trigger D
Serial CDR+ Datal = Trigger]ID|
eria —> re
e Align Store =
MAPS [ data |Deserialize O } process TTC store
l X >
‘ Filter _’Store#ReformaleFS:?;ie 8]
'_
L% . @
. 6 cBar ‘ : X2
]
™ >
i Data, Pre t
Serial| CDR+ Ali nF Store :
MAPS 1T data Deserialize| Clk 2 process » Filter '+St°reHREf°’ma‘e e
Serial Serial Clock. Trigger High Speed Serial
Config Data and Control Interface

RCC integrates the functionalities of Assembler, Buffer, Aggregator, and Data
Packet processing for the MAPS detectors.

Adjust and distribute control, trigger and clock information for MAPS/GBT/PU.

RCC also optimizes the bandwidth utilization and reduces the number of
required data links.
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RCC ASIC

MAPS Link:
v Data link: 400 Mbps / 8 channels — 1.2 Gbps
v Cfg link: 40 Mbps / Bi-directional
Link to BDTC:
v' Data link: 160/320/640/1280 Mbps (configurable)
v' 1/2/4 channels
v' Cfg link: 80 Mbps
v" Trigger link :320 Mbps
v" Clock : 40 MHz

s
AVITREY VY

et

i

k- UJ?J#.%‘M%RHHHRHNII!HIHUIUUUHHIWM

Provides Control, Trigger and Clock information for ==
the detector Realize the function of data §

reorganization

Trigger / Trigger-less

Integrated CDR & PLL

SPI for BDTIC / UART for PU cfg & monitor
SRAM ECC & Critical logic TMR protection
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B DTC AS I C BDC: Bi-directional Data-transceiver Chip

e = 7 g 4§
e rr RNt

Data Interface ASIC Layout ASIC Bonding Diagram ASIC Test Board

» The first prototype of the data interface ASIC has been designed and
verified, including the following analog cores.

< 5.12 GHz PLL

< 2.56 GHz Clock and Data Recovery (CDR)
< 10.24 Gbps 16:1 Serializer

< 2.56 Gbps 1:16 Deserialzier

» Based on 55nm CMOS Technology
» Die size: 3 mm x 4 mm 166 Pins
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Optical Transceiver- Laser Receiver ASIC

r -
| Transimpedance | i
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» The prototype of 4 channel x 2.56 Gbps TIA (Trans-Impedance
Amplifier) ASIC has been designed.

» It is based on domestic 55 nm CMOS technology, with a die size of
1750 um x 1900 um.
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Optical Transceiver- Laser Driver ASIC

-l. OTLAD_ELECBoo
LDAr on electrical test PC
—

r

o
[ ]

=4 | DAr ASIC [

LDArASIC
integrated in the

TN
1850um

LDAr ASIC Layout LDAr ASIC integrated in the customized array optical
module (4Tx) for test

» Prototype of 10 Gbps high speed laser array driver ASIC (LDAr) has
been designed and tested based on domestic 55 nm CMOS
technology.

» 10 Gbps wide-open Tx optical eye has been captured and verified.
» Further optimization is going on.
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Optical Transceiver- Higher Speed Research

PAM2-NRZ

0O0O0O|1T 1(0}1 1|0}1 1 1{0 O

1 1 1 1 )
SN —

10
0 1 0 1
00 00 NRZ

NRZ signal and PAM4 signal NRZ and PAM4 eyediagrams

» For higher speed optical data transmission development (two ways):

<~ Use more peaking techniques in ASIC circuit design, and use more
advanced process in ASIC manufacture for higher intrinsic analog
bandwidth.

<~ Use different signal modulation format, e.g. Pulse Amplitude
Modulation 4-level (PAM4).
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Optical Transceiver- Higher Speed Research

LSB channel PAM4-core output driver

Equalizer Limiting amplifier

IAC coupling
m

—
> v"_i Four-level 20 Gbps

PAM4 current signal

LSBinn
10 Gbps
NRZ data

%

A\

LSBinp

PAM-4
combiner [T
& driver

SPI
Module

MSBinn

|m ]

Do —_ —/\> > ”v"_z VCSEL
MSB channel J?-
20Gbps/ch+ PAM4 VCSEL Driver ASIC 20Gbps/ch+ PAM4 Receiver ASIC
Block Diagram Block Diagram

» PAM4 VCSEL Driver ASIC is under design. The core issue for this ASIC:

< To combine and transform two regular NRZ signals into a 4 voltage level
signal with enough amplitude and linearity.

» PAM4 Receiver ASIC is under design. The core issue for this ASIC:

< To amplify the signal, and recover two NRZ signals from the PAM4
signal with enough bandwidth.
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| Radiation hard DC/DC & LDO

» Radiation hard DC/DC & LDO are important parts of readout electronics in

partlcle phyS|cs experlments 5
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Content

v

Our work on DAQ and control system
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' DAQ

» DAQ plays an important role in the whole electronics systems.

» Participated in LHC FELIX R&D, and in charge of the FELIX project
of ATLAS upgrade supported by the DOE of U.S.A.

GBT links* or
FULL mode links

PCs ( [EEL

100 Gb Ethernet

* GBT: GigaBit Transceiver with
Versatile Link

[ FE |J[ FE [ FE | [ FE ][ FE ] Frontend
NSW, LAr
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ReadOut
] | ﬂ)jﬂm [Rop ] [CROD ] oot
SW SW | [ROS ] [ROS | [Ros ] Readou
ROD ROD t
System
| ! |
] | ]| 1] ] ] |
L] ]| L] 1| |
| 1 1 | |
HLTPU HLTPU HLTPU HLTPU HLTPU
High-Level Trigger Farm
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\

Custom

electronic

components
including
FELIX cards

N

COTs: Commercial
off-the-shelf

AERRAAS], SRR EmEIG
Wk, RSZ1MFRNZREER

MZFAFATLAS, sPHENIX, CBM
. NA62, ProtoDUNE-SP
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DAQ

» R&D of high density high speed data aggregation module (24

channel/module) has been finished.

» Fabrication of the first bunch (10 modules) are finished, and are used

In the R&D project of STCF.

I
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DAQ

HIREN/BOIRRRE R

PXIR/EIE SIS LK (10/25Gbps)
xB
BIEHAESE (d) A p—
H g [ morammssmn
CROB-PCle
' (PCleifiF)  f—v] &f?
jacops) BB = A
{ CROB-PCle =< e RS 8 & .
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SERAT | I
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s 7~
tamE

CEE-DAQ HIRIBL-DAQ STCF-DAQ

« Undertook design tasks:

« Cooling Storage Ring External-target
Experiment (CEE) data acquisition
system

» High Intensity Accelerator Facility — High
Intensity Radioactive lon Beam Line
(HIAF-HIRIBL) data acquisition system

« Super Tau-Charm Facility (STCF)
detector spectrometer data acquisition
system

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

Full-stack development capabilities across
hardware, software, and FPGA firmware

Architecture : D-Matrix , an independently
developed general streaming data acquisition
architecture

DAQ System Features:

<~ Work mode: trigger / trigger-less

< Data rate: ~30GB/s

<~ Eventrate: 10kHz ~ 7MHz
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Structure of the H-NS DAQ

! Trigger System 'q--. v ) .
bommmmee- y . \ Data Processing (& Fanout) f,l BaS e | Ine H 7%
: Timing & Control Distribution | ) ¥ i S ‘s
- Y > (& Monitoring) ) ( Data Filtering & Aggregation ) gazzr;:igzﬁ E?: PC | e EI‘] %ﬁﬁt 15;: H:‘I ;Ig$ l‘g
Global Timi 4 v
gz éon'lc:cl)llng I\ DMA Interface to Network 200G b ps / 1:&—'%
:
e
E Bunch Clock E Computer Farm High Performance Network Detector Control System
E& M 5iMicroTCA+RDMARY Jo fil & 152 424
(B &I ZEMicroTCA+PCleRYFE (il & I R 5E
)
» Feature:

<~ R&D based on domestic chips/components
< High density (224ch/module), supporting10/25 Gbps/ch
< Unified DAQ architecture, compatible with application using PCle/RDMA

< Computer farms for event building based on Heterogeneous Computing: CPU+GPU /
CPU+FPGA
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‘ Architecture for Detector Control System

Ensure the safe and stable operation of all sub-systems.
Achieve distributed real-time control with high modularity and scalability.
Provide efficient data management and intelligent alarming functionalities.

Support flexible experiment configuration and rapid parameter archiving.

YV V. VYV V VY

Integrate intelligent data analysis and visualization tools into the user interface(GUIs/HIMIS).
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Key Techniques applied for DCS

» The control system adopts EPICS architecture, achieves containerized deployment, enabling flexible
scalability and simplified management

Hybrid database is designed for multiple data sources, enabling efficient storage and archiving
Introducing CI/CD and DevOps into nuclear detector control systems enables automated deployment
and continuous delivery, ensuring high reliability

» Web-based QA(Online) provides cross-platform, accessible collaborative environment

Y VYV
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Containerization deployment for high stability DAQ Online/offline monitoring and operation
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Hybrid database architecture
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Conclusion

» Pixelated silicon detectors are key parts in H-NS.

» MAPS has been applied in high-energy particle physics experiments, and is one
key solution for ITS in future domestic experiments of this domain.

» LGAD is under fast development, and several readout ASICs have achieved
good performance, such as ALTIROC, ETROC, EICROC. We have also finished
the prototype ASIC -- LATIC, which is expected to be used.

» Data transfer is one of the key techniques of readout electronics for pixelated
detectors and other high-granularity detectors.

» FPGA devices were widely used in this domain, while ASIC-based transmission
from the front end is an important direction.

» High precision front-end and high speed interface will be built based on ASICs,
combined with DAQ and detector control system, forming a full chain with our

own intellectual proproteins.
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Thanks
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