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ALPIDE Sensor Technology QP@S

ALPIDE
. . ] AMP COMP
Pixel Sensor CMOS 180 nm Imaging Process (TowerlJazz) ____1024pixelcolumns >
3 nm thin gate oxide, 6 metal layers CH HICH WICH HICH W ™
bioDE TRANSISTOR /  TRANSISTOR

""'/i e 0,00}, 00|, 00|, 0
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Ty h " N, ~ 1013 cm-3 Lo
| Of 00| oo oo (O
Epitaxial Layer P-
N, ~ 108 cm TR T T T 0.5 MPixel Matrix
Not to scale T T T T

Buffering and Interface

Key Features

® 29 um x 27 um pixel pitch, chip size 30 mm x 15 mm, 50 um (IB) / 100 um (OB) thick
Continuously active, ultra-low power front-end (40nW/pixel)
Ultra-low power matrix readout (< 200mW whole chip)

Global shutter: triggered acquisition or “continuous readout”

High speed output serial link: 1.2 Ghbit/s (IB), 400 Mbit/s (OB)

© ®© 60 ©
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ALPIDE Principle of Operation

%
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AV=Q/C:~10ns

ﬁ{ \ STROBE

Particle hit

Front-end acts as delay line

« Sensor and front-end continuously active

ultra low-power front-end circuit
40nW / pixel

« Upon patrticle hit front-end forms a pulse with ~1-2us peaking time (“analog delay”)

« Threshold is applied to form binary pulse

« Hitis latched into memory if strobe is applied during binary pulse

J. Schambach (schambachjj@ornl.gov)
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Triggered and “Continuous” Mode Operations eP'&S

* |TS-2 can operate in two modes:

Triggered mode: Pixels are latched with a short (~100 ns) strobe window, followed by read out,
based on an external trigger.

Strobe 1 Strobe 2 Strobe 3
7 c o ~ ? 3 el Pog
- 3 o | i 3 v o PS
e = o f & @ | PO

Continuous mode: Pixels are latched using long, periodic strobe windows (~10 us) with short
inter-strobe periods (=100 ns) to initiate read out.

Strobe n-1 Strobe n

sssssssssnssnnsnnnt’ Frrnnssnnsannsnnnann
. .
o

Strobe n+1 Strobe n+2 Strobe n+...

S
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I
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ALPIDE Readout Architecture

Matrix (32 Regions of 16 double columns)

FROMU: Frame and Readout Management Unit
BMU:  Busy Management Unit

=t s 4 . . .
Sl 2 S I RRU: Regional Readout Unit
= T ‘ TRU: Top Readout Unit
ol B & DMU:  Data Management Unit
ol g 2 | DTU:  Data Transmission Unit
= w0 LL |
FROM U FRAME RO START -
< FRAME RO DONE RRUS Y2
Strobe o
i Strobe CHIP TRAILER
Counter @ 24b*40MHz
DATA PACKET m
BC | FRAME HEADERS Frame TRU
Start FIFO RGN m HEADER
Counter
| FRAME TRAILERS Frame DATA PACKET n
Done FIFO

A

Evert FIFO watermarks RGN n HEADER
Counter 24b*40MHz
| CHIP HEADER

BUSY_SET
PULSE/ >
STROBE Seq __eusy_won BMU [ DMU [E)| DTUIF [
T to DTU
> IB: 24b*40MHz
g 4b*80MHz OB: 8b*40MHz
m
LOCAL
BUS
OAK RIDGE
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ALICE ITS-2 Readout Hierarchy

ALICE Timing and Trigger
LHC Bunch Clock (40.08 MHz)
Timing and Trigger messages

[
3x GBT LINKS/RU '

LTU/CTP

13x FLP

IL
9x960 Mbl/s

B 3200Mb/s

ML
16x320 Mb/s

EPN

OL

28x320 Mb/s [
| AT e 3
DETECTOR One READOUT UNIT |

LINKS for each STAVE GBT
LINKS CRU to FLP to

FLP EPN

8x RU/CRU
24x LINKS !
. i 100 Gbys
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ALICE Common Readout Unit (CRU) v2 eP@

« Altera Arria 10 FPGA
« Custom designed cooling
* Avago Minipods:
e 4x12TX
« 4x 12 RX
« 48 optical outputs (MTP), 48 optical inputs (MTP)
« USB Blaster Il
« X16, Gen3 PCle (CFM rev 3.0); 128 Gb/s

12412

l12+12 »

12412

12412
+

1+1

-

PCIl Gen3 x8

i PCI Gen3 x8

%OAK RIDGE
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MAPS Streaming Readout Data Format

SOC or HBa \>_

TDH,tvpe=tn|?.':|:/r\1/ternalTrez=1 SOC: STOrT Of COHTIHUOUS
Data EOC: End of Continuous
S - ToT TDH: Trigger Data Header
. .
& \*W TDT: Trigger Data Trailer
ata
_— RDH: Raow Data Header
_ . IHW: ITS Header Word
IntT”g [ _TDH,type=0, Internal Trg=1 |
Data
Page Full ——,| TDtT
IHW

|_TDH, type =0, Internal Trg=1 |
Data

TDT

HBa

Diagnostic Data Word

IHW

TDH, type=trg, Internal Trg=1
Data
TDT

Other Trig (Error!) — TDH, type=trg ]

EOC, HB

Diagnostic Data Word

EOC HB Open &
Close packets

OAK RIDGE
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SPHENIX - MVTX

Proposal Document: sPH-HF-2018-001
I hitps://indico.bnl.gov/event/4072/
Outer HCAL

SC Magnet
Inner HCAL 2
A5 EMCAL ~_4
TPC

INTT

» sSPHENIX cost-effectively reuses the ITS electronics as built,
replacing the ALICE CRU with the ATLAS FELIX backend
» Modified ALICE ITS mechanics to fit it into SPHENIX

MVTX Section View
Showing half of cables, and cooling lines

—

3-layer sensor barrel equivalent to ITS IB
- 48 staves, 432 chips

MVTX Readout Units, PUs
& other services

MVTX parameters: L =271 mm

R_min (mm) Located Outside Magnet on Platform:

Much lower Radiation than ITS

OAK RIDGE
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MVTX Readout System ep@

Readout Unit FELIX
' . Front End ' Back End
: 5'11) m twinax GBT Optic:‘itl Links
: ,4
9-sensor stave ' Data (9x1.2Gbps), Clock, It
: ontroI/Tngger = |
|||1|11|1|'|ﬁ @
\‘} (R A —— : ¥ = i
Serial Qutputs (1200 Mbps) I F‘l o
|
I ,
ALPIDE . |
» a 2
Sensors—, 4 8
oId Plate I : 5 2
c Cc
| © O
I ‘ P o O §§
! Power Board < w =
()]
N I E Q)
I | n
. . | . .
Interaction Region Experimental Hall ' Counting House
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sPHENIX “BackEnd”: ATLAS FELIX 712v2

MiniPOD Sockets (x8)

TTC Mezzanine JTAG Connector

12 V Power

(8-pin PCle
power
connector)
SPHENIX Timing
Mezzanine
FELIX v2 (BNL712)
Kintex UltraScale XCKU115 FPGA
x8 lane
MTP 24 or 48 Coupler Gl | PEXETR  loexGlnesol
PCle Gen 3 x 16 T“r"ai:fnggl y
x4
Architecture Highlights: L — fan
« Xilinx Kintex Ultrascale KU115 FPGA e e R0,
MiniPOD .
« 48 bi-directional GBT links Deces - Y Moo | s )
N\ ——e—.
« 16 lane Gen 3 PCle A l - T o
« Mezzanine site for SPHENIX timing system card ;‘A e
Jitter
Performance: toJTusngIIO Cleaners Ut Busy (LEMO) "
e PCle Tx > 100Gb/s
OAK RIDGE
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sPHENIX DAQ Architecture

j @

Calorimeters, INTT, MBD =

$2° EBDC

MVTX Hardware:
48 Staves
48 FEE (Readout Units)
6 FELIX BNL-712v2
6 EBDC servers

S_QOAK RIDGE

Event Builder

Network
Switch

Buffer Box

Buffer Box

Buffer Box

Buffer Box To the

SDCC/HPSS

Buffer Box

Buffer Box

L

Buffer Box

Acronyms:

FEE Front End Electronics

FELIX Front End Link eXchange

EBDC Event Buffer and Data Compressor
ATP Assembly and Trigger Processors
Buffer Box Interim storage

FEM Front End Module

DCM2 Data Collection Module

SEB Sub-Event Buffer

National Laboratory J. Schambach (schambachjj@ornl.gov)
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ALICE ITS-3 Streaming Readout S

—
L |
,,,,,,, betector Service Boazd g i
C-side A-side r ] Data, - : ‘ .
PR IIIIIII.. H 1 control & H '
' i 7] |optical Transceivers : ¢ sync R : H' '
H Flexibli 8 H Fiber [ ] H
TPSCo 65nm CMOS | o |
. . : Cireuit g ; : :
Imaging process ot | over meguiators | 1 | - ;
i i Power distribution ! ‘ E
wafer-scale Sensors . - L |
! .

Radiation Environment ‘ radiation

ITS-3 Readout Concept

small PCB, one per sub-module

This board will host the two VTRx+ modules
VTRx+ to be placed as close as possible to sensor edge
The approximate dimensions are 30 mm x 30 mm.

Control Board

Contains all the remaining electronics
It is divided into several segments avoiding acceptance cone

*VTRx+ (Versatile TransReceiver)= Optical Link Module for Data Transmission

OAK RIDGE
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ALICE ITS-3 “MOSAIX” Stitched Sensor

Layer O0: 12 x 3 repeated units+endcaps
Layer 1: 12 x 4 repeated units+endcaps
Layer 2: 12 x 5 repeated units+endcaps

Repeated (Stitched) Sensing Unit (RSU)

ITS-3

IB Layer Parameters Layer 0 Layer 1 Layer 2
Sensor length [mm] 265.992

Sensitive length [mm)] 259.992

Sensor azimuthal width [mm| 58.692  78.256  97.820
Radial position [mm] 19.0 25.2 31.5
Equatorial gap [mm] 1.0

Table 3.2: Design dimensions of the sensor dies and radial position.

S_QOAK RIDGE

National Laboratory

97,82

78,256

58,692
19,564

K ' SEGMENT
\

==

21,666

259,992

Sensitive z-length

265,992

Physical z-length

N

J. Schambach (schambachjj@ornl.gov)

15



N

Half R ted S Unit i
a e p e q e e n S o r n I Block Width Height Block Area Instances Percent area
[mm)] [mm] [me}
RSU 21.666 19.564 423.873 1 100 %
12 Stitches, & Domains/Stitch, 4 Regions/Domain | Pixel Matrix 3.571 9.197 32.843 12 92.98 %
—Repeated Sensor Unit__,, Biasing 3571 0.060 0.214 12 0.61%
M i ot i 72 M Power switches 0.020 9.257 0.185 12 0.52%
= T"::;’;:: 3 —“I Data Backbone 0.060 9.257 0.555 4 0.52 %
2| o] | poer | /12 Top Half Sensor Unit 2 - Readout periphery 3.591 0.200 0.718 12 2.03%
£ g ||z] e i 1zl 8 Test pads 21.666  0.250 5.416 2 2.56 %
i § 5 BIHIR: Seal ring and dicing lane  21.666  0.075 1.625 2 0.77%
nH O |[E .. O El| o
@ § % s : Q § 'E'-' Table 3.4: Plan of dimensions of the blocks composing one Repeated Sensor Unit and percentage
ﬂ %7 e | Botiom Halt Sensor Unit “E L of the RSU area occupied by the instances of the block.
TX@10G24 5
< I,:QJ .666 :: >
o < 21.666 mm
10.833 mm
< 3.571 mm Y
<> 0.060 J———————"5¢> 0.020
o . . . AN | N I BASNG | ' BIASING 1 BIASING | g — BIASING | [ BIASING [T BIASING
Each Half Unit is segmented in Tiles (Domains) E
§ TILE TILE TILE TILE TILE TILE
Each tile acts as an
independent sensor y g g2 g g
e PIXEL g PIXEL 2 PIXEL g 9 PIXEL g PIXEL 4 PIXEL g
Se pa rate Local Power E 2 ARRAY i ARRAY : ARRAY : g ARRAY : ARRAY : ARRAY :
. . g g g 5 5% 5 § 5
Configuration 5008 A
H 4
Readout Link (160 Mb/s) < .
. 2 |
Each Tile data output has fy )
o |
direct connection to the left endcap £ i | |
28
o t_ READOUT FERIFHERY READOUT PERIFHERY READOUT PERIFHERY = READCUT PERIPHERY AEADOUT PERIPHERY AEADOUT PFERIPHERY
v @ PADS AND DICING LANE FADS AND DICING LANE PADS AND DICING LANE PADS AND DICING LANE FADS AND DICING LAME PADS AND DICING LANE

OAK RIDGE
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On-Chip Readout Scheme S

TILE
INTREG READREG
Pixel matrix Regiqn matrix
L O [+ O A N |
AN e i i e el B i o e
ain aalin= = nog-u
O O e NS N s [ 00
O+ —O==-=--0CH O === OH FO=-=-=--0OH O
I B o CH e A e (HH
. L o ' ~--i_i---' e oo . ________I__I__________ _____
eft endcap x12 Repeated Sensor Units Readour 15 bits 15 bits 15 bits
POWER I | Periphery .........................................................................................
paDs || 7777 | North Half Sensor Unit |
= Region Readout (1) RR (2) RR (n)
~1 TILE TILE | TILE TILE TILE TILE ov:— [IRREREE BN -----
< = 7
' g g
Z =3 ; | |
O |« & —160 Mbitis ] [160 Mbit/s | |[160 Mbit/s | | [160 Mbit/s ]| [160 Mbit/s | [160 Mbit/s]
output 5 el Top Readout Mux /
data ||= | | = \
§ ----- | South Half Sensor Unit | 16 bits @
'é 2] TILE TILE | TILE TILE TILE TILE
§< é | K < ™ <:| Serializer «—160 MHz
< é 160 Mbit/s | [160 Mbit/s ]|[160 N!bitrsl [160 mbitis || [160 Mbitis | [160 Mbit/s |
L T R === ot )
OAK RIDGE
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Data Flow - From Tile to Left Endcap §

LEC Segment
A
LEC CORE r - - \ i ()
Left endcap 2x72 Domains Right endcap
I T T Baming cocx | I 1 [ |
] TILE TILE | TILE TILE :
DATA ROUTER . o1 [
..... E D13 : .
£ T
S ]
SWITCH 1 SWITCH 2 SWITCH 3 =z . ~ _ I
i HI SPEED CHANNEL 24x 4b @40MHz  [On-chip link group Off-chip speed mode: On-chip data rate: (o] =3 1 —
512 Ghis (5.12 Gbis mode) to uplink 56106 160Mbl/s 5 [ N S E—
10.24 Gbis 2|3 . s Ed :
SERIALIZER & [fg37mr| IPGBT-ink 48 xdb@IOMHz |- = [
DIpi FTRNGEN] | ) (1024 Gbis mode) 24 x4 b @40MHz 24 x 4b @40MHz output ||2{«—{160 Mbit/s|[160 Mbit's 160 Mbit/s|[160 Mbit/s -
. “45 % 4 b @30WAz <24 x2b @40MHz data g N s RN e
HI SPEED CHANNEL 24 x 4b @40MHz D — 24x1b @40MHz
5.12 Gbls (512 Gh%:?ume) N b |oama 24 x 160Mbls O TILE TILE TILE TILE e I T
10,24 Gbis 2 am 24x Ab@AOMHz - 24x4b | ‘MT e cAToR Eﬁ 24 x BOMbls = o N e e I B e
-— SEHIALIZERE 320MHz| IPGBT-link 45 x 4b @4OMFz 48 x 4b@40MHz @40MHz @40MHz |ac E 24 x 40Mbls 5 ,,,,, £ :
ozl FTER GEN] | ) (10:24 Gbis mode) it E - T
S =] e 7
HI SPEED CHANNEL 24 x 4b @40MHz a © =
5.12 Gbl 24 x 160Mb/s |
10,24 G R T o 2exdb@ionbz | 2 | N 24x4p_iTa I 2 icomie o o
— |pGBT-link 8% 4b @Mz 48 x 4b@40MHz @40MHz @40MHZ |AGGREGATOR SEaonEs w -
ETEN GEN] | ) (10.24 Gbls mode) 001111111111100 1100000000001
HI SPEED CHANNEL 24 x 4b @40MHz |_+—{160 Mbit/s][160 Mbit/s]-- - - - [160 Mbit/s][160 Mbit/s
) 5.12 Gbis — 5 (5.12 Gbls made) 24x 4b 24xdb |DATA 24 x 160Mbls, —
a 10.24 Ghis 2 am 24x db@40MHz | . < 2axdb | 2 e 24 % BOMbIs o 3.531 mm
= <« SERIALIZER T 45530mpg| 1PGBT-link 48 x 4b @40MHz 48 x 4b@40MHz @40MHz @40MHz |AGGREGATOR 24 x 40Mbis : e
D‘| I PTRN GEN (10.24 Gb/s mode) 4.5 mm 260 mm 1.5 mm
Q
L [e— HI SPEED CHANNEL 24 x 4b @40MHz e
= 024 cois 2 16.12 Gbis mode) 2xab@aomHz | | 24x4b | 24x4b_|0ATA - ey
— SER\ALIZERE IpGBT-link 48 x 4b @40MHz 48 x 4b@A0MHz @40MHz @40MHz |AGGREGATOR 24 x 40Mbis
GLL[PLL]- FTRN_GEN | (10.24 Gbis mode)
. HI SPEED CHANNEL 24 % 4b @40MHz 24 x 160Mbs
1 T is
1094 s (Eiasbismody) 24x Ab@AOWHZ | 2dxdb | ] 24xdb |DATA ﬂ 2xd i
-— 1pGBT-link 48 % 4b @40MHz 48 x 4b@40MHz @40MHz @40MHz [AGCREGATOR | £ 24 x 40Mbs
[oLiFiL] PTRN_GEN (10.24 Gbls mode)
o HI SPEED CHANNEL 24 x 4b @40MHz 24 x 160Mb
e 1
1054 e 512 Ghis mode) 2axdb@aoMHz | o 2xdb | «24xdb_[DATA Aats -
— RGBTk [T o @aomiz 48 x 4b@40MHz @40MHz @40MHz |AGGREGATOR 24 x 40Mbis Half left endcap 5.12 Gb/s Domain 0 Mb/s domain
[FTRN GEN] | J (10.24 Gbis mode) | . i
; From tiles RSU (example)
24 x4b @40MHz !
512 Gbls (542 nﬂm) ; —_— 24 x 160 Mbis
10.24 Gbl/s
- 48 x 4b @40MHz GWT-PSI He  aongaaomiz—| GBTHnk-TX Data |
(10.24 Gbis made) sG12 FEC12 [ o a M & line recelvers
FTRM_GEN 1
CONTROL LOGIC F .
1 THE TILE TILE
CLoCK PM SLOW | [SC SLOW POWERUP | ["peor __|
MANAGER CONTROL | |CONTROL ||, 22 o STATE MANAGER | |WATCHDOG —— GATIKTX . Data aggregator From ties = | T | T
MASTER | | MASTER MACHINE FEC12 R Gline rocoivers 24 % 160 Mb/s
o thu U
FTRN_GEN le— |
! 111
GWT-PSI GBTnk-TX Data aggregator From tiles ¥ = = =
= 3 320MHE- 1 = I
se12 E - FEC12 - & line receivers 24 % 180 Mbys 2 2 2 % H
b FTRM_GEN 1 l | |
j 20 iz - (e | Cavaw (e ]
= ° 320 MHz e COE 160 MHz 150 MHz
160 Mbps x 144 = 23.04 Gbps (ITS3 expected: 15.55 Gbps) v BRI oo e
[ | 40 MHz 40 MHz atal: 72
40 MHzZ raf PLL | 160 MHz
Ik and et mgnals—b{ 5'::;:::“"“' ;:’;:‘;Le“r ‘ ‘ Wialchdog
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ITS-3 Detector Electronics — Data & Conirol ¥

30 cm 130 m
<--> D O R >
Detector Half- Barrel Detector Service Electronics Counting Room
loGBT core on sensor P VTRX+
Chip Segment = VTRx+
co VTRx+
Chip Segment = VTRx+
| VTRx+
VTIRX+
— VTIRx+
Chip Segment — VTRx+

Control/Sync 7 UUNG o 5.12 Gbps Control
Copper 2.5 Gbps e-links opticaf) 10.24 Gbps Copper Optical Uplink — Low-speed
—Clock Pata Uplink /. ____2.56 Gbps Control Opto-coupled Backup Control
| G Copper 40 MHz Copper Copper Optical and Sync Downlink
OAK RIDGE .
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ePIC Silicon Vertex Tracker (SVT) ep@

O Well integrated, large acceptance, high precision Silicon Vertex Tracker based on
large area, low power MAPS in 65 nm CMOS imaging technology

Inner Barrel (IB) Outer Barrel (OB) SVT Total (active) area ~ 8.5 m?

ePIC SVT target specifications

Spatial ~5um
\ resolution

Power < 40 mW/cm?2
. Frame rate | <2 us

Hadron;;gaAIE)nmeters MOTerlol IB 0.05% X/XO
budget OB: 0.25, 0.55% X/X,
(per layer) | EE/HE: 0.25% X/X,

Time.of.Flight

(ToF), DIRC,

RICH detectors

MPGD trackers SVT MPGDs ToF (fiducial volume)

MAPS tracker

Electron/Hadron Endcaps (EE, HE)
%OAK RIDGE
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ALICE-ITS3

=16.5+

18 «
24 -
30 =

400
[ ]
ePIC SVT Barrel & Disks 300
200
100
0
-100
Region | Layer radius [mm] | length [mm] | X/X0
B Lo 36 270 0.05 % =200
L1 48 270 0.05 % _300
L2 120 270 0.05 %
OB |3 270 540 0.25 % —-400
L4 420 840 0.55 %
-z
. Stecn, .
ePIC - SVT T
2 aon a8
400 .
= // -
— / p—
: /// k\\\li4
300[
E f_,f/ T T L3 \\
o / // ey AN
200 / Y, \\ X
co y, \
£/ ! \\ \\\
100F- | / X \
E .' \ A
"o b
(I y g
(. \ | |
-100", ! |
AN \\\ Vi |
AN N V4 |
—200F \ " Y. /
SN . / Y
E N - /
_300~ \‘\ //
C S //
= T el
—400— e e
m | | | | 1111 | L1l ’— | | | | | | 1111 | L1

Inner Barrel

S_QOAK RIDGE
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I |
-400 -300 -200 -100 0

100 200 300 400

Quter Barrel

EIC LAS

- pre=EEEe /4
_;rss: 15144((11265)) :3/’" "“:Ef‘_‘ﬁh
r_bp =36.5 mm NG
r_min =41.5 mm ___----' FEEELLL \—f
riﬁ:;:; 35;.111":11mm SERRR
r_max =421.4 mm -
Sensors: 228 --_-_x
RSUs: 1224 I~
Overlaps: 20.1
FTOIITIITTTTT
i | T =1
E i i - i I |
3 T - "'=7 ePIC Large Area Sensor (LAS)
FN s =21 | A7
— \\ T =A== [ T /é/
C SEp N WLz
E <c$:=‘::_______::ﬁ‘77
;I‘\\\I‘Illllllllll\l\\\I\lllllllllll\l\\‘\l
-400 -300 -200 <100 0 100 200 300 400 EIC Beampipe
o for SR
“,‘,emasv;:“‘
' car«r:;‘;ﬂ“um
i '*-ﬂé‘drnn
: Yoo 5‘0 ll] 5‘0 100 150 2
EE/HE +z [mm] -z [mm] r_out [mm] XIX0 %
EDO/HDO 250 -250 240 0.24
ED1/HD1 450 -450 420 0.24
ED2/HD2 700 -650 420 0.24
ED3/HD3 1000 -900 420 0.24
ED4/HD4 1350 -1150 420 0.24

J. Schambach (schambachjj@ornl.gov)
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h
ePIC MAPS Readout eF'\&j
 Development of a multiplexing strategy for the output links of the EIC LAS

— Multiple 5 Gbps links in ITS3 sensor, not needed for the (much lower) data rates at ePIC

e Tow options under consideration
- External multiplexing using commercial (radiation tolerant) FPGA
- Multiplexing integrated into sensor ASIC

Readout board (RDO)

Rad-hard T uplink _
MUX FPGA »
ioers
downlink
Few cm? FPC with circuitry
for electrical/optical
conversion (VTRX+, [pGBT)
uplink
FPC, few cm? fibers g DAM board
T downlink

MUX integrated in
sensor’s periphery

OAK RIDGE
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ePIC Backend: ATLAS FELIX Phase Il Run 4 hardware S

e Based on|Xilinx Versal Prime VM 1802

- Dual-core ARM Cortex-A72 Application Processing Unit
- Dual-core ARM Cortex-R5F Real-Time Processing Unit

- Al Engine

- Programmable Logic

—  Future: Versal Premium

» |4 Samtec FireFly transceivers

- 24 bi-directional optical links (future: 48 links)
- 10/ 25 Gbps bandwidth per channel

e 1 Samtec FireFly for LTI/TTC links

- Trigger, Timing and Control (4 links)
- 100 GbE Networking

o« PCle Gen4 x16 (240Gbps)

- 2 x8lanes bifurcated

- Future: PCle Gen5 up to 16 lanes

S_QOAK RIDGE

National Laboratory

9 4

BNL FLX-182 Prototype

M T
Versal Prime ||, | /2.2,

204 |t Arm Cortex-RSF

J. Schambach (schambachjj@ornl.gov) - ‘ 23
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BACKUP
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ALICE Data Acquisition: First Level Processors with CRUs

Sensor Readout Unit O2 FLP
- /% ____________________________________________________________ .

Up to 3 GBT link per
RU (3.2 Gb/s each)

Up to 28 Data 8 RUs per
lines per RU CRU CRU architecture FLP architecture

RAM
TTS CRU Ctrl.
Detector Data Frames
------------ Detector
Control
! User < Frames
GBT : (Sete.(]:c’.[or
I pecific)
Logic CPU
i ; PCle
L ' FLP
___________ DAQ. NIC/IB
P LS ELP Software
DCS > DCS < » NIC +——»
Software
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FELIX Firmware

Kintex Ultrascale ' .
FPGA - arXiv:1806.10667v1
. Wupper
@ i TTC data -
4 k- )
g fan-out i 2
21 |GBT i Wupper 5
E" FPGA from-Host £ DMA 4 E Wupper functional block diagram
O 1 |wra Engi ] Legend: 250 MHz Clock region
o Ppet] Central Router ngine O g % '
- | = ~ Soweonm | | Wuppercore | o [t
8 (&) and monitor DMA_read_wite |
2t el oot s oo e ] | T
A {} G G {} — HFo FIFOct| o header axis_rc |
. Xilinx
b O~ fastefia e e B
osc. Clock  ck | TTC & Busy Configuration registers: I I aisca| | |BCle
—— Management process control and monitor. 1 Gene
A & DMA_control [ | Enanle [
) ' | Read/Write —
p——— e descriptors
2 - ata PCIe Read/Write
= - | -
g ™ K fan-out Engine & L T s s
5| |cer Waupper = . == = = .
=1 from-Host 1 - Synch | 10/
E| |FPGa DMA == XILINX |} - E @ o| smge [ ] saa
S| |wrapper Central Router Engine {—~| pcle I 40 MHz Clock region _ Wupper
= End Poind| @
(&
'*é‘; IEI:—"*: to-Host ) S
— Fig. 6. Structure of the Wupper PCle engine

Fig. 5. Block diagram of the FLX-712 firmware
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Matrix Readout

O

51}

/ \ s \
STATE| @ |STATE STATE| @ |STATE
I vL'g BALUE, = 2 ﬂLrg e 5o
© (512 |8 | 512 |@ ¢ (512 |8 512 |@
+— c 4+ +— c —
C c
collection S |RESET © [RESETS S |RESET © RESE]S
e = |s12 |[E| 512 |= — |s12 |E| 512 |=
g 2 X X 2 2
o o o o o o
3 ®)
S|at 14 S| ] 15
(1] 1]
v >l ol L2 >lo| |2
. Periphery
Qi (MIP) = 1300 e = V = 40mV 1Bias TCIock iControI TPuIser 1Data
+ trigger

low-power matrix readout ~ 2mwW

Pixel Matrix - Hit driven architecture
* Priority encoder sequentially provides addresses of all hit pixels present in double column
« No activity if no hit (no free running clock) =» low power

OAK RIDGE
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ALPIDE Architecture

N

ALPIDE elements potentially SEU sensitive 32 readout regions
1. Pixel Logic: mask and pulse registers (not protected) ' 16doublecolumns ¢ 1 | LorTTTT : CTTTT !
M|t|g§t|on : Refr‘esh pixel mas!< bits in bac!<ground T aimieTe aTam E i E i E i
2. Periphery logic: state machine, FIFO pointers, counters and \ [H H CH CHHO U i | |
N . : T HIOOGO - e Lo LT :
configuration regl‘sters with TMR . . ‘ > Nulllninll's o g P : : : :
3. Top readout unit and data management unit FIFO with Hamming AR M Lo ! S !
rotection C [H O CH CHEO | Lo i i i
protec . I ‘Olooo  omb | - : | |
4. Region Readout DPRAM partially protected ' [CH O CH O CHEO o« o ! : :
format protected 8b DACs Pixels Config A L
hit data not protected @ H {}
5. Data Transmission Unit: PLL and Serializer with TMR H R Ries ot () RR (2] RR (3) RR (32)
| 128x24b DPRAM |
{}24bx40|V|Hz {} {} {}
11bADC ) AN 32:1 DATA MUX /
Configuration 5

. Basic Triple Modular Redundancy register cell i) e .‘ Readout pz Top Readout Unit

Sequencing
Bandgap +
. > FF Temp Sens Q24bx4OMHz
- RESET_VALU 0 | S ERRO I Data Management Unit
‘E _ :
T e,
» - . 8b/10b
C N—> 1 —)% § ouU . Control Bus Triggers @ 30bx40MHz
o - .
[+ > : L
> J—> : =B Data Transmissiopstai |
> FF PLL Serializer :
2 . Differential |
: Control Port Serial Out Port
AUTO CORRECTION (40 Mbps) (1200 Mbps / 600 Mbps/ 400 Mbps)
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ALICE Server/GPU Farms for Data Acquisition and Online
Processing

Data Acquisition Servers & Electronics

» 13 “First level Processors™ (FLP)
2 CRUs & 8TB of local storage each

« Storage Farm for commissioning:

200 TB local disk server + 500 TB cloud
storage

 Event Processing Nodes (GPU Farms)

OAK RIDGE
*National Laboratory J. Schambach (schambachjj@ornl.gov)
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