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Charge Questions Addressed

developed to achieve the performance requirements?
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! 3. Are the current designs and plans for detector, electronics readout, and services sufficiently



Outline

* Top Level Readout Design
 Inner Barrel Readout Design

 Prototype Developments
 Summary
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« Outer Barrel and Disk Readout Design
« SVT Numbers
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Top Level Readout Design
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ePIC Streaming DAQ for SVT

RDO = Front End Aggregation & E/O I/F

Timing
System [?gﬁggfr FEB = Front End Electronics Board
l R | DAM = Data Aggregation Module
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— RDO L Fiber EBDC = Event Buffer / Data Compressor
i_ : EBDC
= RDO L m
i_ EBDC
E 260 Ol Buffer Box
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_!' - i Switch Data Filter Buffer Box
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_!' = : Data Filter Bufter Box
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ePIC Streaming DAQ for SVT
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| Most ePIC detectors have their Readout ASIC on the FEB,

connected to the detector via copper cables.

« The FEB is then connected to a Readout Board that
converts the electrical signals into optical fibers and
transmits them to the DAM board in the counting house.

FEB —= RDO
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ePIC Streaming DAQ for SVT
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* Most ePIC detectors have their Readout ASIC on the FEB, =
connected to the detector via copper cables.

« The FEB is then connected to a Readout Board that
converts the electrical signals into optical fibers and
transmits them to the DAM board in the counting house.

* In case of the SVT, a lot of the Readout functionality is
already integrated in the MAPS ASIC itself, thus SVT does
not have an FEB
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SVT Electronics for Data & Control

ePIC DAQ
Readout Electronics
f"""'""""'"'"""""""""""""": DGfG,
5 ' Control
{ ' ; & Sync
Optical Transceivers [#rr—
Flexible Printed Circuit 9 ] |
28 1
: Power Regulators : -
4-LAS Group : '- | i .
. H ' 1
(OBanghdisks] @ i s
X
1
| Fiber
1
1
1
1
.........ReadoutElectronics ;
C-side A-side E 3
Flexible g :
Printed §g
Circuit § :
................. Power Regulators (€=

<50 cm long
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SVT Electronics for Data & Control

—"* —-—
-.-. -’ . - - —

 For the inner barrel, a wafer scale sensor is
connected to the RDO via a Flex Printed Circuit (FPC)

« The Readout Electronics converts the high-speed
d T ek data lines into (fiber) optical signals
---------------- —— opticar meansceivers ===+ The slow controls lines of the sensor are controlled
el individually via fiber-optic/electrical interfaces.
e 3| el ,_ « The Inner Barrel RDO also houses the direct powering
Inner Barrel /‘ o for the sensors as well as the fiber optic interfaces
<50 cm long

Electron-lon Collider
Tracking Detectors Review, March 20-21, 2024 9




SVT Electronics for Data & Control

* For the Outer Barrel staves and the disks, the RDO

__________ Readout Electronics converts groups of up to 4 SVT LAS high-speed lines
: to fiber optic signals.

optieet e ST o The slow control lines of the whole 4-LAS group are

Flexible Printed Circuit 5 . . ..
--_ & connected to electric/fiber optic interfaces.

4-LAS Group g gl » The groups of LASs use serial powering, so the power
(OB and disks) eSS SRS TeLE e ’ section of the RDO is solely for the RDO electronics
itself.
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SVT Electronics for Data & Control

Data,
Control
2 Sync

> lie ' Fiber

FPGA based “Fiber Aggregation”
Boards in the DAQ room aggregate
multiple (relatively low bandwidth)
individual fibers from the RDOs into
single fibers towards the DAM boards

Fiber

!
o

: Fiber
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Backend: ATLAS FELIX Development for Phase-2 Upgrade

= | FELIX — FLX-182

*+ FPGA: AMD Versal Prime VM1802
* PCle Gen4x16 interface (240 Gb/s)
* 4 FireFly transceivers with 3 possible configurations
* 24 links up to 25 Gh/s
» 24 links up to 10 Gb/s (CERN-B FireFly)
* One duplex FireFly transceiver with 2 possible configurations with 14 or 25 Gb/s

DDR4

QSPI Flash Mini-DIMM
72-hit ECC Power

CONN
TTC Trigger
o LVL SHIFTER T FireFly 4on

2 » TwiRx
— ¢ ¢ up to 25Gbps
LTl
WR-CLKIN 1—»{ LI EEEL }47 Power Suppiies.

A . 4—1_1 Xilinx « > ToceE
Versal Premium

* FPGA: AMD Versal Premium VP1552 FPGA creRT I FPGA AN
+ PCle Gen5x16 interface (482 Gb/s) - pemamon | [

* up to 48 bidirectional links

Power

Monitorinng
FireFly 45-ch Rx

up to 25Gbps
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Inner Barrel: MOSAIX Readout
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MOSAIX Data Flow — From Tiles to Left Endcap

& X 12 RSU (144 Tiles)
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MOSAIX Data Flow — From Tiles to Left Endcap

x 12 RSU (144 Tiles)

MOSAIX is sub-divided into 144 (2 x 72) Tiles <72 Links
Each Tile has its own pixel matrix read out via a s
160 Mbps serial link towards the LEC —
MOSAIX thus has 160 Mbps x 144 = 22.5 Gbps

<72 Links

arriving at the LEC

[w BAA AAA AL ATA RACHRONE
Hmiim
I
P
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MOSAIX Data Flow — From Tiles to Left Endcap

LEC

LEC CORE

e ST then selectively be sent to individual
LT T encoders and off-chip serializers

w | fi
o
=i 50 SRdbgaoM
WG s

o) | ;:
M|l
P P T
Wi |uesemen |
M | -

wde) ‘.'
M |
a0
—_—

MSLOW] [SCSioW] sc
ONTROL | | CONTROL | . A
JASTER || MASTER | ENDPONT macHing | [ MANAGER
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DATAROUTER * Inthe LEC, the tile serial links are
; R e R received and aligned
e gmgme| | peem -  Via a switch matrix, the data can



MOSAIX Data Flow — From Tiles to Left Endcap
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The data are then encoded with IpGBT IPs (providing
a radiation tolerant protocol) and serialized to be
shipped off the sensor via 10.24 Gbps links.

The MOSAIX design contains a total of 8 encoders
and serializers, providing a total 80 Gbps bandwidth.
A fallback option is to run the serializers at 5.12 Gbps,
thus still providing 40 Gbps.

This provides high redundancy for the 22.5 Gbps
payload from the tiles in case of radiation damage; the
switch matrix can be programmed with different (fixed)
routing to mitigate the impact of failed components.

In case of the SVT LAS, only one serializer is
foreseen in the design due to the much lower payload
requirements in these sensors.
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IpGBT Protocol

64 bits

: e — | Downlink
hANC (H(3), 1C(1), H(2), KC(0), H(1). EC(1), HIO)EC(O)} D(31:24) D{23:16) D{15:8) FEC(23:0)
L s
+ delinks @ 320Mb/s
Bandwidth [Mby/s] 80 160 320 Data- U pI I n k
Maximum number 16 8 4
Up-link bandwidth [Gb/s] 5.12 10.24
FEC coding FEC5 FEC12 FEC5 FEC12
Bandwidth [Mb/s] 160 320 640 160 320 640 320 640 1280 320 640 1280
Maximum number 28 14 7 24 12 6 28 14 7 24 12 6
5.12 Gbps 10.24 Gbps
Field FEC5 FEC12 FEC5 FEC12
Frame [bits] 128 256
Header [bits] 2 2
IC [bits] 2 2
EC [bits] 2 2
D [bits] 112 96 224 192
FEC [bits] 10 24 20 48
LM [bits] 0 2 6 10
Correction [bits] 5 12 10 24
# of elink groups 7 6 7 6

Electron-lon Collider

Tracking Detectors Review, March 20-21, 2024 18




IpGBT Protocol

FE ASIC

IpGBT

FE ASIC

FE ASIC

T,
#

Front Ends connect to “e-links”
The fiber protocol includes “Forward Error Correction”

" ———
Electron-lon Collider

Tracking Detectors Review, March 20-21, 2024
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IpGBT Protocol

FE ASIC

FE ASIC

FE ASIC

* Front Ends connect to “e-links”

* The fiber protocol includes “Forward Error Correction”

* Downlink runs at 2.56 Gbps

* Downlink frame is 64bit wide, of which 32 bits are payload

+ 1.28 Gbps payload
« Upto 16 e-links @ 80 Mbps

[HI3). 1C{1), H(2), 1C(0), H(1), EC(1), HIO)LEC(O)}

D(31:24)

D{23:16)

D(15:8) FEC(23:0)

Header plus:
+ IC-Field (80 Mbys)

* EC-field (B0 Mb/s)

Bandwidth [Mb/s] 80

b
6

*  Belinks
4 elinks @ 320 Mb/s

€
€

320

Maximum number 16

Downlink

Line Rate: 2.56 Gbps
32 out of 64 bits are data:
Payload = 1.280 Gbps

Data Uplink

¢ & o o

- -
- .. ,
e
- -
- -
- -

Electron-lon Collider
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IpGBT Protocol

Downlink
? o’ . ' - Line Rate: 2.56 Gbps
| 32 out of 64 bits are data:
: o — o NNy | oo 4250 Gbes
Y P
-

TN, .

— [ e e m——— -
o <, 14 : Data Uplink

r 192 out of 256 bits are data:

Payload = 7.680 Gbps

 a— Input eLinks (up-link)

Up-link bandwidth [Gb/s] 5.12 10.24
. FEC coding FEC5 FEC12 FECS FEC12
. Front Ends connect to “e-links” Bandwidth [Mb/s] 160 | 320 | 640 || 160 || 320 | 640 | 320 | 640 | 1280 320 || 640 | 1280
* The fiber protocol includes “Forward Error Correction” Maximum number 28 | 14 | 7| 2 [[12 ] 6 |28 | 14 [ 7] 2 [12]cs
* Downlink runs at 2.56 Gbps
« Downlink frame is 64bit wide, of which 32 bits are payload . e L GbF'::u e oz GbP:Em
e
* 1.28 GbpS p_ayload Frame [bits] 128 256
« Upto 16 e-links @ 80 Mbps Header [bits] 2
» Uplink runs at either 10.24 Gbps or 5.12 Gbps IC [bits] 2 2
« Uplink frame is either 128bit or 256bit EC [bits] 2 2
. . . D [bits] 112 96 224 192
*  256bit frame contains 192bits of payload (7.68 Gbps) FEC [bits] 0 -1 5 Be
* Upto 24 e-links at either 160 Mbps or 320 Gbps LM [bits] 0 2 6 10
Correction [bits] 5 12 10 24
# of elink groups 7 6 7 6

Electron-lon Collider
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MOSAIX Interfaces in the Left End Cap (LEC)

Supplies —
[/Os +—>

<+«— Supplies

Supplies — ||
l/Os +—>

<«— Supplies

Supplies — | |\ .
[/Os +—

<«— Supplies

down

up

down

Slow control down
own

down

down

up

PSUB
GAVDD/GAVSS
GDVDD/GDVSS

HSDATATOP[0]
HSDATATOP[1]
HSDATATOP[2]

PSuUB
GAVDD/GAVSS
GDVDD/GDVSS

PMWR
PMRD
GCLK
GRST
SYNC
RESERVE
SCWR
SCRD

PSuUB
GAVDD/GAVSS
GDVDD/GDVSS

HSDATABOT([2]
HSDATABOT[1]
HSDATABOT([0]

i} REE 13 Rrbbbhe $ed RAR 11

PSUB
GAVDD/GAVSS
GDVDD/GDVSS

All 1/Os are differential
8x 10.24 Gb/s data outputs

1x at 160 MHz
2x at 5 Mbps (General SC and Power Management)
2X signals (SYNC and GRST)

(slow controls: 2 links up; 1 clock, 4 links, and 1 spare down)

Global analog and digital supplies per segment
On-chip supply segmentation and control

Reverse biasing of substrate (PSUB)

Electron-lon Collider

Tracking Detectors Review, March 20-21, 2024
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ITS3 Flex PC Design: Inspiration for SVT IB FPC design

15 cm < Length < 30 cm

LO sensor L1 sensor L2 sensor
Wire bonding
Pads
High speed
connector
54 mm 72mm 90 mm

~25¢cm
— A r -
o {hm‘ﬁ Marging area
ovss o~
.
ot
D

Soldermask
Copper

Copper
Soldermask

20um | oidermask
35 um I Copper
50.0r 25 ym I PPPPPPPP
3B pm [ opper
20um | dermasl
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Inner Barrel Readout Electronics (inspired by ITS-3 DSE)

Radiation Area

Chip Segment

Chip Segment

Chip Segment

Control/Sync 5.12 Gbps Control

Copper 5 Mbps e-1links Optical 10.24 Gbps Copper Optical Uplink — Low-speed
Clock bata Uplink 2.56 Gbps Control Opto-coupled Backup Control

Copper 40 MHz Copper Copper Optical and Sync Downlink

Data : 4 HS lines connected to 1 VTRx+ -> Fiber bundle

Electron-lon Collider
Tracking Detectors Review, March 20-21, 2024 24




Inner Barrel Readout Electronics (inspired by ITS-3 DSE)

Radiation Area

Chip Segment VTRx+

P VTRx+
Chip Segment VTRx+

VTRx+

Control
, = VTRx+
VTRx+ | -
; Chip Segment P VTRX+
Control/Sync 5.12 Gbps Control
Copper 5 Mbps e-links optical 10.24 Gbps Copper Optical Uplink — Low-speed
Clock bata Uplink 2.56 Gbps Control Opto-coupled Backup Control
Copper 40 MHz Copper Copper Optical and Sync Downlink
Data : 4 HS lines connected to 1 VTRx+ -> Fiber bundle

Slow Controls: uses IpGBT e-links for one-to-one connection with the LEC SC signals
IpGBTs are also used to control and monitor RDO electronics itself
IpGBTs are connected to individual VTRx+ for fiber up and downlink

Electron-lon Collider
Tracking Detectors Review, March 20-21, 2024 25



Outer Barrel & Disk LAS Readout

Electron-lon Collider
Tracking Detectors Review, March 20-21, 2024
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Outer Barrel and Disk Readout Electronics

H/S Data

VTRXx+ {

Fiber up

Disks & Staves:

Up to 4 LAS connect their H/S data to one VTRx+

Electron-lon Collider
Tracking Detectors Review, March 20-21, 2024 27




Outer Barrel and Disk Readout Electronics

H/S Data
; VTRXx+
Fiber up { TLLIL Ll i i
Slow ctrl Slow Ctrl Slow Ctrl Slow Citrl
oG upldO™
e\'\(\\('\
Fiber elink 2 sc
up/down Up/down 111 T 11
> > Io. IH=
&/,
U 7
. _ So
Disks & Staves: %
/O' W,
Up to 4 LAS connect their H/S data to one VTRx+ 4 — T i T T
Slow Controls is provided via IpGBT e-links to a SC bus Slow ctr Slow Ctr Slow Ctrl Slow Ctrl
One e-link provides SC to a group of up to four EIC-LAS
Each SC e-link has 3 signals: Clock, SC_in, SC_out 3 3 IH=

Electron-lon Collider
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SVT Readout Numbers

Electron-lon Collider
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SVT Hit Rate Simulations

x10° x10°

- 10x100 GeV? DIS only
- 10x100 GeV* DIS + e+h beamgas + synchrotron radiation

6000|—

- Pre”mma"y 10x100 GeV? DIS + e+h beamgas + synchrotron radiation| * 10x100 GeV ep,
o - 4.48 x 1033 cm-2sL,
184 kHz DIS event rate
* 10 GeV SR
* 10 GeV e-beam gas, 10000 Ahr
» 100 GeV proton-beam gas, 100 Ahr

10x100 GeV2 DIS only

Num Hits
Num Hits

5000

Preliminary

LO L1 L2 L3

L4 ED4 ED3 ED2 ED1 EDO HDO HD1 HD2 HD3 HD4
Layer Number Disk Number

Hit Rate (Hz) Area (cm?2) Hits/s/cm?
LO 4.50E+06 610.73  7.37E+03
L1 4.85E+06 814.30 5.96E+03
L2 1.41E+06 2035.75  6.93E+02
L3 8.55E+05 9160.88  9.33E+01
L4 8.89E+05  22167.08 4.01E+01

Hit Rate (Hz) Area (cm?) Hits/s/cm? Hit Rate (Hz) Area (cm?) Hits/s/cm?
EDO 3.66E+05 1767.11 2.07E+02 HDO 3.92E+06 1767.11 2.22E+03
ED1 4.00E+06 5368.16 7.45E+02 HD1 4.45E+06 5368.16 8.29E+02
ED2 3.97E+06 5536.32 7.17E+02 HD2 4 .48E+06 5533.75 8.10E+02
ED3 3.74E+06 5532.26 6.76E+02 HD3 3.83E+06 5513.51 6.95E+02
ED4 3.35E+06 5524.62 6.06E+02 HD4 3.25E+06 5486.76 5.92E+02

Electron-lon Collider
Tracking Detectors Review, March 20-21, 2024
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SVT by the numbers

width (mm) length (mm)

19.564 21.666
0.0208 0.0228

Reticle size
Pixel size

Barrel

outerr
(mm)
240
415
421.4
421.4
421.4

240
415
421.4
421.4
421.4

# pixels per RSU

827,424

Area (mm~2)
58,811
78,414
196,035
882,158
2,216,706

176,710
536,815
553,632
552,835
551,127

176,710
536,815
553,216
548,909
542,422

8,161,315

Sensor
reticles reticles in # of sensors

in width
3

[SRESNNS, IS

length
12
12
12
6
5

5-RSU LAS
56
334
334
334
334

56
334
334
334
334

in r-phi
4
4
8
96
148
6-RSU LAS
40
0
0
0
0
40
0
0
0
0

# of

sensors in z

1,906,384,896
4,898,350,080

o I NSNS

337,588,992
1,381,798,080
1,381,798,080
1,381,798,080
1,381,798,080

337,588,992
1,381,798,080
1,381,798,080
1,381,798,080
1,381,798,080

19,209,475,584

# of segments:
# of SC links
down

# of SC links up

#
# pixels sensors Notes
119,149,056 4bent ITS3
158,865,408 4bent ITS3
397,163,520 8bent ITS3

3846 -RSU LAS
11845-RSU LAS

965-RSU LAS
3345-RSU LAS
3345-RSU LAS
3345-RSU LAS
3345-RSU LAS

965-RSU LAS
3345-RSU LAS
3345-RSU LAS
3345-RSU LAS
3345-RSU LAS

4448

4500

22500
9000

# Readout
Links

96

128

320

384

1184

96
334
334
334
334

96
334
334
334
334

# Data
# Staves VTRx+

24

32

80

48 96

74 296
Readout
Groups

26 26

96 96

96 96

96 96

96 96

26 26

96 96

96 96

96 96

96 96

1348

# SC

10x275GeV
Hits/pixel/
IpGBTs Hit Rate /s 2us frame
5 2.73E+07 4.26E-07
7 2.94E+07 3.44E-07
17 8.55E+06 4.01E-08
8 5.19E+06 5.06E-09
25 5.39E+06 2.05E-09
3 2.22E+06 1.22E-08
8 2.43E+07 3.27E-08
8  2.41E+07 3.24E-08
8 2.27E+07 3.05E-08
8 2.03E+07 2.74E-08
3 2.38E+07 1.31E-07
8 2.70E+07 3.63E-08
8 2.72E+07 3.66E-08
8 2.32E+07 3.13E-08
8 1.97E+07 2.65E-08

132  2.90E+08hits/s

34.61Gbps

... plus noise

Electron-lon Collider

Tracking Detectors Review, March 20-21, 2024

radius
Layer Index (mm) z (mm)
LO 36 260
L1 48 260
L2 120 260
L3 270 520
L4 420 840
e-endcap
Disk index z (mm) inner r (mm)
EDO -250 36.76
ED1 -450 36.76
ED2 -650 36.76
ED3 -850 40.0614
ED4 -1050 46.3529
h-endcap
Disk index
HDO 250 36.76
HD1 450 36.76
HD2 700 38.52
HD3 1000 53.43
HD4 1350 70.14
TOTAL
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SVT Readout Prototype Developments
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SVT Prototype Developments

 Afull setup with IpGBT, VTRx+, and FPGA development boards (stand-ins for
FELIX) exists at ORNL for evaluation of the various RDO components.

 Alternatives to CERN'’s IpGBT universe of components using commercial
alternatives are being investigated.

* First results with these setups have been achieved in the context of an R&D project

concerned with the Silicon using EIC project funds.
« Evaluation of the Samtec Optical FireFly as an alternative to VTRx+
« Evaluation of the Microchip PolarFire FPGA as a radiation-tolerant FPGA replacement of the IpGBT

« Evaluation of Aggregator Board architectures with commercial FPGA development
boards has been started at MIT in the context of the Silicon R&D project.

 Atest setup for the characterization of CERN Engineering Run chiplets to be used
In the MOSAIX and LAS designs is under development.

* |[nvestigations on Redundancy issues on the LAS design interfaces has started.
.+ Work is ongoing on defining the detalls of the LAS physical and protocol interfaces.
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Commercial Alternatives: FireFly & PolarFire

; MMERCIA ===
FIREFLY"

Flexibility of copper and optical using the same micro Data connection is taken “off board” for up to 28 Gbps per
connector allows for increased density, simplified PCB and lane with a path to 112 Gbps PAMA via optical cable at greater
reduced power distances - or copper for cost optimization.

Simple assembly process with easy insertion/removal and Variety of rugged options ideal for harsh
trace routing, no through-holes, and a 2-piece surface environmental applications

mount connector system

S

Actual Size

MPFO50 MPF100 MPF200 MPF300 MPF500
Logic Elements (4LUT + DFF) 48K 109K 192K 300K 481K
Math Blocks (18 x 18 MACC) 150 336 588 924 1480
LSRAM Blocks (20 Kb) 160 352 616) 952 1520
FPGA Fabric 450 764 72 4440
76 133 204 3
uPROM (Kb) 216 297 297 459 513
User DLLs/PLLs 8 8 each 8 each 8 each Beach
27 Ghops Transceiver . . 6 y o
High-speed 1/0
Endpoints/Root Ports 2 2 2 2 2
Total 110 otal User 110 176 296 364 512 584
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eRD104 Test Setups

o Microsami | iteFast IP Demo

oo IpGBT Test Setup with Samtec FireFly (VTRx+ alternative), Xilinx
;ﬂ u_ T Ultrascale FPGA evaluation board (“FELIX), and SiliconLabs Clock
— | Generator Board (“GTU”)

Samtec FireFly
Test Setup with
Fiber Loopback
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Selected Test Results:

KEYSIGHT essages.  Serial /O Links.
TECHN&LOGIES M50-x 60044, MER431846, 07.57.2023033130: Mon Sep 11 14:45:10 2023, . :t e

Ao PRES 7-bi v PRES T-bat v [ v = e e Resen
Auto 85 7-bit 85 70 300 6 100050) in 2 Resel Mooe
PRES 7-bit it v 000GB(00000) v TBDmV( v & Inject Reset | [ Reset | lacked Locked n
1 v " v & inject Reset | [ Reset | Lackea Lockea
1 v v “ Inject Reset | [ Reset | Lockea Lockea e
L iy i 1 v @ Inject Reset | [ Reset | lockes Locke .
r“,l.,,a.fmn,i.l.ﬂvdlu’r ll‘willlmd-l‘lﬂhlfll,-l‘ AT e by
rl IJ | t v v “ Ingect Reset Reset | Locked Locked -
{ 14062 Gops 0 1 v v ' nject et | [ fest |locked  Locked N
MDEIGEps  1E9EN  OE0 SATE-NS | Resem - ~ 7 inject et | [ fesmr | tacked Locke
4001 Gops 1AM DE0 SATE-1S [ Reser v 000,65 100080) ~ v = Reser | [ Reset | Locked Locked

Bit Error Rate (BER) Measurements

! ‘ | W ]
Mt W iy s Tty ppgr

hode

Bin Width

Scope Picture of “Phase Adjustable” recovered clock out of IpGBT

Purple: M1 = CLK+ (red) - Clk- (blue)
TIE Source : M1

Clock TIE measurement sigma = 3.36ps _ 3y y
FireFly “Eye | —

measurement =
@ 14 Gbps |- oo oo oo

me ™ RX Status Bits Emors  BER BERTReset  TX Pattem R Pattem TX Pre-Cursor T Post-Cursar TH Diff Swing DFEEmabled  InjectEmor  TXResst  RXRmet  RXPLLSwns  TKPLLSwts  Loopback Mode

IR

< <
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Summary

* An SVT Readout Design has been developed and demonstrated here

 Inner Barrel RDO based on ALICE ITS-3 Service Electronics Board Design
 Direct connection of multiple HS data serializers per segment to VTRx+
* One-to-One connection between IpGBT e-links and LEC signals for slow controls
 Direct powering of wafer scale sensor

« Outer Barrel RDO concept uses a concept of LAS Readout groups

« Group of up to 4 Single HS Data lines are directly connected to VTRx+
« Slow Controls multiplexed between groups of 4 LAS via AncASICs on each LAS on a single bus

* Prototype Setups are being investigated with evaluation boards of various

components

 First results have already been shown running all components at the full desired speeds and
show that sufficient performance is achieved
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“MOSAIX” Stitched Sensor for SVT Inner Barrel

Layer 0: 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)

97,82
78,256

58,692

' SEGMEN

_| 21,666 -
X 259,992 Sensitive z-length

- 265,992 Physical z-length
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MOSAIX Stitched Sensor Detall

Supplies 4 " : s ;.3 » oy T i
/Os <«—— Supplies
S I R — S -———i
Supplies N : '
/Os SEGMEN| - ‘8 . g 4 : <«— Supplies
_:Ir__ _____ —— = === - == === pp——— =
Supplies - "3 & 5§ i iy of | i
Os <«— Supplies

12 x Repeated Sensor Unit

3x 5.12 Gb/s
Transmitters
E | [aser2 e
al
E z | [a@se12 enending TOP HALF SENSOR UNIT o
o ||g | [asez N =
S E: 218
- [ a|[| 2
O g ul ||
o)) e 3|
— |3 |[aesez P
o | [Txa@seiz || Dae BOTTOM HALF SENSOR UNIT
Q encoding
£ | T*@s5612
3x5.12 Gbls
Transmil tters

SEGMENT {21666 mm——— >
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Half Repeated Sensor Unit
T o ||5] 24 TOP HALF SENSOR UNIT %
E S % T G2 . (_)
3 2| 2
© w|] s
e b
‘ 1 e R || E BOTTOM HALF SENSOR UNIT =
v TRHANSMITTERS L
Each Half Unit is segmented in Tiles (Domains) {——asmm—> (21 eemm————>
Each tile acts as an independent sensor < — e >
< 10. mm :>
Separate Local Power & oo ssmimm - |
CO nf| gu r‘atlon 4 % [ 41715 N A — HIASRE LA L B AN R AN BIAIN
Readout Link (160 Mb/s) 2 TILE TILE TILE TILE TILE TILE
Each Tile data output has direct connection to
the left endcap y ) i Ju ) ) i
é PIXEL E PIXEL § PIXEL é g PIXEL § PIXEL § PIXEL é
E g ARRAY E ARRAY é ARRAY % 5 ARRAY % ARRAY % ARRAY %
i o
E & N
£ o
v @ PADS AMD DICING LANE FADS AND DICING LANE FADS AND DICING LANE PADS AND DICING LANE FADS AND DICING LAME FADS AND DICING LANE
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Tile Readout Scheme

x12 Repeated Sensor Units

| |

North Half Sensor Unit

TILE TILE

TILE

TILE TILE TILE

(160 Mbitis | | [160 Mbitis |

|
[160 Mbit's | | [160 Mbit/s | [160 Mbit/s | [160 Mbit/s |

South Half Sensor Unit

TILE TILE

TILE

TILE TILE TILE

Left endcap
POWER [ =
PADS
2]
0 [ =
==
= € ]
3 [Eda
output z <
data ||Z
=
O -----
Q
|_
7 [ |
x
5% =
© T
o
w
< N
>

[160 Mbit/s | | [160 Mbit/s | [160 Mbit/s | [160 Mbit/s |

{160 Mbit/s | [160 Mbit/s |

TILE

Pixel matrix Regiqn matrix

VO (OO0 O === O rO---"0O O
O O O a0 L O O (O
' O O e N R i O O
O —O----0+ 3! === O -O----0 O
i e O~ i y [~ L L
e il ' .--H---' . - '"""Fl""""_' _____ -

n
Readout 16 bits 16 bits
[E0eiER)  coococoossocad] flescosasosscosasssscosao:

Region Readout (1) RR (2) RR (n)
40 MHz | | FIFO T | T
Top Readout |< ﬁ §\ MUX /

16 bits @
K < ™ <:|

Serializer «—160 MHz
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Pixel Array Readout Architecture

DIGITALCOLUMN

e
R AND FRONT-END Im‘
156 columns "E?%;
o / arsommon || neoour | 570 T e || S
D_D D_D D_D E; BIASING  THRESHOLD I
110 OO - OO OO0 ‘ ™
D0 080 --- 00 S0 e
o [hgll Chell  [hgll Lhgl
s |3 |3 S
s 80 Of0 80 00 _
%%H %%B %%% %%E 442 x 156 pixels / domain In pixel:
= i [ ) o * 827,424 pixels per RSU Amplification
CH o O 0 O (O CH 144 domains / segment Di prTicatio
T T T T 9.929 Mpixels / segment !sc.rlmlnat!on _
Readout, Control (RRUs, TRU) Hit Integratlon regISter
readout register
20.8 um x 22.8 um pixel pitch Test charge injection
Continuously active front-end (40 nW typ.) Digital Isi
Global shutter Igital pulsing

Zero-suppressed matrix readout Masking
Continuous readout mode
Integration time: 2 /5 / 10us
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ePIC SVT: “Large Area Sensor” (LAS) 6-RSU LAS

Left endcap Repeating Sensor Unit
. . . Tile Tile Tile Tile Tile Tile
* Inner Barrel (Layers 0,1,2) will reuse ITS3-like sensors as is xa
» Layer 0: 4 sensors in r-phi, 3 segments of 12 RSU =
'ﬁ'

I—mm
c|<|
|7

» Layer 1: 4 sensors in r-phi, 4 segments of 12 RSU

HTX@160M][TX@160M]| TX@160M][TX@160M] TX@160M][ TX@160M

» Layer 2: 8 sensors in r-phi, 5 segments of 12 RSU

Tile Tile Tile Tile Tile Tile

o
I
|

@|
=
il

@
=
il

» EIC variant for the Outer Barrel ( Layers 3,4) and Endcap Disks

o
=
il

|
c
b

il

o
18}
=
o
a
3
<
E
z
L
[i4
Ll
[T
=
=
w
]
=
o
0
2
a

(LAS)
* Will be stitched, but not to wafer scale

ool
|

|-c c

HTX@160M][TX@160M][ TX@160M][TX@160M] Tx@160M|[TX@160M

» Likely 1 Segment of 5 or 6 RSU (no need for right endcap)

i . . : . : : 5/6x
* The intention is to multiplex Tile data lines to 1 High-Speed output
* More conventional carbon composite mechanical support with integrated —
cooling _—
£
>‘200_
0-
Supplies —— | | | . » e i
/Os No Supplies 200
BaCku p 0 + (symmetric) continuations in other quadrants
—4IOO —2IOO (IJ 2(I)0 4(IJO
X [mm]
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VTRXx+ Front-end Module

e \Versatile VTRx = PCB + ASICs + Opto-Die + Coupling-Block + Pigtail
e Upto4 Tx +1RX, configurable by masking channels
e Miniaturised
e 20x10x2.5mm
e Pluggable

[T

[
)

e« Electrical connector

PEFPPETTEET T

1
L]

e Data-rate
e Tx: upto 4x10 Gb/s, Rx: 2.5 Gbh/s
e Environment

==
=

e Temperature: -35 to + 60 °C

o Total Dose: 100 Mrad

e Total Fluence: 1x10"" n/em? and 1x10'® hadrons/cm?
e Status

Versatile Link Plus Transceiver

Multi-mode MT ferrule

o Pre-production ongoing

e Solving problems with module assembly

Total Lergth

Alignment of optical components

zh M

¢ Ramping up to 2k modules/month in 2023

|-710.004-‘
Homeeesosoel

[= =1
el

Lﬁﬁ 00—

10.80

I
g
4 |
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