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2 X 2 mm? (140 pF)
3 x 3 mm?2 (500 pF)

# Channels/ASIC 1024
Operating Temperatures 300K =-77K

SiPM Size

<Power Consumption> 5W/cm?°

On = 9.6 us (50 us)
Off < 0.1s

Integrator Dynamic Range > 100 PE
RMS, 4 (first PE) 100 - 150 ps / 1PE
RMS;,+ = ns

Threshold 0.5x 1PE
SNR

Duty Cycle

0 Set by the cryogenic condition, still under study. 00 Interspill =1.2 ms - 9.6 us
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ALCOR Parent

* Parent ASIC: R&D with an external company

* UMC110 nm

* 1024 Channels, reading out silicon pixels

* The ASIC is bump-bonded to the pixels

* Key IP blocks like the TAC based TDC (30 ps)
* Basis for the following prototypes

\4

 ALCORV1

A Low power Chip for Optical sensors Readout

mT 4

Ilf

I

ALCOR’s Parent: 1024 pixel channels were bump-
bonded to the silicon pixels. The ASIC was wire-
bonded on the board

2 ALCOR chips wire bonded on the
dedicated board

Courtesy of Fabio Cossio (INFN) 3
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SiPM Readout ASICs at INFN

 ALCOR v1: Mixed-signal ASIC for SiPM readout, Darkside

framework (2019)
(A Low power Chip for Optical sensors Readout)

(PhD Thesis, W. Cheng, Polito: https://iris.polito.it/handle/11583/2842529)

UMC 110 nm

32 channels, 4.95 x 3.78 mm?

440 x 440 um? pixel channel

Single-photon time tagging and ToT , compatible with both signal polarities
LVDS digital output, 320 MHz DDR Tx links

~12 mW/channel

Tested at room temperature and in liquid Nitrogen

e ALCOR Vv2.0/.1 and v3 ASICs for the dRICH EIC Detector at BNL
(NY, USA)

(X1l Front-End Workshop, Torino, link : https://agenda.infn.it/event/37033/contributions/228026/)

Scaled to 64 channels

V2.0: 2023 MPW and engineering run, Debugged and optimized for the EIC
detector

V2.1: 2024 (Jan) Engineerig run, currently under test

V3 : Final version, Silicon available in 2025

ALCOR v1 Top Cell Layout (F.Cossio)

Top pads
Pix0 Pix0 Pix0 Pix0 Pix0 | Pix0 Pix0 - Pix0
Colo Coft Col2| | Col3 Cold Col5 Col6 | Col?

Pix1 Pix1 Pixl PixL Pixl | Pix1 pixt | Pixi
Colo Coll Col2 Col3 Col4 Cols Colé Col7

P2 | Pixz Pz || e ma | e J L re | P
colo | | Colz cof2| | col3 cold | Cols cols | Col7

Pix3 ; P3| Pix3 P
Colo Col2 Cold | Cols Colb

FE biasing

7 mm

ALCOR v3 Top Cell Layout (F.Cossio)
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ALCOR Pixel Scheme
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ALCOR v1 pixel

Dominated by the analog
blocks (capacitors)

* 2 (Anode/Cathode) Regulated Common Gates (RCGs) Input stage
* 2 Independent Trans-Impedance Amplifiers (TIAs)

* 2 Leading Edge Discriminators (LE Discs)

4 TDCs =4 x(TAC + Wilkinson ADC)

* Control Logic: pixel config, TDCs operation and data transmission
5
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GRAIN ASIC Pixel Scheme
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Based on the ALCOR scheme, with minimum changes:
* Regulated Common Gate input stage
Time branch: GRAIN ASIC pixel
* TIA+ LE Discriminators
* 2 Time to Analog Converters (TACs)
Charge branch
* 2 Integrators
4 Analog to Digital Converters with speed increased up to 4/8 times

Control: pixel config, ADCs/Integrators/TACs operation and data transmission 6
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Architecture Validation

* Ongoing validation of the architecture
by the collaboration for GRAIN .
detector’s physics with: Interactive GUI Arljpshhepeamiicrs

* Coded aperture masks

d Lenses Load the default

configuration, or change the
filename for loading a custom
configuration

* Python software designed in Torino
by Sofia Blua and Valerio Pagliarino

Load the waveform of the

single PHE current signal,

then choose the Rq from the

list box, finally press “Load w.” 4

()

* Inputs: time domain _x
reconstruction of a single spill
SiPM event \

* Behavioural model: Ideal
description of the pixel
electronics’ response

*  Qutput: numpy array (ASIC-like
output)

Load atimestampfile .

Press “Apply parameters”
and then “Run Simulation"

(@) @

* F|rst.results suggest the proposed S E0ENeEEER9HLICTNA 22000000 0O EER > B0 B
architecture meets the requirements

Courtesy of Sofia Blua and Valerio Pagliarino
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Architecture Validation

* Ongoing validation of the architecture

by the collaboration for GRAIN G

detector’s physics with:
Alcor front-end Orange: discriminator % Blue: values of the charge Green: coarse +
output waveform ' integrals, ADC codes fine timestamp

* Coded aperture masks

° Lenses Orange: discriminator rising
edges, green: f. edges

* Python software designed in Torino Output data frame, including
. i . . ADC output codes and
by Sofia Blua and Valerio Pagliarino identifiers bits
. i Single photoelectron current
* Inputs: time domain signal input waveform
reconstruction of a single spill

Input time-of-arrival

SiPM event of the incoming photons
* Behavioural model: Ideal
description of the pixel
electronics’ response
*  Qutput: numpy array (ASIC-like

Save the output
to a Python pickle file
for data analysis

I

output)
Save the configuration
. json file -
*  First results suggest the proposed = .
architecture meets the requirements BHEEENNEES0IHL)ONNI 22000000V 0OKER> B/ R ¥

Courtesy of Sofia Blua and Valerio Pagliarino
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GRAIN ASIC Floorplan

e ALCOR: 32 - GRAIN: 1024 channels = 32 x 32 pixels matrix

* Wafer reticle size: 20.340 mm x 31.840 mm Test Structures
(Critical IP Blocks)

e Safe circuit size < 20 mm x 20 mm
* Hp: pixel channel pitch = 500 um
- 32 x 500 pm = 16 mm + EoC, Biasing and PADFrame

Top PADs

* Advanced packaging techniques:

e ASIC bump bonded to interposer for SiPMs and PCB

board connection
*  On pixel PAD for SiPM
* Inter-column supply and ground PADs to reduce IR
drops

* Pinoutunder discussion:

* Power Domains
* 3 Analog + 3 Digital

.

* Differential: S L
© 1Ck+3sP 1Bl BlE BlE E i
+ 1 trigger +2 Data & = | B | E S E Lo
. pa | ex3 e | e o3 i el I 1
* Single ended el Ll R SR ] 030031
FE biasing - e
i 1 Reset + 1 Global _EN EoC, Bias
+ 1 LOW Power End of column Y
I Botom padt | Bottom PADS |
ALCOR v1

GRAIN ASIC 9
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Flip-Chip BGA package

The ASIC is bump-bonded to an interposer
connected to the board with package balls

*  On-pixel PAD for SiPM

* Inter-column supply and ground PADs for

reduced IR drops

Similar approach is followed for ALCOR v3
implementation for EIC

Package Die

substrate RDL bump
/ Via

| il e

- s Df Package
) O OO OO Cr— bl

Flip-chip BGA working principle
Hsu, Hsin-Wu & Chen, Meng-Ling & Chen, Hung-Ming & Li, Hung-Chun & Chen, Shi-Hao.
(2012). On effective flip-chip routing via pseudo single redistribution layer. 1597-1602.

10.1109/DATE.2012.6176727.

Possible implementation

On-pixel M8 SiPM

inputs bump PADs
\

FE +miscs

ALCOR based

; -ll;lAtgs ratof‘rs4 Speeded up
g ADCs

Control

GRAIN ASIC : Pixel Channel

250 um
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for supply
PADs

Test Structures
(Critical IP Blocks)
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GRAIN ASIC
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2024 2025 2026 2027

Jan-Feb Mar|Apr-May-June Jul-Aug-Sept| Oct-Nov-Dec | Jan-Feb-Mar | Apr-May-June |Jul-Aug-Sept| Oct-Nov-Dec| Jan-Feb-Mar | Apr-May-June |Jul-Aug-Sept| Oct-Nov-Dec| Jan-Feb-Mar | Apr-May-June |Jul-Aug-Sept| Oct-Nov-Dec

Specs/Param Definition

Design
Schematic Level to Layout Final Verifications Production
Channel Readout and Integration Layout Chip Prod Packaging Tests and Validation
Final Design
Production
Chip Prod Packaging
0

ATLAS: 400 columns x 384 rows |l

* The new ASIC for GRAIN:
* Leveraging expertise from previous and ongoing developments

CMS: 432 columns x336 rows BRI

ATLAS: 19.2mm
CMS: 16.8 mm

* Implementation of silicon-prooved IP blocks shorten the development time i B
*L - Anaioé Chgp Bottorﬁ (Acﬁ) 7 -
* 2 Engineeringruns: | - J
« A 1024 demonstrator tape-out scheduled for the end of December 2025 3 T etal i Bottom (681
e Last submission with bug fixes in October 2026 20 ol e ] o ] R
« Ongoing and future activities: T e T T T T T T T
.8 A%chitecture validation | INOANNNAAND em (NOCATOONODY
* New blocks and digital control design, floorplan and pin-out RD53 ASIC Scheme, a 10 years collaboration...
Source: L. Pacher, (2023) "RD53 Pixel Readout Chips in 65 nm CMOS

for ATLAS and CMS Phase2 upgrades”, XIl Front-End Workshop, Torino.

» Test board and packaging under study, production once the PADframe will be freezed (Dec 2025)

RD53: http://rd53.web.cern.ch/
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