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FractalDesigrseries: Status of thdgnite32/64 ASICs
Ignite-ERspecs and characteristics

. 3D integration

. Timing and Zene

. Ignite-ERarchitecture

Ignite-ERdJata format and rates

. Status and schedule
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"When tallcing about time resolution, strange things may happen,
you start saying 20 ps and end up at 100 in no time”
The Anonymous Designer
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First productions
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Modular design (FractalDesigi)
OKllargerarea bikeepiit local!!

IGNITE, &

dl Istituto Nazienale di Fisica Nucleare

INFN Ground-up iNiTiative for | Electronics ' evelopments

2

A The idea FractalDesighisto build the Large AreaASICg1:2 cn?) asrepetion of a smallstructure, small enough to be fully
simulated, produced, andtested in areliable way.
A This sets the possible implementation of a series of scalable ASICs, using the same replica circuit

2023
Test of pixel and Mattonella Block
other structures Repetition Element 16x16 Quadrant Ignite-64 core
(1 mnd) 8x8 pixels pixels 32x32 2024
45um pitch pixels 64x64 pixels
+ RDL to 55 um pitch isensor ASIC
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Modular design (FractalDesigi)
OKllargerarea bikeepiit local'!!

A The idea FractalDesighisto build the Large AreaASICg1:2 cn?) asrepetion of a smallstructure, small enough

to be fully simulated, produced, andtested in areliable way.

A This sets the possible implementation of a series of scalable ASICs, using the same replica circuit

Test of pixel and
other structures
(1 mn?)

Mattonella Block

Repetition Element 16x16

8x8 piX§|S pixels
45um pitch

+ RDL to 55 um pitch isensor

Fractalseries

Quadrant Ignite-64 core
32x32 2024
pixels 64x64 pixels

ASIC




64-Matrix (ASIC)
64x64 pixels

Obtainedby doublemirroring the Quadrant(4
totally independentQuadrantg
16 ABlocks 64 Mattonellas
Fullyfunctional ASICgnite64
Purpose
A Front-end test andcharacterization
A Mattonella and A-Block (bias) test
A Hybridization and timing sensor
characterizationonto AIDA-Innova sensors
(FBK 3BTrench and TLGAD, CNM 3DS
columns, CNM ILGAD)
Slow read-out 4x(1.28 Gbps), a latéstbeam
device
Test of DBIstructures (seenext slides)
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64-Matrix (ASIC)
64x64 pixels

A Obtainedby doublemirroring the Quadrant(4
totally independentQuadrantg
A 16 ABlocks 64 Mattonellas
A Fullyfunctional ASICgnite64
A Purpose
A Front-end test andcharacterization
A Mattonella and A-Block (bias) test
A Hybridization and timing sensor
characterization onto AIDA-Innova sensors
(FBK 3BTrench and TLGAD, CNM 3DS
columns, CNM ILGAD)
A Slow read-out 4x(1.28 Gbps), a lat¥stbeam
device
A Test of DBIstructures (seenext slides)

Submitted on 5th January2025
Diesreceivedin April 2025
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Specification

Value

Design choice/strategy

45 um choseras resonable compromise for capacitance and fabricability (sensor sid

. lgnite-ER: Specifications and basic design choices

Comments

(D
~—

Pixel pitch 45 pm and integrability/power density (ASIC side). Size shrinking possible thanks to 3DH Two layers: Analog and Digital
TID > 1 Grad CMOS 28 nm technology. Rathrd design in analog. TMR in static registers TSMC CMOS 28nm 9Metals + AP
Size/number of Variable Not fixed yet. Main options: Highly modular (details in the following slides)
pixels 320 x 256 256x256 (1.15 X 1. 153320 x 256 (1.4 x 115331820 x 320 (1.44 x 1.44 &m gnty g
Shape Rectangle 3D sideabutable. No trapezoid | am afraid Not so Modular
Time resolution <30 ps Resolution measured on Ignit® ASIC @ 100 fF, 2 fC, 1.5 Wicm Aiming at better performance than minimum requirement,
(AFE) P Can be increased at higher power (programmable) up to < 20 ps foreseeing possible degradation with age (radiation)
Time resolution . .
(TDC) 16 ps Resolution measured on Ignit® ASIC
: Programmable power consumption on the AFE. TDC is switched off when idle (idle
Power density <2 Wicrd consump ~ 1 pyW) and uses low leakage MOST
Max pixel rate 300 kHz One TDC per pixel. We aimed at larger hit rate to cope also with other applications
P 2A0A EO 1 EIiEOCAA AU OEIi A TAAAAA Q1 OAlheefiedtive sbskaidable raté it data W Wldd | 1
. . ~15ns @ 2 G . .
AFE Discharge time ~60 ns @ 5fC Programmable. larger TOT truncated at ~120 ns For the sake of sustainable rate and amount of bits
TOT resolution 7 bits ~ 1 ns/bit. Exact valueegpends on _the I.DCO period, which an be calculated from Calibration data can be readout admist physics data
calibration data
ASIC data BW 100 Gbps The value depgnds on the driver choic®/ith 1_2.4 G_bps electrical drivers (VT RX+ The final (Velopix2) BW to be upderstood for the (possible)
compatible), we can place up to 10 drivers in a 320x256 Igfif next version
Ref Clock (40 MHz) <6 DS rms Dedicated distributed PLLs. Mesh distribution with negligible skew.
jitter P power cost < 1 pW/pixel
Max Voltage drop < 0.5mV Referred to power at destination (pixels). Obtained with distributed LDO circuits.

Digital power is distributed on the Digital layer with very wide lanes

11
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Characteristics fronignite-0 tests

Polarity Both

ENC 80 e

Charge-to-voltage gain 150 '}‘—é’
Charge-to-time gain 2317 -33%¢

Nominal delay 0.5ns

Nominal TA jitter

27 ps rms (2fC)

Minimum TA jitter

25 ps rms, g, > 4fC

Minimum ToT jitter 0.150 ns rms
Amplifier output DC range 300 mV - 600 mV
Maximum tolerable leakage current 200 nA

Static power consumption

2.7pW - 18.9pW

Power density (45um pitch)

0.13 ﬁz - 0.9 ﬁz

Threshold calibration

fine-tune DAC (per pixel), automatic

Time Walk correction

TA-vs-ToT curve

Delay equalization

TA-vs-ToT curve

Operating modes

measure, test pulse, loop-back ,turn-off

Ignite64 AFE characteristics in nominal conditions.

Measures TS, TA, ToT
TS range 0 - 511 40 MHz clock cycles
TA range 0 - 25 ns (full-range)
TA LSB 30ps
TA resolution 16 ps
ToT range 0 - 200 ns
ToT LSB 0.90 ns
ToT resolution 0.26 ns
Dead time 50 - 150 ns
Maximum event-rate 6 MHz
Static power consumption 1.2pW
Dynamic power consumption 2.5puW at 200 kHz
Calibration Manual
Operating modes measure (both signal polarity), test pulse, masked

Igniteb4 TDC characteristics.
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and Iower_risk as well.
A 4EA O&OI I

Stack size after thinning:

A{Syaz2zNl x mpn XY
A AL ~10 um Wire bonding to
A 5 [ X MA KXY stack I/O

Analog Layer

Digital Layer

Santiago Workshop on VELO Q2. Laiz IGNITBSIC Statug 12/06/2025

Periphery

3D Heterogeneous Integration E

A We chose this option for lower costs, shorter execution time

I DPOET T 6h
possibly explored in a future version . In this case, TSVs on the
DL would allow 4side abutable ASICs and full scalability.

A The ASIC in itself is being prepared to implement such TSVs,
which would be exploited for power distribution, allowing
large extension of the matrix area in both directions

Costs: Option 2

EAOEI C 431

Pixel matrix———

(Hgure intentionally not to scale)

ITEM | DESCRIPTION QTY UNIT TOTAL DELIVERY
PRICE
SURFACE PREPARATION 2 $37,500 $75,000/ 3 weeks
(WAFERS WITH <2UM OF SURFACE TOPOLOGY) after receipt
DBI: Copper plug fabrication, surface polish and of PO &
mask for plug. Price is inclusive of all masks and wafer
processing for up to 6 wafers with 300 to
200mm cut down. .
Wafer-to-Wafer Assembly with Backside 1 | $130,000/lot| $130,000, 8 weeks A
Processing - DBI
Front side to front side bonding is assumed.
Price is inclusive of all processing for up to 6
wafer pairs.
With L1 Backside Pad open, backside Al metal,
passivation deposition and second pad
opening.
For processing of up to 6 wafer pairs
Total Option 2 $205,000 11 weeks
ﬂ 3D-sensor
C4bonding (45 pum pitch)

B-TSV

Metall AL

Top Metal AL

<«—DBI(30 um pitch)
Top Metal DL
B-TSV on DL
; Metall DL side drawn
) _ up but not
PCB/interposer fabricated in

this version 13
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Example of an Analog 64x64 matrix, 45 pum pitch
A Analog Block (module) is 16x16 (2x2 Mattonell&s)
A A Digital Block (DB aka Core32 ) covers the area of

32x32 pixels and is connected to the Analog Layer
by DBI
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A Each Core32 concentrates data from 4x4
Mattonellas and send them on a Digital Column,
which ensures communication to the ASIC
periphery

AbHB HB S
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Digital Columns




& o
IGNITE, O |
6l

A A variable number ofCore32
make a Sector. In this versio
a Sector is made by €ore32

A Each Sector shares a unique
Digital Column and a unique
10 Gbps serializer and driver

A Sectorsare independent of
each other

A 10 Sectorscompleted by
their periphery,make the
Ignite-ERASIC

A The cells implementing the
Modular Units of the Digital
Layer occupy aeducedarea
(<50%) of the full Layer,
allowing space for very
accurate power and clock
distribution

v
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