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Status of the IGNITE Project
CMOS 28-nm technology ASICs for 4D-tracking
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1. FractalDesignseries: Status of  the Ignite32/64 ASICs
2. Ignite-ERspecs and characteristics
3. 3D integration
4. Timing and Zen: ḛ
5. Ignite-ERarchitecture
6. Ignite-ERdata format and rates
7. Status and schedule
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First productions



Modular design (FractalDesign)
OK large area but keep it local !!
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Å The idea (FractalDesign) is to build the Large Area ASICs (1÷2 cm2) as repetion of a small structure, small enough to be fully  
simulated, produced, and tested in a reliable way.

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

Ignite-0
2023

Test of pixel and 
other structures

(1 mm2)

Mattonella
Repetition Element

8x8 pixels
45µm pitch 

+ RDL to 55 µm pitch in sensor

x4

Block
16x16
pixels

x4 x4

Ignite-64 core 
2024

64x64 pixels 
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64-Matrix (ASIC)
64x64 pixels
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Å Obtained by double-mirroring the Quadrant (4 
totally independent Quadrants)

Å 16 A-Blocks, 64 Mattonellas
Å Fully functional ASIC Ignite64

Å Size: 5x5 mm2 ɉÓÅÎÓÉÔÉÖÅ ÁÒÅÁ Ѐ ΥȢΧΤØΥȢΧΤ ÍÍ2)
Å Purpose: 
Å Front-end test and characterization
ÅMattonella and A-Block (bias) test
Å Hybridization and timing sensor 

characterization onto AIDA-Innova sensors 
(FBK 3D-Trench and TI-LGAD, CNM 3D-DS 
columns, CNM I-LGAD) 

Å Slow read-out 4x(1.28 Gbps), a lab/testbeam 
device

Å Test of DBI structures (see next slides)
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Submitted on 5th January 2025
Dies received in April 2025

Test in preparation

64-Matrix (ASIC)
64x64 pixels

Å Obtained by double-mirroring the Quadrant (4 
totally independent Quadrants)

Å 16 A-Blocks, 64 Mattonellas
Å Fully functional ASIC Ignite64

Å Size: 5x5 mm2 ɉÓÅÎÓÉÔÉÖÅ ÁÒÅÁ Ѐ ΥȢΧΤØΥȢΧΤ ÍÍ2)
Å Purpose: 
Å Front-end test and characterization
ÅMattonella and A-Block (bias) test
Å Hybridization and timing sensor 

characterization onto AIDA-Innova sensors 
(FBK 3D-Trench and TI-LGAD, CNM 3D-DS 
columns, CNM I-LGAD) 

Å Slow read-out 4x(1.28 Gbps), a lab/testbeam 
device

Å Test of DBI structures (see next slides)
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ASICs assembled on daughter boards (DB)

SOM controller (SM-K26-XCL2GC)
(each board can be used standalone)

Å ASICs being assembled on DB
Å TestPCB contains: 
Å power services, 
Å slow (I2C) and fast 

(Ethernet) readout and 
configuration.

Å Pulsing (AFE and TDC 
tests)

Å Status:
Å TestPCB now in 

production
Å Tests in July on bare ASIC
Å Hybridization by ACF 

bonding (ongoing) 
Å Hybrid tests in lab (IR 

laser) and with beam
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3D-trench TimeSPOTɀAIDAInnova by FBK
Under test on Ignite32/64

2024

Possible test beam at SPS in October 25
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Å 55µm pitch
Å Trench-based (à la TimeSPOT)
Å Dashed and continuous trenches
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Specification Value Design choice/strategy Comments

Pixel pitch 45 µm
45 µm chosen as resonable compromise for capacitance and fabricability (sensor side) 

and integrability/power density (ASIC side). Size shrinking possible thanks to 3DHI
Two layers: Analog and Digital

TID > 1 Grad CMOS 28 nm technology. Rad-hard design in analog. TMR in static registers TSMC CMOS 28nm 9Metals + AP

Size/number of 
pixels

Variable
320 x 256

Not fixed yet. Main options: 
256x256 (1.15 x 1. 15 cm2) , 320 x 256 (1.44 x 1.15 cm2), 320 x 320 (1.44 x 1.44 cm2)

Highly modular (details in the following slides)

Shape Rectangle 3D side abutable. No trapezoid I am afraid Not so Modular

Time resolution 
(AFE)

< 30 ps
Resolution measured on Ignite-0 ASIC @ 100 fF, 2 fC, 1.5 W/cm2

Can be increased at higher power (programmable) up to < 20 ps
Aiming at better performance than minimum requirement, 

foreseeing possible degradation with age (radiation)

Time resolution 
(TDC)

16 ps Resolution measured on Ignite-0 ASIC 

Power density < 2 W/cm2 Programmable power consumption on the AFE. TDC is switched off when idle (idle 
consump ~ 1 µW) and uses low leakage MOST

Max pixel rate 300 kHz
One TDC per pixel.

2ÁÔÅ ÉÓ ÌÉÍÉÔÅÄ ÂÙ ÔÉÍÅ ÎÅÅÄÅÄ ÔÏ ȰÅÍÐÔÙȱ ÐÉØÅÌ ÉÎÆÏÒÍÁÔÉÏÎ
We aimed at larger hit rate to cope also with other applications. 

The effective sustainable rate is data BW limited

AFE Discharge time
~ 15 ns @ 2 fC
~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 value depends on the DCO period, which an be calculated from 

calibration data
Calibration data can be readout admist physics data

ASIC data BW 100 Gbps
The value depends on the driver choice. With 12.4 Gbps electrical drivers (VTRX+ 

compatible), we can place up to 10 drivers in a  320x256 Ignite-ER
The final (Velopix2) BW to be understood for the (possible) 

next version

Ref Clock (40 MHz) 
jitter

< 6 ps rms
Dedicated distributed PLLs. Mesh distribution with negligible skew. 

power cost < 1 µW/pixel

Max Voltage drop < 0.5 mV
Referred to power at destination (pixels). Obtained with distributed LDO circuits. 

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



AFE & TDC
Characteristics from Ignite-0 tests
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Quad 2x2 pixels (aka Analog Island).  4 AFEs and 4 TDCs
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Pixel matrix

Top Metal AL

Top Metal DL

Metal1 DL

B-TSV

3D-sensor

C4-bonding (45 µm pitch)

DBI (30 µm pitch)

Periphery

Wire bonding to 
stack I/O

Metal1 AL

Analog Layer

Digital Layer

Å We chose this option for lower costs, shorter execution time 
and lower risk as well.

Å 4ÈÅ ȰÆÕÌÌ ÏÐÔÉÏÎȱȟ ÈÁÖÉÎÇ 436Ó ÁÌÓÏ ÏÎ ÔÈÅ $, ÂÁÃËȟ ÃÏÕÌÄ ÂÅ 
possibly explored in a future version . In this case, TSVs on the 
DL would allow 4-side abutable ASICs and full scalability. 

Å 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

Stack size after thinning:
Å {ŜƴǎƻǊ җ мрл ҡƳ
Å AL ~10 µm
Å 5[ җ мл ҡƳ 

B-TSV on DL 
side drawn-
up but not 

fabricated in 
this version(Figure intentionally not to scale)

PCB/interposer
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Example of an Analog 64x64 matrix, 45 µm pitch

Å Analog Block (module) is 16x16 (2x2 Mattonellas)

Å A Digital Block (DB ɀaka Core32 ) covers the area of 
32x32 pixels and is connected to the Analog Layer 
by DBI

Å Each Core32 concentrates data from 4x4 
Mattonellas and send them on a Digital Column, 
which ensures communication to the ASIC 
periphery



15

S
a
n
ti
a
g
o
 W

o
rk

sh
o

p
 o

n
 V

E
L
O

 U
2
ɀ 

A
. 
L
a

i ɀ
 IG

N
IT

E A
S

IC
 S

ta
tu

s ɀ
 1

2
/0

6
/2

0
2

5

Å A variable number of Core32
make a Sector. In this version 
a Sector is made by 8 Core32

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

Å Sectors are independent of 
each other 

Å 10 Sectors, completed by 
their periphery, make the 
Ignite-ERASIC

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


