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Project goal
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Prototype - 20 g / 60 dice 
single 3” wafer 

concluded in 2023

Demonstrator - 60 g /      

180 dice 
3-layer stack of 3” wafers

operations ongoing

R&D on large wafer 50 g / 

145 dice
single 100 mm wafer first operations 

fall 2024

BULLKID-DM - 800 g /     

2300 dice
16-layer stack of 100 mm wafers 

commissioning in 2026 at Sapienza U.

Fiducial mass: 600g



Setup of a first 3 wafer demonstrator
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3 inch demonstrator:

• 3x 3inch wafers

• Identical lithography (60nm Al) with 

60 KIDs per unit

• Total instrumented mass of 61.2g

• Three independent readout lines

• Passive shielding (PB + ??)



Current prototype of the 3 wafer demonstrator
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Stack-02: 90nm Al

44 working pixels out of 60

Quality factor (median): 80k

Coupling Q factor (median): 140k

Stack-01: 60nm Al

40 working pixels out of 60

Quality factor (median): 185k

Coupling Q factor (median): 190k



Status of the BULLKID 3’’ demonstrator*
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Flat background < 𝟏𝟎𝟓 dru demonstrated

• Above ground

• Passive internal and external Pb shields

To probe background < 650 eV

• Lower threshold

• More active pixels

• Overall better samples are 

needed

• Thermalization of the wafers via the copper 

structure

• Electrical coupling not compromised by 

proximity among wafers

• Energy threshold on par with earlier 

prototypes

• Scale readout and analysis to simultaneously 

measure multiple wafers

• Background in a shielded environment flat 

and lower than 𝟏𝟎𝟓 dru

From the CDR: 

*as our last update, 16/01/25 



Conclusions last meeting: produce more uniform arrays

Fabrication in Grenoble 10/02 – 21/02

• 3 wafers delivered from Ferrara

#1 Scratched surface

#2 Cracked silicon

#3 lithography successful 



Fabrication status of additional stack elements: STACK-04
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Stack-04: 60nm Al

57 working pixels out of 60

Quality factor (median): 88k

Coupling Q factor (median): 100k

Preliminary test in GRENOBLE

Concerto2-83 @ 130mK; Qi > 1M

Single wafer configuration



Fabrication status of additional stack elements: STACK-04
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Stack-04: 60nm Al

57 working pixels out of 60

Quality factor (median): 120k

Coupling Q factor (median): 130k

Preliminary test in ROME + bondings

P165 @ 30mK; Qi > 5M

Single wafer configuration

Bonding across the line removed artifacts



Increased Decay Time

9

Δ
φ

[A
. 
U

.]

Time [s]

STACK-01

STACK-04

(better Al-Si 

interface ?)



More pixels, more possible clusters
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Fabrication status of additional stack elements: STACK-05
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The first AlTiAl BULLKID !

Testing soon in ROME

Potential gain in dφ/dE

Increase in 𝛼 (x4!)

Smaller gain from 𝚫𝟎

#4 lithography successful (on 

spare forkless wafer)



Status of the BULLKID 3’’ demonstrator: next steps

STACK-04:

• Calibration (LED and Americium)

• Shielded background run (< 105 dru)

STACK-05:

• Test AlTiAl performance and noise

Other:

• Multi wafer coincidences

• Production of more wafers !



Status of the BULLKID 3’’ demonstrator: next steps

STACK-04:

• Calibration (LED and Americium

• Shielded background run (< 105 dru)

STACK-05:

• Test AlTiAl performance and noise

Other:

• Multi wafer coincidences

• Production of more wafers ?

Thanks for your attention!



         
              

    

    

    

   

   

   

   

   

   

 
 
 
  
 
 
  
 
  

              

                  

Optimization of the KID responsivity

d𝜙

𝑑𝐸
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Energy to quasi-

particles efficiency

𝐿𝑘

𝐿𝑡𝑜𝑡
 depends on pixel 

geometry and material

Quality factor of the 

resonator

Volume of the KID

Gap of the 

superconductor metal

Goal: maximize SNR

𝑺𝒊𝒈𝒏𝒂𝒍

𝑵𝒐𝒊𝒔𝒆

Noise not fully understood

Difficult to reduce



Optimization of the KID responsivity: 𝛼 – AlTiAl trilayer
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Al 14 nm / Ti 33 nm / Al 30 nm

𝑇𝑐 = (835 ± 5) mK; Δ0 = 1.266 ⋅ 10−4𝑒𝑉

Fit for 𝜶 with 𝜟𝟎 fixed:

• 𝜶 = 𝟐𝟒%
(Cardani2018 reports     

𝜶 = 𝟏𝟕% and 𝑻𝒄 = 𝟖𝟎𝟓 mK)



Optimization of the KID responsivity: 𝛼 – AlTiAl trilayer
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Al 14 nm / Ti 33 nm / Al 30 nm

𝑇𝑐 = (835 ± 5) mK; Δ0 = 1.266 ⋅ 10−4𝑒𝑉

Fit for 𝜶 with 𝜟𝟎 fixed:

• 𝜶 = 𝟐𝟒%
(Cardani2018 reports     

𝜶 = 𝟏𝟕% and 𝑻𝒄 = 𝟖𝟎𝟓 mK)

Huge increase in 𝛼 (x4!)

Smaller gain from Δ0

However:

Fabrication is more complex

The trilayer is not well explained by the BCS theory



Fabrication status of two additional stack elements: STACK-03
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Stack-03: 60nm Al

55 working pixels out of 60

Quality factor (median): 90k

Coupling Q factor (median): 110k

Preliminary test in Grenoble

Concerto2-60 @ 130mK

Single wafer configuration

Unfortunately, damaged beyond repair 

during handling

Installed in the stack but not used



Limited discrimination power, KID-11
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(Many!) missing pixels do not allow

vetoing from some directions

Pulse selection

effective down 

to 650 eV

Counts not compatible with noise false positives

Triggered events

Pulse shape

Pulse shape and 

coincidence



     

     

     

                

        

 

       

       

                     

            

 
 
 
 
  
  
  
 
  
  
 
  
 

 
  
  
 
  
 

Background of stable cluster, KID-11
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Cut efficiency: 84%

Live time: 267.5h



Background shielded vs unshielded STACK-01
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Reduction by 

a factor 15±2


	Slide 1: Status of the 3" x3 Demonstrator 
	Slide 2: Project goal
	Slide 3: Setup of a first 3 wafer demonstrator
	Slide 4: Current prototype of the 3 wafer demonstrator
	Slide 5: Status of the BULLKID 3’’ demonstrator*
	Slide 6: Conclusions last meeting: produce more uniform arrays
	Slide 7: Fabrication status of additional stack elements: STACK-04
	Slide 8: Fabrication status of additional stack elements: STACK-04
	Slide 9: Increased Decay Time
	Slide 10: More pixels, more possible clusters
	Slide 11: Fabrication status of additional stack elements: STACK-05
	Slide 12: Status of the BULLKID 3’’ demonstrator: next steps
	Slide 13: Status of the BULLKID 3’’ demonstrator: next steps
	Slide 14: Optimization of the KID responsivity
	Slide 15: Optimization of the KID responsivity: 𝛼 – AlTiAl trilayer
	Slide 16: Optimization of the KID responsivity: 𝛼 – AlTiAl trilayer
	Slide 17: Fabrication status of two additional stack elements: STACK-03
	Slide 18: Limited discrimination power, KID-11
	Slide 19: Background of stable cluster, KID-11
	Slide 20: Background shielded vs unshielded STACK-01

