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    Simple to use   
    Large bandwidth 

    High dynamic range  
    High gain 

Advantages  

Commercial amplifiers 

Parametric amplifier: new 

type of amplifier that can 

amplify without or with very 

low noise 

Disadvantages 

    High noise 

2K at 6 GHz = 10 photons of noise 

    Power dissipation 



Parametric amplification  
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Non linear medium 

• Any dissipation at a frequency less than             necessarily 

introduces a noise  

• Only parametric amplifier is able to control exactly the origin of 

frequency dissipation 
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The challenge  

HEMT 

Easy to use  
JPA  

Low noise  

SLUG Amplifier 

SJA 

DC biased Josephson junction amplifier  

Inelastic Cooper pair Tunneling Amplifier 

ICTA 



Outline   

 
 
 

From dynamic Coulomb blockade physics to Josephson parametric amplifier physics: 

Theory, Measurement results with Aluminium (Al) sample 
 

 
Optimization of parameters of ICTA samples:  

Niobium Nitride (NbN) sample  
  

Part 1 

Part 2 

Single Cooper pair photonics group 
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Inelastic Cooper pair tunneling 

Also non dissipative element  

If we work under the gap 

Fun physics 

Non dissipative element 



Inelastic Cooper pair tunneling 

•    A Cooper pair can only tunnel if it can lose its energy 2eV 

•    No density of states on the other side: No Cooper pair current 

G.-L. Ingold and Y. V. Nazarov, Single Charge Tunneling 294, 21 (1992) 
T. Holst, D. Esteve, C. Urbina, and M. H. Devoret, Physical Review Letters 73, 3455 (1994) 
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• One or several modes can absorb it as photons 
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Inelastic Cooper pair tunneling 
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Inelastic Cooper pair Tunneling Amplifier: ICTA 

Use parametric down-conversion process 
 Send signal at one of the modes 
Process accelerated due to stimulated emission 

Quantum limited amplification 

ba hheV  2

Signal 
Idler 

Pump 

Resonance condition 



ICTA theory 
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ICTA theory: scattering matrix  
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See more:   B.Abdo et al., Physical Review B 87, 014508 (2013) 
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Sample 

Fabricated in Quantronic group  

CEA Saclay  
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VNA measurement 
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Measurement of higher order terms 
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Low signal power 

High signal power 
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PSD measurement 



Noise measurement  

Gain PSD 

Noise V = 12.25 GHz 
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Sample NOT  designed for  amplification: 
 10 dB gain over 280 MHz 
Noise 0.9 photons: 1.8 * quantum limit 

First generation of ICTA 

Test sample 

Summary 



Summary 

First generation of ICTA 

Test sample 

Points to optimize 

Eleminate frequency conversion process 
Increase junction size 

Lower resonator quality factor 
Reduce voltage noise  
Idler @ 100 GHz 
  
 

Second generation of ICTA 

Real sample  

Sample NOT  designed for  amplification: 
 10 dB gain over 280 MHz 
Noise 0.9 photons: 1.8 * quantum limit 

By using NbN superconductor 

Salha Jebari and Max Hofheinz , 

 patent application FR 16 58429 

Submitted on 09-09-2016 
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From dynamic Coulomb blockade physics to Josephson parametric amplifier physics: 

Theory, Measurement results with Aluminium (Al) sample 
 

 
Optimization of parameters of ICTA samples:  

Niobium Nitride (NbN) sample  
  

Part 1 
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Single Cooper pair photonics group 



          Our ICTA implementation 

input 

output 



NbN/MgO/NbN Josephson junction 

  table  

0,2 200 5,10 

0,5 560 5,14 

1 1000 5,07 

2 1920 5,09 

4K Measurement 

SEM of SQUID 

)(mVVg)( AIc )( 2mSize 



First proof of amplification using NbN samples 

Maximum of measured gain is 22.5 dB over 50 MHz 

Similaire sample with big Josephson junction 

Gain  Josephson junction energy 

𝑬𝑱 > 𝑬𝑱 > 𝑬𝑱  



First proof of amplification using NbN samples 

1 dB compression point : -97 dBm 

Similaire sample with big Josephson junction 

𝑬𝑱 > 𝑬𝑱 > 𝑬𝑱  

Signal power (dBm) 



First proof of amplification using NbN samples 

Simulation 

Signal frequency (Hz) 
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2f @ 4/
1f @ 4/

3f @ 4/

𝒁𝟏  𝒁𝟐 𝒁𝟑  



Single Cooper pair photonics group :  ICTA project 



Single Cooper pair photonics group :  ICTA project 

Conclusions in pictures 
 

• Parametric amplification & Powered by 
DC voltage 

• Close to quantum limit 
• High frequency, high temperature 

• Bandwidth ? 
• Saturation ? 



Real SEM image  
NbN PhEIIQS 

NbN 

Black lines 
Where we etch NbN 

Single Cooper pair photonics group 


