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L. Fasolo, et al. "Superconducting josephson-based metamaterials for quantum-limited parametric amplification: A review." 
Adv. Condensed-Matter Materials Physics–Rudimentary Res. Topical Technol.. IntechOpen, 2019.
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Layout of a the Traveling Wave Josephson

Parametric Amplifiers (TWJPA) Chip TWJPA_X52

(size 10x10 mm2) based on a sequence of 990

elementary cells each formed by an RF-SQUID

in series and an interdigital capacitor to

ground.

Equivalent circuit of 3 elementary cells

S. Pagano et al., ”Development of Quantum Limited Superconducting Amplifiers for Advanced Detection,” 
in IEEE Transactions on Applied Superconductivity, 32, 4, 1-5 (2022)
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Yaakoby, et al., PRB 87, 144301 (2013)

The TWJPA is a series of current-biased JJs with an input voltage 

control, used to amplify a weak signal. 
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𝜑 𝑥, 𝑡 = ሚ𝐴𝑝 𝑥 𝑒𝑖𝜓𝑝 + ሚ𝐴𝑠 𝑥 𝑒𝑖𝜓𝑠 + ሚ𝐴𝑖 𝑥 𝑒𝑖𝜓𝑖 + c. c. /2
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Zorin, PRAppl. 6, 034006 (2016) Yaakoby, et al., PRB 87, 144301 (2013)
Zorin, PRAppl. 12, 044051 (2019)

Two different operative modes:

Zorin showed that by embedding a chain of rf-SQUIDs

into a coplanar waveguide, it is possible to tune both

the 2nd and 3rd order nonlinearities of their CPR. This is a

novel approach to the TWJPA, for the possibility to use

a quadratic term as a source of nonlinearity allows to

work in the so called 3-Wave Mixing (3WM) regime.
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Zorin, PRAppl. 6, 034006 (2016) Yaakoby, et al., PRB 87, 144301 (2013)
Zorin, PRAppl. 12, 044051 (2019)

Two different operative modes:

4-Wave Mixing (4WM)
2𝜔𝑝 = 𝜔𝑠 + 𝜔𝑖

unbiased transmission line

3-Wave Mixing (3WM)
𝜔𝑝 = 𝜔𝑠 + 𝜔𝑖

biased transmission line



Short

Josephson
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𝑰𝒃 > 𝑰𝒄
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𝑅𝑖 = 50 Ω
𝐶𝑖 = 24 fF
𝑅ℓ = 50 Ω
𝐶ℓ = 1 nF

𝐶𝑛 = 24 fF
𝐿𝑛 = 120 pH

𝑁 = 990 JJs

𝑅𝐽 = 20 kΩ

𝐶𝐽 = 200 fF

𝐼𝑐 = 2 𝜇A

Chip TWJPA_X52

specifics 
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𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) 𝟏 ÷ 𝟐𝟕 −𝟓𝟎,−𝟔𝟎,−𝟕𝟎 𝟎

2) 𝟕 −𝟓𝟎,−𝟔𝟎,−𝟕𝟎 𝟎 ÷ 𝟐𝟓
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𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) 𝟏 ÷ 𝟐𝟕 −𝟓𝟎,−𝟔𝟎,−𝟕𝟎 𝟎

The attenuation is calculated as

𝑨𝒑𝒖𝒎𝒑 = 𝟐𝟎 𝐥𝐨𝐠𝟏𝟎
𝑽𝒐𝒖𝒕

𝑽𝒑𝒖𝒎𝒑
𝐝𝐁.



𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) 𝟏 ÷ 𝟐𝟕 −𝟔𝟎 𝟎

tthr

15

𝑨𝒑𝒖𝒎𝒑 = 𝟐𝟎 𝐥𝐨𝐠𝟏𝟎
𝑽𝒐𝒖𝒕

𝑽𝒑𝒖𝒎𝒑
𝐝𝐁



𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

2) 𝟕 −𝟓𝟎,−𝟔𝟎,−𝟕𝟎 𝟎 ÷ 𝟐𝟓

𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

2) 𝟕 −𝟔𝟎 𝟎 ÷ 𝟐𝟓

tthr

16

𝑨𝒑𝒖𝒎𝒑 = 𝟐𝟎 𝐥𝐨𝐠𝟏𝟎
𝑽𝒐𝒖𝒕

𝑽𝒑𝒖𝒎𝒑
𝐝𝐁



𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

2) 𝟕 −𝟓𝟎,−𝟔𝟎,−𝟕𝟎 𝟎 ÷ 𝟐𝟓

𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

2) 𝟕 −𝟕𝟎 𝟎 ÷ 𝟐𝟓

tthr

17

𝑨𝒑𝒖𝒎𝒑 = 𝟐𝟎 𝐥𝐨𝐠𝟏𝟎
𝑽𝒐𝒖𝒕

𝑽𝒑𝒖𝒎𝒑
𝐝𝐁
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𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) −𝟏𝟎𝟎 𝟕 −𝟕𝟎 ÷ −𝟓𝟎 𝟔 𝟎

2) −𝟏𝟎𝟎 𝟕 −𝟔𝟎 𝟏 ÷ 𝟐𝟕 𝟎

3) −𝟏𝟎𝟎 𝟕 −𝟔𝟎 𝟔 𝟎 ÷ 𝟐𝟓

𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) −𝟏𝟎𝟎 𝟕 −𝟕𝟎 ÷ −𝟓𝟎 𝟔 𝟎



𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) −𝟏𝟎𝟎 𝟕 −𝟕𝟎 ÷ −𝟓𝟎 𝟔 𝟏𝟕
19

tthr

𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) −𝟏𝟎𝟎 𝟕 −𝟔𝟓 𝟔 𝟎
N



𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) −𝟏𝟎𝟎 𝟕 −𝟕𝟎 ÷ −𝟓𝟎 𝟔 𝟏𝟕
20

tthr

𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) −𝟏𝟎𝟎 𝟕 −𝟔𝟎 𝟔 𝟎
N



𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) −𝟏𝟎𝟎 𝟕 −𝟕𝟎 ÷ −𝟓𝟎 𝟔 𝟏𝟕
21

tthr

𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

1) −𝟏𝟎𝟎 𝟕 −𝟓𝟓 𝟔 𝟎
N



22

tthr

𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

2) −𝟏𝟎𝟎 𝟕 −𝟔𝟎 𝟏 ÷ 𝟐𝟕 𝟎
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tthr

𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

3) −𝟏𝟎𝟎 𝟕 −𝟔𝟎 𝟔 𝟎 ÷ 𝟐𝟓
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tthr

𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

3) −𝟏𝟎𝟎 𝟕 −𝟔𝟎 𝟔 𝟎 ÷ 𝟐𝟓



25

tthr

𝑷𝒔𝒊𝒈𝒏 [𝐝𝐁𝐦] 𝝎𝒑𝒖𝒎𝒑 [𝐆𝐇𝐳] 𝑷𝒑𝒖𝒎𝒑 [𝐝𝐁𝐦] 𝝎𝒔𝒊𝒈𝒏 [𝐆𝐇𝐳] 𝑰𝒃𝒊𝒂𝒔 [𝝁𝐀]

3) −𝟏𝟎𝟎 𝟕 −𝟔𝟎 𝟔 𝟎 ÷ 𝟐𝟓
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Ibias= 17μAIbias= 0
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Ibias= 15 μAIbias= 2.5 μA
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K. O’Brien, et al., Resonant Phase Matching of JJ TWPAs, PRL 113, 157001 (2014)
C. Macklin, et al., A near-quantum-limited JTWPA, Science 350, 307 (2015)

This new design is specifically made to reduce higher

harmonics generation and unwanted mixing

products, by lowering the Josephson plasma

frequency and making the dispersion relation highly

nonlinear with the introduction of elements to induce

resonant phase matching
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Perspectives:

• Optimization of the system parameter to maximize the amplification;

• Study of impact of fluctuations of the various system parameters;

• Study of the impact of thermal noise;

• Implementing the “resonant phase matching strategy”;

• Change the specifics of the devices forming the transmission lines, e.g., the

CPR of the junction or including dc-SQUID.

We demonstrated:

• the amplification of a weak signal in the presence of a strong pump tone in a

TWJPA, obtaining a Gain up to ~10 dB for a specific device configuration;

• the robustness of the effect against unavoidable fluctuations in the main

Josephson parameter, i.e., the critical current.
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DARTWARS publications

 C. Guarcello, et al., Modeling of Josephson Traveling Wave Parametric Amplifiers, accepted on IEEE TAS, 2022

 M. Borghesi, et al., Progress in the development of a KITWPA for the DARTWARS project, under review on NIMA, 2022

 V. Granata, et al., Characterization of Traveling-Wave Josephson Parametric Amplifiers at T = 0.3 K, under review on IEEE TAS, 2022

 A. Rettaroli, et al., Ultra low noise readout with travelling wave parametric amplifiers: the DARTWARS project, under review on NIMA, 2022

 A. Giachero, et al., Detector Array Readout with Traveling Wave Amplifiers, J Low Temp Phys, 2022

 S. Pagano, et al., Development of Quantum Limited Superconducting Amplifiers for Advanced Detection, IEEE TAS, 32, 4, 1-5, 2022

We demonstrated:

• the amplification of a weak signal in the presence of a strong pump tone in a

TWJPA, obtaining a Gain up to ~10 dB for a specific device configuration;

• the robustness of the effect against unavoidable fluctuations in the main

Josephson parameter, i.e., the critical current.


