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• Multi-modal superconducting circuits
• Ultra-low noise parametric amplifiers
• Novel qubit circuits: 3-qubit processor 

demonstrated - Trimon
• Novel coupling architectures

• DST QuEST PI
• Collaboration with DYSL-QT (7-qubit 

processor)

Trimon: A three-qubit circuit

A 12-qubit network with a ring cavity coupler
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Parametric Amplification
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Josephson junction: An “ideal” non-linear element
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Parametric Amplification in parametrically driven resonators

e cos(2w0 t)

CAVITY
w0

Saclay : Phys. Rev. B 89, 214517 (2014)UCSB: APL 103, 122602 (2013)

“Fabry-Perot cavity”



Driven nonlinear oscillator
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 = max cos(wt)

LJ ~ 0.2 nH C ~ 3 pF



Driven nonlinear oscillator: Equation of motion

ሷ𝑥 + 2Γ ሶ𝑥 + 𝜔0
2 𝑥 − 𝛼𝑥3 = 𝐹𝑝 cos𝜔𝑝𝑡

𝑥 𝑡 = 𝑥𝑝 cos(𝜔𝑝𝑡 + 𝜃)

ሷ𝑥 + 2Γ ሶ𝑥 + 𝜔0
2 𝑥 − 𝛼𝑥3 = 𝐹𝑝 cos𝜔𝑝𝑡 + 𝐹𝑠 cos𝜔𝑠𝑡

𝑥 𝑡 = 𝑥𝑝 cos 𝜔𝑝𝑡 + 𝜙𝑝 + 𝑦(𝑡) 𝐹𝑠 ≪ 𝐹𝑝 , |𝑦 𝑡 | ≪ 𝑥𝑝

ሷ𝑦 + 2Γ ሶ𝑦 + 𝜔0,𝑒𝑓𝑓
2 1 + 𝑘 cos 2𝜔𝑝𝑡 𝑦 = 𝐹𝑠 cos𝜔𝑠𝑡



Driven nonlinear oscillator: Effective equation

ሷ𝑦 + 2Γ ሶ𝑦 + 𝜔0,𝑒𝑓𝑓
2 1 + 𝑘 cos(2𝜔𝑝𝑡 − 2𝜃) 𝑦 = 𝐹𝑠 cos𝜔𝑠𝑡

Detuned pump: 𝜔𝑝 ≠ 𝜔0,𝑒𝑓𝑓

𝜔0,𝑒𝑓𝑓
2 𝑘 ∝ 𝑥𝑝

2

Parametrically driven “harmonic” oscillator

Pump strength:

e cos(2wp t)

CAVITY
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Driven non-linear oscillator as a paramp
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• Flux tunable band
• Lumped element design
• Direct coupling to the feedline
• Low Q (~10-15)

• Tunable  (4-8 GHz)

• Gain > 20 dB

• BW > 10 MHz

• kBTN ~ hf / 2

M. Hatridge, R. Vijay, D. H. Slichter, J. Clarke, and I.Siddiqi, Phys. Rev. B 83, 134501 (2011) 



Applications of parametric amplifiers

PRL 106, 110502 (2011)) PRL 106, 220502 (2011)

Nature 490, 77-80 (2012) Nature 502, 211-214 (2013)

And much much more…..

Quantum jumps Squeezed microwave light

Quantum feedback Single quantum trajectories



Dispersive Magnetometer
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Input flux signal is up-converted and amplified

M. J. Hatridge, R. Vijay,  D.H. Slichter, John Clarke  and I. Siddiqi, Phys. Rev. B 83, 134501 (2011)



NanoSQUID Magnetometer

AFM Image (false color)

E. Levenson-Falk, R. Vijay et al., Supercond. Sci. Technol. 26 055015 (2013)



Recent work at TIFR: Broadband Parametric Amplifiers

1 cm

Impedance engineered 
parametric amplifier

Roy et. al. Appl. Phys. Lett. 107, 262601 (2015)
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Recent work at TIFR: Graphene JJ parametric amplifier

Quantum limited noise performance

(in collaboration  Prof. Mandar Deshmukh at TIFR)

Joydip Sarkar, Kishor V Salunkhe et al., Nature Nanotechnology volume 17, pages1147–1152 (2022)

Gate voltage tunabilityGraphene Josephson Junction

• Gate voltage tunablity
• High field operation
• New types of quantum sensors and bolometers

https://www.nature.com/nnano


Dark Matter Search using parametric amplifier devices

arXiv:2207.13597

arXiv:2110.10262

https://arxiv.org/abs/2207.13597
https://arxiv.org/abs/2110.10262


Interests

• Developing new quantum limited detectors using superconducting circuits

• Participating in experiments involving Dark Matter Search, Gravitational 
Wave Detection

• We will need (in the Indian context):
• Other scientists who can design the experiments
• Creating links with international experiments

THANK YOU


