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Development of a tunable and versatile non-reciprocal traveling wave
parametric amplifier.

Developing a Josephson junction based nonlinear metamaterial which can be used as
a traveling wave parameltric amplifier in forward propagation direction and simulta-
neously as a frequency converter in backward propagation direction, making the gain
directional.
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Superconducting Quantum Circuits Group, Institute Neel,
Grenoble

Development of a tunable and versatile nonlinear metamaterial.

We developed Josephson junclion based nonlinear metamalterial with in-silu tunabil-
ity of second and third-order (Kerr) nonlinearities utilizing the Josephson junction
composites, optimized for the specific use case of building blocks for an impedance-
matched nonlinear metamaterial.

Kerr reversal and traveling wave parametric amplification.

Utilizing the sign teversal of third-order (Kerr) monlinearity, we demonstrated a
use case of the nonlinecar metamaterial as a traveling wave paramelric amplifier
with a new phase-matching mechanism: reversed Kerr phase matching. The device
exhibited state of the art amplification performances with added advantages of a
tunable amplification band and lower gain ripples.

Generation and observation of two-mode squeezing in a Josephson junc-
tion based nonlinear metamaterial.

We demonstrated generalion and observation of two-mode squeezing in an optimized
traveling wave paramelric amplifier. This proof-of-principle resull can pave the way
towards the implementalion of Josephson junction based metamaterials in novel ap-
plications, including non-destructive single-photon detection, single-photon measure-
ment and control in c-QED, photon-based quantum computing, precision sensing,
the detection of dark matter, and quantum illumination.

Quantum Measurement and Control Lab, TIFR, Mumbai

Setting up real time programmable FPGA based arbitrary waveform gen-
eration and measurement setup with feedback capability for qubit mea-
surements.

Programming and recompiling a new FPGA fabric configuration (in VHDL) for
changing parameters in an experimental setup is inconvenient and real time pro-
grammability is desirable. We worked on developing a feedback capable FPGA mod-

ule, programmable via GPIOs of SBC(Raspberry Pi) which communicates with con-
troller PC with T'CP streams.

Development of SBC GPIO bases communication node for FPGA.

We developed an SBC' (Raspberry Pi) based communication link between FPGA and
PC for real time FPGA programming. The SBC GPIOs are interfaced with FPGA
digital I/O ports using high speed bidirectional logic level converters for two way link,
and PC and SBC exchange data packets through TCP streams.
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Quantum Measurement and Control Lab, TIFR, Mumbai

Developing an FPGA based qubit measurement and feedback setup.

Conventional microwave laboratory equipments(waveform generator, digilizers etc.)
are very expensive and incapable of real time feedback, but with development of
economic function specific devices, it is possible to assemble an economic microwave

Development of ancilla free quantum error correction code for multimode
trimon qubit.

Noise in quantum systems used for realizing computational basis or noisy gate oper-
ations give rise to de-coherence and introduces errors in the computation. To protect
against these errors quantum error correcting codes can be used. We developed a sin-
gle bit flip correcting code([3,1,3]) for the multi-mode trimon qubit which has three
strongly coupled normal modes. This code exploits symmetries in measurement setup
to bypass need for an ancillary qubit.

Design optimization for broadband Josephson parametric amplifiers.

Josephson parametric amplifiers are devices that add the minimum possible
noise(allowed by laws of quantum physics) during amplification. Gain and band-
width of these amplifiers is inversely proportional but using impedance engineering
bandwidth can be enhanced without sacrificing gain. My work in this project involved
design and optimization of broadband fAux pumped parametric amplifiers using mi-
crowave simulation tools.

Design optimization, Sfor three coupled qubits in g single superconducting
quantum circuit (Trimon),

Modified version of a JRM has three normal modes which can be used to realize
three qubits in a single superconducting device. My work in this project involved
simulation and optimization of various properties of these devices and fabrication
using electron beam lithography.
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