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Motivation

Astronomical Instrumentation
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Pre-amplifiers for radiometers & DSN

Improve noise performance and bandwidth of receivers

QIS & Fundamental Physics
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Readout of Cryogenic Qubits

Transmon, spin qubits, etc.

Quantum Sensing

Direct Dark Matter Searches

P.Day et al., Phys. Rev. X 14, 041005

Chris Albert’s Poster Today

Ramanathan, K. et
al. Physical Review
Letters 130, no. 23
(2023): 231001
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Parametric Amplifiers

Parameter of the system is varied with a strong “pump”
8L ~ I$,mpy Nonlinearity in the resonant circuit
Nonlinearity transfers power from pump to signal
Purely reactive nonlinearity

* Need not add noise beyond the QM limit
E.g., Josephson parametric amplifiers

* Narrow band
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Kl Nonlinearity of a Microstrip Line

Kinetic Inductance — Traveling Wave Parametric Amplifier

uWave
VNA

Distributed geometry, e.g., non-linear transmission line
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Near |dea| nonllnearlty LK(I) _ LK(O) (1 +;_§ n ) Shu et. al (2021) Invented by Peter Day et al.
Analogous to Kerr nonlinearity in optics (intensity dependent index n)

* Supports 4-wave mixing (4WM) & other nonlinear processes
Idler out
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KI-TWPA

» Advantages over Al-JJ
» High frequency, high temp operation

» High dynamic range
* Relatively easier to fab

* Resilient to Magnetic Fields

» Microstrip KI-TWPASs

» Microstrip geometry
» Capacitive stubs

» Dispersion engineering
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Fabrication stack
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Added Noise (Quanta)
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Klimovich, N. et al. (2023). arXiv:2306.11028

1l
i

Ml [l
By

Ll \

|

[
5 55 6 6.5 7 75 8
Frequency (GHz)

Measured added noise of the 4WM KI-TWPA.

5 jpl.nasa.gov



Four-Wave Mixing Devices

4 - 8 GHz TWPA for Detector Readout
» Coverthe 4 — 8 GHz range (NbTiN)
« Separation of bands, no contamination from idler
« Diplexers to manage pump and idler tone

» Tunable signal band gain and dual-band operation
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SEM image of the transmission line.
Faramarzi, F. et al., APL Quantum 1, 036107 (2024)
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4 - 8 GHz 4WM TWPA Noise Performance T < hfiaer/ kB

~ 1 K term.
Y-factor Method Pump out § | 1 ‘
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Faramarzi, F. et al., APL Quantum 1, 036107 (2024) Y-factor noise setup.
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Preliminary Magnetic-Field Dependence

collaboration with Andolab at University of

Cologne, Germany
S21 and gain measurements vs B, and

B, , pump settings optimized at each field

8— r T T

mean SNR improvement 4-7GHz (dB)
F =
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Janssen et al., in prep & @ APS March Meeting (2025)
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Ultimately limited by thick Nb ground plane (Bc=1.5T)

* SNRimprovement can improve at intermediate B, but

not for B, - B, also shows stronger hysteresis
* ~10x better field compatibility than Josephson TWPA cf.
Janssen et al. PR. Appl. 22, 054018 (2024)

Pump power (dBm)
mean SNR improvement 4-7GHz (dB)
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Preliminary data on High-temperature operation

« measured in Cologne (fluctuations due to pump optimization) EE T
62 -2
« Deuvice limited by T,,;; of Nb ground plane B
E-:? -3
« Contrary to aluminum Josephson TWPA operation above 1K SY _al
LT}
: : : , : =
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Stay tuned for

NbN Device_A (bandgap >20GHz); 4K 11/03/23
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25 mm

Sub-GHz Device Design

» Applications:

* Photon counting MKIDs wavelength down to 200 um

» Dark sector searches, spin-qubit readout

» 450 mm, Meander for compactness

0.00[ ===, - _
« Kinetic inductance per square ~ 9 pH/sq vee, ;=089 mA
« Titanium Nitride .."\ Io =0.86 mA
-0.02
e I2xTZ? (T.=4.06K) o
*  Pump power ~ 300 nW for 22 dB of gain (compared to 10 ulW) b5}
-0.04
» Upper critical field ~ 4.2 Tesla
Nb M
-0.06 18 2.0 2.
a-Si f (GHz) %
- TN 0.0 0.1 0.2 0.3
Y Si Current (mA)
500 pm Band stop shift as a function of applied DC current.
Fabrication stack F.Faramarzi et al.,Arxiv:2406.00530 (2024)
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Frequency Translating Mode he

A | = = Simulation
y //// -_
 Frequency Translating Gain Mode Z |

» Advantages
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« Availability of cryo electronics at higher frequency 8

1
Signal band
Idler band

« Additional power gain due to photon conversion

* More tolerant of thermal noise at the idler tones
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Noise Performance

* Y-factor Method

* Measured in frequency translating circuit

* Near Quantum Limited performance

* High Dynamic Range (P1dB =-65 dBm @ 15 dB gain)
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Stay tuned for
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Extending Operation to mm-Waves & Beyond

B.K. Tan, et al., Supercond. Sci. Technol. 37, 035006 (2024).

*Miniaturize devices for high-frequency operation

. . Nb GND plane
*Fabrication process

\

. NDbTIN, NbN (Tc ~ 16K), MgB2 (Tc ~ 30K)

* 100-micron substrate thickness (SOI wafer) / 3
*Radiometer, spectrometer, DSN applications
NbTiN Microstripline
25 2 Waveguide probe
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Noise approaches the quantum limit

Noise (Quanta)
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Let’s Collaborate!!
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