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Traveling-wave, superconducting parametric amplifiers based on nonlinear transmission lines are well suited for use as readout amplifiers for
low temperature detector technologies involving frequency domain multiplexing at GHz frequencies. These paramps can have very wide
instantaneous bandwidth and large enough dynamic range to handle thousands of signals at typical levels for superconducting detectors. The
measured noise is very close to the quantum limit and is a factor of several lower than the best transistor amplifiers. Another device utilizing
nonlinear kinetic inductance, the Kinetic Inductance Parametric UP-converter (KPUP), is based on a current-sensitive resonator. Arrays of KPUPs
are an interesting approach to reading out TES bolometers or other superconducting detectors.
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* Direct detector array readout in the microwave domain e o8- | 3 |
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Superconducting film surface inductance: Microstrip paramps: equency (GH)
* Parametric amplifiers are based around a nonlinear circuit response — in this case we use the e Multilayer process — NbTiN conductor and ground plane with deposited dielectric
nonlinear kinetic inductance * Microstrip TRL is easier to meander — longer devices can be fabricated
* The absence of dissipation in the superconducting circuit implies minimal added noise  Example gain curves for 11 cm TRL (22 m electrical length):
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* Nonlinear element is distributed along a transmission line structure
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* Pump and signal tones are injected at one end of the device
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A capacitively loaded CPW paramp: Multiplexed current sensors (KPUP):

. . . . .. e (Current sensitive microwave resonator
* Capacitive fingers increase capacitance, reducing impedance to 50 ohms

* Low readout power ~ 10 nW

e 2.5cmlength, v=0.005 c, electrical length =5 meters
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