Quantum noise limited microwave amplification using a graphene Josephson junction
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Quantum information processing: low-noise amplification A recap on parametric resonance and amplification
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Graphene JJs: a platform of electrostatic control

SNS JJ Current Phase Relation  phene hIBN

: —1
TR, i Ly(6) = 2 (%) ik

2e ", O — graphite gate

I l |
[rle™” h [pale'® Gr-JJ bolometers
C == [
_ _ Calado et al. Nature Nanotechnology Lee et al., Nature 586, 42—46 (2020)
harmonic anharmonic 10, 761-764 (2015) Kokkoniemi et al., Nature 586, 47-51 (2020)
Walsh et al., Science 372, 409-412 (2021 :
Field resilient AR €L al, SEEnee (2021) Superconducting CPW Lumped element LC resonator
. Gr-JJ microwave resonator Gr-transmon qubit for launching microwaves using Gr-JJ
Gr-JJ microwave resonator Sy (Norm)
- sasge 0 == ] M Readout (1)
~ | p CNP N —ep- TiME ve
g VA f °,
g e L o 2.0?
B =0T 129
4.4689 — — £
-150 Vg — Vope (MVY) 150 04
) b0, — 0.6
S w 1 <
: N PR B —, S 10 '
. S N eomy |, = : _ =< . Fsys.Grojpa 9 > Gain B .
s 0 By (T) 1 — | 25 " kL -938 F o 10 20 ym 20 !
o] g - = SQL R ' | = :
¢ as83 L Wl leecawlld 7 O_SE "‘.’.,."{1:“{""”‘%‘?"‘"1».‘,;?& 0.8 Gain (dB) : S 10 :
R UL S £ = O ~93.9 | 8 i
Lt : = - Y 0o . I i
_30 -20 -10 0 10 20 30 L S E— i ¢ —— L — MHz X : 470 475 4.80
) 8 VasVawm 170 ot Sy T T o | {90 s T a0}
_ ’ o : ? © : == LTEJ ' fs (GHz)
Felix et al. Nature Communications Kroll et al. Nature Communications Wang et al. Nature Nanotechnology < 15 : LIB )
9, 4069 (2018) 9, 4615 (2018) 14, 120-125 (2019) ) ! do4 ¢ o8 -041
i - -
= = = iﬁ%"@‘ s .Qig . o
i Y L > ~94.2
Electrical characterization of the graphene JPA resonator 10 | = == P i i e |
|
_ l ~94.3
@ 24 dB max gain | : |
‘ 0 100 200 300 o s ~180 0 180 4.739 4.744 4.749 4.754 4.759 4.72 4.74 4.76 4.78
BT T T
11 (degree) ® 10 MHzBW f, (GHz) fs (GHz)
- lin
41100 i fp fres(vg)
f @ 1-dB compression | >
: .
point = - 130 dBm i | <Ll
-115 F 10 20 L@l ‘J fs
- Gain (dB) = |
N =
| i 8 15 F :
| | —— V=325V : & | .
= — -~ {
. [ _130 ~110 25 F—— V4=35V | £ 1 .
—~ = | — = i
E , I PS (dBm) Vg 3.75V : ) [ J , ,
S 20 Vemav . 35 40
o % —— Vy=4.25V V, (V)
: : 3 £ 15 F ‘ e
Tunable inductor, 2 2 135 b 3 , '
tuning via electrostatic gating ] o "".,.._, \‘-AN
, > :
-145 I I ; I I I e I I I I I I I
472 473 474 475 476 477 4.78 472 473 474 475 476 477 4.78
Non-linear action of the JPA resonator s (GH2) " (GHz)

-90 0
£57; (degree) £51; (degree) B T

Summary

Experiment
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Graphene based quantum limited JPA, tunable via electrostatic gating.

Operating regime
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Furute explorations for highly sensitive quantum sensors for photons and magnons.
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o Extending the pathway for searching 2D vdW material based quantum devices.
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For more detalls, kindly refer to our manuscript Sarkar et al., Arxiv: 2204.02103.




