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Outline

»Two Josephson Junctions in parallel
* Conductance of a Josephson Junction

* Conductance of SQUIDs

>Interference
* Symmetric SQUID
* Asymmetric SQUID

> Top Gates, “controlling” the single Junction




InSb Nanoflags

- Single crystal, ZB structure
- length ~ 2.8 um

- width ~ 500 nm

- thickness ~ 100 nm

-m* = 0.02m,

-E; =0.23eV

g’ =50

[ACS Appl.NanoMater.2021,4,5825-5833]



https://pubs.acs.org/doi/10.1021/acsanm.1c00734

Two Josephson Junctions
In parallel




Devices: Symmetric and Asymmetric SQUIDs

Symmetric SQUID Asymmetric SQUID

_ 1pm WD=56mm EHT=5 100 pA Signal A = SE2 Dai
Mag= 890KX — Hioh Resolition tilt= -20.4 pA ESBGridis= 0V




Measurement Mode: Current Bias

- Quasi four probes
configuration

- Contact resistance
R, must be
included in the
conductance
model




L =200 nm
W = 380 nm

Single Josephson Junction 6 =115 1078 Fem-2

G_:RC+RN+RC
J]

JJ of SQUID3 - C2S4



L =200 nm

Single Josephson Junction cor = 115109 F cm-
W -1
Ry = Cox (ng — Vth)
InSb NF

JJ of SQUID3 - C2S4



Single Josephson Junction

1 7% -
— = 2R, + (Cox_ﬂ(vbg — Vth) )
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Theoretical conductance model for the SQUID

Theoretical GSQUID —
o Gsquip = Gyj1 + Gyj2
80 - Ve =0V,
: u1 = 4000 cm“V~"s
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Symmetric SQUID conductance
Vi =25 401V

+u = 8200 + 200 cm*V~'s .
‘R, =342 +30 0.

h _
lmrp = ?#1/27'[71261 =150nm @BG=20V 0-




Asymmetric SQUID conductance

Vipy =22 0.1V
Vipgy =62 +0.1V

- uy = 18600 + 950 cm?V~1s~1!
- U, = 9700 + 500 cm?V~1s7?
‘R, =147 +20Q

lMFP,l = 300 nm
lMFP,Z = 140 nm

'Atng — 15V

00 25 50 75 10.0 125 15.0 17.5
Vg [V]

@

CNRNANO =




V [uV]

VIitraces@ T = 350 mK

Symmetric SQUID Asymmetric SQUID

Vee = 20.0V I, = 60 nA Veg = 180V I, = 100 nA
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Vg [V]

Backgate control of supercurrent @ T = 350 mK

Symmetric SQUID Asymmetric SQUID
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Interference on
Symmetric SQUID
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Basic Theory

Isouip = 11(@1) + I,(@3)

27T D |
*@P1 — Py = | 2Tn
D

- Interference properties depend on the
relations I;(¢,) , I,(¢,) (Current Phase
Relationships, CPRSs)




Basic Theory for Sinusoidal CPR

11 (1) = I.1 sin(@q) I,(p;) = I, sin(@;)

b 2
I, = \/ ey = Ie2)? + 4ley ] cos (m o)

b = nd, - 1. = [I1 + 1]

O = CDO/Z‘I‘nCDO _)IC — |IC1_IC2|




Symmetric SQUID: C254

Ageo = 13.6 um?
L; =200 nm
W; = 380 nm

L, =200 nm
W, = 380 nm

1pm WD= 56mm EHT=500kV 100 pA SignalA=SE2 Date :5 Jul 204
High Resolition tit=00* -20.4 pA ESBGridis= 0V a7:41

Mag= 890K X




Ipias [NA]

Ipias [NA]
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Interference vs

backgate
T = 350mK
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Ipias [NA]

Ibias [NA]
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Interference vs
backgate

T = 350 mK

;2500 - SQUID patternis not

symmetric for all the
backgate values

— JJ are not identical
1500 &

5° At low Vg destructive
1000 3 interference is
obtained for a range_of
500 magnetic field.




First Model Ve =200V T =350mK

60 - p - a
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lc/W [nA / pm]

SQUID regimes vs backgate

Symmetric Asymmetric

a%0- . 7| la/w=86nAum™

— 1.,/W = 61 nA um™?

yar—a - Different interface
transparency?
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Ibias [nA]

|bias [nA]
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Interference vs
temperature

Vge = 20.0V

- Asymmetry in critical
currentsup to 1.5 K
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Temperature Behaviour
Veg = 200V

 Similar decay in temperature
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“High’ magnetic field

L=200nm

W =380 nm

Ap = 40 nm
Vee = 20.0V
T =350 mK
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Results Asymmetric
SQUID




SEM: H6S4

A =60 um? L=190 nm L=180 nm
W =530 nm W=1.7um
A=0.10 pm? A=0.30 pm?
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Interference vs
backgate
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- Always in the asymmetric
regime

- Loss of interference for
VBG = 4‘0 V
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First Model

2
I = J (Uer — Ic2)? + 4leales cos (m o + phase)
0
I, =728 + 0.2nA
I, =33.6 + 0.3nA
Aggr = 149.0 + 0.1 pm?
Ageo = 60 I.lmz
— F=25
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Critical Current vs backgate
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*I.1/W; = 40 nA pm™! I
* I o/Wy, =62 nApm™! Cy
* The narrow flag has :

higher supercurrent
density

* The narrow flag is the
one that show pinch off
at VBG = 40 V

0.5um

¢ ICl/Wl — 4‘0 nA um_l
*[,/W, =62nApum1!
* The narrow flag has

higher supercurrent
density

* The narrow flagis the
one that show pinch off
atlVge, = 4.0V
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Interference vs
temperature
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Ibias [NA]

Ibias [NA]

T =042K
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Critical Currents vs temperature

Critical Current
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Single Junction Interference
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Single Junction Interferenc
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Top Gate on single Josephson
Junctions

G in logarithmic colormap

TOPGATE VOLTAGE [V]
o

40 -20 0 20 40
BACKGATE VOLTAGE [V]




Top Gate controlof |, _ ..,y
supercurrent T = 350 mK
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Thanks for your attention!
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