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Josephson junctions

superconductor A V\Ili?]ik superconductor B
o = \nge'®4 g = ynge'?s
W Q= ¢B - ¢A )
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Josephson junctions

weak
superconductor A link superconductor B

Py = nget®a Py = nge'?s

®=¢p—da
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Josephson equations
I(t) =1, sin(<p(t))

dp 2e V(1)
ot  h
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— non-linear and tunable inductance




Ministero /

deII’Universit& l'taliad()malli
N -] deua Ricerca PIANO NAZIONALE

DI RIPRESA E RESILIENZA

NQSTI

National Quantum Science
and Technology Institute

AN
TN

Quantum Science and Technology in Trento

Vi Finanziato
»  * | dall'Unione europea
e NextGenerationEU

Cross Josephson junctions at FBK
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« High control on areas (and on junction parameters)
» Two-layers process

* Develop an efficient Ar plasma cleaning
- Optimise the second lithographic step (lift-off)
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Cross Josephson junctions at FBK - 1st generation

The junction normal resistance Ry is related to the critical current /, :

Quantum Science and Technology in Trento
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Cross Josephson junctions at FBK - 2nd generation mgg

Quantum Science and Technology in Trento

The junction normal resistance Ry is related to the critical current /, :
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Superconducting microwave resonators

CPW quarter-wave resonators Lumped element resonators
et e R

Transmission line

ICD Inductance

RES,L/A,IDE,SNA q
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Superconducting microwave resonators

Most recent results with aluminium based lumped element resonators
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Superconducting microwave resonators

(Optimise:
» material choice
» microfabrication process

-140 -130 -120 -110 -100 -90 -80
Pchip [dBm]

First NQSTI Congress Felix Klaus Ahrens
15-16 January 2024, Rome Fondazione Bruno Kessler




Finanziato
dall’'Unione europea
NextGenerationEU

Ministero
dell’Universita
& e della Ricerca

k

[taliadomani

—

NQSTI

National Quantum Science
and Technology Institute

Superconducting electronics - from building blocks to integrated circuits

_ _ ) ( _ )
Josephson junctions Superconducting
resonators
=
U - L aJ J' (P \J \J
J _ J
Parametric , Cryogenic Microwave
SQUIRs Amplifiers Qubits detectors multiplexers

First NQSTI Congress

15-16 January 2024, Rome

Felix Klaus Ahrens

Fondazione Bruno Kessler




o Finanziato R Ministero NQSTI

s+ | dall'Unione europea D dell’Universita [taliadomani Nationl Quartur Science

PIANO NAZIONALE and Technology Institute

* xx

NextGenerationEU : DI RIPRESA E RESILIENZA

< DEGLI STU

as

14

FONDAZIONE
BRUNO KESSLER

Microfabrication of qubits BA

(]
[—]
(]
(]

> » : FIB alignment
i SPAN S structures

Aluminium layer 1 (etched)

Wafer substrate —

Cross Josephson junction

First NQSTI Congress Felix Klaus Ahrens
15-16 January 2024, Rome Fondazione Bruno Kessler




Finanziato
dall’'Unione europea
NextGenerationEU

Ministero
dell’Universita
e della Ricerca

k

—

[taliadomani

NQSTI

National Quantum Science
and Technology Institute

Superconducting electronics - from building blocks to integrated circuits

First NQSTI Congress

15-16 January 2024, Rome

Parametric
Amplifiers

Felix Klaus Ahrens
Fondazione Bruno Kessler

High kinetic inductance films

\\\\\‘

\\\\




v

dall'Unione europea 5 dell’'Universita
NextGenerationEU %53 e della Ricerca

National Quantum Science
and Technology Institute

Finanziato Ministero i

[taliadomani

‘ /~ NQSTI

High kinetic inductance films

U = Uye'®t Guperconductor:
© © T >0, m=2m, q=2¢e

Cooper pair density n = n(I)

@ @@@
e 5980 DN

ng?t Kinetic inductance:

= : - large collision time
m(1 +iw7) | high frequency w

o
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High kinetic inductance films

= Interesting materials:

: . e éu erconductor:
high-resistivity superconductors P

T >0, m=2m, q=2¢e

« Our choice: NbTiN Cooper pair density n = n(I)
— high resistivity (~100-200 mQcm)

— high critical temperature (~12-13 K)
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Optimisation of NbTIN thin films: parameter exploration

= Sputter system: Fabrication run R1
PVD Kenosistec 800 C Wafer || P/W | p/mbar| fa,/sccm| fn,/sccm
T1 700 2e-3 50 5
2 700 3e-3 50 4
- Sputter.target. T3 200 | 303 |50 .
Nb,,. Ti,., T4 || 700 | 3e-3 | 50 6
TH 1200 | 3e-3 50 5
T6 700 3e-3 50 7
Iy 700 Je-3 50 8
T8 700 3e-3 50 6.5
G 700 3e-3 50 7
T10 600 3e-3 50 e

T =300°C
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Rs'h
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nitrogen flow fx, [sccm]

— Recipe T10: high T_and sufficiently high R,
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Calibration of NbTiN deposition rate

+ Test chip:

40 + R’un R2 ,,,,,,, g [ REs2_1
--------- deposition rate = 5.2 nm/minute ]

— !t tr | 1 | O

a ”””””

=30 "

D) ”,f”+

z

qg) ””””

-M ’’’’’’ S -tTm S - (Tox - Tox)

< 20 +

g= K

10 - ¥

m”

Note: Oxide thickness measured with optical interferometer
Metal thickness measured with AFM
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Calibrate film thickness h vs kinetic inductance L0
Rs - h

Measured T : Measured R : Ly =
c s O m.Tc-kg-1.762
140l 4 Run R2 e =125 + 4 Run R2 314 + 4 Run R2
- e [92] \ 1
o | = L e fit = O T I e ¢ fit
E it S0 =12
v 13.5 % g
B _+_, = —+— _ o 31, o 1002 _a
S 8 75 Rs(h) = 7 1 +§ﬁ 8 -.?_ Lo(h) = F
2130 = / g8
= Vil z * s 4
7 < 6 T
£ Z 50 3 S Y
= 125 = S 4 A=
g ) + =
= = osH——— Tl | < *
S 12.0] 4 z e g 2 : Tt
5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

film thickness h [nm] film thickness h [nm]

film thickness h [nm]

Fuchs” model (doi: 10.1017/S0305004100019952) Phenomenological model

— Use film thickness h as L, tuning parameter
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Uniformity on wafer scale

65.58
Estimation of the uniformity of the film thickness

65.28
64.98 ?%
— Measurement of the sheet resistance o =
(25 points over the 6 * wafer) - !
o 64.38 7
—Variation is about 4% =
- 164.08 g
— Radial gradient (thinner film at the edge) P

-63.48

4 6318
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Conclusion

Building blocks ready:

. Josephson junctions v
Microwave resonators v

High kinetic inductance films v

Currently ongoing: :

Further improvement of building blocks
Integrating building blocks into circuits .
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How to microfabricate Josephson junctions

Dolan technique Cross junctions Window-type / Trilayer
: Al/AIOx/Al -
(aka shadow evaporation) . (/.,) / . Nb/AI-AIO,/Nb
a c
AI / AIOX/ AI Patter . Native AlO, PMMAr (a) (b)
R TR < Nb\ Al-AlO,
evaporated Al 3 % > N N \‘ / —
Si Substrate
SulsEiEE Controlled O, Oxidation Ar Plasma , O, Ashing of PMMA X X
Thin AIO SN, / Si0_
*/ o ﬁ ﬁ
Cord B. et al (2006) 10.1116/1.2375090 Bal M. et al (2021) 10.1063/5.0048621 Kempf S. et al (2013) 10.1088/0953-2048/26/6/065012

First NQSTI Congress Felix Klaus Ahrens

15-16 January 2024, Rome Fondazione Bruno Kessler BaCk'Up 1



