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Introduction & Motivation

Motivation: voltage-tunable couplers and gatemons

*See W. Strickland, D38.00003; Y. Chen, D38.00001; N. Lotfizadeh, B65.00007

1
2

N. Materise et al.,

nmaterise@mines.edu

Bulk Loss Measurements,

Au AW Au
100 nm
e
SiO, SiO, SiO,
50 nm|
=38 =38 =38
25 nm 100 nm 5nm
> e e "]
¢ n' 100m IGaAs = 1403 '
4nm InAs o=15.05
4nm InGaAs .= 14.03
InAIAS 20 nm
ViVs Vs

1’1’1’

Fﬁ%

—n—

v

F36.00004

Jz



https://meetings.aps.org/Meeting/MAR22/Session/D38.3
https://meetings.aps.org/Meeting/MAR22/Session/D38.1
https://meetings.aps.org/Meeting/MAR22/Session/B65.7
https://arxiv.org/abs/2107.03695
https://arxiv.org/abs/2108.08894
https://meetings.aps.org/Meeting/MAR22/Session/B41.2
https://meetings.aps.org/Meeting/MAR22/Session/B41.6
mailto:nmaterise@mines.edu

Introduction & Motivation

Motivation: voltage-tunable couplers and gatemons e
16
a 14

12
10

gl
[ ] 6
% :
(c) 2

*See W. Strickland, D38.00003; Y. Chen, D38.00001; N. Lotfizadeh, B65.00007
1

2
3
4 .
tSee also M. Checchin, B41.00002; A. Read, B41.00006
5

N. Materise et al., nmaterise@mines.edu Bulk Loss Measurements, F36.00004


https://meetings.aps.org/Meeting/MAR22/Session/D38.3
https://meetings.aps.org/Meeting/MAR22/Session/D38.1
https://meetings.aps.org/Meeting/MAR22/Session/B65.7
https://arxiv.org/abs/2107.03695
https://arxiv.org/abs/2108.08894
https://meetings.aps.org/Meeting/MAR22/Session/B41.2
https://meetings.aps.org/Meeting/MAR22/Session/B41.6
mailto:nmaterise@mines.edu

Introduction & Motivation

Unknown losses of 111-V's at (n) ~ 1, T ~10 mK*:1:2

*See W. Strickland, D38.00003; Y. Chen, D38.00001; N. Lotfizadeh, B65.00007
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t; [nm] pj 9
InGaAs 10 2.08E5 7
InAs 4.0 3.18E5 ?
InGaAs 4.0 2.86E-5 ?
InAlAs 20 5.64E-4 7
InP 35E+3  2092E2 ?
AlLO33 50 9.04E-1  5.00E-3
Total - - 5.00E-3
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Unknown losses of 111-V's at (n) ~ 1, T ~10 mK*:1:2
High cost of entry to CPW fab3
New method to measure dielectrics in cavities*

Design and measure bare cavity with f. ~7 GHz

*See W. Strickland, D38.00003; Y. Chen, D38.00001; N. Lotfizadeh, B65.00007
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Design and measure bare cavity with f ~7 GHz

(a) (b)
200 pm 200 ym

Q. fixed by geometry
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Design and measure bare cavity with f ~7 GHz
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Design and measure bare cavity with f ~7 GHz
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Design and measure bare cavity with f ~7 GHz

. .
200 pm 200 ym ————e -
—_— — - o v
1 i
. - —_—

Ease of tuning the coupling quality
factor, Q. ~ Q;

Sensitive to sample bulk loss rather
than surface loss

Q. fixed by geometry

Devices sensitive to surfaces and

interfaces Can study bulk and surface roughness

External field bias to stimulate TLS® losses directly

N. Materise et al., nmaterise@mines.edu Bulk Loss Measurements, F36.00004


mailto:nmaterise@mines.edu

Design and measure bare cavity with f ~7 GHz
1 & i
@ ®) em—m— ) -
g = .g |

Cavity  Substrate (InP)
Psurf 5.8e-05 2e-05
Pbulk 0.97 0.36
Psurf,norm 4.3e-05 1.5e-05
Pbulk,norm 0.73 0.27

Q. fixed by geometry

Devices sensitive to surfaces and
interfaces

External field bias to stimulate TLS®

Participation ratios
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Design and measure bare cavity with f ~7 GHz

(a) (b)
200 ym 200 ym

Q. fixed by geometry

Devices sensitive to surfaces and
interfaces

External field bias to stimulate TLS®

-
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Cavity  Substrate (InP)
Psurf 5.8e-05 2e-05
Pbulk 0.97 0.36
Psurf,norm 4.3e-05 1.5e-05

Pbulk,norm 0.73 0.27

Participation ratios
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Measure sample multiple times (1SP InP)

Repeated 1SP InP Cavity Measurements

Total loss, TLS loss from 37 425 & POt e06517.06
Ne: 2.4e+07+4.4e+07
_1 4.00 ¥ InP1SP #2
Q " =tand~4,0«1 (1)
3.75
5tot = 6TLS =+ 5other (2) e
S 3.50
tanh ( 52 Ey
Sris = Fodg— 21/ (3) Sz
TLS = TLS ] ( )
(1 + @> 3.00
nec
2.75
Repeated 1SP InP measurements
agree for <n) < N¢ 220 10? 10% 10° 108 1010 102
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Measure sample multiple times (1SP InP)

Repeated 1SP InP Cavity Measurements
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Mattis Bardeen Theory

Fractional frequency shift from Mattis-Bardeen theory, Planar Al CPW Resonator
two fluid model®?

on InP (NYU)
6f £ —f(Tmin)

a 1 I pre——————
T = Tl e——— ] ) . ..
' f 2 1= (T/To)
Kinetic inductance fraction is related to the magnetic \
participation ratio by!? w\
[ H[2dS R -
o=\ Y Js 1T H 5 T remperaturelma
LPm LSV H[ZdV (5)
8
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Measure samples with / without etching (1SP, 2SP InP)

Repeated 1SP InP Cavity Measurements 1SP InP, 2SP InP Loss Comparison

4.0 InP 1SP #1
InP 1SP #1
) F69 ¢ 1.4e-06+1.7e-06
§ iy Listeiiets
# InP1SP #2 InP 2SP #1
4.00 35
3.75
©
L 230
S 3.50 =3
,-<X 7
T -
O 3.25 (<]
2.5
3.00 i
* . ¥ ' +
2.75 2.0 §§ fgiegmn
2.50 . . _ . - ;
102 104 106 108 1010 1012 10 10 10 10 10 10
(n) (n)

N. Materise et al., nmaterise@mines.edu Bulk Loss Measurements, F36.000


mailto:nmaterise@mines.edu

Measure samples with / without etching (1SP, 2SP InP)

Temperature Sweep, 1SP InP

le—-6
45 4 -115 dBm, (n) ~ 10°
4 -125dBm, (n) ~ 10*
-135 dBm, (n) ~ 103
4.0
7‘3.5 @ i d F ¥
o
3.0
2.5

50 100 150 200 250 300 350 400
Temperature [mK]
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Measure samples with / without etching (1SP, 2SP InP)

Frequency Shifts, 1SP InP: Mattis-Bardeen
Fit

HWH%H#H%H
— pag—~ %'H

S0 100 150 200 250 300 330 400 S0 100 150 200 250 300 350 400
Temperature (mk] Temperature [mK]

Te: 571%1e+02 mK Te: 415220401 mK
o 1e05+1e-05 -8 ~ a% 12e06x7e-07

S0 100 150 200 250 300 330 400 S0 100 150 200 250 300 350 400
Temperature (mk] Temperature [mK]
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Measure samples with / without etching (1SP, 2SP InP)

Power Sweep, Bare Cavity (9.2 GHz):
Overcoupled.

le6 Measured at Base Temperature ~16 mK
16 ‘
¢ Q;M3D6_02_BARE, Cooldown 26 (01/18/22)
14 Qc M3D6_02_BARE, Cooldown 26 (01/18/22)
12 % Q;M3D6_02_BARE, Cooldown 27 (02/07/22)

# Q. M3D6_02_BARE, Cooldown 27 (02/07/22)

1 t
0.8 +++++++

0.6 ++ ii*»»**»'»»

0.4
0.2
0OIllllllllllllllll

-140 -130 -120 -110 -100 -90 -80 =70
Power [dBm]
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Compare with CPW Al on InP measurements

Compare with CPW Al on InP measurements

Loss vs. Power — Not TLS Dominated

(n)
10  10° 104 105 108 107 108 10°

5.7

Image of Sample Package

F6%s: 2.9€-06+2.3e-06
ne: 2.3e+06+4.8e+06
5.6
e }
i
s

Six Resonator GDS Optical Image 5.3

5.2

5.1

-145 -135 =125 -115 -105 -95 -85 =75
Power [dBm]
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Compare with CPW Al on InP measurements

Comparison of 1SP InP & CPW Al on InP

InP 1SP #1
Subtract Q;; offsets to compare 5 $ o LaeObulTes
power dependence Fof: 2.06.0652.36.06

4 ne: 2.3e+06+4.8e+06

Comparable F§%; 4, in CPW and
cavity measurements

10x larger nc in cavity relative to
CPW = need more photons in the
cavity to saturate TLS

Q7' - Qzh1x1078

3

Different power dependence — surface
roughness vs. interface losses

102 104 10° 108 1010 10!
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New Cavity Design, Lower Frequency

Improve Q;/Q. match in the
bare cavity measurements!? 2 1

T
B s B

[—#a-20 thveaded

215 1#2-56 Threaded "n sa’—
r =+ oo
= [

300

7.6 GHz Cavity

7

M. Reagor, PhD Thesis, (2015).
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New Cavity Design, Lower Frequency

Improve Q;/Q. match in the
bare cavity measurements!? 2 1

Measure the new cavity with
a lower resonance frequency —
bare, with SiOy, with 1SP
InP, with 2SP InP, and -
remaining I11-V's in NYU
stack

T
B s B

SECTION AA

1“ 3 A
I 7.6 GHz Cavity

7

M. Reagor, PhD Thesis, (2015).
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New Cavity Design, Lower Frequency

Improve Q;/Q. match in the

bare cavity measurements!? 2 1
Measure the new cavity with -

e
a lower resonance frequency — Bl oo e - e
bare, with SiO,, with 1SP hL"L‘M 65 (gﬂ

InP, with 2SP InP, and -4
remaining I1I-V's in NYU d
stack R

7.6 GHz Cavity

Develop a basic theory for
piezoelectric loss and compare
with dominant Sother”

7

M. Reagor, PhD Thesis, (2015).
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Additional Slides

“Cryogenic microwave loss in epitaxial Al/GaAs/Al trilayers for superconducting circuits”.

Detecting induced p + ip pairing at the Al-InAs interface with a quantum microwave circuit.

“Materials loss measurements using superconducting microwave resonators” .

Measurement of Low-temperature Loss Tangent of High-resistivity Silicon Wafers with High Q-factor Superconducting

Resonators.
“Determining Interface Dielectric Losses in Superconducting Coplanar-Waveguide Resonators”.
“Random-Defect Laser: Manipulating Lossy Two-Level Systems to Produce a Circuit with Coherent Gain”.
“Phononic loss in superconducting resonators on piezoelectric substrates”.
“High-kinetic inductance additive manufactured superconducting microwave cavity”.
“The surface impedance of superconductors and normal conductors: The Mattis-Bardeen
theory”.

“Reaching 10 ms single photon lifetimes for superconducting aluminum cavities”.

“Superconducting Cavities for Circuit Quantum Electrodynamics”.
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