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Designs: Stepper reticle QubiT-1, Resonators

o Resonators (14 designs, one layer each)

N

e,

<

GPL2_Meander_10700_1+1dig
GPL2_Meander_10700_2+2dig
GPL2_Meander_10700_3+3dig

GPL2_Meander_10700_4+4dig

5x 2.5 mm?
5x2.5 mm?2
5x 2.5 mm?2

5x 2.5 mm?2

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, IDC coupling (1+1 digits) = Cc ~ 3.6 fF
A/2 resonator 10.7 mm - f, ~ 5.5 GHz, IDC coupling (2+2 digits) = Cc ~ 10.9 fF
A/2 resonator 10.7 mm - f, ~ 5.5 GHz, IDC coupling (3+3 digits) = Cc ~ 18.6 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, IDC coupling (4+4 digits) = Cc ~ 26.4 fF



Designs: Stepper reticle QublT-1, Resonators

GPL2 _Meander 10700 _3+3dig

M2 resonator 10.7 mm - f. ~ 5.5 GHz, IDC coupling (3+3 digits) > Cc ~ 18.6 fF
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Designs: Stepper reticle QubiT-1, Resonators

o Resonators (14 designs, one layer each)
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GPL2_Meander_10700_1+1dig
GPL2_Meander_10700_2+2dig
GPL2_Meander_10700_3+3dig
GPL2_Meander_10700_4+4dig
GPL2_Meander_10700_gap1l
GPL2_Meander_10700_gap3
GPL2_Meander_10700_gap5

GPL2_Meander_10700_gapl10

5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?

5x2.5 mm?2

A/2 resonator 10.7 mm => f_~ 5.5 GHz, IDC coupling (1+1 digits) = Cc ~ 3.6 fF

A/2 resonator 10.7 mm - f, ~ 5.5 GHz, IDC coupling (2+2 digits) = Cc ~ 10.9 fF
A/2 resonator 10.7 mm > f, ~ 5.5 GHz, IDC coupling (3+3 digits) = Cc ~ 18.6 fF
A/2 resonator 10.7 mm = f, ~ 5.5 GHz, IDC coupling (4+4 digits) = Cc ~ 26.4 fF
A/2 resonator 10.7 mm = f_~ 5.5 GHz, gap C coupling (1 um), = Cc > 0.6 fF

A/2 resonator 10.7 mm -> f, ~ 5.5 GHz, gap C coupling (3 um), = Cc ~ 0.56 fF

A/2 resonator 10.7 mm > f, ~ 5.5 GHz, gap C coupling (5 um), = 0.3 < Cc < 0.6 fF

A/2 resonator 10.7 mm > f, ~ 5.5 GHz, gap C coupling (10 um), = Cc ~ 0.26 fF



Designs: Stepper reticle QublT-1, Resonators

GPL2 _Meander 10700 gap10

M2 resonator 10.7 mm - f. ~ 5.5 GHz, gap C coupling (10 um), - Cc ~ 0.26 fF
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Designs: Stepper reticle QubiT-1, Resonators

o Resonators (14 designs, one layer each)
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GPL2_Meander_10700_1+1dig
GPL2_Meander_10700_2+2dig
GPL2_Meander_10700_3+3dig
GPL2_Meander_10700_4+4dig
GPL2_Meander_ 10700 gap1l
GPL2_Meander_10700_gap3
GPL2_Meander_ 10700 gap5
GPL2_Meander_10700_gap10
GPL4_Elbow_coupl_snake
GPL4_Elbow_coupl_trumpet
GPL4_IDC_coupl_snake

GPL4_IDC_coupl_trumpet

5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?

5x 2.5 mm?2

A/2 resonator 10.7 mm => f_~ 5.5 GHz, IDC coupling (1+1 digits) = Cc ~ 3.6 fF

A/2 resonator 10.7 mm - f, ~ 5.5 GHz, IDC coupling (2+2 digits) = Cc ~ 10.9 fF

A/2 resonator 10.7 mm > f, ~ 5.5 GHz, IDC coupling (3+3 digits) = Cc ~ 18.6 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, IDC coupling (4+4 digits) = Cc ~ 26.4 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, gap C coupling (1 um), = Cc > 0.6 fF

A/2 resonator 10.7 mm => f_~ 5.5 GHz, gap C coupling (3 um), > Cc ~ 0.56 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, gap C coupling (5 um), = 0.3 < Cc < 0.6 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, gap C coupling (10 um), > Cc ~ 0.26 fF

4 /4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling = Cc ~ 1.82 fF-> 190e3 < Q. < 145e3
4 )\ /4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling = Cc ~ 1.82 fF-> 190e3 < Q. < 145e3
4 /4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, IDC coupling (1+1, ..., 4+4 dig.) = 700 < Q_ < 40000

4 /4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, IDC coupling (1+1, ..., 4+4 dig.) = 700 < Q_ < 40000



Designs: Stepper reticle QublT-1, Resonators

GPL4 _Elbow coupl snake

4 \/4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling > Cc ~ 1.82 fF-> 190e3 < Q_ < 145e3

T

fo
= —  withZ=500Q
fr=TTancz ™
_ T
Q= 272(2nf,C)?
bw = (];_r
EE ¢
!W-.- e — RES_L/4_ELBOW_SNAKE _|

-

1 £, [GHz] I, [um] C [fF]f, [GHz] Q LImm] bw [kHz]
501 400 1.82 500 192335 5.8733
526 400 1.82 525 174519 5.5941
551 400 1.82 550 159070 5.3403
576 400 1.82 575 145588 5.1085

26.0
30.1
34.6
39.5

page



Designs: Stepper reticle QublT-1, Resonators

GPL4 _Elbow_coupl _trumpet

4 \/4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling > Cc ~ 1.82 fF-> 190e3 < Q_ < 145e3

-

1 £, [GHz] I, [um] C [fF]f, [GHz] Q LImm] bw [kHz]
501 400 1.82 500 192335 58733  26.0
526 400 1.82 525 174519 55941  30.1
551 400 1.82 550 159070 53403  34.6
576 400 1.82 575 145588 5.1085  39.5

fo

fr = m with Z = 50 Q)
_ T
Q= 272(2nf,C)?
bw = i
E2 Qc
EE
EW-..-L ..... = RES_L/4_ELBOW_TRUMPET _|
-3¢ Dage
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Designs: Stepper reticle QublT-1, Resonators

GPL4 _IDC coupl trumpet

4 \/4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, IDC coupling (1+1, ..., 4+4 dig.) = 700 < Q_ < 40000

r / f, [GHz] IDC

C[fF] f [GHz] Q. L [mm] bw [MHz]

ﬁ
502141  3.98 5.0 40189 5.8616  0.124
531242 1130 525 452755414  1.159
N I 5613+3 18.00 5.50 162552451  3.385
W 5934+4 2640 575 69149621 8325
fo
= withZ =500Q
\ I = 1Tagcz
Q T
¢ 272(2nf.C)?
= Qc
EZ
é RES_L/4_IDC_TRUMPET J
page
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Designs: Stepper reticle QublT-1, Resonators

GPL4_IDC coupl snake

4 \/4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, IDC coupling (1+1, ..., 4+4 dig.) = 700 < Q_ < 40000

r ‘ f, [GHz] IDC  CI[fF] f, [GHz] Q. L [mm] bw [MHz]
5.021+1 3.98 5.00 40189 5.8616 0.124
5.312+2 1130 5.25 4527 5.5414 1.159
5.613+3 18.00 5.50 1625 5.2451 3.385

, | jw w 5.934+4 2640 575 6914.9621  8.325
_ fo . B
fr= 1+ 4f,CZ with Z = 50 Q
3 VA
Qc = 272(21f.C)?
fr
bw = —
Q¢

A I == RES_L/4_IDC_SNAKE
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Designs: Stepper reticle QubiT-1, Resonators

o Resonators (14 designs, one layer each)

S T

GPL2_Meander_10700_1+1dig
GPL2_Meander_10700_2+2dig
GPL2_Meander_10700_3+3dig
GPL2_Meander_10700_4+4dig
GPL2_Meander_ 10700 gap1l
GPL2_Meander_10700_gap3
GPL2_Meander_10700_gap5
GPL2_Meander_10700_gap10
GPL4_Elbow_coupl_snake
GPL4_Elbow_coupl_trumpet
GPL4_IDC_coupl_snake

GPL4_IDC_coupl_trumpet

GPL2_Multiple_Elbow_w10

|
- D( GPL2_Multiple_Elbow_ws3

5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?
5x 2.5 mm?

5x 2.5 mm?2

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, IDC coupling (1+1 digits) = Cc ~ 3.6 fF

A/2 resonator 10.7 mm - f, ~ 5.5 GHz, IDC coupling (2+2 digits) = Cc ~ 10.9 fF

A/2 resonator 10.7 mm > f, ~ 5.5 GHz, IDC coupling (3+3 digits) = Cc ~ 18.6 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, IDC coupling (4+4 digits) = Cc ~ 26.4 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, gap C coupling (1 um), = Cc > 0.6 fF

A/2 resonator 10.7 mm => f_~ 5.5 GHz, gap C coupling (3 um), > Cc ~ 0.56 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, gap C coupling (5 um), = 0.3 < Cc < 0.6 fF

A/2 resonator 10.7 mm = f, ~ 5.5 GHz, gap C coupling (10 um), > Cc ~ 0.26 fF

4 /4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling = Cc ~ 1.82 fF-> 190e3 < Q. < 145e3
4 )\/4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling = Cc ~ 1.82 fF-> 190e3 < Q. < 145e3
4 )\/4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, IDC coupling (1+1, ..., 4+4 dig.) = 700 < Q_ < 40000

4 /4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, IDC coupling (1+1, ..., 4+4 dig.) = 700 < Q, < 40000

4 /2 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling 2 0.3 < Cc < 0.6 fF, w=10 um

4 )\/2 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling = 0.3 < Cc < 0.6 fF, w=3 um



Designs: Stepper reticle QublT-1, Resonators
GPL2 _Multiple Elbow w3

4 )2 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupling = 0.3 < Cc < 0.6 fF, w=3 um

[

_I L[mm] f 0[GHz] CI[fF] Elbow length [um]

11.77 5.00 0.30 1.75

11.21 5.25 0.40 26.75

10.70 5.50 0.50 51.75

10.23 5.75 0.60 76.75

( e RES_L/2_ELBOM_N3 ] page
012



‘ Designs: Stepper reticle QubiT-1, Flux-JPAs

o Flux JPAs (3 designs, two layers each)

Die name m Description

JPA-4 10 x 2.5 mm? Two JPAs, IDC coupling (3+3 dig.), f, ~ 8 GHz, Junctions bridge: | = 1.5 um, w = 0.5 um, 0.6 um, design “Delsing”

JPA-5 10 x 2.5 mm? Two JPAs, IDC coupling (3+3 dig.), f, ~ 8 GHz, Junctions bridge: | = 1.5 um, w = 0.5 um, 0.6 um, design “Nakamura”

JPA-6 10 x 2.5 mm? Two JPAs, IDC coupling (3+3 dig.), f, ~ 5.6 GHz, Junctions bridge: | = 1.5 um, w = 0.5 um, design “Nakamura”
Design “Delsing” Design “Nakamura”

Junction area: A = [, X w;
L
e Larger w;, = smaller w;

page
013

bridge width $ <—>I bridge length
(W) I I (Ip) |
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Designs: Stepper reticle QubiT-1, Flux-JPAs

- Open gds files!
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Fabrication steps

Dolan technique:

1. Substrate: Si 625 um
. - Bilayer photoresist stack (LOR+positive) with undercut

2. Dry oxide (~ 50 nm) - Tilting of for double angle evaporation
3. Al layer 1: rf-sputtering, thickness: 150 nm
4. Al layer 2 (with Josepghson junction): evaporator \l\

Al layer 2a: thickness: 50 nm

Tilting |

Oxidation R g

o/
Al layer 2b: thickness: 60 nm

- |




Fabrication: Run QT-1

o Wafer wl (= fabricated and measured)

Wafer layout: all JPAs, all resonators from reticle QublIT-1 + dc-SQUIDs (reticle cQED-1)
Junction fabrication: oxidation with p =2 Pa, t = 2'24”, angle = 30°

Expected junction areas (according to SEM pictures from other fabrications):
JPA, bridge 0.5 um: A;; ~ 0.57 pm?
JPA, bridge 0.6 um: Aj; ~ 0.35 um?

Run QT-1, wafer w2-w4 = waiting for junction fabrication (2" Al layer)

o Measurements at room temperature of QT-1 w1l (needle-prober):

Rsq~ 173 Qum?2 > R~ 346 Qum? (from dc-SQUIDs)
—> JPA, bridge 0.5 pm: Ry ;p,=303.3 Q = I, =0.93 pA (*)
—> JPA, bridge 0.6 pm: Ry ;p,=501.2 Q = I, =0.56 pA (*)

Plan: direct measurement of I_ (“shorted” JPA) to check the validity of the formula (*) IR = /4 + Vjqp
o Measurements at millikelvin = slides by Andrea Vinante

-D( Note: Possible design improvement: resonator only on single Al layer (see gds)



‘ Run QT-1: Pictures (Al-bottom)




Run QT-1: Pictures (Al-bottom + Al-top)
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