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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 5 x 2.5 mm
GPL2_Meander_10700 2+2dig 5 x 2.5 mm
GPL2_Meander_10700 3+3dig 5 x 2.5 mm
GPL2_Meander_10700_4+4dig 5 x 2.5 mm

| /2 resonator 10.7 mnA f,~ 5.5 GHz, IDC coupling (1+1 dighsc~ 3.6 fF
| /2 resonator 10.7 mnA f, ~ 5.5 GHz, IDC coupling (2+2 dighsCc~ 10.9 fF
| /2 resonator 10.7 mnA f,~ 5.5 GHz, IDC coupling (3+3 digisCc~ 18.6 fF

| /2 resonator 10.7 mnA f,~ 5.5 GHz, IDC coupling (4+4 dighsCc~ 26.4 fF
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Designs: Stepper reticle QublT-1, Resonators
GPL2 Meander 10700 _3+3dig

| /2 resonator 10.7 mm A f, ~ 5.5 GHz, IDC coupling (3+3 digits) A Cc ~ 18.6 fF
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Designs: Stepper reticle QubiT-1, Resonators

o Resonators (14 designs, one layer each)

N T
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GPL2_ Meander_10700_1+1dig 5x 2.5 mm
GPL2_Meander_10700 _2+2dig 5 x 2.5 mm
GPL2_ Meander_10700 3+3dig 5x 2.5 mm
GPL2_ Meander_10700_4+4dig 5 x 2.5 mm
GPL2_Meander_10700 gapl 5x2.5mm
GPL2_Meander_10700 gap3 5x2.5mm
GPL2_Meander_10700 gap5 5x2.5mm

GPL2_Meander_10700_gapl0 5 x 2.5 mm

| /2 resonator 10.7 mnA f,~ 5.5 GHz, IDC coupling (1+1 dighsCc~ 3.6 fF

| /2 resonator 10.7 mn# f, ~ 5.5 GHz, IDC coupling (2+2 dighsCc~ 10.9 fF

| /2 resonator 10.7 mn# .~ 5.5 GHz, IDC coupling (3+3 dighsCc~ 18.6 fF

| /2 resonator 10.7 mn#A f, ~ 5.5 GHz, IDC coupling (4+4 dighsCc~ 26.4 fF

| /2 resonator 10.7 mnA f,~ 5.5 GHzgap C coupling (dm), A Cc> 0.6 fF

| /2 resonator 10.7 mnA .~ 5.5 GHzgap C coupling (8m), A Cc~ 0.56 fF

| /2 resonator 10.7 mnA f.~ 5.5 GHzgap C coupling (dm), A 0.3< Cc< 0.6 fF

| /2 resonator 10.7 mnA f,~ 5.5 GHzgap C coupling (1®m), A Cc~ 0.26 fF
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Designs: Stepper reticle QublT-1, Resonators

GPL2_Meander_10700_gapl0

| /2 resonator 10.7 mm A f, ~ 5.5 GHz, gap C coupling (10 rm), A Cc ~ 0.26 fF
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Designs: Stepper reticle QubiT-1, Resonators

o Resonators (14 designs, one layer each)

N T

GPL2_ Meander_10700_1+1dig 5x 2.5 mm

e,

<

GPL2_Meander_10700 _2+2dig 5 x 2.5 mm

GPL2_Meander_10700 3+3dig 5 x 2.5 mm

GPL2_ Meander_10700_4+4dig 5 x 2.5 mm

GPL2_Meander_10700_gapl
GPL2_Meander_10700 _gap3
GPL2_Meander_10700_gap5
GPL2_ Meander_ 10700 _gapl0
GPL4_Elbow_coupl_snake
GPL4_Elbow_coupl_trumpet
GPL4_IDC_coupl_snake

GPL4_IDC_coupl_trumpet

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

5x25mM

| /2 resonator 10.7 mnA f,~ 5.5 GHz, IDC coupling (1+1 dighsCc~ 3.6 fF

| /2 resonator 10.7 mnA .~ 5.5 GHz, IDC coupling (2+2 dighsCc~ 10.9 fF

| /2 resonator 10.7 mn# .~ 5.5 GHz, IDC coupling (3+3 dighsCc~ 18.6 fF

| /2 resonator 10.7 mn# .~ 5.5 GHz, IDC coupling (4+4 dighsCc~ 26.4 fF

| /2 resonator 10.7 mn# f, ~ 5.5 GHzgap C coupling (dm), A Cc> 0.6 fF

| /2 resonator 10.7 mnA f,~ 5.5 GHzgap C coupling (8m), A Cc~ 0.56 fF

| /2 resonator 10.7 mn# f, ~ 5.5 GHzgap C coupling (8m), A 0.3< Cc< 0.6 fF

| /2 resonator 10.7 mn# f,~ 5.5 GHzgap C coupling (1®m), A Cc~ 0.26 fF

41 /4 resonators, f~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupkngcc~ 1.82 fFA 190e3 < Q< 145e3
41 /4 resonators, f~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupkngcc~ 1.82 fA 190e3 < Q< 145e3
41 /4 resonators,f~5. 0, 5.25, 5.5, 5.75 GHz700d@x@00@oupling (1+:

41 /4 resonators,f~5. 0, 5.25, 5.5, 5.75 GHz700d@x@00@oupling (1+:
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Designs: Stepper reticle QublT-1, Resonators

GPL4 _Elbow_coupl_snake

41 /4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow couping_c ~ 1.82 fFA 190e3 < Q< 145e3
T

_I f, [GHZz I [um] C [fFf, [GHZz] Q. L [mm] bw [kHz]
5.01 400 1.82 5.00 19233t 5.873: 26.0
5.26 400 1.82 5.25 17451¢ 5.5941 30.1
5,51 400 1.82 5.50 15907(C 5.340: 34.6
5.76 400 1.82 5.75 14558t 5.108¢ 39.5

0

Q o T (I)U Q@ Qu m
W (¢ ")
i - “Q
wu -
== 0
EE
EW- T RES_L/4_ELBOW_SNAKE _|
::( page

07



Designs: Stepper reticle QublT-1, Resonators

GPL4 _Elbow_coupl_trumpet

41 /4 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow couping_c ~ 1.82 fFA 190e3 < Q< 145e3
T

_I f, [GHZz I [um] C [fFf, [GHZz] Q. L [mm] bw [kHz]
5.01 400 1.82 5.00 19233t 5.873: 26.0
5.26 400 1.82 5.25 17451¢ 5.5941 30.1
5,51 400 1.82 5.50 15907(C 5.340: 34.6
5.76 400 1.82 5.75 14558t 5.108¢ 39.5
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Designs: Stepper reticle QublT-1, Resonators

GPL4 _IDC_coupl_trumpet

41 /4 resonators,f,~5. 0, 5. 25, 5. 5, 5. 75 GHz700dQ@x@800@Woupl ing (1
r ‘—_\ f,[GHz]IDC C [fF] f, [GHz] Q. L [mm]bw [MHZz]
5.021+1 3.98 5.00 4018¢5.861€ 0.124
5.312+2 11.3C 5.5 45275.541¢/ 1.15¢
I\ I 5.613+3 18.0C 5.50 16255.2451  3.38%
5.934+4 26.4C 575 6914.9621 8.32%
)
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Designs: Stepper reticle QublT-1, Resonators

GPL4 IDC_coupl _snake

41 /4 resonators,f,~5. 0, 5. 25, 5. 5, 5. 75 GHz700dQ@x@800@Woupl ing (1

r ‘ f,[GHz]IDC C [fF] f, [GHz] Q. L [mm]bw [MHZz]
5.021+1 3.98 5.00 4018¢5.861€ 0.124
5.312+2 11.3C 5.25 452755414  1.15¢
5.613+3 18.0C 5.50 16255.2451  3.38t

] , JW ‘\ 5.034+4 26.4C 575 6914.9621 8.32%
-~ Q ) 0EY0
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Designs: Stepper reticle QubiT-1, Resonators

o Resonators (14 designs, one layer each)

N T

GPL2_ Meander_10700_1+1dig 5x 2.5 mm
GPL2_Meander_10700 _2+2dig 5 x 2.5 mm
GPL2_Meander_10700_3+3dig 5 x 2.5 mm
GPL2_ Meander_10700_4+4dig 5 x 2.5 mm
GPL2_Meander_10700 gapl 5 x 2.5 mm
GPL2 Meander_10700 gap3 5x2.5mmM
GPL2_Meander_10700 gap5 5x2.5mm
GPL2_ Meander_ 10700 gapl0 5x 2.5 mm
GPL4 Elbow_coupl_snake 5x25mm

GPL4_Elbow_coupl_trumpet 5x2.5mm

GPL4 _IDC_coupl_snake 5x2.5mm
GPL4_IDC_coupl_trumpet 5x2.5mm
_ GPL2_Multiple_Elbow_w10 5x 2.5 mmM
- :( GPL2_Multiple_Elbow_w3 5x 2.5 mmM

| /2 resonator 10.7 mnA f,~ 5.5 GHz, IDC coupling (1+1 dighsicc~ 3.6 fF

| /2 resonator 10.7 mnA .~ 5.5 GHz, IDC coupling (2+2 dighsCc~ 10.9 fF

| /2 resonator 10.7 mn# .~ 5.5 GHz, IDC coupling (3+3 dighsCc~ 18.6 fF

| /2 resonator 10.7 mn# .~ 5.5 GHz, IDC coupling (4+4 dighsCc~ 26.4 fF

| /2 resonator 10.7 mn# f, ~ 5.5 GHzgap C coupling (dm), A Cc> 0.6 fF

| /2 resonator 10.7 mnA f,~ 5.5 GHzgap C coupling (8m), A Cc~ 0.56 fF

| /2 resonator 10.7 mn# f, ~ 5.5 GHzgap C coupling (8m), A 0.3< Cc< 0.6 fF

| /2 resonator 10.7 mn# f,~ 5.5 GHzgap C coupling (1®m), A Cc~ 0.26 fF

41 /4 resonators, f~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupndcc~ 1.82 fFA 190e3 < Q< 145e3

41 /4 resonators, f~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupkngc~ 1.82 fFA 190e3 < Q< 145e3

4] /4 resonators,f~5. 0, 5.25, 5.5, 5.75 GHz700d@x@00@oupling (1+:
41 /4 resonators,f~5. 0, 5.25, 5.5, 5.75 GHz700d4@x@00@oupling (1+:
41 /2 resonatorsf, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupn@.3< Cc< 0.6 fF, w=10m
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41 /2 resonatorsf, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow coupknd.3< Cc< 0.6 fF, w=3m
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Designs: Stepper reticle QublT-1, Resonators
GPL2_Multiple_Elbow w3

41 /2 resonators, f, ~ 5.0, 5.25, 5.5, 5.75 GHz, elbow couplnd.3 < Cc < 0.6 fF, w=3 nm

[

_I L [mm] f_0[GHz] CJ[fF] Elbow length [um

1177 500 0.30 1.75
1121 525 040 26.7
107C 550 050 51.7€
1022 575 0.60 76.7€
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Designs: Stepper reticle QubiT-1, Flux-JPAs

o Flux JPAs (3 designs, two layers each)

JPA4 10x 2.5 mi  Two JPAs, IDC coupling (3+3 dig),8 GHzJunctions bridge: | = 1fim, w = 0.5mm, 0.6mm,  d eDBelsigjn

JPAS 10x 2.5 mA  Two JPAs, IDC coupling (3+3 dig>),8 GHzJunctions bridge: | = 1fim, w=0.5mMmm, 0.6mm, desi gn “ Nal

JPAG 10x 2.5 mA  Two JPAs, IDC coupling (3+3 dig>),5.6 GHzJunctions bridge: | =1fm,w=0.5m, desi gn “ Nakam
De s i Delsingd Design ANakamur ao

- Junction area: 0
e Larger w, A smaller W

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

A Open gds files!
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Fabrication steps

R
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SubstrateSi 625m™mm
Dry oxide £ 50 nm)
Al layer 1: dsputtering,thickness: 150im

Al layer 2 (withlosepghsojunction): evaporator

Al layer 2a: thicknes$0 nm
Tilting
Oxidation

Al layer 2bthickness60 nm

Dolan technique:

- Bilayer photoresist stack OQR+positivewith undercut
- Tilting of for double angle evaporation

evaporated Al




Fabrication: Run QT-1

o Wafer wl(A fabricated and measured)

Wafer layout: all JPAs, all resonators frogticle QublFl + deSQUIDsréticle cQEDRL)
Junction fabrication: oxidatiowi t h p = 2 Pa, °t = 2’ 24"

Expected junction areas (according to SEM pictures from other fabrications):
JPA, bridge 0.8m: Aj;~ 0.57 mm?

JPA, bridge 0.6m: Aj;~ 0.35 mm?

, angl e =

o Run QT1, wafer w2w4 A waiting for junction fabrication (2 Al layer)

o Measurementsat room temperature of Q-IL wl (needleprober):

Rsg- 173Wm?A Ry 346Wmm? (from deSQUIDs)
A JPA, bridge 0.Bm: Rg;p= 303.3WA ‘0=0.93mA ( * )
A JPA, bridge 0.6m: Rg;p= 501.2WA "O=0.56mA ( * )

Plan: direct measurementof( “ shorted” JPA) to chety thdwn vali dit
o Measurements at millikelviA, slides by Andre&inante

-3( Note: Possible desigmprovement resonator only on singlal layer(seegdg I



‘ Run QT-1: Pictures (Al-bottom)




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

=€



