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Hamiltonian of a Cooper-Pair-Box
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/EC = Single Electron Charging Energy
: “Tunable” Parameters
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E;/Ec

e The josephson
junction has a
nonlinear inductance.

e When = 1 the
chargemfiset has a
large effect on the
energy eigenvalues.
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E;/E¢c

We need to find a
happy middle

ground.

Balancing the
sensitivity with
established energy

eigenvalues.
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Simulating Ec
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Simulating E¢

e2

2Cs

Eo =
e Maxwell simulations can

provide capacitances.

e Currently running
verifications

e Switching to Sonnet
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Determining Ej and Simulating
Eigenmodes of SQUATS _%%
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Determining a E; of a SQUAT

Transition Frequency:

1
fo~ 5 (V/BEcEs — Ec)

SQUAT Characteristics (Ec = 0.4 GHz)

fo1 : transition frequency,
E; : Josephson energy,
E¢ : charging energy
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Determining a E; of a SQUAT

SQUAT Characteristics (Ec = 0.4 GHz)

Transition Frequency: 50
- 75
1
foo~ 5 (\/ 8EcEy — EC’) 40 - [ #l
- 6.5
Frequency dispersion: m 30 - L 6.0
=
deo1 = Xo cos(mny), o F5.5
S 20 -
w L
where XO(EJ/EC) = Xo 5.0
- 4.5
10 A — 65,
fo1 : transition frequency, foo | 40
E; : Josephson energy, 01 - 8.5
FE¢ : charging energy, 6 8 10 12 14 16 18 20
Xo : charge-dispersion amplitude, E; [GHz]
ng : offset charge
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Determining a E; of a SQUAT

Transition Frequency:

f01 ~

1
= <\/8ECEJ _ EC)

Frequency dispersion:

degr ~

Xo cos(mnyg),

where xo(Ej/Ec) := Xo

fo1
E;
Ec
Xo
g

: transition frequency,

: Josephson energy,

: charging energy,

: charge-dispersion amplitude,

: offset charge
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SQUAT Characteristics (Ec = 0.4 GHz)
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Determining a E; of a SQUAT

Transition Frequency:
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Ec
Xo
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: Josephson energy,
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SQUAT Characteristics (Ec = 0.4 GHz)
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Determining a E; of a SQUAT

Transition Frequency:

f01 ~

1
= <\/8ECEJ _ EC)

Frequency dispersion:

degr ~

Xo cos(mnyg),

where xo(Ej/Ec) := Xo
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Ec
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: transition frequency,

: Josephson energy,

: charging energy,

: charge-dispersion amplitude,

: offset charge
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SQUAT Characteristics (Ec = 0.4 GHz)

50 :
I - 755
I
1 -

40 - : 7.0
1
: - 6.5
1

30 - : - 6.0
1
1
: - 5.5

20 - : — 0&
: Disp = 3-12 MHz - 5.0

Freq = 4.0-5.5 GHz

10 A i ---- EPe'=8.26 GHz e
| — for - 4.0
1

0 - i - 3.5
6 8 10 12 14 16 18 20
E; [GHZ]
alain_fg@berkeley.edu

f()]_ [GHZ]

7



Simulating the Eigenmode of a SQUAT

Lumped element josephson T h?
inductance (Lj): I =
(Li) 4e2F;
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Simulating the Eigenmode of a SQUAT

Lumped element josephson
inductance (Lj):

Ly =

h2
4e? EJ

Spatial distribution of qubit
resonant mode:

dB(E Field) Toodm
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Simulating the Eigenmode of a SQUAT

Transmission response from driven modal simulation:

Lumped element josephson h2

inductance (Lj):

L= —
77 4e2E,

dB(s21)
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Future SQUAT Design Work
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Future Design Work at Berkeley

“Densifying” the SQUATS (theory, simulation, experiment)
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Future Design Work at Berkeley "
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“Densifying” the SQUATS (theory, simulation, experiment)

Less ground plane
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Future Design Work at Berkeley
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“Densifying” the SQUATS (theory, simulation, experiment)
Less ground plane
New materials (circuit elements & substrate)
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Future Design Work at Berkeley =
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“Densifying” the SQUATS (theory, simulation, experiment)

Less ground plane

New materials (circuit elements & substrate)
Fast-cycle design test fridge
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