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HFSS design

d2 = 566 𝜇m

144 𝜇m

2 ∙ d1 = 20 𝜇m
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HFSS electric field simulation

𝑇𝐸110 mode
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Interaction hamiltonian

𝑄 = 𝑄1 = −𝑄2

𝐻𝑖𝑛𝑡,𝐽𝐶 = ℏ 𝑔01(𝑎
+𝜎− + 𝑎𝜎+)

(Reference:   Stefanie Miller, A tunable 20 GHz transmon qubit in a 3D cavity)
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𝑉0 Ԧ𝑟 = −𝐸𝑐𝑎𝑣 ∙ 𝑧

𝑉0 Ԧ𝑟 = −𝐸𝑐𝑎𝑣 ∙ 𝑧
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Coupling constant g01
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From HFSS simulation

For 𝑇𝐸110 mode
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Effective distance

𝑑𝑒𝑓𝑓 = ඵ

𝑝𝑎𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒𝑠

𝜌𝑁 Ԧ𝑆 ∙ 𝑧 𝑑 Ԧ𝑆′

𝜌𝑁( Ԧ𝑆) =
𝜌1( Ԧ𝑆)

|𝑄|
+
𝜌2( Ԧ𝑆)

|𝑄|

d2 = 566 𝜇m

144 𝜇m

2 ∙ d1 = 20 𝜇m

2 ∙ 𝑑1 < 𝑑𝑒𝑓𝑓 < 2 ∙ (𝑑1 + 𝑑2)
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Calculation with the HFSS calculator

𝑑𝑒𝑓𝑓 = ඵ

𝑝𝑎𝑑 1

𝜌1( Ԧ𝑆)

|𝑄|
∙ 𝑧 𝑑 Ԧ𝑆′ + ඵ

𝑝𝑎𝑑 2

𝜌2( Ԧ𝑆)

|𝑄|
∙ 𝑧 𝑑 Ԧ𝑆′

2 ∙ 𝑑1 < 𝑑𝑒𝑓𝑓 < 2 ∙ (𝑑1 + 𝑑2)

𝑑𝑒𝑓𝑓 = 440 𝜇𝑚
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Results

Parameters:

𝐿 = 10 𝑛𝐻

𝐶 = 60 𝑓𝐹

𝑤𝑟

2𝜋
= 7.28 𝐺𝐻𝑧

𝑤𝑞

2𝜋
= 6.30 𝐺𝐻𝑧

𝑉𝑐𝑎𝑣𝑖𝑡𝑦 = 7.49 ∙ 10−6𝑚3

From simulation:

𝑔01 = 773 𝑀𝐻𝑧

From analysis :

𝑔01 = 721 𝑀𝐻𝑧
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