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: ‘ Hybrid systems enhancing quantum computing
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Phononic crystal resonators could form a
memory for superconducting qubit
* second-scale long lifetimes compared 10°
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to 100 ps lifetimes for transmon qubits o 10°
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A quantum processor build from
phononic crystal resonators
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Potential universal computing with entangled phonons
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Contributions to microwave loss in devices on
silicon membranes are not fully understood

Examples of qubit on Si membrane’s have much shorter lifetimes than on solid Si or sapphire substrates.
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Nature 588, 599-603 (2020)

Extensive body of work looking at contributions to losses in qubits on bulk Si substrates
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‘ Differentiating contributions to microwave
loss in resonators on Si membranes

To differentiate surface loss from bulk loss, we fabricate resonators with varying designs
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6 ‘ Devices to study contributions to
microwave loss on Si membranes
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, Fabricate devices on Si membranes

Fabricate on in-stock Si on insulator (SOI) wafers with lossy handle Si membrane: high resistivity
> 5000 Q- cm
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Extract internal loss with transmission
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; Results and loss model

14000 | | | 14000

' F B loss model . F
12000 ® data 1 I
or 12000 ° ¢
10000 | : 10000 | .
= ) | m@®
o 8000y | 8000 | B
B
- O _
6000 C Be 000 { o g C
® b °
4000 ¢ N 4000 | u B B loss model
e A ® A @® data
2000 ' ' ' | |
0 0.05 0.1 0.15 02 2000 ) . .
Handle participation (p;) Surface participation (¥/, ) [1/A] x10™
1 Ps
loss model 0 = tan(é,) pp + st
[ S
Bulk loss in handle Surface loss Handle dominate loss as expected for

o 14 to 22 ) - cm handle wafer
loss tangent  , = 0.0013 = 0.122 A



Conclusions
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 Demonstrated a method to determine contribution of loss in superconducting devices on Si membranes
« Applied this method to devices on a lossy Si handle wafer

*  Will apply to high resistivity (low loss) handle wafers when they arrive (supply chain issues!)
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» Will fabricate qubits on low loss handle wafers and then integrate with phonon crystal waveguides

Questions: contact me <wkindel@sandia.gov>
Interested in being a postdoc: contact me or Matt Eichenfield <meichen@sandia.gov>



