Zukunft of Quantum

Integration & Packaging Technologies for Cryogenic Surface lon Traps



Technology Enabling Providers and
System Integrators need to work
much more closely together!
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Surface lon Trap Technology

1. lonizing the atom
a. Laser ablation, @399nm

2. lon Cooling and Trapping
a. Laser Doppler, Sideband
cooling, @370nm
b. Electric RF, DC potentials
RF ~ 20 MHz, 200V
DC ~ 5V

3. lon Manipulation
a. Electric MW signals for
logical operations,
MW ~ 12 GHz

4. |lon State Readout
a. CCD camera and laser
re-pumper, @935nm
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lon Trap Technology
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Why Packaging Matters

Cryogenic UHV, ~10K

~100um
Maintaining Quantum

Miniaturization
Coherence

The mission

From lab prototypes to scalable
hardware

Goal: Compact, stable, high-density
modules

Scalability ‘

Interposer

Integration with
classical electronics

Thermal Materials

Management
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The Mission...

...Scaling these systems such that
we can solve industry-relevant
problems pertinent to society at

large



Electrical Interconnects and Interposers for lon Traps

 How to connect trap chips to control
electronics in a cryogenic UHV environment

« Advanced interposer and feedthrough
solutions beyond simple wirebonds
« TSVs
« Multi-layer interposers for vertical signal routing
- Ball-grid-arrays

Z Si Substrate

Trend: Wirebond-free packaging & &

s Glass Substrate

A*STAR/MPQ TSV-integrated trap chip
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https://arxiv.org/pdf/2101.00869

Photonic Integration and Optical Interconnects

Challenge Bulky free-space optics limits designs to 1D chip architectures.
Scaling requires the development of a PIC PDK on a material platform suitable to operate in the
UV wavelength regime and at cryogenic temperatures
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https://www.nature.com/articles/s41467-024-47882-5?fromPaywallRec=true
https://tiqi.ethz.ch/research/integrated-photonics-for-trapped-ions.html

Photonic Integration and Optical Interconnects
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https://pubs.aip.org/aip/apl/article/122/17/174001/2885293/Trap-integrated-superconducting-nanowire-single
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=929700

MEMS, NEMS, and Hybrid Integration

Hybrid integration refers to assembling multiple chips into one module to enhance functionality

lon Trap Die Control Electronics Die Photonic Die

Linear trap Ring trap

A22, 1033, 10920 o 2090990000000 o PD module

Magnetic module

Fig. 3. Large-scale ion trap based quantum computing platform where multi-module integrated ion traps and other functional modules are co-located onto the
same interposer in a reconfigurable approach.

3D_Integration_Technologies_for_Various_Quantum_Computing_Devices
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https://eps.ieee.org/images/files/3D_Integration_Technologies_for_Various_Quantum_Computing_Devices.pdf

MEMS, NEMS, and Hybrid Integration

Hybrid integration refers to assembling multiple chips into one module to enhance functionality

3D SiP (package or system level )

-E’ P lon Trap Die Control Electronics Die Photonic Die
%_ * 3D dielectric resonator for silicon spin
g
=
E"f 3D SoC (classical-quantum interface level ) Linear trap Ring trap
i s a 000900000000 D reouiak

TSVs, photonics and voltage sources in ion trap
Flip-chip and TSV in superconducting circuit
Integrated control circuit for silicon spin

Single photon sources and detectors for photons

Magnetic module

3D monolithic integration (qubit level )

* 3D architecture of silicon spin qubit
v + 3D waveguide circuit for photon

Form factor

Fig. 3. Large-scale ion trap based quantum computing platform where multi-module integrated ion traps and other functional modules are co-located onto the

same interposer in a reconfigurable approach.
Fig. 1. The hierarchy of 3D integration technologies used in various quantum
computing devices. Panel used with permission from [24].

3D_Integration_Technologies_for_Various_Quantum_Computing_Devices

elei}t FON ENAS Seminar - Electronic Packaging and Applications -- Confidential -- 13


https://eps.ieee.org/images/files/3D_Integration_Technologies_for_Various_Quantum_Computing_Devices.pdf

(a)

eleQtron — next steps
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Next: wirebond-free package

Co-packaged optics
Vertical signal delivery
Figure 1. Overview of the BOA design: (a) Die bond region

Trap
BGAs, TSVs, RDLs.
of the CPGA showing the BGA trap and the interposer foot-

Interposer
CPGA
Ball Grid Array Architecture

print. (b) Side view. (¢) Fully packaged BGA trap. The long

bond wire supplies the trap RF signal.

Cryo-compatible socket?
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https://arxiv.org/pdf/1412.5576

Conclusion & Call to Action

« Cryogenic surface ion trap technology stands to benefit enormously from
modern packaging and integration techniques

« Transition from lab prototypes to industry-grade quantum hardware

* No single group can do this alone - it requires the expertise of advanced
packaging experts, microfabrication specialists, photonics engineers, and
materials scientists working together in conceptual co-design partnerships

« Together, we can engineer robust, scalable ion trap systems — achieving the
modular, high-qubit-count architectures needed for future quantum computers
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Contact us
for more information!
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