
Robust Microfabricated Surface Ion Traps with Arbitrary Geometries

Surface Electrode Ion Microtrap Fabrication

Ion Trap Packaging & Integrated Capacitors

Multi-level metallization and low profile wire bonding 
 minimize interference with lasers

Commercial off-the-shelf Kyocera 100 pin 
package Plug-&-Play design

D. L. Moehring, T. A. Barrick, F. Benito, M. G. Blain, A. A. Cruz-Cabrera, A. R. Ellis, L. Fang, K. M. Fortier, R. A. Haltli, C. Highstrete, 
S. A. Kemme, T. L. Lindgren, M. E. Smith, J. Sterk, J. E. Stevens, D. Stick, B. Tabakov, C. P. Tigges, M. Descour

Sandia National Laboratories, PO Box 5800, Albuquerque, NM 87185

Over-coating capability –
dual Au and Al coating

Linear Trap Results and Collaborations

D. Stick, et al. Demonstration of a Microfabricated Surface Electrode Ion Trap, [arXiv:1008.0990v1] (2010).

Sandia is a multi-program laboratory operated by Sandia Corporation, a Lockheed Martin Company, for  the United States Department of Energy’s National Nuclear Security Administration  under contract DE-AC04-94AL85000

Trench capacitors allow for high capacitance density: 1.3 fF/µm2

 1 nF capacitor is about the size of an electrode

MPI for Quantum Optics: 
Magnesium ions

University of Maryland:
Ytterbium ions

Georgia Tech:
Calcium ions
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Simulations agree to within 5% of experiment
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Longitudinal axis position [m]

106 round trip shuttles 
without ion loss

Splitting and recombination
of ion chains

106

University of Oxford: Calcium ions (40Ca+ & 43Ca+) – arXiv:1105.4864v1 [quant-ph] (2011).

Heating rate 
measurements

Discharge rate 
measurements

Novel testing techniques

Typical setup for testing Plug-&-Play trap designs.  Sandia currently has four 
independent vacuum chambers and one cryogenic vacuum test system.

Successful trapping in 10 Linear Traps in 7 different systems.

Fibers
• Ferrule not shown
• 250 micron spacing
• Only 2 fibers shown, 

more can be utilized

Gray scale lenses
• Gray scale increases efficiency, 

decreases scatter
• Fabricated in reflective metal or 

UV transparent substrate

Si Spacer
•Defines working distance

Trap

Trapping & shuttling successful in Sandia Linear Trap with 
identical voltage solutions as in a trap without integrated 

optics, despite dielectric proximity of ~ 200 microns.
G. R. Brady, et al., Applied Physics B (2011).

Cavity QED and Integrated Optics

Junction Surface Ion Traps: Design, Fabrication,  and Testing

Ring Trap
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Cavity QED-Integrated Microfabricated Surface Ion Trap

Coated Si

C = 0.23Pcoll = 13.7%

loading hole

RF
electrode

DC center electrode

junction

zone 
electrodes

Two different geometries (above) 
fabricated and tested.  Successful 

testing in multiple traps.
Identical solutions used in 

multiple traps for 6+ months.

Left: reflection ion-height measurement.
Right: Junction shuttling image.

106 junction shuttles without ion loss.
Total travel of 1.5 km at 1 meter/second.

Original Y-Trap Junction Design

Successful Junction shuttling also at Georgia Tech 
campus group of Ken Brown.

Successful junction shuttling was performed with 
identical voltage solution used also at Sandia. 

Y-Junction with RF Switchable Electrodes

Left: With islanded electrodes in the middle of the ring, it is essential to use 4-level metallization.  
Center: Designed for testing with Ca+ at Sandia and implementation with Ba+ at Washington.

Right: Dimensions of the Ring Trap.

Successful trapping & shuttling 
on first attempt.

1000s of complete loops completed

New Linear Trap Design and Fabrication

White: RF-ground
Black: always RF

Red: switched RF on
Pink: switched RF off

In collaboration with NIST Boulder, we  have fabricated and delivered a Y-Junction trap with 
electrodes that can be either RF or DC depending on the desired trajectory.

Quantum Simulation
Collaboration with NIST and MPQ
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