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Introduction Geometry properties Optimised design 15t microfabricated

lons confined in surface trap arrays have been shown to be a promising R | | s .

system with which to perform quantum simulations!4. The internal states The optimisation of the trap parameters have to enable an interaction which occurs faster Optimisation can be achieved by calculating the electric field from an Ia_ttl Ce

of the ions provide a controllable and measurable® system in which to than the decoherence, as well as ensuring the trap depth and secular frequencies remain array of polygons and by varying the polygon side number, n, polygon

model the evolution of many body spin-1/2 systems. practical for experiments: trap depths > 0.1eV, secular frequencies >100 kHz and ion height diameter, D and the inter polygon separation, A, By etching away islands to expose the conductive
>50 pm. | | | | handle layer electrically connected isolated islands

Devices of this nature would facilitate the simulation of many body systems The heating rate of the ion was then calculated as the relationship 10 can be created. This is useful when trying to create 2D

without the hindrance of exponential scaling with the systems size®, paving The electric fields were analytically solved using a Biot-Savart-like law8. The circumscribed lon-electrode distance, h is know, and scales as h* (. lattices as the handle layer can be used as ground

the way for applications of quantum information processing far beyond that diameter of the polygons, D, the polygon separation, A and the polygon side number were all electrodes.

The Interaction time can then be calculated from the simulated ion

of current classical computers. varied. The relationship between these parameters and the ion trap height, secular ar f 9 bini his with the decoh .

frequency and trap depth were plotted. secular frequency and combining this with the decoherence time K, L aser
The basic structure of the microtrap lattice consists of many radio can be found. Plotting the values of Ky, along with experimental ° ° ° S
frequency (rf) ring electrodes, with an rf grounded centre. These rings are Leik: aliiass e hEfelhi of e i ril altave dhe fcﬁlrgsvt/r%llrc])tf on trap depth, secular frequency and ion height we get the . . g rCtIOn

arranged into a regular lattice structure as shown below: surface of the polygon array, h, against the

— g circumscribed diameter of the polygon, D. GND
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e 10 polygon sides polygon side numbers, n. The polygon
= 8 polygon sides

* 5 polygon sides separation, A, was kept constant at > D.
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The trap Is fabricated from a Silicon-on-insulator
wafer, the grounded centres are produced by
etching the top level of silicon and exposing the
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polygon separation, A, given as a ratio of f , Nearrenree wie
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Left shows drawings of the
proposed ion trap lattice. It
comprises of 29 trap
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Ratio of polygon centre centre seperation to polvgon diameter (Diameter of 200um)

Radius of Polygon

For 1’YYb* with an rf amplitude of 200 V at 15 MHz drive frequency,
the trap depth, secular frequency and K, were then calculated in an
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By controlling the number of sides of each polygon, the diameter of the
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2 sights and Is surrounded
loNn-i ' imisati 5 : 11x11 array. -
erameters and quantam simulator sctabilty can be achieved. B Left shows the radial secular frequency of : clectrodes, Below Shows
; : U | : the trapped Ions against the polygon Left shows a K, ,/F? contour plot ElEEI0LEs Be_low ShO.W >
] diameter, D. The polygon separation was with contour lines of 0.5x1036 N-2 e W lEhins  Cuing
. : kept constant at 2 D. - up to 6x1036 N2, The ions are fabrication, ~ the  grey
g 4 £ hexagons are the exposed
I | I l u a_ Or eOr - =) marked by a green dot. Bottom .
= top silicon layer, before
_ _ _ - 400 600 800 1000 =z left shows trap depth contours of h h
The COUplIng rate between adjacent IONS IS g|Ven by Circumscribed polygon diameter [um] .g OOSeV Up tO OSeV at the edge. t ey are EtC ed away.

Bottom right shows secular
frequency contours of 0.1MHz
up to 1.5MHz at the edge.

Right shows the secular frequency of the
lons against polygon separation, A, given
as a ratio of the separation to the polygon
diameter. The polygon diameter was kept
constant at D = 400 pm.
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Where m is the mass of the ion, w, is the secular frequency, F is a state
dependant force mediated by a laser and B is derived from the ratio of the
change in coulomb interaction to the change in restoring force, given by:

Ratio of polygon centre centre seperation to polygon diameter

Where e is the charge of an electron. To ensure that the interaction takes
place before decoherence the interaction time, T,, must be smaller than the
dominant decoherence process. The parameter K, IS a ratio of interaction
time to decoherence time and maybe used to optimise lattice parameters.
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Left shows the trap depth against the polygon
diameter, D. The polygon separation was kept
constant at > D.
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