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Goal:

Complete fabrication and custom packaging of 2-dimensional linear ion traps and test the trap in
LANLs quantum simulation experimental apparatus.

Milestone:
Layout masks; fabricate 2-D ion trap design; perform custom packaging and device release of traps;
demonstrate ion frapping
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TrAPPED JONS FOR QUANTUM SIMULATION
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Trapped ions map onto condensed matter paradigms
Trapped ions are more ideal than real materials
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A macroscopic ion trap - \
We need micrometer-scale ion traps that:
Have 10s of separate potentials for each ion
Have low rf loss tangent
Are micro-machined with smooth electrodes
Are compatible with dense electrical and optical 1/0
Have optical access for lasers and detection optics
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Sandia National Laboratories linear ion trap chips are micro-fabricated with a metal MEMS process. Planar
metallic trap elecirodes (W over coated with Au) and a hole through the Si substrate define the trapping
region and allow 3D optical access for lasers to ions trapped between RF leads stretched lengthwise over the
hole. Control electrodes at the hole edges define seven trapping segments. Air bridged metal leads reduce
capacitance and RF dissipation to the substrate. Trapped ion images are from the ITC shown above.
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Key AccompLisHmeNT For MEMS lon Trar Chips:
Devitoring A Common PackaciNGg PLaTrorRM

Packaged 3D ion trap chip with thru-
chip and thru-package optical access

Package Modification
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COTS package:

Crind backside
Kyocera A440 PGA (100 pins) cuuntcrlmrc

Packaged ITC - Front

Laser-cut through-hole Laser-cut and metallized
(top view) through-hole (hottom view)
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Packaged ITC - Back

AnaLysis oF Packacing MATERIALS PROPERTIES

Assembly of die, die attach and
PGA used in FEA analyses,

Kyocera Ad440
ceramic PGA

| ¥ attach thickness Young's Yicld Thermal
L lacehelder (red) Ly Modulus  Strength  Conductivity
ppac) (Cila) (M Pa) {Wimk)
Kyocera A440 (ALODy) ceramic PGA package bulk T.1 &1 (1] 300 14
Elemental silicon (%) Die 249 124 120 124
Gallium Arsenide (Gads) Die 54 82.7 unk S0
Gold-Germanivm (88Aul2Ge) sobder Die attach 13 7.7 185 439
Sauricsen cement e attach 468 Wy 1.7 1.6
JNITOMY cyanate ester e attach EE] (L] 17.2 1.1
GG 1-Ta Aluminum oM parisen 236 [ 1T 167
Mild stcel O pariven 11.7 M} 150 (R

© Hard solders (Au-Si, 80Au20Sn and 88Au12Ge) are not flexible enough to accommodate large die.

* Epoxies were developed and readily used to mitigate the stress between die and package
due to CTE mismatch.

© JM7000 was tested and successfully performs at 107" Torr after 300°C bake-out

Saience Basep ENGINEERING OF A TRAP PackAGING PLATFORM

FEA Results of Stress as a Function of Die Attach

© Non-linear analysis models the stresses in a bake-out operation from 20C o 300C.

® Results indicate that if the system were to achieve the bake temp, the max stress
would be 1.6GPa (far exceeds the yield strengths of 1.7 MPa for Sauriesen,

: 300 MPa for AI203 and 120 MPa of Si).

Swriesen shumina cement— o The die or cement would break long before 300C was achieved.

® Non-linear analysis models the stresses in a die attach operation from 360C fo 20C.
o Results indicate that if the system were fo cool to room temp the max stress would
be 405 MPa, exceeding the yield strength of AuGe (185 MPa), Si (120 MPa),
and AI203 (300 MPa).
Weet e s @ The die would break or at least delaminate from package long before room
temperature was achieved.

LRI

o Non-linear analysis models the stresses in a bake out operation
from 20C to 300 (zero stress temp is 1500).

® Results indicate that if the system were to heat to 300C the max stress
would be 107MPa occurring in the PGA (less than the 300 MPa yield strength
of the Al203 and the 120 MPa yield strength of Si).

‘ lon TraPPiNG DemoNnSTRATED IN SNL lon Trar Chip

Significance: This activity has addressed some critical questions
by the intelligence community regarding the scalability of devices for
quantum information processing (QIP).

QIP may address fundamental national security and infelligence
problems and NW mission related materials, computation and
information science problems.
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