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S~ Plating Applications

Masking achieved through unique fixturing and controlled polymer deposition
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Indium Bumps for Focal Plane Copper TSV’s
Array Integration

Copper Filled Through Wafer

electroformed gold Silicon Vias
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Trapped ions as a quantum computing platform

Classical computer Quantum computer

« Single states: - Superposition states:
* anb or Oa1b or 1aob or 1a’]b . OaOb+Oa1b+1aOb+1a1b

* Only local operations . Entanglement (non-

classical states)

Exponential speedup for particular algorithms
(most notably Shor’s factoring algorithm)

(111} Sandia National Laboratories




rap s ling through the junction




Animation courtesy of Dan Stick Sandia National Laboratories




Anomalous Heating Rate Experiments
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— el Stylus lon Trap Background

Ground Plane

Compensation
Posts

RF Split Ring

R. Maiwald, D. Leibfried, J. Britton, J. C. Bergquist, Model of Microfabricated Sylus lon Trap
G. Leuchs, and D. J. Wineland, Nature Physics 5, 551
(2009).
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~ " Microfabricated Stylus lon Trap

BEM simulation results showing center ground post,
RF biased ring, and four compensation posts. The two surfaces
show example equipotentials for a 25Mg+.

Measured values BEM modeling results
Nominal Utrap=100 V Fit Utrap = 85 V
Symmetric center electrode| Asymmetric center electrode
Aetectroge=0 Actectrode=0.11
Ion height (pm) 60(15) 64.2 62.2
Well depth (meV) Not measured B 95

x motional frequency (MHz) f. 4.03(5) 335 4.00
y motional frequency (MHz) f, 4.17(5) 4.078 4.34
z motional frequency (MHz)f- 8.15(5) 7.58 8.63
x-y frequency asymmetry, A 0.017(9) 0.104 0.0B1

Micro-fabricated Stylus lon Traps, 2013 AIP, Review of Scientific Insl@
C.L. Arrington, K.S. McKay, D.P. Pappas, D.J. Wineland, Sandia National Laboratories




Animation courtesy of , Carol Alynn Payne, Lozanne M Chavez, &
Jahanna Hartenberger. |




«. -~ Generation 1 Stylus Traps
o~ Delivery May 2012

Asymmetrical and center located traps  Resist swelling causing deformed
structures
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Generation 1
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10 pm line width
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80 um posts, 150 um tall
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" Generation 2 Mask Design

1. Layer 1 AZ 4330 postive resist
2. Layer 2 KMPR negative resist

(1) Sandia National Laboratores
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" Generation 2 LIGA Traps
25-25-25 um die

200 um layer 2 feature height

Improved sidewall profile
Reduced PR swelling

54800 5.0kV 18 9mm x120 SE(M) 1/17/2014 14:49° ° ' 400um

s4800 5 o00um
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S4800 5.0kV 18.9mm x180 SE(M) 1/17/2014 14:38 = ' 300um
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..~ Generation 2 LIGA Traps

e M1-10 um
e M2-150 um
 50-45-40 features

54800 1.0kV 9.1mm 110 SE(M) 5/1/2014 14:51"



" Generation 3 LIGA Traps

* Recent key accomplishment(s):

v New Design
v" CAMD exposed and developed 2 of 7 total PMMA wafers, SNL gold plated, PMMA removed, SEM images taken (Slides 2-7)
v' SUEX wafers x-ray exposed, but delaminated from Titanium oxide
v' Striped all SUEX wafers, cleaned, laminated SUEX to bare gold, and sent to CAMD
v" Two non-Titanium oxide wafers were exposed, developed, and returned to Sandia. (Slide 8)

v Old design
v wafer found cracked, but with usable 60 micron die in one quadrant
v" gold plated the PMMA mold, polished, diced, and in cleaning process now to yield 3 (60 micron) die (Slide 9-12)

Layer 1 gold ~5 um height
with bonded SUEX (on left)
and PMMA (on right)

SUEX X-ray mask — e
PMMA X-ray mask
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S PMIMA Wafer 1

Wafer 1

« Latent image exposure on top of PMMA

* 9 minute dip 100:1 HF to remove Ti oxide

» Ti oxide did not remove in small post regions
« SF6/02 plasma ash, reason for exposed gold
« Gold plate

» Features look really good

Polishing in process, still need to determine
ill efficiency once we polish down to PMMA

= ~ g <
=

Before Plasma clean After Plasma clean

(1) Sandia National Laboratores




PMMA Wafer 1

Crack in PMMA mold leading to gold Perfect result in layer 2 features, no gold

plating sliver extruding from center post.  slivers, Layer 1 gold plating shows some
nodules, not seen in later processed

wafers.

[

3400 5.00KV 10,8mm|x100 SE
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PMMA Wafer 1

S3400 5.00kV 10.9mm x40/ SE

mim x110 SE

i

/$3400 5.00kV 10.7mfm x47

$3400 5.00kV 10/8mm x{00 SE -
: 400 Jmm



Gen 3 delivered Traps |




Gen 3 delivered Traps
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Gen 3 delivered Traps
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PMMA Wafer 2

Wafer 2

* 10 minute dip megasonic 100:1 HF to remove Ti oxide
» Gold plate

* Polish

» All features plated, 80-90% of all features maintained uniform
gold fill, 10-20% features saw evidence of gold plated defects
where gold plating did not make it to the top of mold uniformly,
bottom right image. Likely caused by not being completely
developed out prior to gold plating

10 minute dip megasonic * Fill efficiency where some features are
100:1 HF to remove Ti oxide under filled after polishing down to PMM/



> AR PMMA Wafer 2

* Undercut does not change feature geometry at the bottom of PMMA mold

* Plasma clean still useful to clean out bottom of features prior to plating

Defects & resolution

WD16
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40 um
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ia National Laboratories




PMMA Wafer 2

$§3400 5.00kV 10.5mm x12 0 $3400 5.00kV 10.5mm x120 SE

$3400 5.00kV 10.5mm x90 SE

§3400 5.00kV 10.5mm x200 SE G $3400 5.00kV 10.5mm x100 SE

$3400 5.00kV 10.5mm x120 SE

111! Sandia National Laboratories
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" SUEX Wafer 17 & 18

 Wafer 17 has residue

«  Wafer 18, mixed result, some good/bad die
* More SUEX wafers coming
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Polishing

Gen 2 versus Gen 3 traps




Etching the Titanium oxide

* 1% HF using Ultrasonic agitation

Sandia National Laboratories




Bladder bonding SUEX

111! Sandia National Laboratories



(1) Sania National Laboratores




Acknowledgments: A. E. Hollowell', P. Finnegan’, Quoc Nguyen?, Dawit G. Yemane?,
Varshni Singh?

(1)Sandia National Laboratories, Albuquerque, NM 87123, USA
(2) Centre for Advanced Microstructures & Devices, LSU, Baton Rouge, LA70806, USA

(1) Sandia National Laboratories



