
Metal Micromachining Team

CAMD user's meeting April 29, 2016

Christian Arrington
clarrin@sandia.gov

505.844.4831

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National

Nuclear Security Administration under contract DE-AC04-94AL85000.

Sandia National Laboratories

SAND2019-3579PE

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.



Vacuum Ov

Fe comp. wheel
15-61i slurry )

Metalmicromachining.sandia.gov

Lithography

1PWIAMTCjiiie Clean Room

Exposure Station

Alignment

Resist Spinner

Chemical Mechanical
Polishing (CMP)

Angular guide 
• Dampens flow
• Less turbulent
• Better soln' replenishment

Cu composite wheel
(6-3u slurry)

Electroplating

Compression Seal
& Graded Lid 
• Allows hig her temp.
operation

View window Inlet/outlet
• In process observation • Leak points above
• Sanity check • Better [M1 control

TX10 wheel SniSb Polishing whee
(1,111 slurry) (.5-.06p slurry)

Chemistries

1. Hard Gold

2. Soft Gold

3. Copper

4. Nickel

5. Indium

6. Platinum

7. Monel

8. Kovar

9. Permalloy

10. NiW

11.BiTe

12. SbTe

13.PbTe

14. Te

15. PbS

16. PbSe

17.CoFe

Sandia National Laboratories



Metalmicromachining.sandia.gov
Plating Applications

Masking achieved through unique fixturing and controlled polymer deposition
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Trapped ions as a quantum computing platform

Classical computer
• Single states:

• OA or 0a1 b or la0b or 1a1 b

• Only local operations

4

Quantum computer
Superposition states:

oaob+oal b+iaob+1 a 1 b

Entanglement (non-
classical states)

Exponential speedup for particular algorithms
(most notably Shor's factoring algorithm)
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Y-Junction Trap shuttling through the junction
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Anomalous Heating Rate Experiments
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Stylus lon Trap Background

R. Maiwald, D. Leibfried, J. Britton, J. C. Bergquist,
G. Leuchs, and D. J. Wineland, Nature Physics 5, 551

(2009).

Model of Microfabricated Sylus lon Trap
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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

Nominal Urr..p=100 V

BEM modeling results

Fit Urr..p = 85 V

Symmetric center electrode

Aeleetroder-11

Asymmetric center electrode

-4,/,a,,,,ge=01.11

Ion height (pm)

Well depth (me V)

x motional frequency (M=Hz) h
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e motional faNuency (MHz)fz
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Micro-fabricated Stylus Ion Traps, 2013 AIP, Review of Scientific
C.L. Arrington, K.S. McKay, D.P. Pappas, D.J. Wineland, (*I Sandia National Laboratories



Animation courtesy of , Carol Alynn Payne, Lozanne M Chavez, &
Johanna Hartenberger.
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Generation 1 Stylus Traps
Delivery May 2012

Asymmetrical and center located traps Resist swelling causing deformed
structures
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Generation 1

10 pm line width
,

80 pm posts, 150 pm tall

r" 2.5 um thick electroforme
gold ground plane

150 um thick
electroformed gold

MESA\uFab 1016J 100mm x170

Sandia National Laboratories



Generation 2 Mask Design

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

Sandia National Laboratories



Generation 2 LIGA Traps
• 25-25-25 µm die
• 200 µm layer 2 feature height
• Improved sidewall profile
• Reduced PR swelling

s4800 5

s4800 10.0kV 18 8rnrn x700 SE(M)1/17/2014 14 '''' ''' ()UM..

196 micron

s4800 5 OkV 1 SE(M) 1/17/2014 14 149' 400

s4800 5 OkV 18 9mm x180 SE(M) 1/17/2014 14: )ratories



vi Generation 2 LIGA Traps

/

SUDO 2COMI 17 ant x110 SE 6196013

4111111111111110
...........

S3400 2 00kV 17 8mm x23 SE 11/19/2013 2 00mm

mm x110 SE 11/19/2013

S3400 2.00kV 18.6mm x21 SE 11/19/2Q13 2.00mm

50_45_40



Ea
mb. Generation 2 LIGA Traps

• M1- 10µm
• M2- 150 !_im
• 50-45-40 features

1

1.0kV 9 lmm x30 SE(M) 5/1/

1.0kV 9.1mm x110 SE(M) 5/1/2014 14:51

,,5
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Generation 3 LIGA Traps

• Recent key accomplishment(s):
V New Design

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

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

4110411.•\
.11,00

SUEX X-ray mask

Layer 1 gold —5 pm height
with bonded SUEX (on left)

and PMMA (on right)

PMMA X-ray mask oratories



Mask Changes
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PMMA 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

fill efficiency once we polish down to  ,IVI/IA 

• • •
0 -0 0
+ + 1

Before Plasma clean After Plasma clean
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PMMA Wafer 1

Crack in PMMA mold leading to gold
plating sliver extruding from center post.

400 5 00kV 1018mm fx100 SE

Perfect result in layer 2 features, no gold
slivers, Layer 1 gold plating shows some
nodules, not seen in later processed
wafers. A

frill Sandia National Laboratories



PMMA Wafer 1

S40 5.00 V-10.7mm x180 SE

S3400 5 001c:V 10 9mm x4

r '
S3400 5 00kV 10 7mrn x47 SE

7mm x110 SE

.1
S3400 5 00kV 11 lmm xl 40k SE

' 50dur

40.0um



Gen 3 delivered Traps

'tonal Laboratories



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
100:1 HF to remove Ti oxide

461

OW 40 00 8000 120 00 160 00 20300 240 00 28000 320 00 160 00 400 00 NO OD 400 00 520 00 560 00 600 00 640 00 68

• Fill efficiency where some features are
under filled after polishing down to PMM)



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

'ia National Laboratories



PMMA Wafer 2

S3400 5 00kV 10 5mm x120 SE



SUEX Wafer 17 & 18
• Wafer 17 has residue
• Wafer 18, mixed result, some good/bad die
• More SUEX wafers coming
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w
Polishing

Gen 2 versus Gen 3 traps



Etching the Titanium oxide

• 1% HF using Ultrasonic agitation
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Gold plating wafer 10 & 11
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