Lecture 19

Chemical Engineering for Micro/Nano Fabrication

5 MB hard disk drive
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IBM’s 5 MB Drive Toshiba’s 4 GB Drive
1957 TODAY



HGST

& Weslarn Digital company

Areal Density Trend

After 50 years of continuous progress...

...will we hit the brick wall?
... for now, YES!
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Very Small Features required for New Hard Disk Drives

Nanoimprint Lithography
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http://www.patrickcarlberg.dk/Lic/Intro%20mm/lith_image2.htm
http://nextbigfuture.com/2009/06/electron-beam-lithography.html

http://www.itmweb.com/bimages/mitechnique.jpg
Lodder, J.C., Journal of Magnetism and Magnetic Materials, 2004. p. 1692-1697.
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.5-Inch Disk

NuTera™ HD7000
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BPM Disk Imprint

From a hole tone template

12nm Half Pitch Resist Pillars on Disk
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Template Mastering with Rotary E-beam

Electron Gun

» Takes ~ 1 month to write
one template !!! ———m -

» Cost ~ $ 10°/ template “ Master template ';: |
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R Rotating Spindle Stage

Linear Stage

This is just far too Slow!!! “ Sy
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Polymer blends....

Effect of annealing on blend morphology
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“1 think yvou should be more explicit here in
step two.”



Miracle of Block Copolymers

»

LAM HEX :
/ FCC

N

¢ _ /
cubic \ GYR N
spheres ¥ BCC BCH

- "\\ AL,A“ -

DIE

0 —t ———— —+ . »
hexagonal 0.0 ( 0.4 0.6 : 1.0 hexagonal
cylinders A Volume Friction A 4y cylinders

¥ 4

A [ e - j o
- B ”j\ ;:"IJ

— —

gyroi gyroi

lamellae \,'{‘
ChE 384T/ 323 Macromolecules 2006, 39, 2449-2451




Miracle process flow..... No optics

Substrate Substrate

Substrate

1. Spin coat BCP 2. anneal 4 3. Selectively etch one block

10nm lines
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HGST

a ‘Wasbern Dighal company

Pattern Rectification or “Clean Up” (1:1)

The Miracle of Block Copolymers

Interpolation for Density Multiplication (4:1)

Take an imperfect e-beam pattern...
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. and improve spot uniformity via self-assembly

Write at twice the period...

& & & & 1X density

1y

...and self-assembly fills in the missing dots

4X density

© 2013 HGST, a Western Digital company

Ricardo Ruiz & Tom Atbrecht:
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HGST 1 Tdot/in2 (27 nm Pitch) HCP BPM Fabrication Sequence

a Wasbern Digial company

QUARTZ WORKING TEMPLATE
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FULL FABRICATION SEQUENCE
DEMONSTRATED @ 1 Td/in:

+ Rotary stage e-beam guide pattern

* Block copolymer directed self-
assembly w/ density multiplication

+ S master template

+ Quartz replicated working template

* Nanoimprint lithography

* Magnetic media etch

» Overcoat / lube / test

* Target fab tolerances achieved
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Placement: o, o, ~ 1.2 nm
Diameter: o,/D ~ 4.5%
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Resolution of PS-PMMA is limited to ca 22 nm by low
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ACS Nano, 2015, 9 (7), pp 7506—7514
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How to Shrink Block Copolymer Domains

' 50

lamellae

40--

N

20 T

%H >10.5 0+

0 —+— Volume Fraction A = -
0.0 0.2 0.4 0.6 0.8 1.0

We need high y and small [V
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So...what is this ¢ thing anyhow??

Flory Huggins Mixing Theory

AG,, = RT[nyIn ¢y + naIn ¢y + ny0ax12]

here x, the “interaction parameter” describes the enthalpy change

due to interspersing the two polymers. It is a function of variables
including temperature.....

Polymer pairs with big x hate each other!!
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Design Criteria for New BCP

* High ¥ ... gives small structures

* Incorporate Si in one block..... etch contrast

« Amenable to orientation and alignment

* No new Unit processes required for mfg
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Reactive lon Etch Development
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Synthe3|s challenge — Anionic
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Anionic Polymerization
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Next....The Orientation Control Challenge
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Bates et al. Science 338, 775 (2012)

Maher et al. Chem. Mater. 2014, 26, 1471 \"{-
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Block Copolymer Orientation

AB diblock
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