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@ Semiconductor Device Fabrication

Logic (CMOS) Memory (DRAM)

« Today’s microprocessors have 20-30M
transistors with smallest features less than
0.15 mm

« Patterning critical dimensions consumes more
than 50% of the cost to manufacture and is a
limiting technology

@ Block Copolymer Lithography

:Using the domain structure of a BC thin film to create dense structures at
the nanoscale.
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Relative lengths determine morphology.

Chain length determines domain spacing.

@ Conventional Photolithography
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CD is difficult to control /
‘many process variables

LER is limited by the size of
aggregates of molecules
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@ Directed Assembly of Block Copolymers
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Key Concepts of Block Copolymer Lith:
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Thermodynamics determines feature dimensions and line edge roughness.
Scalable to feature dimensions of 10 nm and below

@ Well-Defined Chemical Patterns: Patterned Polymer Brushes
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This technique allows us to create patterned polymer brushes of varying chemical

composition

@ EUV-IL Using Transmission Membrane Masks

Two, three, or four diffracted beams interfere to yield dense lines and spaces, or cubic
or hexagonal arrays of dots
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Pattern period is half of grating period
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@ Perfect Registered Assembly of Block Copolymer Domains
Unpatterned Surface

Patterned Surface L,=L,

Symmetric
Poly(styrene-b-methylmethacrylate)
L,~48 nm

.0, Kim. H. H. Solak, M. P. Stoykovich, N. J. Ferrier, J. J.
de Pablo, P. F. Nealey. Nature, 2003, 424, 411

Precise control over of block-copolymer domains using the
interfacial energy of chemically nanopatterned substrates

Ls=45nm Ls=475nm  Lg=50 nm Ls=525nm

Increasing Interfacial Energy Contrast
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@ Directed Assembly Process Variations in Chemical Patterning

Low ho High ho

<Photoresist patterned with EUV-IL>

LI R
-~ - o~

-
ﬂ Exposure ﬂ
“_uh va‘

— lew

Large W/ Lg

o

Tl

Small W/ Lg Low Dose

High Dose

For L, =L, , perfect and registered assembly occurs
for a large range of values of W/L,
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@ Sub-1nm Dimensional Control
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Self-assembling nature of block copolymers allows for sub 1 nm dimensional control
in the lithographic process
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Self-healing structures facilitate pattern transfer processes; sidewall angle does
not deviate by more than 10°

@ Directed Assembly of Block Copolymer Blends into Non-Regular Device
Oriented Structures Surface Pattern Period, Ls
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facilitated by the localized redistribution of homopolymer.
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@ Conclusions

Self-assembling materials are being developed as imaging layers for nanoscale
lithography to meet strict criteria in manufacturing processes related to the control
of feature dimensions and shapes within molecular level tolerances and margins
while maintaining essential manufacturing attributes such as pattern perfection and
registration.

The ion of block copol Titk hy to pattern features more complex
than simple periodic arrays creates opportunities for the use of these non-
traditional imaging materials in the production of nanoelectronic devices.

Assembly of non-regular device oriented structures such as 90° bends is
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