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BCP DSA for CMOS Relevant Structures




OBJECTIVES

« |ITRS calls foraLER of ~1.3 nm at 3o beyond 22 nm

« LER on DSA samples has only been measured with surface
probes including AFM, SEM; the results are much worst
than what is called for

E-beam resist
pattern LER =
(3.5+£0.3) nm @30

DSA pattern LER=
(6.0 £0.6) nm @30




Critical Dimension Small Angle Scattering

Nanostructure shape metrology with X-rays
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X - ray Measurements

Transmission CD-SAXS
Grazing incidence SAXS/WAXS
X-ray diffraction & reflectivity
NEXAFS / NEXAFS imaging
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Applicable for Wide Range of Samples

Dense (1:1 spacing) 550 nm lines
Materials measured non-destructively

* Photoresists (248 nm, 193 nm, EUV)
* Engineering Polymers (PMMA, PS)
» Oxides (SiO2)

* Nanoporous Matrices

« Barrier layers (SiN, SICN)

» Metal Interconnects (Cu)

Pattern Geometries

* Line/Space patterns (gratings)
* Arrays of columns Sparse (1:10 spacing) 15nm lines

 Atays of oles (a9 LI I

Hexagonal Close Packed 60 nm vias _

EILE: ISMT_S103_R_046.dat Model Name: Rectangle
Period (nm): 173

Intensity




More Complicated Structures
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Designed LER with a fixed wavelength
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diblock copolymers

4_",‘35 « The ratio of the molecular weights
between these two blocks dictates the

phase

« The magnitude of the molecular weight
dictates the size of the domain

Challenges: (1) defect density (2) resolution (3) LER



Sample Preparation

Muacromolecules 2010, 43, 433-441
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ARTICLE
Measuring the Structure of Epitaxially Assembled Block Copolymer
Domains with Soft X-ray Diffraction

Gila E. Stein,*"$ J. Alexander Liddle,"” Andrew L. Aquila,’ and Eric M. Gullikson'
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Overview of PS-PMMA assembly on chemical patterns. (1) Start with a hydrophobic PS surface. (2) Pattern
with EBL (ZEP resist) and develop grating. (3) Oxidize to generate hydrophilic stripes. (4) Strip the ZEP resist.
(5) Coat with PS-PMMA film. (6) Heat the film above the glass transition to order the PS-PMMA lamellae. The
structures measured with SOXRD and SEM are depicted in steps 2 and 6.




Sample Preparation

*Neutral polymer brush: random copolymer of PS and PMMA (Mn = 8.9 kg/mol
*PDI =1.47, 59% PS prepared by grafting from the melt (a 30 nm thick film)
while ramping the temperature from 140 to 250 °C over 24 h under high
vacuum (10-5 Pa/10/ Torr)

*E-beam pattern pitch, d = 46 nm

*Width of the hydrophobic ~ 0.55d at an e-beam dose of 1130 pC/cm?

*PS-PMMA (Mn =100 kg/mol, PDI = 1.12, 50% PS by volume) annealing in air
for 5to 7 min at 240 °C

PS-PMMA BCP with a lamellar periodicity, LO =(46 = 1) nm

«Sample size = 1 mm x 1 mm
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Experimental Qx-Qz map
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18.79 46.12

8.16

52.20

2.30

44.08

Debye Waller factor

Area c=2.16 nm
Blue part: 1.4126 x 103

Yellow part: 1.4770 x 103

The fitting is physically reasonable except the sharp corner regions



The view of AFM/SEM
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44.08

guantitatively verified by
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18.79 /46.12

w,/d
NEXAFS
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The meaning of Debye Waller factor

c=2.16nm

If one accepts a hyperbolic tangent composition profile with a
Interface width of 4 nm between PS and PMMA, the interface

roughnessis 1.3 nm or a3c=3.9 nm

Roughness does exist in the DSA sample studied since the
diffuse scattering exists at g, # 0, i.e. the value of o can’t
completely caused by a compositional gradient at interface

3.9 nm 3c exceeds ITRS roadmap requirements for 22 nm
node (3o = 1.3 nm!)




Simulations of Diblock Block Copolymer Gratings

* |n an effort to better understand the CD-SAXS data, we performed a
series of simulations of the diblock copolymer grating shape.

« Two simulations methodologies were employed:

— Self-consistent field theory (SCFT),
— Continuum partial saddle point Monte Carlo (PSPMC).

« SCFT is fast, efficient, and accurate in many cases (e.g., for large
molecular weight); however, it does not capture thermal fluctuations.

« PSPMC is more computational demanding, but it allows one to explore
the effects of thermal composition fluctuations at finite molecular weight.

« Use simulations to refine line shape profiles (done)
« Use theory to estimate BCP-DSA chi requirements (done)

« Use simulation models to quantify LER (in progress)




SCFT Results

SCFT Composition Snapshot
f=0.5 YN =38

w/l,

SCFT ——

O 02 04 06 08 1 1.2 14
z/Lg

w is the grating width (i.e., the local critical dimension
[CD]), L, is the grating pitch, and z is the vertical direction.
We can see that the “foot” results in the A-B interface
overshooting the bulk value of w/L, = 0.5. SCFT predicts
that the gating will have an “hourglass” shape with a clear
shoulder. i.e., SCFT predicts that the grating shape is not a
simple trapezoid.
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SCFT Refined Modeling of CD-SAXS Data

‘ 19.53‘ 46.12

A
\4

14.73

c=2.09 nm

Negligible change
in LER estimates

1.42

7.92

Areas:
Blue part: 1.41 x 10° Consistent with block composition
Yellow part: 1.48 x 103

Material Measurement Laborator



Can BCPs Satisfy the ITRS LER Requirement?

 For an AB BCP, we can use a relatively simple formula from BCP strong
segregation theory to examine LER:

62 = Iog(kmax/kmin)/(an)a
v - interface tension

where ¢ is the 16 LER; k.., and k., are the high- and low-wavenumber
cutoffs, respectively; and vy is the interfacial tension:

Y = lelZ/(V61/2),

where b is the statistical segment length, y is the Flory “chi” parameter, and
v is the volume occupied by a statistical segment.




Can BCPs Satisfy the ITRS LER Requirement?

« Following Semenov (Macromolecules 1993, 26, 6617), we set K., = 2/A and K, =
2n/L,y, Where A = 2b/(6y)Y? is the interfacial width, and L, is the BCP pattern pitch.
+ Combining these expressions and simplifying gives

52 = 0.39v log(1.22L 4y 2/b)/(byX?)

« We can further simply by relating b and v. Specifically, if we assume that the
segments occupy a spherical volume, then

v > 4n(b/2)3/3 = 0.52 b3,
and

52 > 0.20b? log(1.22L 3 12/b)/y 12

* In order to satisfy the ITRS CD requirement, we set L, =2 CD = 24 nm. We can then
view y and b as “adjustable” parameters determined by the BCP chemistry.




Can BCPs Satisfy the ITRS LER Requirement?

« We fix the value of b to be between 0.5 nm and 1.5 nm, and then we ask
“What value of y will satisfy the ITRS LER requirement of 3c < 1.3 nm?”

* In the following figure we plot the 3c LER given by the above equation vs. y for b =
0.5nm, 1.0 nm, and 1.5 nm:

16 . IT;&S (;I'gr'get
g 15 b b : 1:0 ﬂm ............. 4
= \ b=1.5nM e
g .l x = 0.037 for PS-PMMA
< I\ ~ v = 0.2 for PS-PDMS
2 | \
w 125 ", -
o 1 %
S gl o _ b =0.68 nm for PS or PMMA
™M 1 ..'\.,,"..
1 L .""'1-. 1
0 50 100 150 200

The y values necessaryxto satisfy the ITRS Target range from y = 1.2 (for b = 0.5 nm)
to well in excess of y = 150 (for b = 1.5 nm)! These values of y are exceptionally
large, and, in fact, they represent a conservative, low estimate.

It is not clear if there are “well-behaved” copolymers with y values in this range.
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Summary - CD-SAXS of BCP DSA Patterns

The cross section of DSA block copolymers can be
complicate, this renders the interpretation of AFM and
SEM results difficult especially for LER

CD-SAXS can provide quantitative picture of full cross-
section

For PS-PMMA samples their LER is 3.9 nm (3c), a value
depends on the exact value of interface width

Not sure if ITRS 22 nm node 3o targets can be met

New block copolymers with their i parameters
significant greater than PS-PMMA and PS-PDMS are
needed to meet resolution & LER requirement at sub-
20nm nodes

Work in progress to determine LER from scattering data
without information of interface width (power spectra of
diffuse scattering)




