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Block copolymers are known to spontaneously self-assemble into periodic nanoscale morphologies with 

characteristic feature sizes of 5-50 nm, making them attractive materials for templating and scaffolding 

nanostructures in applications ranging from energy harvest and storage to nano-manufacturing. In 

particular, the use of block copolymers in lithography processes is considered an important strategy to 

enhance the capabilities of current tools in semiconductor patterning. Since block copolymer self-

assembly is inherently a three-dimensional (3D) process, quantitative 3D characterization is necessary to 

fully understand the development of 3D structures and the relationship between the substrate’s guiding 

patterns and the assembled block copolymer films. 

 

Here I will present our work on developing methods for 3D characterization of block copolymer thin 

films using scanning transmission electron microscopy (STEM) tomography and the insights obtained by 

this characterization in nano-manufacturing and membrane systems (Figure 1). To enable high contrast 

STEM imaging of block-copolymers, selective inorganic growth using sequential infiltration synthesis 

(SIS) was utilized as a new staining method in polymers, leading to high-quality tomography data which 

allowed us to decipher the 3D structure of self-assembled and directed self-assembled block copolymer 

films. STEM tomography characterization of lamellar and cylindrical block copolymer films revealed the 

through-film morphology, changes in feature’s roughness with depth, and defects that were previously 

hidden underneath the surface. The knowledge obtained by this detailed 3D characterization will enable 

further development of materials and processes for next generation devices.   
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Figure 1.  STEM tomography characterization of directed self-assembled block copolymer film. The 3D 

characterization enabled us to probe the interfacial fluctuations between the block copolymer domains 

throughout the film’s depth. 

 

 

References: 

 

1. T. Segal-Peretz, J. Ren, S. Xiong, G. Khaira, A. Bowen, L. E. Ocola, R. Divan, M. Doxastakis, N. 

J. Ferrier, J. de Pablo, P. F. Nealey, Quantitative three-dimensional characterization of block 

copolymer directed self -assembly on combined chemical and topographical pre-patterned 

templates, ACS Nano, (2016), article ASAP. 

2. J. Ren, L. E. Ocola, R. Divan, D. A. Czaplewski, T. Segal-Peretz, S. Xiong, R. J. Kline, C. G. Arges, 

P. F. Nealey, Post-directed-self-assembly membrane fabrication for in-situ analysis of block 

copolymer structures, Nanotechnology, 27, 435303, (2016). 
3. T. Segal-Peretz, J. Winterstein, M. Doxastakis, A. Ramirez-Hernandez, M. Biswas, J. Ren, H. S. 

Suh, S. B. Darling, J. A. Liddle, J. W. Elam, J. J. de Pablo, N. Zaluzec, and P. F. Nealey, Deciphering 

the three-dimensional structure of block copolymers via sequential infiltration synthesis and 

scanning transmission electron tomography, ACS Nano, 9, 5333 (2015). 

 

  

SiNx

Si

SiNx

Pre-pattern template

STEM 

tomography

Block copolymer assembly

x

z y

0.8 1.0 1.2 1.4 1.6 1.8 2.0

0

5

10

15

20

25

Z
 (

n
m

)

Interfacial fluctuations standard deviation (nm)

X-PS PS-OH

PS P2VP

3D characterization




