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ABSTRACT: Organic electrochemical transistors (OECTs) exhibit ionic–electronic coupling that closely mimics 
biological signal transmission, where ions mediate communication between pre- and post-synaptic neurons. 
This unique operation enables high transconductance at gate voltages below 1 V, making OECTs a promising 
platform for a wide range of bioelectronic applications, including human–machine interfaces, biosensors, and 
neuromorphic devices. Because OECTs operate through electrolyte gating, their performance is governed by 
the coupled transport of ions and electronic charge carriers, rendering them highly sensitive to both the chemi-
cal structure and microstructure of the channel material.
In this talk, I demonstrate how microstructural design of OMIECs governs OECT behavior across a broad struc-
tural spectrum, from highly ordered to fully disordered morphologies. A material-agnostic colloidal self-assem-
bly strategy is employed to fabricate uniformly porous OMIEC films, enabling systematic investigation of the 
role of porosity in governing ion–electron transport and OECT performance. In contrast, disordered microstruc-
tures are introduced via phase separation to stochastically control the percolation of conjugated polymer 
domains between electrodes, giving rise to device-to-device variability and emergent electrical behavior. Such 
stochastic characteristics further provide a foundation for bioelectronic security systems.
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ABSTRACT: Directed self-assembly (DSA) of block copolymers (BCPs) has shown great success in rectifying 
poorly defined patterns in extreme ultraviolet (EUV) lithography, particularly those arising from stochastic chal-
lenges. In this “EUV + DSA” strategy, EUV resist patterns are first converted into chemical pre-patterns. BCPs 
are then assembled on these templates, forming well-defined nanodomains that follow the underlying chemical 
templates. By selectively removing one block, the DSA patterns are transformed into topographic etch masks 
for pattern transfer into device-relevant inorganic materials. By leveraging thermodynamically driven BCP 
nanostructures, EUV + DSA effectively rectifies stochastic defects and edge roughness in EUV patterns. This 
“pattern rectification” strategy effectively relaxes the stringent requirements for EUV resists to simultaneously 
meet high resolution, low roughness, and high sensitivity, which in turn reduces overall energy costs. Manufac-
turing-scale studies by IMEC and Intel have demonstrated that this process can achieve line width roughness 
(LWR) below 2 nm with the low-quality resists at 50% reduced EUV doses, meeting critical industry require-
ments.
Here, we address fundamental questions regarding material design, BCP physics, and process development for 
EUV + DSA. First, using PS-b-PMMA, the standard DSA material, we investigate the origin of pattern rectifica-
tion and the impact of BCP interfacial width. We show that while the intrinsic interfacial width sets the funda-
mental limit for domain boundary fluctuations in DSA, significant smoothing occurs during the selective remov-
al process, indicating that pattern rectification is governed not only by thermodynamic properties (interfacial 
width), but also by process-induced smoothing during selective removal. Building on these insights, we design 
and synthesize a new DSA material based on an A-block-(B-random-C) architecture, achieving both a high 
Flory-Huggins interaction parameter (χ) and equal surface energy (Δγ=0) for high resolution and perpendicular 
orientation. This system achieves an interfacial width as low as 2 nm, substantially lower than that of PS-b-PM-
MA (~5 nm), leading to reduced domain fluctuations and improved pattern quality.


