Fundamentals of Multiscale Fabrication (4461.540) Final exam 
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1. (20 pts)

The right picture shows a patterning example of 30-nm resolution by combining top-down and bottom-up approaches. Construct two flow charts with suitable top-down and bottom-up methods with a step-by-step schematic illustration.  
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2. (20 pts)

High aspect-ratio (AR) structures are useful in various ways to enhance structural sensitivity and reduce intrinsic residual stress. Fabrication of high AR structures can be achieved with a traditional MEMS process (see example at right) by employing suitable etching and lithographic techniques. Describe two methods to enable such structures with a step-by-step fabrication scheme.

3. (20 pts)  
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Cryogenic process:
ICP for high density plasma
aperture for uniformity
SF /O, sidewall passivation
F-based chemistry for high etch rate
low-temp (-110°C) to reduce sidewall
passivation etch

Bosch Proce
segregate sidewall passivation and
bottom etch - “time multiplexed etching”
CF, for passivation
SF, for etching
room temperature etching - no LN

cooling « etch rate >3 pm/min
« selectivity to Resist >75:1
« selectivity to SiO, >150:1
« aspect ratios >40:1



Lotus leaf is a good example as to why a dual-roughness, hierarchical structure is useful towards water-repelling, superhydrophobic surface. Based on your understanding from the lecture, explain why a dual-roughness is necessary rather than a single roughness for superhydrophobicity. In addition to superhydrophobicity, show another example with some description, for which a multiscale, hierarchical structure is useful.  
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The above figure depicts positioning processes of nanoparticles driven by different physical and chemical principles: (a) surface tension (capillarity) based particle docking, (b) electric-field based particle deposition, (c) optical particle handling, and (d) selective particle patterning by self-assembled monolayer. Explain advantages and disadvantages of each method in terms of process complexity, large-area capability, cost, and others.
5. (20 pts)

(1) Mold materials are of paramount importance in unconventional lithography such as nanoimprint and soft lithographies. In terms of surface tension and rigidity, describe appropriate materials properties for high pattern fidelity, good release, and long-term use.
(2) For liquid actuation and handling in microfluidics, pumps and valves are mandatory in any format. Explain briefly advantages and disadvantages of active (from external components) and passive (from embedded components) mechanisms.
6. (5 pts) Briefly write down your thought and suggestion for better class next time.







































