Homework #1 Fundamental of multiscale fabrication

   

Due on 10/22/2009

1. (Work of adhesion) As we learned from the lecture, the work of adhesion, which is defined as an energy to create a new interface, can be calculated by measuring contact angles. Let’s consider detachment lithography where PDMS mold, thin film (Alq3 or NPB, which is a conducting polymer), ITO substrate are used to make a pattern. Referring to Tables 1 & 2, estimate the work of adhesion at each interface (WPDMS/Alq3, WPDMS/NPB, WAlq3/ITO and WNPB/ITO) and discuss the operability of the patterning process. 
[image: image7.png])

remote loading +o

P

2w

elastic modulus £
surface energy y,

work of adhesion to substrate W,




Table 1. Surface energy components of water and ethylene glycol.

	Liquid
	(d 
	(p
	( = (d+(p

(mJ/m2)

	Water
	23.9
	48.8
	72.7

	Ethylene Glycol
	29.2
	18.3
	47.5


Table 2. Contact angles of water and ethylene glycol on ITO, Alq3, NPB and PDMS
	
	Water
	Ethylene glycol

	 ITO
	70.4°
	54.2°

	Alq3
	86.0°
	53.4°

	NPB
	91.7°
	62.4°

	PDMS
	100.1°
	77.7°
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2. (WLF equation) 
(1) For a smooth, uniform (laminar) flow of a viscous liquid in a narrow cylindrical tube, which is the classical capillary system, the Poiseuille equation can be used to relate the volumetric flow rate to various characteristics of the fluid and the capillary system. The volumetric flow rate, dV/ dt, is given by
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(1)
where r is the radius of the tube, h is the viscosity of the fluid, z is the distance of fluid movement in the tube in time, t, and 
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P is the pressure drop across the distance z. In Eq. (1), the viscous liquid is assumed to be a Newtonian fluid and the no-slip boundary condition is used. With suitable assumptions, obtain an equation that can describe capillary kinetics of a polymer melt in a capillary and discuss the scaling behavior between the capillary movement and time. Hint: the Laplace pressure in a tube can be written by
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(2)
where r is the tube radius, ( is the surface tension of the liquid, and ( is the equilibrium contact angle at the three-phase contact line. 
(2) The fundamental postulation in problem (1) is that the hydrostatic pressure inside the capillary is maintained at 1 atm. This situation can be easily realized when a glass tube is immersed in a large water bath. For a small capillary tube that has been discussed in our lecture, the capillaries are usually end-capped as can be found in nanoimprint lithography. In this case, the hydrostatic pressure is not 1 atm and will be changed as the capillary rise proceeds. Can you develop a modified capillary kinetic model based on the results in (1)?

3. The high aspect ratio structures are mechanically unstable by nature and give rise to self-matting above a certain geometric constraint. If you use materials of silicon and PDMS, find the maximum height if R = 50 nm and W = 100 nm. For calculation, refer to the equation in the lecture material and some materials handbook. In terms of costs and processibility, which material is better for obtaining high aspect ratio structures? If you have a specific strategy to overcome this geometric constraint using a soft material, describe here. 
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4. A suitable combination of top-down and bottom-up approaches offers a facile route to robust nanofabrication over a large area with less defects and low costs. In terms of multiscale and multilevel integration, such a hybrid technique will be extremely useful in many applications. Bearing this in mind, do some literature survey and find at least 10 examples of such combined method and discuss advantages and disadvantages of each method. You need to attach the list of papers at the end and paste one or two representative images for each method.

5. Another important issue in multiscale fabrication and integration is to align or assemble nanoelements (carbon nanotubes, nanoparticles, nanowires, etc) into desired locations of the preformed microscale device. A range of techniques have been introduced to date using various physical and chemical principles. Find at least 5 examples of such assembly method and discuss advantages and disadvantages of each method.   
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