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Problem set 5&7:

1]  Plot the characteristic scattering angle as a function of voltage from 1 – 100 keV for H, C, O and Au.

2] Using a weighted average of the total elastic cross sections for C, H and O, (, calculate the elstic mean free path in a typical resist film as function of voltage.  You may assume a resist density of 1.5 g/cm3 and that the atomic percentages of C, H and O are 25, 70 and 5% respectively.

3]  Calculate the fraction of electrons scattered versus the number of scattering events in 0.1 um and 1 um of resist at 10 keVand 100 keV.

4]  Calculate the beam broadening for a delta-function incident beam of 100 keV electrons in 0.1, 0.3 and 1 (m of resist.  Use the mean free path, (, calculated in 2].  Approximate the single scattering angular distribution function S1(() using a Gaussian function: 
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The mean square scattering angle,
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 , is (t = thickness).  Scattering in a layer between z and z + dz (z is the coordinate normal to the film thickness) increases the mean square scattering angle from 
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.  Assume a spatial broadening of the form 
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.  A scattering angle ( causes a displacement r = (z.  Substitute for 
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 and integrate over z from 0 to t.  Use the weighted squares of the characteristic scattering angles, using the data from 1] and the atomic percentages of 2], to approximate 
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5]  Plot the aerial image (i.e. the ideal energy distribution before the beam is incident on the resist) for a 20 nm isolated line and for an array of 5 20 nm line/space pairs by convolving a Gaussian with the appropriate top-hat or square wave functions for Gaussians with ( values of 1, 5, and 10 nm.

6]  Use the dissolution rate contrast, ( = dln(r)/dln(D) to plot contrast curves (normalized film thickness vs ln(D), for a positive resist with  ( values of 1, 10 and 100. You may assume that the development rate, r0, that results from a dose of D0 is sufficient to just clear the resist after the allotted development time, so that r(D) = (D/D0) (.

7]  Plot the developed resist profiles for the energy deposition distributions calculated in 5] for the ( value of 5 nm and for ( values of 1, 10 and 100.
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