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The dope or gradient of an image near the edge of a feature to be printed in photoresist is a good
representation of the information contained in the image as to where the edge should be. A large dope
gives a clear indication as to where the photoresist line edge belongs. In particular, the normaized
image log-dope (NILS) and the latent image gradient were found to be good metrics for the aerid
image and latent image respectively. The information contained in each image propagates through the
lithography process, from the formation of an agrid image 1(x), to the exposure of a photoresist by that
image to form a latent image of chemica species m(x), to post-exposure bake where diffuson and
possibly reections cregte a new latent image m* (x), and findly to development where the latent image
produces a development rate gradient R(X) that results in the definition of the festure edge.

In the last edition of this column would looked at the transfer of information during exposure and
how the resulting latent image gradient depends on the NILS.  Continuing with the resst processing,
post-exposure bake (PEB) will change this latent image, and thus change the latent image gradient.
Diffuson during PEB will spread out the latent image, degrading the information present in the image and
decreasing the gradient near the line edge. The change in the latent image gradient due to diffuson can
be describe approximately by
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where s isthe diffuson length and L is a characterigtic length related to the width of the edge region (the
range over which the origind latent image gradient is non-zero). For a pattern of small lines and spaces,
L is about equd to the haf pitch of the pattern. Obvioudy, increased diffusion (indicated by a larger
diffuson length) results in a greater degradation of the latent image gradient (Figure 1). Also, sharper
edges (smdler vaues of L) are more sendtive to diffusion, showing a greeter fractiond decline in the
latent image gradient for a given diffuson length.

For chemicdly amplified ressts, diffuson during PEB is accompanied by areaction that changes
the photogenerated acid latent image into a latent image of blocked and deblocked polymer. Since
reection and diffuson occur Smultaneoudy, rigorous evaduation of the impact on the latent gradient
requires full lithography smulation gpproaches. A smple, approximate gpproach is to look a the
impact of the reaction without diffuson. Ignoring the possibilities of acid loss before or during the PEB,
asgmple mechanism for afirg order chemicd amplification would give



m* (X) =exp(-a(1- m(x)) )

where a is the amplification factor, proportiona to the PEB time and exponentidly dependent on PEB
temperature [1]. This Smple expression points out the tradeoff between exposure dose and thermal
dose. A higher exposure dose generates more acid (larger vaue of 1-m), requiring less PEB (lower
vadue of a) to get the same result (same value of m*). For a given levd of required amplification,
therma and exposure doses can be exchanged so long as a (1-m) is kept constant.

The gradient of this new latent image after amplification isthen
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For agiven latent image after exposure (given m(x)), the optimum latent image after amplification occurs
whenm* = e'l, gvinga(1-m) = 1. For agiven required level of amplification (given vdue of m*), the
trade-off between therma and exposure dose can be optimized to give the maximum latent image
gradient after PEB. This occurs when
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In other words, the optimum latent image gradient after PEB occurs when using a low dose and a high
levd of amplification (Figure 2). Carrying this idea to its extreme, however, invdidates the assumption
that no diffuson occurs Snce higher levels of amplification necesstate higher levels of acid diffuson.
Thus, the true trade-off between therma and exposure dose must take into account the effects of
diffuson aswel.

It is interesting to note the difference in the optimum dose of a conventioral resst (discussed in
the last edition of this column) and achemicaly amplified resst. The optimum total dose (exposure plus
thermd) for achemicdly amplified resist is the same as for a conventiond resist (resulting in m* = elin
both cases). However, for the chemicaly amplified resst the added degree of freedom of dividing the
dose between exposure and thermad sources means that the optimum exposure dose is very different
compared to a conventiona resis.

In the next issue of the Lithography Expert, we'll see how the latent image propagates through
development to form afind resst edge.
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Fractional Latent Image Gradient after PEB
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Figure 1. Increased diffuson (shown by the dimensonless quantity s/L, the diffuson length over the
width of the edge region) causes a decease in the latent image gradient after PEB.
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Fgure 2. For achemicdly amplified resst with an given required amount of amplification, the exposure
dose (and thus relative sengitizer concentration m) is optimum as the dose gpproaches zero (m ®  1).



