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Lecture 6

Lithography


We want to understand how patterns are transferred onto a wafer with spatial dimensions << 1 (m.


General idea: etch a pattern into a surface or thin film previously deposited after covering portions we want to save with “resist.”

See Handout 4 (Fig. 8-1 and 8-2) to see how a succesion of masks is used to build up a transistor.


Basic procedure:


1.
Make a mask (called a reticle in some applications)


2.
Use mask to expose wafer covered with polymeric resist to light or electrons


3.
Develop resist (to make some parts easier to dissolve in solvent)


4.
Expose wafer to etchant; areas still coated with polymer “resist” the etch and are protected


5.
Remove remaining resist

Overview of methods

See Handout 4 for procedure in flowsheet form (Fig. 5.1).  This shows  4 basic ways of getting pattern onto a wafer:


1.
Contact printing: a lensless system where the mask is held in direct contact with the wafer.  


Advantages: 

(
Can make very fine pattern






(
Inexpensive equipment

Disadvantages:
(
Resist can stick to mask






(
Dust/particles on wafer damage mask


2. Optical proximity printing: Hold mask a small distance away from the wafer (roughly 5 – 20 (m) to avoid damage.


Advantages:

(
More complex than contact printing 

(since need to position mask in z as well







as x,y directions), but still not bad


Disadvantages:
(
Spreading of light by diffraction after it







goes through mask degrades resolution






(
Difficult to control mask-wafer separation







when separation is small ( repeatability







problems

3. Projection printing: uses a lens system to project image 



Kinds:
* Full wafer:
Entire wafer exposed with a single 








lens or lens array.

(used when resolution need not be 

great: lens aberration a big problem)





* Stepper:

Use a small-field lens with low 








aberration and make multiple 








adjacent exposures


Advantages:

(
Much less sensitive to dust


Disadvantages:
(
Projection system is complicated






(
Lens aberations still cause trouble






(
Like other optical methods, resolution







eventually limited by diffraction


4. Electron beam: scan an e- beam to expose resist instead of using photons


Advantages:

(
Extremely high resolution: no significant







diffraction problem (particle quantum 

mechanical wavelength set by energy)


Disadvantages:
(
Resists respond slowly and only a narrow







writing beam can be used, so throughput







is very low.  






(
Must use high-vacuum: problems with







complexity and throughput

See Handout 4: Table 5.9 shows how various methods have gone in and out of favor over the years as linewidths decrease.  Now  most advanced work is done with steppers.

Resists

1.
Types


Made of polymers that are initially dissolved in a solvent, applied to wafer, and then solvent evaporated before exposure.

See Handout 4: Fig. 8.4 positive and negative resists


( Positive: exposure makes resist easier to remove by solvent.



Get exactly the same image as the mask.


( Negative: exposure makes resist harder to remove.



Get precise inverse of original mask.

2. 
Basic components:

A.
Resin: makes up bulk of material and resists etch solution


Examples:
(
polyvinyl cinnamate (negative, 1960s)





(
cyclized polyisoprenes (negative, now)







(
phenol formaldehyde novolac (positive, now)

B.
Photosensitizer: makes polymer sensitive to light


Positive: change in solubility of resist comes entirely from sensitizer, which makes up 20% or so of weight



Example: naphthoquinone diazide



(azide has   – N = N –   functionality, which absorbs light)


These are somewhat tricky to use but have excellent spatial resolution.


Negative: resist transfers energy to resin and crosslinks it; makes up 2-3% by weight



Example: various quinones, azides, nitro compounds



(all have light-absorbing unsaturated bonds: e.g., – N = O 

for nitro compounds)


These are easy to use but have poorer spatial resolution.

C.
Adhesion promotor: for better sticking to smooth wafer

D.
Viscosity thinner: to improve spreading

3.
Removing resists


(
H2SO4 + H2O2
(
costly chemicals & disposal, S residues


(
Organic solvents 
(
costly chemicals & disposal








flammable


(
O2 plasma
(
damage to wafer


(
O3 in water
(
in development, tools being developed







chemistry not worked out







no disposal problems 
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