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Chemically Amplified, Positive Tone Polynorbornene Dielectrics

Permanent dielectrics are used in microelectronics as insulators between electrical components.  Polymers can be used as permanent dielectrics because they are more easily processed compared to inorganic materials, and they can also generally be patterned by photolithography.  When using photolithography, it is desirable to have a highly light sensitive dielectric so as to minimize the energy required to pattern.  
To pattern thick films or films with high aspect ratio structures, a material with good lithographic properties is needed, but the film also must be cross-linked to make it a permanent part of the electronic device.  Our lab has developed a functional chemistry that uses chemically amplified photo-patterning and subsequent cross-linking.  Chemical amplification involves a light generated catalytic species that starts subsequent chemical transformations.  In our case, UV irradiation generates a strong acid to catalyze a reaction that leads to a solubility switch in the film.  The film can then be developed in aqueous base to remove the exposed regions.  Cross-linking of the film provides improved mechanical and electrical properties.
The polymer used has a polynorbornene backbone with hexa-fluoro alcohol and tert-butyl ester moieties.  Films of this polymer are cast with a small amount of photoacid generator (PAG).  These films are originally insoluble in base, but when exposed to ultraviolet light, the PAG will generate a strong acid that catalyzes the deprotection of the tert-butyl ester.  The deprotection results in the formation of a carboxylic acid, which increases the solubility of the film in aqueous base.  Our lab measured the D100 to be 8.09 mJ/cm2 and a contrast of ≥14.2, both of which are a large improvement over the current positive tone dielectrics.   The dielectric constant was measured to be 2.2 to 2.8, depending on the composition of the film.  All of this was done with low PAG loading (3 parts per hundred).
[bookmark: _GoBack]To ensure good mechanical and electrical properties of the permanent dielectric, the film is thermally cured for 2 hours at 250ᵒC after photolithography.  Covalent cross-linking of the film occurs when the carboxylic acid (deprotected tert-butyl ester) undergoes a Fischer esterification with the alcohol functionality.  Even though both the esterification and original deprotection are acid catalyzed, the deprotection caused by UV irradiation is much faster than the esterification.  This means the exposed regions can be deprotected without cross-linking.
The two different functional groups were studied to determine how their presence impacts the mechanical and electrical properties.  Different monomer ratios of the tert-butyl ester and hexa-fluoro alcohol have a profound effect on the physical properties.  Increasing the hexa-fluoro alcohol content decreased the dielectric constant.  This is most likely due to the high carbon-fluorine content, which is known to have a low dielectric constant.  The increase in the alcohol group also decreased the modulus and hardness.  The carboxylic acid formed will cross-link with other carboxylic acids to form an anhydride (confirmed by infrared spectroscopy).  With a greater tert-butyl ester content, the greater amount of carboxylic acid cross-linking and thus a higher modulus and hardness.  A polymer with 60% hexa-fluoro alcohol was measured to have a dielectric constant of 2.78, a modulus of 2.95 GPa, and a hardness of 243 MPa.  Like the photolithography properties, these values either exceed or are similar to the current positive tone dielectrics.

