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Abstract
This paper provides a short history of the development of resist materials. We trace the development of resists from the very
beginnings of photography in the early 1800’s to today’s efforts to develop 193nm resist materials.
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Photoresist materials have their earliest origins in the history of photography but most of photoresist development
has occurred during the lifetime of our contemporaries. Many of the dinosaurs are still among us! It is appropriate then to
discuss these discoveries and some of the clever people who were responsible for them or were involved in the discoveries
while they are still here to be interviewed, or at least have the opportunity to review and correct these descriptions of their
contributions and those of their colleagues. We have chosen a small subset of the important contributions to this field of
materials science for discussion. The specific topics are in some cases clearly “historic” and on the main path of the
evolution of resist materials. Others we have chosen because they either had a great influence on our own thinking or they
are wonderful examples of ingenuity, and in some cases just because they make a good story! There are several excellent
reviews that include aspects of what is discussed in this paper. If the reader is interested in more detail about a particular
issue or episode, they are directed to these references

This science started with the work of Joseph Nicéphore Niépce '* "2 who, in about 1826, at the ripe old age of 61
years, managed to make the first “permanent image from nature”. This first photograph'* '>* was a sort of projection printed
lithographic image. Niépce coated a plate of polished pewter with a thin coating of a tar called bitumen of Judea. Bitumen
of Judea is a petroleum residue that has been recovered in chunks from the Dead Sea since the beginnings of recorded
history. It is a residue of petroleum after evaporation of most of the volatile fractions. It was used by the Egyptians to
embalm mummies. Niépce discovered that this tar is soluble in lavender oil and that high quality coatings could be made
from the solution. He used the material to coat a variety of substrates but his best work was done on polished pewter. He
coated one such plate and then exposed it to an image of his courtyard that was focused onto the plate with a simple camera
(obscura). It was obviously a very fine day in Chalon-sur-Sadne, France where Niépce lived since the photograph or
“heliograph” as he called it shows both sides of the courtyard to be illuminated. This is because the exposure took 8 hours!
Of course, during this time the sun moved. Niépce developed his image with a mixture of oil of lavender and white
petroleum. The bitumen of Judea is rendered less soluble upon exposure to sunlight and so development revealed, to a
varying degree, the surface of the pewter. It created a relief structure in the remaining organic media.

This first permanent recording of a scene from nature was presented to the Royal Society in 1827 and sent on tour.
It disappeared in 1898 and was missing until 1950, when it was discovered in a trunk as a result of the efforts of Helmut and
Alison Gernsheim who have worked so hard to chronicle the history of photography'*? The picture is among the Gernsheim
collection and now resides at the University of Texas at Austin. It shows a view from Niépce’s window. A loft in the
Niépce family house is visible on the left. To the right of that structure is a pear tree and in the foreground is the slanting
roof of the barn to the right of which is the chimney of the bake house.

You may not be terribly impressed with the fidelity of the first photograph or the resist technology of Niépce, but
remember it was the archival nature of the recording that was historic. He managed to record a sort of gray tone image in a
digital medium. Besides, he was “projection printing”! If you want to see how well his resist works, please examine a
contact print. A particularly fine example is the contact photogravure of Cardinal d’Ambroise, which is also in the
Gernsheim Collection at the University of Texas. This beautiful plate was made by contact printing in bitumen of Judea
using a vellum drawing of the Cardinal as the mask. The contact print was made by long exposure to the sun, the bitumen
was developed and the tin substrate was etched with acid. You can see that Niépce’s process worked quite well and that the
problem with the photograph was really one of gray scale, lack of resist sensitivity, and the usual problems associated with
projection printing. The photogravure or photoengraving of the Cardinal was made by a process that is an exact analogy to
the processes used to make semiconductor devices today. So, Niépce was not only the inventor of photography, he was also
the inventor of photolithography.
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The image on the left is the famous “Point de vue du Gras”, Niépce’s first permanent photograph. The image on the right is
a photograph of a contact photogravure that Niépce made from a vellum drawing of le Cardinal d’Amboise (The images are
reproduced here with the permission of The Gernsheim Collection, Harry Ransom Humanities Research Center, The
University of Texas, Austin, Texas.).

The bitumen of Judea resist material favored by Niépce soon gave way to more light sensitive formulations, the
most important of which was “dichromated gelatin." The history of dichromated gelatin is complex. It appears that Mungo
Ponton, a Scott, was the first to recognize the potential of the dichromate chemistry when, in 1839, he demonstrated the
photosensitivity of a system that consisted of paper soaked in ammonium dichromate solution’. He did not generate relief
images. The following year, Becquerel used this chemistry to produce relief images in a formulation based on starch and
dichromate.’ He is actually credited with coining the term “resist’ which he used to describe his formulation. The first really
practical resist system was invented by William Henry Fox Talbot, an English gentleman. Fox Talbot used ammonium
dichromate in gelatin as his “resist.” A solution of gelatin and ammonium dichromate is quite sensitive to light, casts fine
films from water and after exposure, can be developed with water.

The exposure requirement for “dichromated gelatin” is orders of magnitude less than that required by the bitumen.
There is some considerable “art” required to get high quality images with this resist material. Fox Talbot was one of the very
best practitioners of this art and he was a processing expert by today’s standards. He showed that high quality images could
be generated in his resist material and transferred into the surface of stone. He recognized the importance of his discovery
and was granted an early British patent (No. 565) in 1852. His work with dichromated gelatin spawned the photolithography
industry. The printing of papers and art works proliferated during the 1900’s and dichromated gelatin was the medium of
choice for recording and transferring images into printing plates made of metal and stone for over 100 years.*

Although dichromated gelatin was a tremendously successful material, it had its shortcomings, the first of which
was the “Dark Reaction”. When the ammonium dichromate and gelatin are mixed, a slow crosslinking reaction begins even
in the dark. The coatings are therefore only good for a few hours so the material could not be sold as precoated sheets. The
second problem derives from the fact that gelatin is a protein, and as such, is not particularly useful as an etch barrier for
strong acids or strong bases. It can be stabilized by “burning-in” the images after development. “Burning-in” involves
heating the developed images to 300°F which causes them to char (cook). As you might imagine, the burning-in process
does not improve image quality so it is not a wholly satisfactory solution to the etch stability problem.
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