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Systematized Survey on the Historical Development of Liquid Crystal Display
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Bl Abstract

In today’s ubiquitous society with its highly-developed information infrastructure, the liquid crystal display (LCD)
has leveraged its unique set of properties - its flatness, lightness, low voltage, low power consumption, full-color
rendition and low reflection of ambient light - throughout all aspects of daily life, conveying computer-processed
information to people directly and playing a role in connecting people together.

This paper provides a systematic examination of the course of events wherein liquid crystal material discovered
in Europe was developed in the United States and applied to electronic displays, and then established in Japan
in the form of the LCD industry.

The history of liquid crystals began with a paper presented by a botanist in Prague in 1888. This was
followed by theories on this substance by scientists from all over Europe, including Germany, France, the United
Kingdom, Poland, Sweden, the USSR and the Netherlands, with brief interruptions from the two World Wars.
While this research was purely out of scientific curiosity with no interest in any practical applications, a vast
wealth of knowledge on liquid crystal material was being built up during this time. The Radio Corporation of
America (RCA) made a breakthrough 80 years after the substance was discovered, with a press release on LCD
research and development. This was in 1968, right in the middle of the Cold War, when Japan’s GNP surpassed
that of West Germany to become the second highest in the world. The company had achieved a revolutionary
reflective electronic display with the potential to be ultimately used to produce a pocket television. Prototype
demonstrations of a single-digit display and a clock were highly publicized. Right after the press release, David
Sarnoff, chairman of RCA, who had promoted liquid crystal research with the main aim of implementing a wall-
mounted television, was replaced by his eldest son, Robert, who had set his sights on the computer industry.
By the end of 1969 it was clear that research people were not able to draw a technology roadmap leading to
manufacturing an LCD television and so the television research was discontinued altogether.

RCA researchers started leaving RCA in succession on hearing that the business division, which aimed to
commercialize LCD products, was not proceeding any time soon with mass production of LCD wristwatches due
to the insufficient C-MOS driving voltage. These researchers moved on to join start-up companies with the aim
of launching LCD wristwatch enterprises, but initial quality failure in the LCD wristwatch market and subsequent
price competition with LED wristwatches thwarted LCD businesses to grow big in the United States.

Around 1970, a Japanese calculator manufacturer, eager to restructure its assembly business mode to cope
with the emergence of large-scale integrated circuits(LSI), and a Japanese watch manufacturer, sensing the need
for technical reform to survive the digitization of the wristwatch, rose to the challenge of designing their own
C-MOS and acquiring their in-house production capacity to make full use of LCD technology. These companies
started full-scale mass production of LCDs for calculators and wristwatches in 1973, the year of the oil crisis.
After that, many other manufacturers also entered the LCD industry, cooperating with liquid crystal manufacturers
in Japan and Europe to improve the properties of the liquid crystals and continuing to develop LCD products, thus
establishing the LCD industry in Japan.

In 1981, a group of scientists at the University of Dundee in the United Kingdom published a report describing
an amorphous silicon thin film transistor LCD (a-Si-TFT LCD). In the same year, Prof. Spear of the group visited
Japan with a prototype demonstration model LCD with a 5 X 7 dot display, triggering a flood of research and
development work on the a-Si-TFT LCD in Japan.

In 1984, there were ground-breaking announcements in three fields: computers (PC), TFT LCDs and duty
LCDs. These came in the form of the announcement of the PC/AT 5170 by IBM, the launch of the world’s first
TFT-LCD color television (27) by SEIKO and the publication of a report on the super-twisted birefringence effect
(SBE) by Brown, Boveri & Cie.

Given the recession caused by the rapid appreciation of Yen following the Plaza Accord in September 1985,
many Japanese LCD manufacturers started producing STN LCDs, with a twist angle of less than 270°, launching
both the word processor market in Japan and world notebook PC market.

In 1986, Matsushita marketed the world’s first 3” a-Si-TFT LCD color television. The following year, in 1987,
Sharp started operations at its a-Si-TFT LCD factory using the largest mother glass in the world, with the aim
of producing displays for small color televisions. In 1988, Sharp unexpectedly announced the development of
a 14” a-Si-TFT full-color LCD prototype from one large sheet of mother glass, using technology and equipment
developed for AV. This proved that a-Si-TFT LCD technology was capable of producing a flat panel display (FPD)
rivalling the cathode ray tube (CRT) both in size and display quality. This demonstration spurred other companies
that had adopted large substrates and aimed at the notebook PC market from the very beginning to set up TFT
LCD factories.

The period from 1990 to 1994, including the bursting of the Japanese economic bubble in 1991, saw
a succession of companies establish a-Si-TFT LCD factories. A large LCD industry was established, with
production value crossing the 100 billion Yen mark in 1988 at 101.9 billion Yen and rising to 557.6 billion Yen



in 1994.

With this supply network in place, Windows 95 for the PC OS was introduced in August 1995. Since PC
manufacturers in the United States had predominantly developed competitively-priced CRT-integrated desktop
PCs, there were fewer notebook PC models being developed, resulting in a surplus of TFT LCDs and a significant
drop in price. The year 1995 is remembered as the first year of the “crystal cycle”, with the TFT LCD having its

first boom-bust cycle on the LCD panel market.

Amidst these circumstances, TFT LCD manufacturers shifted to increasingly larger high-resolution panels,
from the conventional 10.4” VGA (640xRGBx480 dots) to 11.3” SVGA (800 X RGB X 600 dots), then to 12.1”
SVGA and XGA (1024 X RGB X 768 dots), and had regained their growing momentum in 1996. Later, around
the year 2000, Korea established a TFT LCD industry, having escaped IMF control, and Taiwan followed suit,
having received technology transfers from Japan, while Japanese LCD manufacturers entered a new phase,

which continues to the present.
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