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ABSTRACT 

According to some sources, flat panel displays (FPDs) for computers will represent a $20-40B 
industry by the end of the decade and could leverage up to $100-200B in computer sales. 
Control of the flat panel display industry could be a significant factor in the global economy if 
FPDs manage to tap into the enormous audio/visual consumer market. Japan presently leads 
the world in active matrix liquid crystal display (AMLCD) manufacturing, the current leading 
FPD technology. The AMLCD is basically a light shutter which does not emit light on its 
own, but modulates the intensity of a separate backlight. However, other technologies, based 
on light emitting phosphors, could eventually challenge the AMLCD’s lead position. These 
light-emissive technologies do not have the size, temperature and viewing angle limitations of 
AMLCDs. In addition, they could also be less expensive to manufacture, and require a 
smaller capital outlay for a manufacturing plant. An overview of these alternative 
technologies will be presented. 
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1. INTRODUCTION 

Flat panel displays have emerged as a major product on the world market. The flat panel 
display with which most people are familiar is the liquid crystal display, or LCD (1). 
Although the LCD was invented in the US., Japan has led the world in advancing the basic 
technology, and has invested in the necessary manufacturing expertise and infrastructure to 
make it the undisputed world leader in LCD FPDs. In particular, the Japanese have 
developed the active matrix (AM)LCD to such a high level that they currently own - 90% of 
the AMLCD market. 
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LCDs do not generate light, but instead, act as light shutters. Each pixel modulates the 
transmission of light through it by changing the polarization angle of the liquid crystal in 
response to the level of the electric field across the pixel. In the AMLCD, a thin-film 
transistor is added to each pixel. This produces a much sharper turn-on characteristic 
compared to standard LCDs, whereby the on or off state of any particular pixel is not affected 
by its neighbors. This high degree of selectivity, combined with a judicious choice of red, 
green and blue color pixel filters and a suitable backlight, results in truly spectacular displays 
with excellent image definition and color rendition. 

LCDs and AMLCDs currently dominate the portable computer display market. As their 
manufacturing processes improve and costs continue to decrease, it can be expected that they 
might eventually displace existing mature technologies such as the cathode ray tube (CRT). 
However, emissive FPD technologies are also being developed which could compete with the 
AMLCD and prevent their complete dominance of the display market. These emissive 
technologies are based on phosphors, materials which emit light in response to various types 
of excitation. The leading emissive technologies are: 1) Field Emitter Displays (FED); 2) AC 
Plasma Display Panels (ACPDP); and 3) Thin Film AC ElectroLuminescent Displays 
(TFACELD). In contrast to the AMLCD, these alternative technologies: 1) can operate at 
both higher and lower temperatures than AMLCDs; 2) have essentially Lambertian light 
emission characteristics &e. no viewing angle limitations); 3) are more amenable to larger 
size displays; and 4) could achieve lower system power requirements since power is used 
only to excite the pixels required. Although each of these technologies has its own unique set 
of technical and manufacturing difficulties, they are potentially less complicated and less 
expensive to overcome than those of AMLCDs. 

2. EMISSIVE FLAT PANEL DISPLAYS 

2.1 FEDs 
green or blue color phosphors comprising each pixel can be independently excited from a two 
dimensional, matrix addressable array of field emission electron sources (1,2). A variety of 
sources have been, and are being, developed for this application. They range from the 
original designs consisting of gated arrays of sharp points known as “Spindt” emitters (3), to 
the more exotic thin film diamond emitters in which the emission is believed to emanate from 
crystal facets exhibiting a negative electron affinity (4). 

The FED consists of a cathodoluminescent phosphor screen in which the red, 

Field emission is a quantum mechanical process. Since it does not require heat or other 
“keep-alive” power to operate, the electron emission efficiency can approach 100% with the 
proper design. However, the field emission process is also extremely susceptible to surface 
contamination. A change in the emitter work function by 0.1 eV can change the emission 
current density by several orders of magnitude. Consequently, materials, processing 
procedures and operating conditions must be chosen carefully to successfully fabricate an 
FED, and assure a long, stable lifetime. In particular, the phosphors and materials used in 
their screening (e.g. binders) must be compatible with the electron bombardment conditions 
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