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The flat panel display (FPD) market is 
beginning to get lively, with 
companies springing up and doing 

deals with or being taken over by existing, 
larger companies. At the same time the 
technology is diversifying, with new ways of 

doing old things or completely new 
technologies. Much of the latter is coming 
out of the universities, and either going to 

existing companies or into companies 
spun-off from the universities themselves. 
The large companies have their own 

research programmes, but these tend to 
reinforce what is already being produced - 
a refinement of the product and the 

production processes - rather than devising 
something that is novel. This is hardly 
surprising given the investment that exists 

in plant and machinery the skilled 
workforce, and the contracts to supply the 
existing products to customers. 
The reason for all this activity is plain for 

Figure 1. Artists impression of FSA 
NanoBlocks and receptors. 
Picture: Allen Technology. 

anyone to see. Small displays are appearing 

on everything from camcorders and still 
cameras, mobile phones, personal stereos, 
remote controls, various types of meters, to 
travelling clocks. 
The larger displays 
have made 

portable 
computers 
possible, and are 
now being sold as 
space-saving 
alternatives to 
desktop monitors; 
while still larger 
displays are 
providing large TVs 
of reasonable 
proportions, and 

Figure 2. NanoBlocks on a Dime. 
Picture: Allen Technology. 

information and advertising displays of all 
kinds. The profits that are being made 

today are as nothing by comparison with 

the potential profits from the replacement 
of the CRT and the realisation of all the 
possible applications that the CRT cannot 
address. 
Potentially, just about everything could 

have a display - whether it was necessary or 

not. It will be a case of 'if it can be done, it 
will be done'; it may be irrational but that, 

as they say; is progress! It may really prove 
to be an advantage over existing methods 

or provide a display where there were no 
existing methods. 
One such application is smart card 

displays. Apparently over 650 million 
microcontroller-based cards 
were produced in 2000, and 

twice that many would be 

produced in 2002. Gemplus is 
the market leader with a more 
than 40% share of the market; 
and they and Alien 

Technology have signed an 
agreement to produce smart 
cards with displays. 

This is made possible by 
Alien's Fluidic Self-Assembly 

(FSA) technology The FSA 

process allows transistors and 
integrated circuits produced 
on standard wafers to be 
micromachined apart and 

literally floated into place 
across a large surface area. 
This makes it possible to 
cinploy continuous flow 
roll-to-roll (web) processing, 

while still meeting the physical 
demands of smart card 

applications. The Gemplus 
display will be Alien's first 
volume product. Alien is 
designing a high volume, web 

factory that will begin operation in 2001. 

Production for Gemplus is scheduled to 
begin in late 2001. 
The FSA process is similar to the child's' 

educational toy, with shaped blocks that fit 
into correspondingly shaped holes. Only in 

this case what Alien has termed a 
ǸanoBlock' varies 
in size from just ten 
to several hundred 

micrometres, and 
the holes, or 
receptors, can 
number in their 

thousands (Figure 
1 shows an artists 
impression of the 
NanoBlocks and 
surface receptors). 
The wafers are 
produced for Alien 
in commercial 
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Figure 3a. Metallised NanoBlock. 
Picture: Anon Technology. 

Figure 3b. 3x4 subsection. 
Plebe= Mlon Technology 

CMOS foundries; with each containing 

hundreds or even millions of devices. 

These are tested. Then separated by Alien's 
proprietary process of etching, shaping and 
freeing into NanoBlocks having specific 
three dimensional shapes (Figure 2 shows a 
microphotograph of 70 and 1851.cm 
NanoBlocks laid on a Dime coin). In a 
separate process the substrate has 
receptors punched, etched or laser drilled 

into it, according to the medium, that 

correspond to the shapes of the 
NanoBlocks. 

The NanoBlocks are then suspended in a 
fluid, which is run over the prepared 

substrate, and the NanoBlocks drop into 
the correspondingly shaped receptors. The 
ratio of NanoBlocks to receptors is typically 
in the range of 5-10:1 - fewer will slow the 

rate of fill, while more will only achieve 

diminishing returns (the filling process 
typically takes 30 seconds to 2 minutes). 
Those NanoBlocks that do not find their 
way into receptors are collected up, 
drained, cleaned, and put into cleaned fluid 
to be sent through the system again. The 
fluid is water-based (although, not 
essentially so), with additives that are secret 

but act to adjust the viscosity of the fluid, 
preventing the NanoBlocks from clumping 
together, and bond the NanoBlocks in the 
receptors when the substrate is removed 
from the fluid and dried. The NanoBlocks 

are then electrically connected using 
standard metallisation techniques to 
produce the fully integrated system (Figure 
3a, shows a Microphotograph of a 
passivated metallisecl NanoBlock and 
Figure 31), a 3x4 subsection of a metallised 
array of NanoBlocks on a glass substrate). 
These can be used as they are, or go 
through the process again to produce 
larger, composite NanoBlocks. 
Figure 4 shows the complete FSA 

process. This has been proven on small 
substrates - Alien has been able to 
consistently fill a 3in square substrate with 

11,000 IC sites; and it is believed to be 
easily scalable and able to fill much larger 

substrates in a full production process. In 

order to maintain the filling times then 
multiple fluid delivery heads will be spread 
across the substrate area. The subsequent 
process steps, of depositing metal over the 
NanoBlocks and patterning interconnects 
to produce a functional active matrix, have 

Depending on the size and complexity of a 

display anything from dozens to thousands 
can be produced from a single 6in CMOS 
wafer. And it is not confined to I.CDs, any 
type of display that can overlay an active 

matrix is suitable. The FSA process is also 
not confined to displays; but can be used 

wherever a lot of small components need 
to be relatively quickly and inexpensively 
assembled to produce completed systems. 

Flexible plastic substrates and web 
produced displays have been sought for 
some time, because they obviously open 
the way to all sorts of new applications or 
refinements of existing ones - and to high 
volume production. But there are other 
means of achieving them. 

Philips Research has demonstrated a 
display in which each thin film transistor 

(TFT) in the active matrix is based on a 
polymer semiconductor. Again, there is also 
a cost advantage, with fewer production 
steps required, and not quite such a clean 
'clean room'. In this Philips display only the 
semiconductor part of the transistors 
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Figure 4. Complete FSA process. Picture Allen Technology 

also been successfully demonstrated. 140 
pixel flexible display demonstrators have 
been produced on a PET substrate using a 
polymer dispersed LCD (PDI.CD) material. 
This low power, high contrast, highly 
reflective display does not rely on 
polarisation to achieve tonal gradations - 
which would be unsuitable for a flexible 
display because colour and contrast would 
change with the viewing angle, but instead 
uses the alignment of molecules. 

consists of polymer and the transistors are 
produced on a solid substrate. However, 
the same research group has already 
demonstrated all-polymer transistors on 
flexible substrates; and all-polymer TFTs are 
currently being incorporated into the next 
prototype display. 
The present one is a 1.5in square 

reflective PDLCD type, with the 64x64 

pixels either scattering light when the 
molecules are not aligned or being 
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Figure 5a. Polymer transistor PDLCD display. Picture. Phflips Research,  Figure 5b. Polymer transistor PDLCD display. M ere: Philips Research. 

transparent when the molecules are 
aligned by an electric field (Figures 5a and 

Sb show the display in two of its 
complementary states). The relationship 
between applied voltage and resulting 
contrast prevents multiplexing and, thus, 
passive matrix driving - hence the TFT 
active matrix (which represents a major 

displays in which the conjugated polymers 

have been printed onto a substrate using 

an inkjet process, instead of the more usual 
spin coating. This printing process is 

limited only by the size of the substrate; 
which can be rigid or flexible (being an 
emissive technology there is no problem 

with the viewing angle in the latter case). It 

is also greater than 
LCD in any case. The 

CDT prototype is a 
2.5in display 

consisting of 200x150 
pixels with 16 grey 
scale levels. 
Produced in 
conjunction 

with Seiko-Epson, the display 
consists of two organic polymer 

layers, one a conducting layer 
coveting all the pixels, the other, 
the light emitting layer consisting 
of red, green and blue pixels. It is 
an active matrix display, with each 
pixel addressed separately by a 
digital driver using pulse width 
modulation. 
Conjugated polymers provide 

light emitting and charge 
transporting/injecting layers in 

the LEE Adjusting their 
material properties gives 
colours from blue to red. 
The light emitting layer is 
sandwiched between an 
anode - normally a 
thin, transparent 
layer of indium tin 
oxide coated onto 

Cathode 

Pc4mer layers 

Anode 

Substrate 

Figure 6. Light Emitting Polymer construction. 

part of the cost with conventionally 
produced TFTs). However, it does enable 

direct control of each pixel, whereas with 

passive matrix the pixels are addressed by 
the intersection of rows and columns only. 
Polymer transistors tend to he larger and 

slower than their silicon cousins. The 
speed is perfectly adequate for display use. 
The size, however, will reduce the active 
area of the pixel in transmissive displays, 
reducing the light output. Reflective 
displays and those that generate their own 

light are not affected. 
Philips is also working on emissive 

PolyLED displays (short for polymer LED, 
which is also known as PLED, or Light 

Emitting Polymer (LEP] by the inventors 
Cambridge Display Technology - a spin-off 
company to commercialise research work 

done in the University. All the names for 
the organic electroluminescence display 

technologies can be lumped together 
under the generic title of organic LED 
(OLED]). 
Both CDT and Philips have shown LEP 

Figure 7. Mobile 

phone with OLED 

display. Picture: Motorola. 

the transparent substrate at the front, and a 
cathode - which can be made of any 

conducting material (see Figure 6). In 
operation the anode and cathode inject 
holes and electrons respectively into the 
light emitting layer, where they form 
excitons which release photons as they 
decay and recombine. The second polymer 
layer acts as an electron transport layer. 
LEP technology offers a number of 

advantages over LCD. Only a low voltage is 
required (the display is current driven); 
and the power consumption is 

considerably less than an LCD 

with a backlight (LEP can 
also be used as a 
backlight for LCD - rigid 

or flexible). Of course, 
no backlight is required 
for LEP; and with 

homogeneous light 
emission effective use is 
macle of the pixel size. 
The brightness and 
contrast are greater. Its 

response times are faster 
- measured in 
microseconds rather than 

milliseconds, thus allowing 
higher refresh rates. The 
displays are slimmer and 
lighter than back 1.CDs. And 

they should be quicker and 
easier to produce. 
CDT and Covion have formed 

the Polymer Display Alliance 

(PODIA), with the intention of 
making available all the necessary 
technology from polymer materials, 

device architecture and process 
know-how through to device prototyping 
to companies wishing to evaluate LEP 
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display technology 

Incidentally, going back to 
inkjet printing of displays, 
polymer transistors have also 

been inkjet printed, in a co-
operative effort by Cambridge 

University, the Cavendish 

Laboratory, Plastic Logic 
(another University spin-oft) 
and Seiko-Epson. So both the 

active matrix and the light 
emitting layer will be printed 
onto the substrate in future 
developments. In the present 
case the source, gate and drain 

were printed using 

polyethylene clioxythiophene. 
while the semiconductor layer 

of fluorine bithiophene 
copolymer and the insulating 
polymer of polyvinylphenol 

were spun onto the substrate - 
and the 5/Lm gate was 

lithographically defined in advance. 
OLEDs in general are causing great 

interest among manufacturers. Kodak and 
Sanyo have jointly produced a 5.5in active 
matrix display with 320x240 pixel 
resolution, using the Kodak invented 
sublimed molecular films organic 
luminescence technology combined with 
Sanyo's expertise in low temperature 
polysilicon TFT technology The principle is 

similar to that of LEP, with the injection of 

electrons and holes that recombine in the 
RGB emissive layer to produce photons. 
Between the 
organic emissive 
layer and the 
indium tin oxide 
anode there are 
organic hole 
injection and hole 
transport layers, and 
between the 
cathode and 
emissive layer an 
organic electron 
transport layer. The 
organic materials 
may include 'small' 
molecules or 
'macro' polymers: in 

the former case the 
display will be 
constructed using vapour sublimation for 
thin film deposition; in the latter case 
solvent coating techniques will probably be 
used. The emissive layer is doped with a 
small amount of fluorescent molecules to 
enhance the efficiency of the 
electroluminescent process and control the 
colour output. 
OLEDs are expected to take an 

increasing share of the small screen market 
in camcorders and still cameras, personal 
digital assistants, and mobile phones from 

Figure 8. Tiled AMLCD display. 
Picture: Rainbow Dispiny, 

LCDs (Motorola has recently launched a 
phone with an OLED colour display 
sourced from Pioneer - see Figure 7. And it 
is anticipated that in 2005 between 30-40 
percent of 3G phones sold will have OLED 
colour displays). Colour being necessary to 
provide the legibility for all the additional 
services that will be provided on mobile 

phones. And single colour passive displays, 
those for clocks and instruments, can be 
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Figure 9a. Conventional Plasma line 
arrangement. Picture: Fujitsu. 

have it. One such being UNIAX 

Corporation, a company that was formed 
to commercialise the early work that was 
being done on polymers at University of 
California, Santa Barbara. Its new owner, 
DuPont Displays, will combine its own 
flexible substrates, barrier coatings, web 
manufacturing, polymer synthesis and 
manufacturing, electronic materials and 

pixellation technology with the intellectual 

property of UNIAX to develop flexible 
displays. 
But LCD technology is not standing still. 

And OLED, in its 
various guises, is not 
the only technology 
whose proponents 
claim it to be the 

replacement for both 
LCD and the CRT. 
LCD is the more 

vulnerable of the two 
because, although 
prices are falling, it is 
inherently expensive to 
manufacture. The 

picture quality has also 
been wanting; but 

various developments 
in that area have 
brought noticeable 
improvements of late. 

And the technology (that also comes in 
various guises) encompasses all screen 
sizes from small to large. LG.Philips has 

developed a 29in active matrix LCD high 
definition Tv, to prove the point. Larger 
sizes are possible through the use of tiling. 
This was first employed by Sharp to 

produce large screen displays from smaller 
segments, and they recently demonstrated 
a 40in model composed of two tiles. One 
company that specialises in this process is 
Rainbow Displays Inc. (RDD. They have 
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Figure 9b. High definition Plasma line 
arrangement. Picture: Fujitsu. 

easily and inexpensively achieved. While 
further developments in full colour displays 
will allow screen sizes that encompass 

sub-notebook and notebook computers, 
then desktop displays; with further 
improvements bringing small, medium and 
eventually large widescreen TVs - and, 
ultimately, high definition wall-hung TVs. 
This lucrative potential has led to a 

number of small companies that possess 
the technological know-how being taken 
over by large companies who desire to 
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demonstrated an active matrix 38.6in 4:3 

prototype, of 800x600 pixels, composed of 
four tiles (each holding one quarter of the 

pixels); and, in a joint effort with Philips 
Flat Display Systems, a 37.5in 16:9, 852x480 
active matrix display employing three tiles, 
and are developing 
an HDTV model. 
Tiling is an 
important step, 
because, without it, 
LCD technology 
would not be able to 

share in the still 
small but growing 
market for large 
displays of various 
types in airports, 
conference rooms 
(see Figure 8), TV studios, pubs and clubs, 
and the homes of those who can afford 
home cinema in the grand style. The 

difficulties and cost of manufacturing a one 
piece LC display of that size would make it 
a non-starter. 
RDI is able to produce seamless displays 

with its proprietary tiling technology The 

manufacturing line. The only differences 

being a pixel layout designed with space for 

joining, the fabrication of an LC seal with a 
width of about 100gm, and the control of 
the LC cell gap to better than 0.5p.m. The 

tiles are then tested, and assembled into 

variations are said to be in the order of 1 
percent. 

The two companies are planning to 
produce displays in screen sizes from 30 to 

60in. Thus competing directly with plasma 
display panels (PDP). 

This has quickly 

become accepted as 
the large screen, direct 

view alternative to 
projection, and 
wherever a slim display 

is required. However, 

the technology is not 

without its 
disadvantages: the 
panels consume a lot 
of electricity for their 
light output and 

require cooling fans. The panels consist of 
glass plates separated by barrier ribs and 
filled with an inert gas. This is converted 
into a plasma where x and y electrodes 
cross by applying a voltage between two 

parallel discharge electrodes; this produces 
ultraviolet light that excites the red, green 

and blue phosphors. The perceived 
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Figure 10. Diamond FED construction. Picture: School e clung:my. University of 
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the display between optical glass plates 
using transparent optical adhesives. 

Microfabricated aperture masks on the 
insides of the glass plates prevent light 
leakage from the seams. The light comes 
from a fluorescent backlight with a 
quasi-collimated light output - with a 
diffusive screen on the front glass to regain 

Figure 11a/b/c/d. Testing CVD film for Field Emission. Picture: School of Chemistry, University of Bristol. 

criteria for this are pixels with constant 
pitch and visual characteristics maintained 

across the seams, those seams must be 
light-tight, and two or more tile edges must 
be accessible for matrix addressing. 
Requirements that RDI has achieved, 
despite pixel pitches of under lmm. The 
tiles are produced on a conventional 

the viewing angles reduced by the 
collimation process. When completed the 

seams are actually visible and there are 
minor differences in brightness and colour 
between the tiles. However, these are 
addressed by digital signal processing and 
individual settings of row and column 
voltages for each tile. After this the 

intensity of each pixel is controlled by pulse 

width modulation, switching the plasma 
discharge on and off, since it cannot be 
directly varied. 

Until recently all the displays were 
standard definition (the US 480 vertical 
lines) and used progressive scanning. 

Fujitsu, however, has developed a high 
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definition version by employing what they 

term Alternate Lighting of Surfaces (ALiS). 
This makes use of what was the unused 
area between the lines to produce an 

interlaced display of 852 lines on the 32in 
model and 1024 on the 37in one - both 

having a 1024 horizontal resolution (a 42in 
version has also been demonstrated with 
1024x1024 resolution). Figure 9a shows the 
complete frame of a conventional PDP 

display; Figure 9b shows the complete 
frame of the ALiS display In addition to the 

greater resolution the brightness is 
increased by half, and flicker is reduced. 
However, plasma is suited 

to medium and large screens. 

Another emissive display has 
the potential to cover small to 

large, because it is the nearest 

relation to the CRI' - this is the 
Field Emission Display (FED). 

Like the CRT it produces 
electrons that excite 
phospois; but each pixel has 
its own microspcopic 
emitters, typically an array of 
microtips probably numbering 
in their thousands. In Figure 
10 the microtips have been 
replaced by diamond emitters, 
but the principle is the same: 

the voltage difference 
between the row (cathode) 
and gate electrodes extracts 
electrons that pass through 
the vacuum and go on to 
strike the phosphor. With 
diamond, whether real or 
diamond like carbon, the 

voltages can be a lot lower 

than molybdenum and silicon, 
and so too, can the vacuum. It 
can also be coated on by 
chemical vapour deposition 
making a fairly simple display. 
A number of universities in the UK are 

experimenting with diamond like carbon 
(and carbon nanotubes) for FEDs - such as 
Bristol, Cambridge, Oxford, Surrey and 

University College, London. At Bristol most 
of the work is now concentrated on the 

actual cathode material itself - such as 
doping DLC with various exotic elements 
to see if this improves the FE performance. 
Figure 11a shows an electron microscope 
image of a CVD diamond film before FE 
testing, lib shows what can happen after 
extracting lA for 30 minutes, 11c after 
extracting 10I.LA and 14d after 1001.LA - both 

for 30 minutes). Oxford, conversely, has a 
new spin-off company called Nanox that is 
developing nanopartide phosphors that 
can work at lower voltages than 
conventional phosphors - at 500V the 
Nanox phosphors are said to be five times 
more efficient than conventional ones at 
much higher voltages. Not surprisingly, a 

number of manufacturers are testing them. 
One of those is Sony. Who, at the end of 

last year, extended its partnership with 

Candescent Technologies, one of the 
companies that are developing FEDs. In 
this case a high voltage type. The two 
companies have demonstrated a 5.3in 
model. 
Another user of phosphors is the 

photoluminescent LCD (PL-LCD). This was 

invented at Cambridge University and is 

being commercially developed by another 
spin-off, Screen Technology The device 
employs near visible UV collimated 

perform a variety of applications, including 
'smart' windows. The technology is based 
on suspensions of light-absorbing colloidal 
particles encapsulated within a thin plastic 

film, placed between glass or plastic plates. 
When in the off state the particles are 
randomly aligned and block light, when an 
AC voltage is applied they align and light is 
transmitted or reflected (see Figure 12). At 
present the response is slower than an 

LCD, with times of 150ms, but the times 

are continuing to be improved and they are 
aiming to achieve video speeds of 25ms or 
less. They also require a greater voltage 

than LCDs. But they are 
superior in terms of contrast 
ratio (and they do not require 
polarisers). 

In addition to obvious 
similarities with PDLCs, SPD 

also bears some relationship to 
Electrophoretic Image Displays 

(EPID), which rely on particle 
suspension in a cell. However, 
EPID uses a DC voltage, and 
the particles are macle to 
migrate between the 
electrodes: the electrodes on 
one glass plate are the widths 

of the pixels so that the 

particles spread out and block 
the light. On the opposing 
plate they are narrow and the 
particles leave the pixels largely 
clear. The particles are also 
light scattering, not absorbing; 
and a dark dye is used to hide 
I hem from view (which is why 
I he latest developments 

employ microlenses to 
maximise the light). 

There is also a variation on 
EPID technology, called Reverse 
Emulsion Electrophoretic 
Display (REED). This uses a 

mixture in which coloured droplets are 

suspended in a clear liquid (the reverse of 
an emulsion); and these respond to electric 
fields. Actually, the reverse emulsion is a 
microemulsion, which is thermodynamically 
stable and forms by itself given the right 
constituents. The technology is a new one 
being developed by Zikon. And so far only 
simple monochrome displays have been 
demonstrated. Both electrophoretic 
addressing and frequency addressing have 
been tried. The latter causes the emulsion 
to exhibit different properties with different 

frequencies, varying the colour and 
transparency of the pixels. 
REED would seem to be a long-term 

effort. But a number of companies are 
anticipating their technologies changing 
from development to production either 
this year or next. This should give their 
investors something to celebrate finally. 
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Figure 12. Suspended Particle Display operation. 
Picture: Reseurch Frontier, 

illumination, which shines through the LC 
display and onto phosphors. The LC 

display just varies the brightness of the light 
and, hence, that of the phosphors. 12in 
monochrome and colour PL-LCDs have 
been demonstrated. Philips has been 
experimenting with a similar display, but 
they call it an emissive LCD. This differs 
from the PL-LCD by having the phosphors 
within the LC layer and using a plain UV 
backlight, plus a wavelength selective 
mirror between the phosphors and the LC 
layer to reflect wrongly directed emitted 
light to the viewer (this is a dielectric stack 

of 36 metal oxide layers). 
A rather older technology is that of the 

Suspended Particle Device. This was 
invented in 1934 by Edwin Land, the 

founder of Polaroid; and, ironically, that 
company has acquired a licence to 
manufacture SPD film from Research 
Frontiers who have been developing it to 
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