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Abstract—The 40 year development of the plasma display panel
from the first single pixel device, invented at the University of Illi-
nois in 1964, to the 80-in diagonal high-definition television full
color products found in the department stores today is presented
using photos of the many displays developed during this period.
The sources of the critical ideas and inventions used in today’s
plasma TV products are examined in terms of the physical and
electrical principles exploited.

Index Terms—Displays, gas discharge displays, high-definition
television (HDTV), history.

I. INTRODUCTION

PLASMA displays are enjoying an unprecedented degree of
success as large-screen televisions (TVs). World sales of

plasma display modules reached $6 billion in 2005. Sales are
projected to be $8.9 billion by 2007. Plasma TV products are
now available in a range of screen diagonals from 32 in to 80 in.
Plasma TV worldwide unit shipments surpassed projection TV
unit shipments for the first time in 2005. The start of 2005 saw
the demonstration of a high quality 102 in diagonal 1920 1080
pixel high definition plasma TV prototype. The U.S. based Con-
sumer Electronics Association’s October 2004 holiday forecast
survey found that plasma TV was the most desired gift for the
holiday season.

This success was preceded by a very humble beginning at the
University of Illinois with the invention of the plasma display
panel in 1964. The technology struggled for decades and faced
many challenging problems. This paper highlights the history of
the key technologies that we now find in today’s plasma TVs.

Displays are exciting because they pleasantly stimulate our
visual sensation. The remainder of this paper will let the dis-
play photos teach us about the fundamental principles that are
used to make today’s beautiful plasma TV products. They also
show that it takes many years and many clever ideas for a suc-
cessful technology to mature. Additional technology details can
be found in [1]–[5].

II. INVENTION OF PLASMA DISPLAY PANEL

As with any invention, it all started with a need. In this case,
it was the need for a high quality display for computer-based
education. The University of Illinois started a project in 1960
called PLATO (Programmed Logic for Automatic Teaching Op-
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erations) to conduct research on the use of computers for educa-
tion [6]. It was a pioneering project on a topic that now seems so
obvious. In those days, the best computers used vacuum tubes.
The first PLATO system used a TV set and a Teletype keyboard
that was connected to the University’s ILLIAC vacuum tube
computer. The second PLATO system was a significant advance
since it connected two TV sets to the ILLIAC and ran them si-
multaneously. This was in fact the first computer time-sharing
system. It was obvious to the leaders of the PLATO project that
a graphics display was a necessary component for computer ed-
ucation. However, in those days, even a simple alphanumeric
computer terminal was a real luxury. The common method for
man–machine interface was the Teletype and the punched tape.

In 1964, the “advanced technology” PLATO 3 system used
the first all transistor mainframe computer (CDC 1604). The
cathode-ray tube (CRT) based graphics display terminals used
external scan converter memory tubes originally designed for
Federal Aviation Administration (FAA) radar as the bit map
storage. This was one of the few viable bit map storage tech-
nologies of that era. Of course, the semiconductor memory that
we now use in our personal computers and laptops had not been
developed yet. The most advanced memory of the day was core
memory, but it was much too expensive to be used for graphics
bit map storage.

The plasma display panel was invented by Prof. Donald L.
Bitzer, Prof. H. Gene Slottow (shown in Fig. 1), and their grad-
uate student Robert H. Wilson in 1964 to meet the need for a
full graphics display for the PLATO system [7]. One of the key
goals of this new graphics display invention was to have inherent
memory so that the bulky and expensive scan converter tube
memory could be eliminated. Fig. 2 shows an early plasma dis-
play as it was connected to the glass vacuum system used for the
first plasma displays. The first device used neon gas to generate
the familiar neon orange glow. Fortunately, this vacuum system
had a leak that added a small amount of air to the neon. This
gave the discharge a hysteresis characteristic that the inventers
quickly recognized would be useful to achieve their goal of in-
herent memory. Pure neon gas without the leak did not have this
hysteresis. The practical solution for panels that did not leak was
to add a fraction of a percent of nitrogen to the neon to achieve
inherent memory. The realization of the key concepts occurred
in the second half of 1964 [7].

Fig. 3 shows the details of the plasma display that appear in
the original patent [8]. Looking back at this invention, it had
many of the key features seen in today’s plasma display prod-
ucts. The fundamental idea was to insulate the driving electrodes
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Fig. 1. Plasma display panel inventors: Prof. H. Gene Slottow (left) and Prof.
Donald L. Bitzer at the University of Illinois in 1967.

Fig. 2. Early plasma panel attached to the glass vacuum system used for the
first plasma displays at the University of Illinois. Arrow points to the 1-in� 1-in
panel. This had the same alternating sustain voltage, neon gas, and dielectric
glass insulated electrodes that we use for plasma TVs today. Wall charge that
collected on the dielectric walls allowed it to have inherent memory—just as
today. Photo from [12].

with dielectric layers 34 and 36 situated between the electrodes
and the neon gas mixture contained in cells 24. This served two
very important functions. First, this was a very practical way to
limit the current of the gas discharge and prevent arcs. The di-
electric layer could be made very uniform and at low cost com-
pared to the more common current limiting resistors. Second,
the dielectric layer could be used to store charge on the walls 46
and 48, a necessary requirement for the inherent memory fea-
ture. Each pixel could store its own isolated wall charge, which
allows pixels to be in either the on or the off state even when
placed along a common external electrode.

The use of the dielectric layer meant that once a sufficiently
high voltage was applied to the electrodes, the discharge would
build up but would soon extinguish because the charge would
collect on the dielectric walls. This “wall charge” would cancel
the electric field induced by the voltage applied to the electrodes.

Fig. 3. Drawings from the University of Illinois plasma display panel patent
[8].

Fig. 4. Early 4� 4 pixel panel presented in the first publication of the plasma
display panel by University of Illinois at 1966 Fall Joint Computer Conference
[10]. This panel was the first to have more than one pixel. It was also the first to
achieve matrix addressability [11], [12].

This meant that an alternating voltage was required to sustain
a sequence of pulsed discharges needed to make the display
bright. They called this alternating current (ac) voltage the “sus-
tain voltage.” These results were recorded in Robert H. Wilson’s
Ph.D. thesis [9].

All plasma TVs on the market today have the same features
that were demonstrated in the first plasma display which was a
device with only a single cell. These features include alternating
sustain voltage, dielectric layer, wall charge, and a neon-based
gas mixture.

Fig. 4 shows the first plasma panel with more than one pixel.
This result was first published in 1966 [10]. This was a major
achievement since it was also the panel that demonstrated the
first matrix addressability [11], [12]. The image on the panel
(“N” in this case) was selectively addressed using a write pulse
applied through a resistor that biased the sustain voltage to the
point where a discharge would occur. The inventors named this
invention the “plasma display panel.”

Fig. 5 shows Prof. H. Gene Slottow dutifully manipulating a
switch-box while he “writes” the letter “E” on the very small
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Fig. 5. Prof. H. Gene Slottow manually addressing a 16 � 16 pixel plasma
panel, developed by University of Illinois in 1967. Magnified view on the right
shows the very small 1-in �1-in panel with a 0.5-in �0.5-in image. It would
take many minutes to manually input the full image to the panel.

Fig. 6. First color plasma panel was this three cell prototype with red and green
color phosphors excited by a xenon gas discharge [13]. It was developed at the
University of Illinois in 1967. All of today’s color plasma TVs generate light
this way. Deep blue cell on the right had no phosphor.

plasma panel. This panel had an array of 16 16 pixels and
they could be manually addressed one at a time to display any
desired pattern. This was possible because the inherent memory
feature would hold the image. At this point, they had only de-
veloped a selective write method and so the procedure was to
first turn all of the pixels to the off state by manually lowering
the sustain voltage below the minimum sustain voltage and then
raising it into the memory range. Then half selected write pulses
were applied to the and electrodes in order to input the de-
sired image. It would take many minutes to manually input a
full image. If a single mistake in the selective write sequence
was made, the tedious process needed to be started all over be-
cause the selective erase function required to correct a mistake
was not yet developed.

Another major achievement at the University of Illinois was
the development of the first color plasma panel in 1967, which is
shown in Fig. 6 [13]. This used the ultraviolet (UV) light gener-
ated by a xenon gas discharge to excite red and green phosphors.
This device had only three cells: one with a red phosphor, one
with a green phosphor, and a third with no phosphor (the one on
the far right). All plasma TVs produced today use the UV light
from xenon to excite the phosphors in the exact same way it was
done in this early device.

Fig. 7. Open-cell structure was used in this 128 � 128 pixel plasma display
developed by Owens Illinois in 1968 which measured 4 in � 4 in. This was
the first practical and manufacturable structure. It used a robust 6-mm-thick
glass substrate, thick film gold electrodes, and a screen printed solder glass
dielectric layer. A very similar structure is used for all of today’s plasma TV
front plates. This display was transparent as demonstrated by the punch tape in
the background.

III. PRACTICAL COMMERCIAL STRUCTURE

The devices made by the University of Illinois proved the
fundamental concepts, but they were too fragile for commer-
cial products. They were made with three 150- -thick sheets
of Corning 0211 micro-sheet commonly used for microscope
cover slips. The outer two sheets had very thin and fragile trans-
parent gold electrodes placed on their outside surfaces, and the
inner sheet had holes for each pixel, as shown on the right side
of Fig. 3. The three sheets were bonded together with Torr-
Seal vacuum epoxy, which is very visible in Fig. 4. They could
not be baked to a temperature much higher than 100 C or
the epoxy would decompose. There was a constant problem
of leaks, breakage, and gas contamination. The plasma display
panel was doomed to failure without some significant practical
advances.

Fortunately, one of the early licensees of the University
plasma display technology was the large glass company
Owens-Illinois. In 1968, they developed the panel shown in
Fig. 7 having the open-cell structure shown in Fig. 8 [14]. This
was a very practical and manufacturable structure consisting
of two robust 6-mm-thick substrates made of soda-lime glass.
The electrodes used thick film gold/glass paste that was screen
printed and fired on each of the substrates and then coated with
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Fig. 8. Open-cell structure developed by Owens-Illinois in 1968. The
substrate glass was 6 mm thick and the dielectric glass layers were 25 �m

thick. Permission for reprint, courtesy Society for Information Display.

a 25- -thick-film lead–oxide-based solder-glass dielectric
layer. The two plates could then be sealed together at their
perimeters with a glass frit seal very similar to that used to seal
CRT faceplates on to the funnel. This structure could be baked
under vacuum at 350 C to drive out contaminants and then
filled with an all inert Penning gas mixture of Ne plus 0.1% Ar.
This panel was strong and the gas remained pure indefinitely.
These panels could be made much larger than the University
devices. In 1968, they had an area of 100 100 mm and an
array of 128 128 pixels. They were reasonably transparent
and could be easily addressed for graphics, as shown in Fig. 7.
The front plate of today’s plasma TVs has a fundamental
structure very similar to that used for the front plate of Fig. 8.

Even after this very significant breakthrough from industry,
the University of Illinois continued to play an important role in
the practical circuitry development by teaching to the industry
the art of electronic addressing and sustaining [15]. This in-
cluded designing practical transistorized circuits that found their
way into many of the early plasma display products.

The plasma display received significant recognition when it
won the prestigious IR-100 Award in 1968. The 16 16 pixel
panel shown in Fig. 9 is the most beautiful example of the old
very fragile micro-sheet panels.

IV. EARLY COMMERCIAL PRODUCTS

A. First Product

In the next few years, a number of industrial companies
continued to work toward practical products. These included
Owens-Illinois, IBM, Control Data, and Fujitsu. Owens-Illinois
won the race in 1971 by delivering the first practical product,
which is shown in Fig. 10. This was a 512 512 pixel-array

Fig. 9. 16� 16 pixel plasma display panel. The Industrial Research 100 Award
was given to the University of Illinois in 1968.

Fig. 10. Owens-Illinois delivered the first plasma display panel product to
the University of Illinois in 1971. It was a 12-in diagonal, 512 � 512 pixel
full-graphic display with inherent memory.

full-graphic display having a square aspect ratio and a diagonal
of 12 in [16]. This used the open-cell structure that Owens-Illi-
nois had pioneered in 1968 (Figs. 7 and 8). The first customer
was appropriately the University of Illinois PLATO project.
Looking back, the period from the initial invention of the
plasma panel in 1964 until the first product delivery in 1971
was a remarkably short time. This is reinforced by comparing
Figs. 4 and 10.

B. MgO Cathode

The open cell structure was very practical but it was not yet
optimized for display life. The lead oxide solder-glass dielectric
was not a very suitable gas discharge cathode because the very
energetic ions in the cathode fall would sputter the surface and
change the surface structure. This would alter the ion-induced
secondary electron coefficient (gamma) and cause the voltages
to drift. Such a drift was intolerable in a display where one sus-
tain voltage needed to be adjusted for all quarter million pixels.
Unfortunately, the voltage of the pixels that were lit would drift
at a different rate than the pixels that were off.

The key breakthrough came in 1971 with the development of
the MgO protection layer cathode. After the dielectric glass was
fired, a 500-nm-thick layer of MgO was electron-beam evapo-
rated on both the front plate and the back plate dielectric. This
refractory oxide gave very stable voltages in life tests. It had the

Authorized licensed use limited to: IEEE Xplore. Downloaded on October 02,2022 at 16:53:27 UTC from IEEE Xplore.  Restrictions apply. 



272 IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 34, NO. 2, APRIL 2006

Fig. 11. IBM introduced a line of banking terminal products in 1973 that was
the first plasma display product to use MgO as the cathode material. MgO was
independently developed by IBM, Owens-Illinois, and Fujitsu in 1971. All of
today’s Plasma TVs use MgO cathodes.

added feature of very high ion induced secondary electron emis-
sion and so the MgO panels had a very low sustain voltage of
95 V. MgO was such a success that all of the plasma TVs sold
today still use MgO cathodes.

It appears that the MgO protection layer for plasma displays
was independently invented at three different companies: IBM,
Owens-Illinois, and Fujitsu. The first plasma display products
with MgO were introduced in October of 1973 by IBM. This
was a banking terminal line of products shown in Fig. 11. Just
two months later, a team from Hiroshima University and Fu-
jitsu published the first paper mentioning use of MgO in plasma
panels [17]. Arguments were made in U.S. courts for many years
in order to decide which company invented MgO. Ultimately,
the courts awarded the MgO patent to Owens-Illinois [18].

C. DC Plasma Displays

The excitement of the plasma display panel stimulated in-
terest in other ways of making displays with gas discharges.
Long before the invention of the plasma display panel, a number
of companies had made small numeric indicators that used light
from the neon negative glow in a direct current (dc) discharge
mode. These displays used a resistor to limit the discharge cur-
rent instead of the capacitor used by the plasma panel. Bur-
roughs, which had a good business making NIXIE tube numeric
indicators, sent their engineers to visit Bitzer and Slottow at the
University of Illinois. They returned with great enthusiasm and
went on to invent the Self-Scan display [19]. This had a dc dis-
charge that acted like a shift register and addressed the indi-
vidual pixels in the panel. It had lower circuit costs due to the
reduced number of external panel electrodes. Burroughs also de-
veloped a dc plasma memory method that did not require resis-
tors [20]. This was used in many future prototype color displays.

For many years, there were two types of plasma displays. The
original plasma display panel that used capacitor current lim-
iting became known as the ac plasma display. The type that used
resistor current limiting became known as the dc plasma display.

Fig. 12. Mitsubishi demonstrated this image with a true grayscale method
that worked with the ac memory panel in 1972 [22]. Hitachi independently
developed the same method in the same year. Before this work, true (non-spatial)
grayscale was not possible for ac memory panels. We now call this method
AWD. This method is now enjoying renewed research interest. Permission for
reprint, courtesy Society for Information Display.

These two technologies battled each other for many years to
try to become the dominant plasma display technology. Today’s
plasma TVs all use the ac type.

V. EARLY TV DEVELOPMENTS

A. Grayscale

The inherent memory of the plasma panel was wonderful for
making bilevel graphic displays. However, it caused big prob-
lems for grayscale images because a pixel was either “on” or
“off.” It was not easy to place pixels in a half-on state. The need
for grayscale in plasma panels stimulated development of error
diffusion methods such as the well-known Floyd-Steinberg al-
gorithm [21]. However, this was not sufficient for television dis-
plays.

In 1972, the grayscale problem was solved independently by
Mitsubishi [22] and by Hitachi. Fig. 12 shows the first pub-
lished grayscale image on an inherent memory plasma display
[22]. This used the clever technique of writing and erasing every
pixel many times in a given frame so that a grayscale could
be observed based on the amount of time the given pixel was
on during the frame. The sequence of addressing used a binary
chop method to reduce the amount of addressing. We now call
this the address while display (AWD) method. While today’s
plasma TVs do not use the AWD method, there is renewed re-
search interest in the AWD method for enhancing performance.

B. Barrier Ribs

Solution of the grayscale problem opened up the potential for
full color plasma TV if practical color panels could be made.
Owens-Illinois had successfully put phosphors in the open cell
structure panels in the early 1970s [23]. Unfortunately, the color
in these panels was not very well saturated. The open cell struc-
ture allowed UV light from one colored subpixel to travel to
a neighboring subpixel of different color. This meant that pure
colors were not possible. These panels had color but they were
only pastel colors.
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Fig. 13. High-quality full-color 16-in diagonal dc plasma display prototype
developed by NHK in 1978 [24]. This stimulated great excitement for full-color
television plasma displays.

The solution for this problem was to place barrier ribs (glass
walls) between the different colored phosphors. The UV light
would not go through the barrier ribs and so there was no ex-
change of UV light between the different colored sub-pixels.
Barrier ribs allowed displays with pure saturated colors.

In the race for TV development between the ac and the dc
plasma displays, the requirement for barrier ribs tipped the bal-
ance in favor of dc. Monochrome dc plasma displays needed
barrier ribs in order to confine the discharge. On the other hand,
monochrome ac plasma displays could use the open-cell struc-
ture of Fig. 8 that did not need barrier ribs. This is because the
lateral negative charge on the dielectric glass in the regions away
from the center of the pixel will confine the discharge to a small
area near the center. This meant that monochrome dc plasma dis-
play products were forced to develop practical barrier rib tech-
niques whereas the ac panels could make practical monochrome
products without the complications of barrier ribs. Naturally, the
dc plasma technology achieved color prototypes with good color
purity long before the ac plasma type.

C. Full-Color Plasma TV

The most active group for dc plasma color was NHK
(Japanese Broadcast Corporation). Fig. 13 shows a high-quality
full-color plasma TV panel with a 16 in diagonal [24]. This
stimulated great excitement in 1978 that the solution of the
long standing dream of “wall hanging TV” might easily be
achieved in a few years. NHK continued to be a major force in
the development of dc plasma color TVs. This came as a natural
consequence of their pioneering development of high-definition
television (HDTV). NHK realized that high resolution looked
best on a large (40 or 50 in) screen because the visual acuity
of the eye limits the ability to see high resolution on a small
screen. The large screen potential of the plasma display could
solve this problem.

While the excitement for color plasma TV was very great in
the mid 1970s, it would take two more decades of development
before practical color plasma TV products would emerge.

Fig. 14. Matrix surface-discharge color prototype developed by Fujitsu in
1979 [26]. This used X–Y matrix electrodes on the back plate and color
phosphors on the front plate. All current color plasma displays use the surface
discharge.

D. Phosphor Degradation

One major problem was the degradation of the phosphor lu-
minance due to phosphor sputtering at the cathode. It was ob-
viously best to place the phosphor at a location far away from
the damaging energetic ions of the cathode fall. For dc plasma
displays, it was easy to put the phosphors near the anode. For
ac plasma displays, however, the problem was much more dif-
ficult since the anode and the cathode switched roles every half
sustain cycle.

The key breakthrough for ac plasma came with the devel-
opment of the surface discharge plasma display by Fujitsu.
Fig. 14 shows an early prototype developed in 1979 [25], [26].
The basic idea was to place both the and the orthog-
onal electrodes on a single glass substrate with a dielectric
layer crossover placed between them to prevent shorting. The
fringing fields between the two sets of orthogonal electrodes
would extend into the gas and stimulate the gas discharge. The
phosphors could then be placed on the second substrate, far
away from the cathodes of the first substrate. All of today’s
plasma TVs use the surface discharge method to separate the
damaging ions from the phosphors.

E. Luminous Efficiency

Life was not the only problem. The early color panels were
not very bright and they took a lot of power. In 1984, Hitachi
developed the novel panel shown in Fig. 15 [27] that achieved a
record luminous efficacy of 1.5 lm/W. This was a factor of five
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Fig. 15. Researchers at Hitachi achieved a record luminous efficacy of
1.5 lm/W with this dc plasma prototype in 1984 [27]. It used a new efficient
discharge mode excited by very short high voltage pulses. This principle of
very short pulsed discharges has also made ac plasma displays more efficient
but in the ac case the discharge is short because of the action of the wall charge
buildup which quenches the discharge.

times higher efficacy than the NHK panel shown in Fig. 13. The
key idea here was recognition that the buildup phase of the dis-
charge is considerably more efficient than the fully developed
dc discharge. By applying very short ( 100 ns) repetitive high
voltage pulses to the panel electrodes, the discharge would op-
erate mostly in the transient buildup mode. This was very effi-
cient but, unfortunately, the very short high-voltage pulses were
not practical for large screen plasma displays because the elec-
trode inductance would make the rise time too long.

Theshortpulsedischargemodeof thisdcdisplayisverysimilar
tothedischargeoftheacplasmapanel.Intheaccase, thedischarge
grows quickly and is then quenched by the buildup of the wall
voltage. AC plasma can enjoy the efficiency benefit of the short
voltagepulseapplied to thegaswithout thedifficultyofexternally
applyingshortpulses. Itwas the luminousefficiencybenefitof the
ac plasma over the conventional dc plasma that allowed ac to win
the race to develop practical TV products. All of the remaining
plasma displays discussed in this paper are the ac type.

VI. ADVANCED MONOCHROME PRODUCTS

During the 1970s and 1980s, the monochrome plasma dis-
play business was growing. IBM introduced the 17-in diagonal
product line shown in Fig. 16 in 1983 [28]. These displays had
an array of 960 768 pixels that could present the information
from four “standard” computer terminals on the large graphics
screen. This product used the open-cell ac plasma display struc-
ture of Fig. 8. High quality products such as this demonstrated
that plasma displays could be very practical.

During this period, there were a number of aerospace subcon-
tractors sponsored through U.S. government research and de-
velopment projects that kept the plasma display industry very
active. The U.S. military had a real need for high reliability and
rugged graphic displays and the plasma display was an attrac-
tive option.

Fig. 16. Monochrome 960� 768 pixel plasma display product line introduced
by IBM in 1983 [28]. This 17-in diagonal display could present the information
of four normal computer displays of that era.

One especially remarkable product, developed under one of
these U.S. government sponsored projects is shown in Fig. 17
[29]. This was developed and manufactured in 1987 by Pho-
tonics. This 59-in diagonal monochrome display had 2048
2048 pixels. This was produced in small quantity using the
open-cell structure of Fig. 8 and was used mostly for military
applications. Such a large panel had very significant electrode
resistance and inductance that could cause undesirable voltage
droop from the large ac discharge current pulses. It had a very
large capacitance that needed to be charged and discharged
frequently by the high power sustain circuit. The characteris-
tics of each of the 4 million pixels in the panel needed tight
tolerance of the discharge voltage thresholds so that one sustain
voltage level could be found where all pixels would work prop-
erly. This panel clearly demonstrated that all of these difficult
challenges could be successfully managed in a practical large
screen product. This helped encourage future development of
large-diagonal full-color plasma displays in Japan.

VII. COLOR TV SOLUTIONS

A. Three-Electrode Panel With Parallel Sustain Electrodes

Color plasma research and development continued to ad-
vance. Fig. 18 shows the three-electrode panel developed by
Fujitsu in 1984 [30]. This was an improvement of the surface
discharge design of Fig. 14, which suffered from a very large
parasitic capacitance at the dielectric crossovers between the
orthogonal and sustain electrodes. Driving this large
capacitance with high-voltage pulses would cause a great deal
of power dissipation in the sustain circuit. There was one
dielectric crossover for each subpixel and so there was a very
significant amount of capacitance. The Fig. 18 improvement
was to eliminate the dielectric crossover between the sustain
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Fig. 17. The 59-in diagonal product with 2048 � 2048 monochrome pixels
developed by Photonics in 1987 [29]. This product clearly demonstrated that
large size plasma displays were possible. This presented good proof that the
issues of electrode resistance, inductance, panel capacitance, and addressability
of such large panels were manageable.

Fig. 18. Three-electrode color prototype developed by Fujitsu in 1984 [30]. It
had three driven electrodes and one additional floating electrode. All electrodes
were placed on the back plate, and only the phosphor on the front plate.

electrodes by making them parallel instead of orthogonal. The
fringing field from parallel sustain electrodes could still extend
out into the gas and excite the discharge. Of course, a matrix
display could not be made with only parallel electrodes, and
so a third electrode was added and positioned orthogonal to
the two parallel sustain electrodes. This third electrode is now
called the data electrode, and it receives the address pulses used
to input image information or data into the panel. All of today’s
plasma TVs use a three electrode subpixel having two parallel
sustain electrodes and one orthogonal data electrode.

B. Three-Electrode Panel With No Dielectric Crossovers

Unfortunately, the design of Fig. 18 still suffered from con-
siderable parasitic capacitance, not between the parallel sustain
electrodes, but instead between the crossovers of the orthog-
onal data electrodes with the sustain electrodes. The key so-

Fig. 19. First three electrode product introduced by AT&T in 1986 [31], [32].
This monochrome surface-discharge panel had the data electrodes on the front
plate in addition to the parallel sustain electrodes on the back plate. The barrier
ribs were on the front between the data electrodes. All of today’s color products
use a similar three electrode structure except that the roles of the front plate
and the back plates are exchanged. Property of AT&T archives. Reprinted with
permission of AT&T.

Fig. 20. AT&T three-electrode patent drawing [33].

lution to this problem was invented by AT&T Bell Laborato-
ries [31]–[33]. The idea was developed into the monochrome
product shown in Fig. 19 and introduced in 1986. The structure
is shown in the patent drawing of Fig. 20 [33]. This used the
same basic three electrode concept with the two parallel sus-
tain electrodes, Yn and Cs, along with a third orthogonal data
electrode, Xn. The big difference was that the parallel sustain
electrodes were placed on the rear substrate and the orthogonal
data electrodes were placed on the front substrate. Placing the
orthogonal data electrodes on a different substrate from the sus-
tain electrodes eliminated the need for all dielectric crossovers
and substantially reduced the panel capacitance. In addition to
the new electrode arrangement, barrier ribs 16 were introduced
into the front substrate so that they were orthogonal to the sus-
tain electrodes and parallel to the data electrodes on the front
substrate. These barrier ribs prevented the discharge from ad-
versely traveling along the parallel sustain electrodes. Of course
they were also very useful for preventing UV light cross talk
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Fig. 21. Energy recovery sustain circuit developed at the University of Illinois
in 1986 was used in this prototype [34]. This circuit is used in all of today’s TV
products to reduce the set power by more than 100 W.

between the different colored subpixels. All of today’s plasma
TVs have the data electrodes on one substrate and the parallel
sustain electrodes on the other substrate.

C. Energy Recovery Sustain Circuit

Even with the reduction in panel capacitance, the sustain cir-
cuit still dissipated a substantial amount of power for the large
panels. In 1986, the University of Illinois developed a special
circuit that reduced the reactive sustain power by an order of
magnitude [34]. They applied it to the prototype panel shown
in Fig. 21. It was called the energy recovery sustain circuit. It
charged the panel capacitance through an inductance that was
resonant with the panel capacitance. The of this inductance-
capacitance (LC) circuit could be made sufficiently high to re-
cover 80%–90% of the energy normally lost to 1/2 losses.
The circuit also had low impedance switches that closed at the
correct times so that the very large gas discharge current would
not be sent through the relatively high impedance inductor. The
energy recovery sustain circuit is used in all of today’s plasma
TVs to save more than 100 W in the TV set.

D. Reflective Phosphor Panel Design

The final major step in the evolution of the color plasma dis-
play design was developed by Fujitsu in 1990 for the display
shown in Fig. 22 [35], [36]. This had a significant glass panel
design improvement and a significant advance in driving for
grayscale. This panel design, shown in Fig. 23, placed the three
color phosphors 28 on the back plate 21 which had the data elec-
trodes 22 and the barrier ribs 29. The front plate 11 had the two
parallel sustain electrodes, and . This design achieved in-
creased luminous efficiency because the phosphors were viewed
in a reflective mode. The gas discharges generated by the front
plate sustain electrodes and the observers were on the same side
of the phosphor. This reflective mode greatly reduced the light
losses compared to the previous designs such as those shown in
Figs. 14, 18, and 20. These older designs placed the phosphor
on the front plate where it was viewed in a less efficient trans-
missive mode.

Fig. 22. The 31-in prototype developed by Fujitsu in 1990. This prototype
had all the elements of the modern color plasma display TV: three-electrode
structure with phosphor on the back plate [35], ADS grayscale [37] and Ne–Xe
gas.

Fig. 23. Fujitsu three-electrode patent drawing [36]. This fundamental
structure is used in all of today’s plasma TVs.

E. ADS Grayscale

The Fig. 22 panel was the first to have a new grayscale
technique called address display separation (ADS) [37]. This
method saved significant time in addressing the panel by first
writing every pixel in the panel and second sustaining all of the
pixels at once. Previous grayscale methods would intermix the
sequence of writing and sustaining. The ADS method saved
time and this time could be used to do more addressing in order
to get more grayscale levels. Alternatively, the increased time
could be used to supply more sustain cycles giving the panel
higher luminance. The inherent memory feature of plasma dis-
plays was now of critical importance for making the TV image
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Fig. 24. The 21-in diagonal prototype developed by Plasmaco in 1994, having
very high dark room contrast ratio. This uses a ramp waveform to generate a
Townsend discharge mode [38], [39]. This accomplished the critical priming
job without significant background glow.

very bright since the brightest pixels could be discharging for a
large fraction of the frame time.

All current plasma TVs use the ADS method and the phosphor
is placed on the back plate so that it can be viewed in reflectance.

F. Ramp Waveform Priming

All gas discharges need priming particles to initiate the dis-
charge. The plasma display discharge used to write pixels from
the off state to the on state is especially dependent on good
priming since the pulse that generates it is typically only one
or two microseconds long. If a priming particle does not appear
in a small subpixel during this short pulse, the pixel will not turn
on and it will errantly appear black until the next write attempt.
Some type of priming discharge is always needed in order to
make writing sufficiently reliable. Unfortunately, priming dis-
charges create light that will cause a visible background glow
for the black level of the image. This can significantly reduce
the dark room contrast ratio. In 1994, Plasmaco helped solve
this problem with the prototype shown in Fig. 24. This used a
ramp shaped voltage waveform to excite a Townsend type dis-
charge [38], [39]. This discharge does a good job of priming
without generating much light and so the dark room contrast ra-
tios are very good. Today’s plasma display TV products achieve
excellent dark room contrast ratios of from 3000 to 10 000 to 1
by using the ramp waveform.

G. First Big Screen TV Plasma Display Product

With a solid technology base, practical color plasma TV prod-
ucts could be made. Fig. 25 shows the first 42-in diagonal plasma
TV product introduced by Fujitsu in 1995. This used the tech-
nology shown in Fig. 23 [40]. This had an array of 852 480 full
color pixels that could display 16 million colors. Today the 42-in
diagonal size accounts for 70% of all plasma TV sales.

H. High-Definition Plasma TVs

But plasma TVs were destined to become even larger. Fig. 26
shows the 60-in diagonal prototype demonstrated by Plasmaco

Fig. 25. First 42-in full color product introduced by Fujitsu in 1995 [40]. All
of today’s plasma TVs followed the lead of this product and 42 in is still the
most popular size today.

Fig. 26. HDTV 60-in diagonal prototype developed by Plasmaco in 1999 [41].
This demonstrated that large screen HDTV could be very attractive. Today we
have 71-in products and the largest prototype is 102 in.

in 1999 [41]. This display had 1366 768 pixels and displayed
a very high quality HDTV image. This result stimulated other
companies to develop larger plasma TV products. Plasma TV
products are now available in the diagonal sizes of 60, 61, 63,
65, 71, and 80 in. The pixel resolution of the 65, 71, and 80 in
products is 1920 1080. A 102-in diagonal prototype was first
demonstrated by Samsung at the beginning of 2005 and a 103-in
diagonal prototype was first demonstrated by Panasonic at the
beginning of 2006.

VIII. CONCLUSION

The great success of plasma TV today can be attributed to a
number of dedicated individuals and institutions that over this 40
year period solved a number of very difficult technical problems.
Inmostcases, thecompaniesandinstitutionsthatstartedtheinitial
developmentworkdidnotcontinueonto thefinal triumphof large
scale commercial success. However, the technology continued to
evolve and plasma TV now dominates the world market for direct
view televisions larger than 40 in diagonal.
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The potential for future plasma display development is enor-
mous. The luminous efficiency of today’s plasma TV products
is still 50 times less than the efficiency of the common fluores-
cent lamp. There is still great opportunity for future dedicated
engineers and scientists to play a role in the continued success
of the plasma display panel.
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