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ANNUAL GROWTH LSVD

a2
s
&
52 Susevan Stag v
B3 Thres Rivers Stad B-v < )
83  BG.Piace (Vancouves, BT} o-v =R e S Tl oy s S i ) TR
83 Housston Asirodoms v —
83 Arrowhesad Siad D-v
83 Ariington Stad D-v o 9y
83 Twickennam Bugby Stad (England) {2)D-V Manufacturer
83 Hong Kong Jockey Club oV ; >
S e = 26 LSVD Units were installed. Market
o ol o Diamond VISIon ... 11 Share
83 Sydney Gricket Ground (Australia) DV EEN wosmmissnamonssmmmgamised 2
SR s ar o DV OMEQGA ..o 1
84  Brendan Byme Arena DV Panasonic ...o.eveeceneiereeiinnen 8 .
- a4 Holiywood Park D-v SOMY. g 1 985 .y
- 84 Garden State Racetrack DV Toshiba e asnarsrasmssml) é
B4 Thistiedown Racetrack D-v
84 Jack Murphy Stad D-v
g2 Baltimore Memoriai Stad b-v
24 Hong Kong Jockey Club D-v
B4 Billboard Typa (NY) D-v
84 Billboard Type {CA) DV
B4 Japan Racing Association D-v
84 Kobe Fort-istand D-v
B4 Koshien Stad D-v
84 Meadowiands Arena (2) o-v
BS Texas Stad (2) B-v
85 Louisiana Superdoma (2) 0¥
85 Canterbury Downs (Minneapalis} D-v |
85 Tsukuba EXPO 85 D-v
a5 Mobile Type {Japan) D-v
85 Japan Racing Assoc (Kyoto) oV [
a3 Japan Racing Assoc (Nakayama) — D-V i |
85 Hippdrome de Vincennes D-v i
56 Jzpan Bacing Association (Hashin) DV | 1 987 i
86 Singapore Turd Club OV [
35 Atiznta Fufion County Stad DV
g8 Proenix Vaterans Mem Celiseumn (2) D-V
86 it cuisiana Downs D-v |
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Oenver McNichols Arena (2) BV 100 ) i
Louisiana Downs DV i A #0F UNITS BY COMPANY
Mile High Stad Bv
Fr Edogawa Boat Race Course (Japan) D-V
83 Prototype/Demonstrator EEV (=)
84 Fully Mobile (Landon) EEV 5]
BS  Fully Mobile (London} EEV @
8  Stadhaly EEV 2
86 Fully Mobile {London) EEV 2
86  Stad/China EEV )
87  Stad (China) EEV 0
87 Fully Mobile {London) EEV o
87 Transportable (England) EEV =
87  Fully Moblie (Canada) EEV *
B8 Fully Mobile (Canada) EEV .
78 - Saudi Arabia (sports half} Omega " s = = o 5 = =
78 Saudi Arabia (indoor pool) Omega g £ g 8 o, E 5
78 Saudi Arabia (football stad) Omega & = = £ Z
79 Brewers Stad : . Omega =
80 'UAE (Sheik Zayed stad) Omega ! 0 = i)
81 Saudi Arabia (outdoor pool) Omega | |
a2 Nat'l Guards Stad Saudi Arabia Omega ‘ =2 I
82  Libyaist Omega (o) o -
K,;";i; ;i Konwait Omega 38 /o of the boards are maintained by the manufacturer. ‘
Football stad Spain Omega i e i
Kalogreza stad Greece Omega 540/0 of LSVD systems are maintained through in-house staff.
Nationa! Stad Brunsi Omagsa . ] ! :
Shooting range UAE Omega 4070 of LSVD systems are maintained through an independent |
e S company in addition to regular maintenance.
Q‘m |
Sports Hall Saudi Arabia Cmsga 1 50/0 of LSVD systems are maintained as part of a warranty or |
TSR R £ ¥ P |
Stad Morosco Omega a confraci. |
Stad Bahran Oomais 92 /4:) of the facilities are satisfied with their LSVD system.
Stad Seuxck Arabia Omecs . Lol ;
Stad West Germany Omec= 690/0 of the facilities have a production staff of 10 or more
gzd"l‘fmc Stad South Kores Omega people. :
Saudi Arabia Omega |
Stad West Germany Cmegs 62<:yo of the facilities responding would buy the same LSVD {
g Fonaing |
o ggdm;::nms:m: see mc'_"g" technology as their existing system, |
- : o i | .
Bty Omega 38% of the facilities responding would change LSVD technology
87 Fenway Park Omens . e
87  Horse Track taly Omeca from their existing system.
87  StadZimbabwe Omega
- 88 Frankfurt Stad West Germany Omega = 1 < e
a8 Horse track Seoul S. Korea Omega
a2 Nishinomiyz Stad {Japan) Panascnic .
83 Maobile System (Japan) P Most frequent maintenance concerns
83 Briufi Stad {italy) Panasanic
43 Osaka Hall Arena (Japan) Panasonic - }
83 Philadeiphia Veterans Stad Panasonic. M Diamond Vision ; _
Los Angeles Coliseum Panasonic. problem video control units and burned out light units.
85 Expo Park Tsukuba, Japan Sony
. D s B Sony JumboTRON
8  Sony Buiding Sm: failing light units and general heavy maintenance.
86 Crystal Cathedrai Sony
86 Portable Unit #1-3 Sony B Siewari-Warner
;’: m:d"a“ Portable 2::; burned out light units.
8  Portable Unit US #1 Sony !
87 Jacob Javiz Sony B Panasonic
87  San Antonio Sony circuit board problems.
87 Jacob Javitz Sony _— —_— —
by ik o, el This information above was compiled from a recent questionaire
:; g"m?h*‘?’ T“C C::zes:i —— g"”’r addressing the main points of maintenance and production issues of
LTRSS ony Large Screen Video Systems in major sporting facilities.
12
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Vi Cincinnali Riverfront Stad Sony { —

a7 Miami Dalphins Stad {2} Sony

B7 Seibo Lions Sony IN ALLATION TYPES
87 Meadowlands Race Track Sony ‘

87  Anaheim Stad Sony Business/Commercial Applications
B8 Toronto Stad Sony

72 Arrowhead Stad Stewart Warner |

74 Nassau Yeterans Memoral Coliseum 5-W y

75 Mile High Stad S-W Mobhile System

76 Fenway Park S5-W

76 Meadowlands Racetrack 5-W

76 Giant Stad S-W

77 Fulton County Stad 5-W

78 Exhibition Stad 5-W Horse Track

78 Sha Tin Racecourse {Hong Keng) S-W

78 Arlington Park Racetrack . 5w

79 Tiger Stad S-W

79 Hollywoad Park Racetrack S-W

B0 Machu Trotting Club S-W

BO ‘Mitsukoshi Fashion Stora {Tokyo) S5-W

80 Melbourne Civic Square (Ausiralia) S-W

. 80 Anaheim Stad S-W S L = =1
et 81 VFL Park Waverly (Australia) w0 e ciie oo
83 Busch Stad 5-W |
80 Jingu Baseball Stad Toshiba
86  Kawasaki Shapping Mall Toshiba SEOGRAPHIC MARKET BREAKDOWN
86 Ohi Horserace Track {Tokyo) Toshiba |
87 Fukushima Horserace Track Toshiba |
87 Nagoya Municipal Gymnasium Toshiba ‘ 29.76% Geographic Arcas
87 Chukyo Horserace Track Toshiba 42,939
2.93%
58 Kokura Horsarace Track Toshiba . ; USA
Canada
B Europe
Australia
[ Africa
B B MiddlcEast
| o S i 4
! M FarEast

12.68%

~ ARROWHEAD STADIUM 1972
HOME OF THE KANSAS CITY
CHIEFS AND THE FIRST LARGE
SCREEN VIDEO DISPLAY

TN el

The first large screen video display
was bought by the Kansas City
Chiefs Football Club and installed at
Arrowhead Stadium in 1972. |

The board was built by Stewart-
Warner, matrix size 60' x 30', actual
sign 150" x 37". Incandescent 40
watt inside frosted lamps provide
four shades of grey. There are
16,200 lamps with 4" on centers.
The display is still operational.
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\ 1. Irmtroducticn

At the International Exposition Tsukubz 'B5, an
\Oggm ‘ ultra-large screen — &0(E)x25(V) m — display,

: called the Jumbotron, was exhibited(l). This Jumbo-
tron was developed to enable pictures of nmear comven-
ticnal television quality to be displaved outdoors

on a large screen.

To achieve this picture qualicy, we developed
for the Teukuba Jumbotron a light-emitting device
with three rectangular phosphor screens: blue, red
and green. The pixel pitch of this light-emitting
device was 100 mm, appropriate for & 40 m wide

screen, We found, however, that the resclution of

picturez displaved using this light-emitting device
on & smzll screen — 20 m wide, for example — was

less thar desirable.

As there iz a need for a Jumbotron system
designed to display pictures on scTeens 2 to 15 m
wide and of 200 re 700 horizomral pixels, a new fine
pitched multi-pixel light-epitting device was devel-

cped, which we report here.

]

1
Extras -‘.eEI i
electrodes Exhaust tip
Anade

Fig. 1 Multi-pize] light-emitting device

246 = SiD 86 DIGEST
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H. Nakagawa and A. Ohkoshi
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2. The light-emitting device

Figure 1 shows the new TL-8 light-emitting
device. The size of the light-emitting device,
excluding the exhaust tip, is 86(W)xi1(B)x25(D) mx.
There are eight small pixels, each composed of three
phospher screeas, on the froat panel of the lighi-
egitring device. The 22 mm pixel pitch was chosen
sfrer derermining the optimum trade-off between the
desirability of positioning pixels close together for
maximum brightness and the need to allov for & space
for eassembling the electrodes inside the vacuun
envelope and for adjusting the critical verticel and
horizontal aligoment ¢f the pixels. Accerdingly, the
light-emitring device has blue, red and green phosphor
screens mweasuring 3(H)x10(V) me with 1 mm spacing,
which form an 11(E}x10(V) mx phosphor screen triplet.
Altheugh the percentage of rhe lighr emitring area is
only 18.61, the contrast ratic is 1:180 wnder 1000 1x
apbient light comparted te 1:30 for conventional
television. The light-emirtting devier can, therefore,

be operated under high ambient light.

In the Tsukuba Jumbotron, all the low wveltage
electrodes of the lig;nt-ami:'.:.ng device were builr oz
lead frames. Because of the reduced pixel pitch, hov-
ever, it was difficulr to build the electrodes of the
present device in the same manner. We designed a low
voltage elecirode block, as is shown im Fig. 2, for

each piwel.

Supperting spring Filamest §1 62

/

Cerzmic hase plate

Fig. 2 Low voltage electrode block

=833~




§ilaments and Gl control grids are mounted on
¢ siamic base, vhich is coversd by a box-shaped
garin grid. The control grids are bent into
b RHLELE pemicircles to cover the wire filaments,
i ihb aperture for the electron beam is formed of
" wakhad scresn. The curvature of thc_ grid enables
jjip misctron peas from the wire filament to be
d“““’"ud uniforzly. The aperture of the u_cond
!.u is alsc formed of a meshed screen. As the
.“_”na ts connected to the ground, forming a
Pl'”““n“ field for electrons, the second grid will
yrovant the high-potential fileld of the anode from

“.“u.p,:m. the electrons from the control grid.
4

7o minimize the number of electrodes extracted

“,}. (he vacuum envelope of the light-emitting device,

¥
vuulhll-
.”I,. are connected to respective common leads.

cunneacted as many electrodes to common leads as
- 1

In this way, the ancdes and the second

Jjin wBntrol grids of the upper and lower row of pixels

s @lBn connected to respective common leads to
at

[huw the device to be operated more efficlencly.
wl b

As the phosphors are illumirated at high power,
ected the following materials: ZnS:4g for blue,
4s is

M sul

gy yiku for red and Y3A12Ga3012:Tb for green.

GREEN

e’ (FL)
o

BLUE

ERIGHTHESS

e

5 10 15 20
ANODE CURRENT(uA)

fig-3 Brightness piotted against amode curent

of each color screen

—hi4

shown in Fig. 3, the green phesphor is non-saturabl,
and has stable brightness during high-power opers-
tionf2), Aluminum thin-film was coated on the
phosphor screens to protect the phosphors from the
ionic bombardment which is induced from the cathoge
and also to reflect light output from the phosphors,
We optimized the thickness of the aluminum thigp
film so that the phosphors would generate sufficien,
light output, but not be damaged during high-pm;r
operation. Using this optimum thickness, it was
possible to operate at a lower anode voltage (8 kV)
than that of the Tsukuba Jumbotrom (10 kV).

-
[=]
B md
ET
o

o
o

DISTANCE (m)
o o
o [=]

b [ 2]

(]
O

10 20 30 40 50
PIXEL PITCH (mm)

Fig.4 Viewing and coler mixing distance

plotted against pixel pitch

3. Arrangement cof ccler screens

Line 1 in Fig. 4 plots the minimum viewing
distance agsinst pixel pitch for the TL-8& light-
emitting device. The minimum viewing distance is
defined as the discance below which the average
observer begins te discern that the pictfure 15 com-
posed of discrete pixels. In the experiment, the
variations of pitch, size of pixel, and pattern of
the colors within a pixel shown in the inset in Fig. 4
were generated on a computer display and examined by
ten observers. Lines 2 and 3 show the result for
recrangular and triangulsr patterns of coler arrange-
ment respectively, which coinecide with the tesult of
F. Kamiya, et al(‘j). Line 4 indicates the distance
below which an average observer discerns only discrete

color screens as opposed to the overall picture.
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rom the
cathode
phosphora,
um thin
sufficleng
high-power

, it was
tage (8 kv)
V).

i distance
ich

* gppear redish, o1

was torults, the srrangement shown in

Based on th
The color screens are position=

Fig. 1 was selarted
ed in order of hjue, Ted and green froo lefrt co right
in the horizont#l 4frection.
apad on sither side

pnundaries in the picture will

1f a red phosphor
screen i positd of the color
ehe

screen triplet,
sading the picture quality,

especially when # whitish boundary is displayed.

phogpher ncreen

= = T |
| e
:
e b
B =i === :
i o 11 D0 PR
Ha| o3
L=E= e i 120 Hz
dﬂ;::h.;llll—-"“"“"'_h 3
BRE 4 -::__.3:11“
¥ib Video
» 3 signal

fc(Bias voltage)

Fig-§ Drive circuit and connections

4. Device operalion and svstem configuration

Figure ? jn B schematic diagram of the drive
circuit for th® ]:Hht-emltting deviee. The four
pixels of the upper To¥ and the remaining four pixels
in the lower ruow HIE {1luminated alrernately by
driving the rilaments of each row alternately at a
1) Wz, Each control grid is ocperated

frequency of !
independently 10 swject the celers and brightness.
As the voltage 0f ¢ grids of each coler screen in
device is the same, brightness of

{w controlled independently by the

the lighr-emit! iV

the coler sciedl®
width of the driving pulse —— pulse width modulation

-- applied to enih control grid.

When deslpning @ plefure scraen with discrete
light-emitting devices, it is essential to stabilize
ppainst fluctuation of cathode emission

anode curren!
ty order oo insure the uniformity of

and grid vollape
color and hplehiness. With the connecting method
described above, 1t 38 difficult ro detect the

{n the andce current for each pixel in

fluctuation
1 The cathode current. It was neces-—

order to conite
Lo devise a method for stabilizing

sary, therelol®.

248 » SI0D 86 DIGEST

200; (2)
The
Z 150
>
-
E lel
-9
5
3 1001
Ip
504
4 5 &

CONTROL GRID VOLTAGE(W)

(F:o)] (g]] (b) /——T’

507 54
404 & -
304 3 Ecl
20{ 2
104 14 / B
' 1 2 3

FILAMENT VOLTAGE (V)

Fig-6 (2) Cathode, control grid and anode current
vs. comtrol grid voltage

(b) Cathode, control gric and anode current
ys. filament veltage

the ansde current without affecting the external
circuit. Ws have developed the following simple

method.

& resistor was inserted berween the volrage
source and the comtrol grid. 4s is showm in Fig.
f-(a), the cathode current (1k) is che sum of the

control grid current (lcl) and the anode current (Ip).

When Ik increases, Icl will incresse and the control

grid voltage (Ecl) will decrease. The decrease of
Ecl will suppress the increass of Tp. When Ik de—

creases, Ecl will increase resulting in Ip not de-

—53b—

f
i




creasing. Figure é-(5) shows that Ip resains stable
when Ik and the corresgemding Filamenrt volrage (Ef)
is varied. The coazespemsisg cuxve of Ecl is also

plotteg.

Figeme 7 shows a Jusbotron unit encorporating
32 TL-% liger asmsrrisg devices, in eight rows of four
colomws. The gorses measures 350x350 mm, & size
The
Ssa-tog Secwess sach light-emitting device is 1.5 mm

shic=s L= smss o sef up, maintain and transport.
2= m=_soois ecesl pixel pitch throughout the Jumbo-
f=== scoeem. The power sources, including the high-
w=_ctage scurce, and the video driver circuit boards
af e -‘.-:g-k:-eait:ing- devices were installed in the
=t alszz to sioplify the setting up of the Jumbotrem

Sy=t== 2nd irs maintenance.

ARG EUEN
I E R RN TR RNEERE RN NI
LR RS E L S EEE RN R
LR SR RN EREEERE RN E L
P amossIieavanEnnn
wn-nn‘nnnstn:qnqu'

Fig.1 Display screen unit

These Jumbotron units are installed in a Jumbo-
tron frame the size of whick can be varied to meet
individusl requirements. Table I shows an example of
specificatrions of a2 Jumbotrom in which the TL-8
light-emitting device was employed, and Table II
shows the specificarions of the TL-8 light-emitting

device.

Table I. Specifications of the Jumbotron

Screen size Tx3%m
Pixels $6320 (320 x 176)

4 Lighiemimagdevices| 7040

- - Unin 20
Power consumpton -4 W ’., 5_;,'”’
Brighmess 600 L. max.
Dispiayable | Roma2 114
CRAFBESTS | Chinese 26

Table II. Specifications of the TLS

e, Typical values
21V .
Filamezs  125mA GG
Coatrol grid ;‘OVD fii | gy
[
Second grid ov &
2kV
Anode 500 uA [A U\f
gresn 3000 I
Brighmess red 1500 L
blue S00fL

5. Summary
A large-screen display employing a newly desipgn-
ed TL-8 multi-pixel light-emitting device has beeq
. developed. The device has 8 pixels on the front
panel, each pix‘él consisting of a triplet of blye,
red and green phosphor screens. This display system
is a smaller model of the Jumbotrom which was
exhibited in the Internaticnal Exposition Tsukuba
L
three of which have been set up in Japan and cne in
California.

Four models of the new Jumbotrom were produced,

The Jumbotron's high rescluticn for its
screen size allowed all four models to be set up
indoors, in large exhibition halls and proved that
this new way to display information is suitable for
both indoor and outdoor applications.
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