Possibility of thin film glass

I 1. Prologue

What is your image of sheet-like thin glass? Some substrates for Liquid Crystal (LC) have a
thickness of 0.7mm. One of the thinnest substrates for mobile devices use is 0.4mm thick.
There is also cover glass for touch panels with a thickness of 0.2mm. Even plate glass of
0.15mm thick is actually in the market. You were familiar with para-plate cover glass for
micro scope in your school days which has the same thickness of 0.15mm. That is enough
to imagine how thin the plates are. We guess these are the general image of such thin
glass. In reality, thanks to the stable development of thin glass utilization, much thinner
plate glass so-called * thin film glass " is produced on a mass production basis. Let's have a
look of such plate glass in its history, current status, and prospect.

&9 2. Glass fusion and basic component

Any kind of glass contains large amount of anhydrous silcic acid, SiO,.Such an anhydrous
substance (SiQ,, or B205, P.0g etc.) called “net-work former” compses net-like glass
structure. Na,0, K,0, Ca0, and etc. do not change into glass by themselves but come into
the mesh of the net of oxide mentioned above to bring some change in the characteristics
of glass. In addition, AI;O5 or AnO has intermediate characteristics between the net-work
former and the non net-work former. These substances are fused together to create
necessary characteristics,

L’ 3. Journey to thin film glass production

(1) Aroud 30 to 20B.C. in Phoenicia, people made glass vessels by blowing heated glass
with an iron pipe. In 7th century, Syrians invented “crown process ” , one of the blowing
processes. A glass hemisphere made by blowing process was rotated and flattered with
centrifugal force. And then the flattered glass with a diameter of 30 to 40 inches was cut
and divided in four-sided plates. Around 10th century, a new process was invented. This
time the blown glass had a shape of cylinder before cutting (cylinder-blowing process). But
flattening warped plates required high techniques to put into production line. So it was not
18th or at the beginning of 19th century until that the cylinder process was replaced with
Crown process.

(2) The next stage of glass processing history was a mechanical blowing process called
“Mechanical cylinder blowing process of Lubbers style” which was invented in1902. The
cylinder was enlarged to 0.9m in diameter and 12m in length. The blown glass was cut
and divided in specific size. Heat treatment was provided again to flatten the glass. This
mechanical process became widespread soon after the invention but still had some
limitations in mass productivity and output rate of acceptable products. In spite of such
difficulties the Lubbers technigues have been developed in Japan for peculiar cases.
Currently this techniques are specially applied to produce thin glass with a thickness of
1.5~50u. (Temporarily we call it MATSUNAMI STYLE MECHANICAL BLOWING PROCESS)
The important and difficult point of this specialized process is to make a plate by securing
the cylindrical from and blowing air into thin film glass at the same time.

(3)There have been drastic development in the production process of general
window glass.

EnvironmentTemperature control In 1901, Fourcault invented “up-draw process”
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Fig.1 Float process

high. The top edge was gassed and softened _t;)
bend at a right angle and then moved
horizontally.



Later these processes had some changes and improvements in theijr procedure, meanwhile
a rollout style process, which was generally adopted for sheet metal processing, was
introduced to glass production. And finally the float process, invented by Sir A. Pilkington,
made a debut into the plate market with a big impact. (fig.1) The Float process seemed to
have occupied the general plate glass industry. However, in the electronic industry, this
pracess requires special surface treatment on each side due to tin-plating. When glass
made by float process is used for TFT LC substrates, surface polishing is needed. Although
this process will improve to some extent in the future, production of thin glass of 0.2mm
thick or thinner in this process doesn't seem to be.

_If,f (4) Another process called “Fusion process” was developed by Corning Inc.

/..-—.'—-‘;--"I ' Glass panels with excellent flatness even without
P _ polishing became available. In that process,
P / ' :;‘::" molten glass is poured into a receptacle, which

. has a shape of heart, to be overflowed. The
glnes G4 /” overflowed glass slumps down out of the

- receptacle and becomes a glass panel while

s flowing. Contact with only air allows the surface

Glnltspm'ni drawing  fension to create substantial flathess, Later
Fig.2 Fusion pmc“sd”“m" “Down-draw process” was invented in 20th
century based on the same theory mentioned

above.

In this process, molten glass slumps through a slit. But contrary to the Fourcault process
or Colbum process in which glass is up-draw, the down-draw process can avoid troubles
such as breaks caused by alien substances or falls. In addition, tension and gravity
tempered tha glass in its high quality, especially in its precision.

After a long journey of histary, finally here we
got to the stage of the main subject “Thin Film
Glass” . There is also another process called “Re-
draw” in which heat treatment is provided to
rollout the panel glass. However, from the
practical viewpoint in mass production and the
size of products, down-draw process is more
advantageous. 4.Characteristics of thin film
glass.

Kolten glass

E Glass plate
Fig.3 Down-draw process
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fl 4. Characteristics of thin film glass

Assuming that the definition of thin film glass is the thickness of 0.2mm or thinner,there
are three options for processing : MATSUNAMI-style mechanical blowing process, re-draw
process, and down-draw process. (This time polishing process should be excluded because
of the limitation in the size.) “Down-draw process”is enough capable for mass production
and is showing various results.The following are specific characteristics of standard
products made by down-draw process.

(1) Standard plate glass with a thickness of 50 11 (wi%)

S5iDz AlzOn BaD B20: Na:0 K20 Zn0
Borosiicaa glass A 50.4 121 23.7 13.2
Borosilicata glass B 64.2 3.0 3.1 8.9 7.2 6.4 7.1

Mechanical properties 1

(2) Property dala of plate glass with a thickness of 50 u (borosilicate glass A and B)

Borasilicala giass A

Borosticala glass B

Density al 200 (68 F)

2.72g9/cm?

2.%1g/cm?

Slress-oplic coellicienl C

3.2-1.02 - 10" mUN

3.44-1.02 10" m¥%N

Mechanical properties 2

Borosilicala glass A

Borusilicala glass B

Young's modukes £ 66.0kN/mm? 72 9kMfmm?
Tension madules G 26 . TkN/mm? 30 1kN/mm?
Poisson's ratio u 0.235 6.208
Knoop hardness HK e 555 590
Eteclric properties
Dielectric constant (1MHz) & v 6.2 6.7
Dielectric loss factor {1MHz} tan § g.in? 61.104

Electric resistivity at A.C. 50Hz

o0 (8=250C) 6.0-10'* ODcm 1.6 -10° Ocm
AD{8=350C) 3.2-10'" lcm 3.5+10° Dem
Thermal properties
Viscosily and corresponding temperaure
Viscosily Temperature
log ) (d Pas) o Feusrly
Borosilicate Gloss A Borosilicate Glass B
145 627 529 Strain puint
13.0 63 527 Anneasling point
7.6 283 736 Sofiening point

Coeflicien! ol mean linear thermal expansion @ 20~-300'C

45 10 ''C {Borusilicate glass A)
72 X10"C {Borosilicate glass B)

Optical properties

Borosilicate glass A

Borosilicate glass B

Refraction rate at 200

nd { A =588nm) 1.5255 1.5230
ne { A =546nm) 1.6275 1.5255
Abbe number v & 62.2 55.0

.'__:_ 5. Various applications of thin film glass

(1) Insulating film for Plasma Addressed Liquid Crystal

People have been envisioning wall-hanging type
large-sized TV for decades. And now the dream
is coming true thanks to the technological
development of Liquid Crystal and PDP (Plasma
Display Panel). New type of indication device to
replace with a conventional TV tube should be
provided in order to make such thin and flat TV
fit for practical use. So TFT LC panels, used for
LC TV or lap top computer, are attracting
attention. Currently flat displays in Plasma




Address Liquid Crystal Style as a super-sized
panel is under development.
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Fig.d Structues of PALC

Each pixel is connected to one transistor on a TFT LC Panel to control picture creation. The
characteristics of this style are availability of quality vision because of free control of each
pixel, not to mention the possibility for thinness and flatness of display. A new way to
control LC, instead of transistors, is necessary when you produce a super-sized LC panel
keeping its picture quality. In the PALC system, only one discharge tube works as much as
1000 transistors using electric effect of plasma discharge function. It is the plasma that
carries out the function of electronic switches performed by transistors in TFT LC. The
structre is shown in fig.4.The front side of LC has a color filter that contacts with
transparent electrode as in the same structure of LC display. Generally each side of the LC
layer has an electrode. But the other side of PALC has not electrode, instead of
that,plasma channels function as switch elements. Each plasma channels partitioned by
baffles has an equivalent function of a scanning line. Thin film glass with a thickness of 50u
is used for the insulating layer. The size of a glass panel for 42-inch display is 1000mm X
600mm. Who could predict such an application? On a practical level, there have been no
problem in the output rate of accessible products regarding the process of washing and frit
sealing of t50u glass, according to manufactures information sources. It's amazing.

§ (2) Spacers for Field Emission Display (FED)

One of the technologies attracting attention recently is FED. In a cathode-ray tube, a
electron gun is used to emit a ray as luminescent source. The characteristic function of
FED is to make every pixel luminant with a fined electron gun. As the theory of
luminescence is the same as that of cathode-ray tube, each pixel secure guality luminance
brightness. This is also the most economical system for power consumption. How to form
a perfect vacuum inside the glass structure, like in a cathode-ray tube, is one of the points
to consider for an electron gun's light emission. If two big glass panels are put together to
form a perfect vacuum, they stick to each other because of air pressure. To avoid such a
phenomenon, spacers should be put between the panels. Spherical spacers are generally
used, but if the height of a spacer is 1mm or more, the display will become too wide. So
putting glass columns that have a diameter of 50u was considered. But still there was a
problem. The number of columns would be enormous. Finally an idea came out:cutting
thin film glass with a thickness of 50u into four-sided plates precisely to use them as
columns. The technique to finish spacers with a width of 300mm and a height of 1mm has
already established.

| (3) Micro lens covers for LC projector

LC projectars are now widely used for presentation/demonstration. There is a possibility of
development to be used for 50~60-inch rear projection TV in the future. Regarding LC
devices, miniature projectors with a size of 1.3 to 0.9 inches or even 0.7 inches are in the
market. One the other hand, high contrast with high brightness is required for the quality.
Thanks to the progress of TFT fine processing, aperture efficiency has became high enough
to upgrade the resolution. In reality, however, micro lens array should be arranged around
pixels in arder to improve the brightness without changing optical scale, because some
shading is still caused by panel apertures. Currently high temperature silicon type is mainly
used for LC device. Therefore,for covers of micro lens array, silica glass or other materials
tha have close expansion rate to silica glass is generally applied after polishing.
However,borosilicate glass panels with t50 are being applied recently by upgrading low
temperature poly-silicon type for cost reduction. This trend will be accelerated in the
future.



| (4) Others

Heat bonding process with magnetic materials and ceramics is also applicable for thin film
glass. Taking advantage of the characteristics, t50u to t30u glass is used as a spacer for
magnetic heads to form cell gap or for contact type image sensor other than the

applications mentioned above.

il 6. Conclusion

There have been varicus approaches to use thin film materials. Film of organic materials,
metallic materials, printing process, sealing, spattering etc. Among them, variety of merits
including heat resistance, non-conductance, and simple processibility have been discovered
in thin glass characteristics. Thin film glass materials have a bright future to be used widely
hot only for many types of display but for various electronic devices. Currently each
process of thin film glass production from fusion to formation is increasingly automated
and computerized. So the productivity is greatly improving. In conclusion, we would like to
present the flow chart of blowing process performed in old times. And here we would like
to pay our respects to our predecessors' endeavor.,
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Gather molten glass by 2 layers
rewinding at the end of a blowing
pipe.
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2 Viscous mass 2

Form 2 more layers of molten
glass arpund the viscous mass
1 mentioned above and blow

it slightly. i
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Put one more layer of mollen
glass around 1he viseous Mass
2 so as to form A glase cylinder
base on aring.
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4, Blowing process
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Put the lower parl of the cylinder
on the heal again 1o soften,
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Pull the heeted glasa out of the
lurnace and make it Slump above

a ditch 1o form a eylindrical shape.

—wseei 6. Blowing process
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Put the botiom on the hem again.

™, 7. Blowing process
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Siretch it by swinging form side
o side i
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T 8. Blowing process
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Biow air hard into the pipe while
putting the end of 1ha cylinder on
the heat. Then cover the blowing
side of the pipe with your thumb.

I, A Blowing process

When the whole cylinder is heated,
the part on the heat will got & hole
bacause of air expansion.
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‘..-\.“ 10. Blowing process

Afler that, put the end of the cylinder
on the heat zoain and make it slump
shova the ditch again. Slight rotation
of the pipe makes tha hole apen
appropriately. The basic cylinder
formation is completed.

i
11. Blowing process
with assislance
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After the completion, an assistant
supports 1o hold the pipe and ake
it to a tahle.

i
12, Blowing procoss
with asgiatance
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Make a small crack with a sickle
and tap the pipe,
|
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The cylinder is separated form
the pipe.

14, Blowing process

Other molten glass mass removed
by an assistant is stretched oul in
g shape of string and is rewound
on the upper side of the cylinder to
make the part hot.

i

15, Biowing process

Remove the string and touch the
parl with the sickie again, Thom
the part the pipe was sitached falis.
A perfect glaas cylinder i
completed.

|

16, Cylinder cutting

Scrub inside of the cylinder form
one ond 1o ke ather of the eyhinder,
Wet the heated part slighly, and the
cylinder will gel a vertical erevice.
(Move on to the next procedure)

Blowing procass of glass manufacturing
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