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GLASS SHEETS RELATED APPLI CATI ON [0001] This
wappHiogass on clains the benefit of priority frporT/USH04/008203
Patent Application No. 10/405,667, filed, April 1,
2003, the content of which is incorporated herein by
reference. FIELD OF THE | NVENTI ON [ 0002] This
invention relates to packing of thin glass sheets, and
in particular, liquid crystal display glass
substrates. BACKGROUND OF' THE | NVENTI ON [ 0003] Large,
thin glass sheets, such as liquid crystal display
(LCD) substrates are flexible. LCD substrates
typically are one square nmeter in area and have a
t hi ckness of less than 0.8 mn. The drive towards
| arger and lighter LCD substrates has resulted in LCD
substrates that exceed one square neter in area and
have a thickness less than 0.7 mm and in sonme cases,
| ess than or equal to 0.5 mm At present, LCD
substrates are typically packed vertically in a box
made from foaned pl astic. The peripheral edges of
each substrate are held in the vertical grooves on the
si dewal | of thepROKING OFEHIRNGLASSHHERIEt h of thin
gl ass sheets such as LCD sheets increase and the
t hi ckness decreases, the substrate becones nore

flexible, and the gl \ELﬁﬁgfiﬁﬂPiﬁbﬁfﬁyﬁox nmust be

increased to avoid g anege and breakage by
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PCT/ US2004/ 008203 . 7 [0004] thin gl ass sheets for

refersmgge and shi pping that provide sufficient packing
density and prevent breakage are needed. SUN MARY

FIELD OF THE INVENTION
[0002] This invention relates to packing of thin glass sheets, and in particular, liquid

crystal display glass substrates.

BACKGROUND OF THE INVENTION
[0003] Large, thin glass sheets, such as liquid crystal display (LCD) substrates are
flexible.  LCD substrates typically are one square meter in area and have a thickness of
less than 0.8 mm. The drive towards larger and lighter LCD substrates has resulted in
LCD substrates that exceed one square meter in area and have a thickness less than 0.7
mm, and in some cases, less than or equal to 0.5 mm. At present, LCD substrates are
typically packed vertically in a box made from foamed plastic. The peripheral edges of
each substrate are held in the vertical grooves on the sidewall of the box. As the length
and width of thin glass sheets such as LCD sheets increase and the thickness decreases,
the substrate becomes more flexible, and the glass spacing in the box must be increased
to avoid glass damage and breakage by mutual contact due to excess vibration during

transportation. In view of these limitations, improved methods and articles for packing



Certain enbodi ments of the invention relate to nethods
and articles for packing thin glass sheets in a
wa@oowada2es having at | east one wall. The gl assPehes1084/008203

are placed in the container at an angle with respect

to the wall of the container. The sheets rest against

a mai n support nenber, and spacers keep the sheets in
spaced apart rel ati onshi In certain enmbodi ments,
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sheets during | oadi ng an Nﬁg is reduced. It is
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ot her enbodi ments and of being practiced or carried
out in various ways. W 2004/094263 PCT/ US2004/ 008203
3 BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a perspective view of a spacer used according to some embodiments of
the invention;

[0006] FIG. 2 is a‘ side view of a stack of glass sheets spaced apart by the spacers
shown in Figure 1;

[0007] FIG. 3 is a side view of glass sheets packed in a container according to one
embodiment; and

[0008] FIGS. 4a and 4b are side views of glass sheets packed in containers according to

alternative embodiments.

DETAILED DESCRIPTION
[0009] Before describing several exemplary embodiments of the invention, it is to be
understood that the invention is not limited to the details of construction or process
steps set forth in the following description. The invention is capable of other

embodiments and of being practiced or carried out in various ways.



[ 000101 One enbodi nent of the invention relates to a

spacer for thin glass sheets, and in particular LCD
w@b@gmIehrets. Referring to Figures 1 and 2, aPGPHSEN4/008203

10 is shown that includes a main frame-shaped nenber

12 and a cushion 14 on the surfaces of the nenber in

contact with the glass. The spacer 14 according to the

gr esent i nventi on supports the gl ass sheets at four
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width efdheeyshisgtmatetiall lapredeiredoembodiments, end 15 of the frame-shaped

member 12 supports the glass sheets at the bottom of the container as shown in Figure

2. The cushion material, according to one embodiment, includes a rubber tape having a
thickness of between about 0.2 mm and 2 mm, and preferably about 0.5 mm or less.
Any soft material can be used for the cushion material, including, but not limited to
rubber tape, plastic tape, and foamed plastic tape such as foamed polyethylene tape. In
certain embodiments, a sufficiently rigid material that also provides cushioning for the
glass sheets so that the frame-shaped member provides both support and cushioning for
the sheets. In other words, a single frame shaped member having cushioning properties

and sufficient rigidity to support the glass sheets in the container at an angle can be



rubber tape, plastic tape, and foaned plastic tape

such as foaned pol yethylene tape. In certain
weredvatp4rent s, a sufficiently rigid material theCT/EE204/008203

provi des cushioning for the glass sheets so that the

frame- shaped nenber provi des both support and

cushioning for the sheets. 14 other words, a single

frame shaped nenber. havi ng cushi oni n perties and
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container 20 for shipping thin g ass sheetsS 21 is
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shfgddemdanclidds mlr@paqfdm@n@ eid a lower portlon 30. The upper portion 29
rests against the wall 22 of the container 20. The main support member 28 should
provide sufficient mechanical strength to hold the glass sheets and spacers in place, and
meet cleanliness requirements of packaged LCD glass sheets. According to one
embodiment, the main support member 28 is made from acrylic plates reinforced with a
steel frame. In preferred embodiments, the container 20 holds between about 20 and
100 glass sheets and the required number of spacers. An optional backing board (not
shown) may be placed between the upper portion and the first sheet of glass that leans
against the main support member 28.

[00013] Although the upper portion 29 of the main support member 28 is shown
as straight, the upper portion may be curved, as shown in Figures 4a-4b. In Figure 4a,



the walls 22 is placed in the container. The main
support nenber 28 preferably is L- shaped and i ncl udes
wW@roodopes3 portion 29 and a | ower portion 30. TPET/UPES/008203
portion 29 rests against the wall 22 of the container
20. The main support menber 28 should provide
sufficient nechanical strength to hold the gl ass
ets and spacers.in place, and neet cleanliness
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of gl ass sheets secured by a secondary

syppptadtalongniour edges mlddhe wnopputed achizalsrercd the sksbeags by
grav1{y. The amount of sag is controlled by adjusting the tilt angle. An optimal level
of sag can be imparted to the glass sheets so that the sheets are strained by elastic
deformation and thus sﬁffened. When an optimal tilt angle is selected, the glass sheets
become stable against external forces such as vibration and shaking during
transportation. The glass sheets are arranged in the container such that adjacent sheets
are not in contact. Referring again to Figure 3, according to one preferred embodiment,
during loading and unloading of the glass sheets, the container 20 is tilted at an angle
“b” with respect to the surface upon which the container rests, so that the tilt angle of
the glass sheets is decreased with respect to the surface upon which the container rests
during the loading and unloading steps. Typically, the surface upon which the
container rests is a horizontal surface, and tilting of the box in this manner facilitates

loading and unloading of the sheets because the sheets can be loaded in the container in



contai ner 20. The main support nenber 28 and the
secondary support nenber 32 when secured together

wo o263 nner package that is placed in the cPOI/aBI084/008203
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container. dass sheets having a thickness of about
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TABLE I
Angle “a” Sag (mm) Stiffness Observation Upon Shaking
0 0 Flexible, rattled easily.
2.0 Flexible, rattled easily.
10 2.5 Increase in stiffness and decrease in
rattle.
15 3.0 Increase in stiffness and decrease in
rattle.
20 3.5 Nearly stiff; no rattle
25 4.0 Sufficiently stiff; no rattle.
30 4.5 Sufficiently stiff; no rattle.




di mensi ons of about 985 mm X 1300 min were |oaded in a

support nenber of the type shown in Figure 3 with
wa@eonlop263 r ame shaped spacers 3 mmthick i n cOPCHUB2004/008203

with the periphery of the sheet. The spacer also

included 0.5 mm of cushion (rubber tape) around the

frame-shaped spacer, providing a total thickness of

about 4 M Fi ve gl ass _sheets d si ers wer

[BPUSEd i n Hhesrkagingmethof desrpibed eQW&aha;s f,saglﬁ‘a? FucETEY

aﬁgﬁecpﬂo%@ shibstiah® oo %%IH&ESIOH-EQ)% 2BORUBHO Afm SQEROFSEm X 0.7

asured at the cente the glass sheet using
reint Aoventingliapretbsets mnd twageondssicens wrﬁelt@natema@égn a boxed

\i%ég dsfﬁ?efﬁs ;ib%ﬁ%%}Vggg{qgggf ?Crﬁésﬁg’i%giezgfo%%dt% a steel frame. The

P AWBRMAR BHAWA abR1iE neHkrfil BavingAdhibBRsS BEMIAB Yom and a
Support nenber and support nenber were tied together

cdusliph adg ifem ek p@iye@yé@@ tagedavsngtd T@@l%éis\ﬂé @hoytiled mm or

lgﬁsp ts‘[a (6'52 A0S %‘1@ Stg? Waﬁﬁg W%lﬁ?:? e(gto ggrﬁsq %/Sérﬂiethen lifted at

asltdngfertﬁ‘%twm a@bﬁtes ¥&fecdtand 3 fdeglead A% thettilpagleimereased, the
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present invention has been successfully demonstrated on LCD substrates having
dimensions of about 1500 mm X 1800 mm X 0.7 mm. The front and back major
surfaces of the glass sheet are not contacted by the spacers, except for a peripheral

* portion of the sheet which typically discarded by the end user. No films or surface
coatings are required on the glass sheets to prevent scratching, reducing the cost of
processing of the glass sheets. Handling of the glass sheets is simplified and loading
and unloading of the shipping container is simple and requires no special equipment.
According to certain embodiments of the present invention the glass sheets packed in
containers are stiffened by the gravitational force induced when the sheets are packed at
an angle in a package. The stiffening reduces the glass flexibility and reduces the
chance of glass breakage due to external vibration during transportation.
[00020] 1t will be apparent to those skilled in the art that various modifications
and variations can be made to the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present invention cover
modifications and variations of this invention provided they come within the scope of

the appended claims and their equivalents.



7 [00018] The packagi ng nmet hod descri bed above has

al so been successfully applied to LCD substrates
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nmm Twenty gl ass sheets and twenty-one spacers were

alternately placed in a boxed tilted 5 degrees. The

box was nmade of acrylic plates reinforced with a steel
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ADbOUtTheOpdbkaBR ofithiSONEWEBRR! thehales shdeld aleNR@SHd | @Fstal display
than or equal to about 0.5 mm The present invention
sHBgraSen successful |y denpnstrated on LCD substrates

havi ng di nensi ons of about 1500 mm X 1800 nm X 0.7

mn. The front and back major surfaces of the glass
sheet are not contacted by the spacers, except for a
Peri pher pdckagoof ictiim df, wheeeis tbetglashishéett hpve althickness less than
E@isca%ded by the end user. No filnms or surface

gk §- g¥%are required on the gl ass sheets to prevent
scratchi ng, reducing the cost of processing of the

gl ass sheets. Handling of the glass sheets is
sinplified and | oading and unl oadi ng of the shi pping
4cont aihsepackegss phrplagmahdviresejnithe glase sheaie have edhicgmsatless than
Ac&qrd'&%(fﬁ certain enbodi nents of the present
HRVEREPOH g“ﬁlass sheets packed in containers are
stiffened by the gravitational force induced when the
sheets are packed at an angle in a package. The
stiffening reduces the glass flexibility and reduces,.
Y he Thwareckagsrofglaags!, prheenthe 2agle hebvesetthe wall and a portion of the

kiR rs@ﬁﬂo%gllﬁ%ﬂg g{'Ja?e!? SRR B Plegrees.

6. The package of claim 1, wherein the angle between the wall and a portion of the

main support member is greater than or equal to about 20 degrees.

7. The package of claim 1, wherein the angle between the wall and a portion of the

main support member is between about 15 degrees and 30 degrees.

8. The package of claim 1, wherein spacer has a thickness less than about 5 mm.



[00020] It will be apparent to those skilled in the

art that various nodifications and variations can be
wora@ae/ 094263 he present invention w thout departiPQI/i81903/008203
the spirit or scope of the invention. Thus, it is

i ntended that the present invention cover

nodi fi cations and variations @f this invention

provi ded they cone within the scope of the appended
claims and their equivalents. WO 2004/094263

PCT/ US2004/ 008203 8 What is clainmed is: ackage

% or titherpagk@@somi@et §, wherpini th spacents inghe tshameo a flexi le frame

bst Lal ly vertic bst
FEPLBRE I et GRlaThe e RS ekl at an
angle with respect to the mall and a plurallty of
spacers adapted to separate the gl ass sheets by
contacting the sheets on the peripheral edges of the
Woheet e pagkpeespladam Suphae; ﬁh@ spacer [edades grigaiy) fame made from

ag aﬁtr%l%énél%{ﬁ ﬁ%ﬂ%ﬁﬁr Qbnibh & 2388 bssobia eﬁhﬁttpﬁl%lfﬁeglt? g]% e.

wherein t l'ass sheets are uid crys
di spl ay substrates. 3 The package of cIa|n12
wherein the glass sheets have a thickness |ess than

bout_ 0. 8 f. cl 3, wh
1 aserih een e e hE CRACE L i oM ater B P’ 1 L-shaped

AR g Qmduppsr p'értto-ﬁhﬁ)r %ﬂﬁﬂf&gﬁg Qf majoRistifice WheHeetss fifRets and a

angle bet ween 'the wall and a portion of the main
lswplammomémeppqrsn@ﬁe@de% afienglatrotieets. degrees. 6. The
package of claim1, wherein the angle between the wall

and a portion of the nmmin support menber is greater

than or equal to about 20 degrees. 7. The package of

1@l ai MHe, pidkapeidf dlhign dagehebsih waenippbe postidn afidh@ main support
portign of the main support nenber is between about
membRIds B8¥eAnd 30 degrees. 8. The package of claim1,
wherei n spacer has a thickness | ess than about 5 nmm

13. A method of packaging thin glass sheets comprising:

providing a container having a substantially vertical wall and a substantially

horizontal floor;

disposing a portion of the main support member in the container at an angle

with respect to the wall;
separating the glass sheets with a frame-shaped spacer; and

placing the glass sheets in the container so that the glass sheets rest on the main
support member in a spaced apart relation and each spacer supports at

least one glass sheet at four corners of the sheet.

14.  The method of claim 13, further comprising placing spacers between the glass

sheets, wherein the spacers contact only the periphery of the glass sheets.



WO 2004/ 094263 PCT/ US2004/ 008203 9 9. The package of
claim8, wherein the spacer is in the shape of a

wo b@xiopi2es frane that contacts the gl ass sheet BCDOB3000608203
the peripheral edges of the sheets. 10. The package of
claim9, wherein the spacer includes a main frame made
from acrylic material and adOauxiliary cushion
naterlal a sociated with the main f
Igackage Bether &f ﬁ%taﬂn Igheheiem theelan;s ﬁe%bﬁ&r% ﬂ\’r‘ﬂﬂ‘ﬁ%ﬁoﬁ lgss than
abost®Redy. | ncluding an upper portion for supporting a
maj or surface of the glass sheets and a |ower portion
for supporting the edges of the glass sheets. 12. The
package of claim12, wherein the upper portion of the

u o ur v net hod of
1&2 a’Jé}ep gj }}?flng%&g 1S?h & eléen&g%ra}l% noe p&ﬁwon of the main
réin{¥dibel AW 8. a«aﬁqbsésanha@bﬂ)dut\a@radge@s aW@'éle:ﬁéldthan about 5
stantially horizontal floor; disposing a portion

<b%ﬁﬁﬁe mai n support nmenber in the contai ner at an

angle wth respect to the wall; separating the gl ass
sheets with a frane-shaped spacer; and placing the

gl ass sheets in the container so that the glass sheets
Ir7est T tdethodediclaswdpomtheremiikee ahglesbeswered p’np‘a'lﬂsrt of the main

relati on and each spac ports at. | east one SS
SuReat TaEEn dpd doi HaNlas ifss gl s ) ‘i%reei"r?é‘dn%?ﬂ%dt%&? about 3
cﬁ%ﬁk&‘13’ further conprising pIaC|ng spacers between

e glass sheets, wherein the spacers contact only
the periphery of the glass sheets. WO 2004/ 094263
PCT/ US2004/ 008203 10 15. The nethod of clai m 13,

et L0R8 G8SRI% SRS e WU TR Ch bR HEIR: ma
SAPFbre ARGt Be AL BEtwREn bibut rIBlngrees and 30 degrees.

19.  The method of claim 14, wherein the spacer includes a flexible acrylic frame

and a cushioning element associated with the frame.

20. The method of claim 19, wherein the frame has a width of between about 10

mm and 20 mm.

21.  The method of claim 14, wherein the main support member is L-shaped having
an upper portion for supporting the major surface of the sheets and a lower portion for

supporting the edges of the sheets.

22. The method of claim 13, wherein during the step of placing the sheets in the
container the container is placed on a horizontal surface and the container is tilted such

that the angle of the sheets with respect to the horizontal surface is decreased.



support nenber and the wall is |ess than about 30

degrees and greater than about 5 degrees. 17. The
woretroos265 cl ai m 15, wherein the angl e bet weenP@r/us2004/008203

portion of the main support nenber and the wall is

| ess than about 20 degrees and greater than about 5

degr ees. 18 The net hod of cliai m 15, mherein t he angle

betmeen a t|on of t?@inaln upport .

a

Aal | ViRg o i 2 1&@@1@% nf serugned @ﬁL@é% nhef@f between a
f

S?F%‘x.méf M@?ymﬁéﬁéfﬁ%ﬁéhe A o] bRt B (e 85 Shocts are
sasdwiched betwisent bothlsepforzmmemb@l and becunmg ladid wf the bantmntd
wherein the frame has a width of between about 10 nmm
and 20 nm 21. The nethod of claim 14, wherein the
mai n support nenber is L-shaped having an upper
portion for supporting the major surface of the sheets
and a lower portion for supporting the edges of the
sheets. 22. The nethod of claim 13, wherein during the
step of placing the sheets in the container the
container is placed on a horizontal surface and the
container is tilted such that the angle of the sheets
with respect to the horizontal surface is decreased.
WO 2004/ 094263 PCT/ US2004/ 008203 11 23. The nethod of
claim 22, further including securing the glass sheets
between a secondary support nenber and the nmain
support nenber so that the gl ass sheets are
sandwi ched bet ween both support nenbers and securing a
lid on the container.



