TI TLE OF | NVENTI ON APPARATUS FOR MEASURI NG THI CKNESS
OF GLASS SUBSTRATE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates
to a thickness neasuring apparatus capable of
accurately nmeasuring thickness of a glass substrate
which is thinned, for exanple, by chem cal polishing
treatment, while conveying the sane. 2. Description of

the Prior Art "Fl at S P ﬁf@ﬁeinafter
abbrevi ated as "FPD' I's a tern1used In contrast with
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and space saving, as well as small swell in display
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2. Dascription of the Pri;)r Art
“"Flat panel display” (hereinafter abbreviated as “FPD”)
is a term used in contrast with display devices with swollen
profile like a Braun tube of CRT display, and is featured by
. small depth and space aaving, aa weli as small swell in display
panel. FPDs have bean brougﬁt into laractical dse as liquid
crystal displays, plasma displays, organic EL displays. Among
FFDs, llquld crystal displays, in particular, have come into
w1de use not only as TV sets but also as display dev1ces for
portable phones and computer devicas.

In recant. yéars‘,‘. a chegnical iaoiishing ‘techniqllle' whlch
polishes a laminated glass substrate constituting a liquid
crystal display as much as poss:l.ble is favorably adopted for
responding to the demand of developlng lightweight and thinned

liquid crystal displays. To be more specific, a first and a



a |l am nated gl ass substrate G.. Then the | am nated

gl ass substrate GL is dipped in an aqueous sol ution
containing fluorinated acid while a periphery 62 of
the lam nated gl ass substrate GL is firmy seal ed,
wher eby chem cal polishing for reducing the thickness
is effected (see Fig. 9). According to this chemca
pol i shing technique, not only an advantage that the
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with that achieved by mechanical polishing. Inaddition, since
the laminated glass substrate GL can be made as thin as possible,
further demands of reduced thickness and reduced weight for the
display panels PN are satisfied.

The laminated glass substrate thus thinned by chemical
polishing is then individually subjected to measurement of
thickness at a plurality of inspection points, aﬁd whether the
variation in thickness falls within a predetermined range is
examined. Inthisthickness inspection, alaser sensor is used,
and thickness is determinediby extracting reflected wave R1 of
a first glass substrate and reflected wave R2 in a second glass
substrate (see Fig. 10).

With the laminated grass substrate being increasingly

thinned, it becomes much difficult to measure the thickness.



so that it becones difficult to extract themdi st
ingui shingly. Particularly, in a |lamnated gl ass
substrate for liquid crystal display, accurate

measur enent of thickness is al nost inpossible due to
presence of a scattered wave Rn from encl osed
subst ances between the first and the second gl ass
substrates. For further inprovenent of the

productivity of disp Iax panel, it is desired_to
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path so that conventional apparatuses cannot provide accurate
measurements.

The present invention was devised in light of the
aforementioned problems, and it is an object of the present
invention to provide a thickness measuring apparatus capable
of accurately measuring thickness of a glass substrate having
small thickness. It is alsoc an object of the present invention
to provide a thickness measuring apparatus capable of

accurately measuring thickness of a moving glass substrate.

SUMMARY OF THE INVENTION
In order to achieve the above objects, the present
invention provides an apparatus of measuring thickness of a

glass substrate used for flat panel display, by receiving a



orthogonally to a conveyance path in which the gl ass

substrate is conveyed, on the sides of front and back

faces of the glass substrate; a f irst nmeans that

cal cul ates cl earance between each sensor and a face

of the glass substrate based on an output signal from

the sensor; and a second neans that cal cul ates

t hi ckness of the glass substrate bei ng conveyed based

on_a value calculated in the first neans and a
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In the present invention, the sensor is preferably a
displacement sensor which sends an emitting wave at a
predetermined time interval while receiving a reflected wave.
Preferably, a reflected wave reflected at an outer surface of
the glass substrate is used.

Preferably, the present invention further includes a PLC
for acquiring a thickness value calculated by the second means,
and/or a passage sensor that constantly monitors the conveyance
path and outputs an ON signal when it grasps a glass substrate.
As the glass substrate, a laminated giass substrate formed by
bonding two glass substrates can be advantageously used
unlimitedly. It is advantageous that the sensor hasanemitting
part that emits a laser beam, and a light receiving part that

receives a reflected wave from the glass substrate, and the



t hi ckness of a glass substrate with high accuracy even
when such a glass substrate is thinned. Furthernore,

it is possible to measure thickness of a glass

substrate with high accuracy even when such a gl ass
substrate i s being conveyed. BRI EF DESCRI PTION OF TIIE
DRAWNGS Fig. 1 is a view showi ng an overall makeup

of aftertreatnent equi pment in which a thickness
measuring apparatus is provided, Fig. 2 is a block
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probl ens of conventional arts.

BRIEF DESCRIPTION OF TIIE DRAWINGS

Fig. 1 is a view showing an overall makeup of
aftertreatment equipment in which a thickness measuring
apparatus is provided;

Fig. 2 is a block diagram showing a circuit confiquration
of the thickness measuring apparatus;

Fig. 3 is a view showing arranging positions of sensor
heads;

Fig. 4 is a view illustrating a measuring operation;

Fig. 5 is a timing chart for illustrating operations of
individual parts in the thickness measuring apparatus;

Fig. 6 is a perspective view showing a part of introducing
unit;

Fig. 7 is a perspective view showing other part of an
intreducing unit;

Fig. 8 is a block diagram showing a circuit configuration

of another thickness measuring apparatus;



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
invention will now be explained in detail with
reference to preferred enbodi nents. Fig. 1 is a block
di agram showi ng af tertreatnent equi pnment EQU

equi pped with a thickness neasuring apparatus 40
enbodyi ng the present invention. In Fig. 1, a plan
view (a) , a front view (b) and a left side elevation
(c) are schematically shown. In this aftertreatnment
equi pneRty- BQS g ifvagkowsiiss gerere hisie¢ iy e Hewil@gpnated
polishing treatnent is subjected to a washing
prideESs SURSEFFFRY Pdcess and a thi ckness neasuring
process_sequentjally., In _this enbodinent, a Ianina%ed
gl ass shbgtrif etQ2 Y EPGui 4L eF e P iR Ay ™ n®
which a liquid crystal enclosing region 61 is
prEVEEG 1BBE WAt wo gl ass substrates 60, 60 is
unlimtedly assuned as the gl ass substrate GL (see
Fig. 9) . The chemcal polishing treatnment is
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EQU, a glass substrate thinned by chemical polishing treatment
is subjected to a washing process, a drying process and a
thickness measuring process sequentially.

In this embodiment, a laminated glass substrate GL for
liquid crystal display in which a liquid crystal enclosing
region 61 is provided between two glass substrates 60, 60 is
unlimitedly assumed as the glass substrate GL (see Fig. 2). The
chemical polishing treatment is conducted by for example, but
not limifed to, dipping the laminated glass substrate GL‘in a
polishing solution based on fluorinated acid with the
circumferential edge 62 being sealed with an acid-resistant

sealant, and thus the substrate is uniformly thinned.

The aftertreatment equipment EQU shown in Fig. 1 includes



thi ckness of dried | am nated gl ass substrate G, and

an ejecting wunit 5 that renoves the | am nated gl ass
substrate G. having finished the neasuring process.

The measuring unit 4 is provided with a thickness
measuri ng apparatus 40. In the aftertreatnent

equi pnment EQU, a plurality of revolving rollers RL to

RL are provided in the same plane from the

introducing unit 1 toward the ejecting unit 5. In the
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the introducing unit 1 toward the ejectingunit 5. In the course
of horizontally conveying the laminated glass substrate GL on
these revolving rollers RL, a process for washing out polishing
solution, a drying process and a thickness measuring process
are automatically performed. The introducing unit 1 and the
ejecting unit 5 have substantially the same configuration but
operate in completely opposite manners.

Fig. 2 is a block diagram showing the thickness measuring
apparatus 40 constituting the measuring unit 4. The thickness
measuring apparatus 40 includes a laser displacement gauge 41
for measuring clearance D with respect to a front or a back face
of laminated glass substrate GL, a passage sensor part 42 for

moniteoring passage of laminated glass substrate GL; a PLC

{programmable logic controller) 43 for receiving data from the



The PLC 43 includes an input port 43a for receiving an

OV OFF signal fromthe passage sensor part 42; an AD
converter 43b for receiving a thickness signal T from
the | aser displacenent gauge 41; an Ethernet

controller 43c for sending/receiving data to/fromthe

PC 45; a serial input/output port 43d for

sendi ng/receiving serial data to/fromthe touch pane

44; and a CPU unit 43e for_ controlling operations of

t H@SCXf B+ SRrEHISISEd IpRIE <12 Epﬁlth%tpq%a&er egnepemaFt 427 a
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aforementioned parts. Ethernet is a registered trademark.

The laser displacement gauge 41 executes a predetermined
arithmetic processing when a meaningful detection signal is
obtained from a sensor head Si, and transmits the processing
result continuously to the PLC 43 in the form of a thickness
analogue signal T. On the other hand, the PLC 43 executes the
later-described measuring operation when it recognizes that the
glass substrate GL has reached the measuring unit 4 based on
an ON signal from the passage sensor part 42.

First, the PLC 43 converts the thickness analogue signal
T received from the laser displacement gauge 41 into digital

by the AD converter 43b, and adds time information

(year-month-day and hour-minute-second) to the resultant



On the other hand, the PC 45 grasps the ON state of
ready flag by a flag sensing processing, and collects
control data including thickness data fromthe PLC 43
via an Ethernet cable. Then the PC 45 executes sheet
di splay or graph display based on the control data.

In the case of abnornmality that value T of the
col l ected thickness data exceeds an upper limt or a
lower limt, alarmdisplay is effected. Since the PLC
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pfqédiﬁvﬁlarnldisplay is effected. Since the PLC 43 samples 80
times for one laminated glass substrate GL, 3 x 80=240 sets of
thickness data are acquired per one glass substrate GL.

In order to achieve the above operation by the PLC 43,
the passage sensor part 42 includes two photoelectric sensors
SN and a preamplifier AMP for amplifying output of each
photoelectric sensor SN. The photoelectric sensor SN includes
a light emitting part and a light receiving part. In this
embodiment, the photoelectric sensor SN determines whéther
inspecting light from the light emitting part is refleqted by
the laminated glass substrate GL and reaches the light receiving
part. These two photoelectric sensor SN are disposed, for

example, upstream the laser displacement gauge 41 in proximity

therewith. Therefore, the passage sensor part 42 outputs an



sensor controllers CT1 to CT3 which nmake the emtting
part TR operate at a predeterm ned cycle and receive
an anal ogue signal fromthe light receiving part RV,
and anal ogue controllers ANCI to ANC3 that calcul ate
t hi ckness of | am nated gl ass substrate G. based on a
time difference signal Tij received fronthe sensor
controller M In this thickness neasuring apparatus
40, si X sensor heads Si arran%ed in the manner as
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In this thickness measuring apparatus 40, six sensor
heads Si arranged in the manner as shown in Fig. 3(b) are used.
A laser beam is emitted toward the laminated glass substrate
GL from an emitting part TR of each sensor head Si. In this
arrangement, a reflected wave from the laminated glass
substrate GL is received by the receiving part RV formed of CCD
(Charge Coupled Devices).

The emitting part TR is disposed so that it emits a laser
beam at an angle 6 with respect to plumb line, to the laminated
glass substrate GL which is moving on the horizontal face (see
Fig. 4(c)). Therefore, vertical distance D from an emitting
point P of laser beam to the glass substrate GL is D=L x CO0S(8)
in relation to an outward traveling distance L of the laser beam.

Here, the outward traveling distance L is defined by L={(1 X

10



velocity. Fig. 3 is a view show ng an arrangenent
state of six sensor heads Si functioning as descri bed
above, wherein a plan view (a), a front view (b) and
a view along the arrows A-A (c) are schematically
shown. As shown in the drawings, a right and a Ileft
vertical plates 46R, 46L and an upper and a | ower
holding rails 47U, 47D bridged across the vertica

pl ates 46 forma _rectangular frane FM_ and the,
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t he gLass substrate G.. Specifical]ly, the_hold
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g the inspection T hes [ eft, right an
C?Q{fg 47U, 47D bridged across the vertical plates 46 form a
rectangular frame FM, and the rectangular frame FM surrounds
the conveyance path of the glass substrate GL. Specifically,
the holding rail 47U is bridged over the glass substrate GL and
the holding rail 47D is bridged below the glass substrate GL.
To the upper holding rail 47, sensor heads S1, to S3; are
attached via attaching parts 48. To the lower holding rail 47,
the sensor heads Sl14 to 834 are attached wvia attaching parts
48. The upper and lower sensor heads Si, and Sig are disposed
symmetrically in the vertical direction with respect to the
laminated glass substrate GL being horizontally conveyed
therebetween, and vertical distance between the emitting parts
TR, TR of the upper and the lower sensor heads S$Si,, Sigq is

accurately controlled to a predetermined value DO (see Fig.
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positions. Each pair of upper and | ower sensor heads
Si~ Sid arranged in the manner as shown in Fig. 3
are connected to a sensor controller M (see Fig. 2).
The sensor controllers CT1-CI3 drive the emtting
parts TR of the six sensor heads Si in a
predeterm ned cycle, and receive a sensor signal from
the light receiving part RV. In Figs 4 (d) and 4 (e)
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[ EGRORIBS B TBfTiR P RFES PATFBCE i 9% RESsured
surface RN of secand glass s rate refl ected
e ok b P 1% 4188 roHa TR 16t %gf:ow’al t,g0d Conter

substgate 60b and the |like are obtained. In the sensor
cBRttol PRPs CTi (=CT1- CT3) anong the reflected waves
RF1- RF4_received fromthe pper. an

reads Gach BpyT of Tty 8562{ eﬁesemafrht%%%%gévgﬁzwa Fpnged

LS pﬁp ortional
[

G Efﬁsd&%nﬁefz o Sed aR B nl 1 STy PEGTeg o o Sensor

refl refI ctlv RF1 and a t|n

rSoREREPEet O (FoHL BFL D i Bsetenad i roT/k > ep1-cr3

descri d abov si nce vertic |, di stance

sgﬁ%‘é? 'heaqefeteﬂ iy PRE S TRLSE i MRl o hERaR ol in a
Bééf: lénrllﬁ%%gz(g é)émgﬁeéeo ve ats%%s\é)errst,igcr?altl % 81tnache light
receiving part RV. In Figs., 4(d) and 4(e), an ideal emitting

wave and a light receiving wave are illustrated according to
the principle. As shown in Fig. 4(b), from the laminated glass
substrate GL, a wave reflected at front surface RF1l of first
glass substrate 60a, a wave reflected at back surface RF2 of
first glass substrate 60a, an irregular reflected wave RF3 from
the liquid crystal enclesure region 61, a reflected wave
reflected at front surface RF4 of second glass substrate 60b,
a reflected wave.reflected.at back surface RF5 of second glass
substrate 60b and the like are obtained.

In the sensor controllers CTi (=CT1-CT3), among the
reflected waves RF1-RF4 received from the upper and the lower
sensor heads Siy,, S5iq, an analogue time difference signal tij

(i=1 to 3, j=1 to 2) which is proportional to a time difference
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on the time difference signal Tij which is outputted
fromthe sensor controller CTi. Then the anal ogue
controllers ANCi (ANCI-ANC3) cal cul ate clearances D,

D2 fromthe emtting part TRto the glass substrate
based on the tinme difference signal Tij received from

the sensor controller. For exanple, with regard to the
first inspection line LNl1, the vertical distance D f
romthe enittin%. gart of the upper sensor head SI, to
tﬁeb?*dt?%?uﬁ dedtoplinaecrinra e@[tégsfré’l%s’f‘?fa]teec@_"e wave
is calculated by DI= (T, 11 x v+51) /2 X

WHFLhan GEREEARS vt bh EHTBBT FE O HPLHE @%%W?@C%Hﬂler

of the | ower sensor head Sld to the botion1surface of

t RICL} amih SeSFTdPadsa kbt rErEearersical i sdfepy ppLveen

-E 12 +52) | , T d T1

gé‘p?%’é%‘?ﬁ \f]te@f?)e a.%ﬂéFBﬁc@Q%F%éﬁremt‘%ﬁaﬂa %?ﬁ%frﬁgf E,y p=(t
tt f t

TR G e %ﬁea%rﬁfq?ztv'8285%%,Degarf{ete.&iq”lg@%ased

di st b t tt {.P

OB TRS E EFBRETS BB AL Kol d B0l e

for t he er and he | ower sensor heads SI,, Sid,

r85888F|9%§§% 9he anal ogue control |l er ANG

ke g, kot 0 DAL e A B
EEH AR S VR L4 ) R OB e
sySheb e BT B AR i 5 g e
échgiﬁn:coh rgfig tt%%rlQx££§iépnﬂﬁfgrggaEQQI>QHS first
inspection line ILN1, the vertical distance D1 from the emitting
part of the upper sensor head S1, to the top surface of the
laminated glass substrate GL is calculated by D1=(111 x v+81)/2
x COS(8), while the vertical distance D2 from the emitting part
of the lower sensor head Sl4 to the bottom surface of the
laminated glass substrate GL is calculated by D2=(112 x v+32) /2
x COS(9). Here, 11l and 112 each represent time difference
between emitting timing of emitting wave and light receiving
timing of front reflected wave RF1l, &1 and 32 each represent
relative di's_tance between emittihg point P and receiving poinf.
Q calculated along a receiving wave, which are values for the
upper and the lower sensor heads S81,, Sla, respectively.
Next, the analogue controller ANCi determines thickness

T of laminated glass substrate GL based on the calculated
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In this manner, according to the present enbodi nent,

cl earances DI, D2 between the respective emtting
parts TR and the glass substrate are determ ned by
using only surface reflected wave RFlI anong plurality
of reflected waves RFI -RF4, and thickness T of the

gl ass substrate is determ ned by calculation of

DO DI -D2. Therefore, it is possible to accurately
nmeasure thickness T of the | am nated gl ass substrate

GCLGRIEGTEGSi Hbro@?ng“ﬁ%@héﬂ?%ﬁfl%&%ﬁﬁ' E?SSQ QBr YRER}cal
cl earance DO of the upper and the |lower emttin
&llte§r‘?‘ﬁceﬁ9 PEgEREIEEST BP9 it harer r?é“%&ﬁ‘é’ni’%g‘?s TR, TR,
ur of the conve ance h f ormed by revolvin
 CPLEREERP T OTokbgl ) dﬁaias’%.sglb%raﬁsz%e]ss EARFRgated
charts show ng time dlffer nce _sign receiyv
2B S308 Rrtr deper Brand (3 ﬁom?@%&% detetoimad Eheghness
and t hi ckness nalo ue SI nal out %tted t.0 Hhe PLC

43 by SHE\P%‘& & Rﬁd‘“
or opor { T oRA Y ﬁéq%eeﬁﬂ' %%E%EE%%%Z&?% wéeeﬁepﬁeembodiment
VB ERICTS S b2 B EsE FOR GooRRRUCES TUILT T RaLes TR and
DEPS Bhe %%?%%%'ngﬁfaiéei%%iemﬁ' ?%élrb%#t@ﬂ%”e%n? Re “PFonce
sggfgaf}é%&gfasurégf%%??} érEtén%reaqS| a’? lectced e B -rra,
R LAY 1 B bR ST g s raniﬁ 213‘8” iRt BY
SHQ%@?&&% bte'lﬂﬁ 1‘3%2"63’& r%f%’}%,""'ﬁhls%géé%le"fto

revol vi ng ro

accurately measure thickness T of the laminated glass substrate
GL only by improving mechanical accuracy of vertical clearance
DO of the upper and the lower emitting parts TR, TR regardless
of whether the mechanical accuracy of the conveyance path formed
by revolving rollers RL is excellent or not.

Fig. 5 provides timing charts showing time difference
signal 1ij received by analogue controllers ANCi from sensor
controllérs CTj and thickness analogue signal T outputted to
the PLC 43 by analogue controllers ANCi. As previously
described, (a) time differehde-signal tij is proportional to
time difference 1 between the emitting wave of laser beam and
surface reflected wave RF1 from glass substrate, and (b) for

this reason, time difference signal tij defines clearances D1,

D2 between laser emitting parts TR, and the front and back

14



the I am nated gl ass substrate GL is conveyed in

sonmewhat wavy rmanner, clearance DL with respect to

the front surface of the |am nated glass substrate G-

and clearance D2 with respect to the back surface

di splace in opposite directions, (see Fig. 5 (a) (b)

) , thickness T of the |am nated gl ass substrate G is

al ways cal cul ated by the cal culation of DO (DI +D2)

wi th high accuracy (see Fig. 5(c)). In the present

effBsdrRgAt ot tiHe Hissr substE8Ffers CTi and the PLC 43

is intervened by the respective anal ogue control|ers,

ANGi , ahef t14e dieffeFdRBeChet iR MidfisdsnsR ghanal T3

reception of _laser beamiij, and thickness T of_the_,

| SRRt eh: frss” Sipetrares 'y BR0 of cRinberaten  HoFLS- 5

form of gaal ue signals. This .contributes to realéze

r api ACHFERTRSS &P SP6cegBiRgtet %Sf?prsc‘r\gi’éttrﬁée GL being

resol uti on_of hapdl ed signals, and to inprqQve the .

aSBUV%?/gd’flOE&I ‘éh‘ﬂ%xf@&#%?ﬁk%&"?.lvkﬁﬂ olneradto Egn L+t

circujt configuration shown ipn Fig. 2 in_any way,, the

chhE e el S B teubr  Sren el b sSE iagb vy

on_a _sensar signal _received fromthe sensor. heads S

o BET o et at asOL itar FRoRPEL & Tife ot AULiage OF the

thickness. T.i.s not, necessarily, supplied tQ,the,PLC 43

BT haTes fgpReor afitis Shuee R aRgs, D FesEder to

pref erabl supplied to _input rts [N -1 of t.he

B 55%R PytaPolfhedrts G pRPPaLe 8% HSak N tdoft s st

necessari.ly essential,, and.the PC.45 ma ct, far .the

e s iskp S8 b Yiis FAfibed Hue g el Fore 6 1 huays

aééf%ﬁié%%dnglthe calculation ¢f DO-(D1+D2) with high accuracy
(see Fig. 5{c)).

In the present embodiment, the sensor controllers CTi and
the PLC 43 is intervened by the respective analogue controllers
ANCi, and time difference between emission and reception of
laser beam tij, and thickness T of the laminated glass substrate
GL are transmitted in the form of analogue signals. This
contributes to realize rapid transmission processing, to
improve the resolution of handled signals, and to improve the
accuracy of calculated thickness T.

Not limited tc the circuit configuration shown in Fig.
2 in any way, the controllers CTL1-CTL3 that calculates
thickness based on a sensor signal received from the sensor

heads Si may be provided as shown in Fig. 8. The calculated

thickness T is not necessarily supplied to the PLC 43 in the
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equi pnent EQU will be explained. Fig. 6 and Fig. 7 are
perspective views show ng structures of the

introducing unit 1 (ejecting unit 5), in which a
nmounting unit 10 for holding |am nated gl ass

substrate G., and a driving part 20 for making the
mounting part 10 wavy are illustrated. The nounti ng

part 10 and the driving part 20 are coupled via an

out put axis 21 of the dr|V|n% part 20 in such a

ey of aﬂﬁéoﬁ’éarﬁlr%gﬂpaptl 3y |P§e§\%if?€ﬂaéd°%é%éﬁed to
a descendent state where it is situated on
héPPEén@%‘[t%&P‘ﬂaéE:*(%%éhﬁl §LC )3 aRdthe §P§H‘d‘i’f‘1@“&dtal data.
state where it is standing at about_ 60 to 80 degree

i AheeBlohs d st BOtrRRFPIGHALL §SBPRE bR miticoRNEFFY He may act
driving part 20. Now, the nounting part 10 wll be
féPFhEg cekiff alted with reference to Fig. 6. The
illustrated mounting part 10 |s nainl

conb- | 1 HRFipai 9t 6 SAFVEI FARS S R e %f "??%f?gﬁ%@ent
bl ocks 12_t 12 fixed to the Er0XInH| gs of 7 are
SRAVEPTARYC 9 Wit beng*RIBERRAL i tfy Jof saﬁﬁo'ﬁ?n
DB ERetehd bohe RS P GTIE B g o
ISR SR ) S SR GG B 27 Mo
Sy el or e g s el g, 28 4 e
BRSBTS b 555 B AR 0 B oo
P B A et P D bl st
t rgntsnm ttrggl]t'lg Egahret %W J\.lglsluc% grnrlrasnnlelr‘ t?i %tlng part
10 is switched between a descendent state where it is situated
on the horizontal surface (see Fig. 6) and a standing-up state
where it is standing at about 60 to B0 degrees, in response to
reciprocating ‘piston motion of the driving part Z20.
Now, the mounting part 10 will be further explained with
reference to Fig. 6. The illustrated mounting part 10 is mainly
‘made up of comb-like pair of swiveling arms 11, 11, stationary
blocks 12, 12 fixed to the proximal ends of the swiveling arms
11, and a plurality ofrsupporting plates 13 to 13 for supportingr
laminated glass substrate GL.
These parts 11 to 13 are formed, for example, of aluminum

alloy, and the swiveling arm 11 and the stationary block 12 are

integrated by aluminum weld or other means. The swiveling arm
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6(b)). As shown in Fig. 6 (b) , the swiveling arm 11
isintegrally fornmed froma totally L-shape nmain body
BDY, and conb teeth CMB projecting fromthe mai n body
BDY. The arranging pitch of the conb teeth CMB is as
same as the arranging pitch of the revolving roller
RL, but conb teeth CMB and revolving rollers RL are
m saligned with each other by their half pitch. As a
result, in the descendent state of the swiveling arm
12Y ﬁ}’lﬁ thy) stahtpnapt blpekclohB recer v ics! vokk S Feugbeholes
nei ghboring revol vin rollers RL, RL. These conb
t dShTERBLY NS rtd\A QEEPWE tarich A} -onBhe |thdegg-pate g a key
through whi ch an operator can access the back face of
t HEOXRI Kt et ndSYsGhsthat @ @UL &Fdshélafihe into the key
| am nated gl ass substrate G. reliably. Wen th
SWLPEVENEY af tn SIS YLS the Fir%%%“d%%cféfn&élﬁt outEYE, a>f1rfe 21 to be
| am_nat ed gl ass substrate G. that_  has been hel d
t F&teebtor rBVS%%ﬁR%ﬂ|9ﬁgt§Pnﬁfivﬁélﬂ%I%FTﬁ/%%ﬂall (see Fig.

rev Ylng rollers RL (see Fig. 6(b)). As shown in Fig.
E& each of the conb teeth CMB has a distal end

prOJectln in the sha of U,  or jin _aqther rds, ,eac
of the AD Bt Pl § o HE P VA LS ot 31 BhdPREERLLY

55856‘F #réo‘*rb‘ég{%te Ve e bracei AT PATe A5 PanpiSeaih OB

t he sw

B P DN T K LEER ISP BHY P DappBP (g SPE BEgh &7 the
b L B2 POl AL Pt
tggl EL rghéuégmb teeth CMB and revolving rollers RL are
misaligned with each other by their half pitch. As a result,
in the descendent state of the swiveling arm 11 (Fig. 6), each
of the comb teeth CMB comes between neighboring revolving
rollers RL, RL. These comb teeth CMB is provided with only one
lacking part SP through which an operator can access the back
face of the laminated glass substrate GL, and hold the laminated
glass substrate GL reliably. When the swiveling arm 11 is in
. most descendent state, the laminated glass substrate GL that
has been held theretofore by swiveling arm 11 is held by the
: revolving rolleré-RL {see Fig. 6(b)}.
As shown in Fig. 6({b), each of the comb teeth CMB has a
distal end projecting in the shape of U, or in other words, each

of the comb teeth CMB is formed at its distal end with a notch

14 corresponding to thickness of the supporting plate 13. A
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The supporting plate 13 is specifically individuated
into the two supporting plates 13A, 13B having
different vertical w dths. Anong these, the
supporting plate 13A di sposed on the proximl end
side of the swiveling arm 11 has |larger width than
the other supporting plates 13B. In a contact surface
of the supporting plate 13A with the periphery of the
| am nated glass substrate G_, a cushion nmenber 16 is
gllegking praiedbihy fiked tam dhetkal gnd<ef shessyhfeling arm
G.. On the other hand, as to the other supportln%

plldt 8 theRcondi biqn abpLybRFh ENAB RIS a1FURRGF lidithRlate 13 are
around each plate for protecting the back face_of the

| fritrgtetnp é@@ Bebeheatld -@nd &y thés sdirionglptatle  the
13B. As described above, in the descendent state of
t FEPROGHELPEP IR 180 18hahAtisr Py figed ke thafwaieddng arm
glass substrate G. is released fromcontact with the

01 r|ng 17 and brought into contact with the revolving
rollers RL. Fig. 7 is a perspective, view show

an .
exanpl eTh# SEBHEFE%%G P&FFE&(%J‘%SBFC%%C@JHH(/FHBPFSH?‘E""W into
The drivin art 20 |ncludes hol di n ortjio
23B°f Bw%%%? iBgt R1aheE bif+ He'Bo %HFG %&ﬁerﬁlﬁ yegtical
r ot at abl e nanner a coup Ilqg arn123 fixed to

ot BEPSaxiA 2 proTRctiifg® PR it sflattﬁel%?ofia?ﬂased on the
PO, PA 40,200 B SR S0 2 29, L0t SLLON O o
R B LA 22 PO L0 R o
Aol hath DARA SR B B A oo
rgd th§h?nglggshlon member 16 is glued for protecting the
laminated glass substrate GL.
On the other hand, as to the other supporting plates 13B,

a plurality of O rings 17 are wound around each plate for
protecting the back face of the laminated glass substrate GL
on the supporting plate 13B. As described above, in the
descendent state of the mounting part 10 shown in Fig. 6, the
laminated glass substrate GL is released from contact with the
O ring 17 and brought into contact with the revolving rollers
RL. Fig. 7 is a pgrspective view showing an example of concrete
structure of the driving part 20. The driving part 20 includes
holding portions 22A, 22B for bearing both ends of the output

axis 21 in a rotatable manner, a coupling arm 23 fixed to the

output axis 21 projecting from one of the holding portion 22A,
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cylindrical through hole is fornmed, and a penetrating

pin 27 passed through the cylindrical hole is fixed

to the coupling arm 23. The penetrating pin 27 is

| oosely fitted into the cylindrical hole of the

pi ston 26, and as a result, the coupling arm 23 and

the piston 26 are coupled so that they can sw vel

with respect to one another. A proximal end of the ‘
cylinder 25 is bore by a supporting axis, 28, sq_that

t h'"‘é‘dcﬁf g1 FNg 8ERESS 22492 LI PH Rt RS P hina s TR ?véh‘i:fr gwing.
Since the coupling arm 23 and the driving source

are cotpf SFIVANE REUYRS et 1§ EP | Wed %d\%ier@rﬁ leposed

first state wherein the piston 26 is draw into
cyi hE8ENe5Ng 8@BNEE g anfl § E}Sj—on %ﬁh‘"eh%aﬁﬁﬂa%%ﬂn% moves
descends to a horizontal state. t he ot her g

an dRLI G Odt 2k 8 %‘?&F@Fr?‘etvﬁéeﬁﬂé’t%hl%mtpﬁl}tﬂwé‘d% Fa“’lngs'

L o

t fge?fgiéﬁﬁn&‘?‘bﬁi’é@ Bpit?swof&gﬁ?q oRRo? meac 09 pin 27
CRBFAPC  Teh B o ah w@ﬁ”‘“aas Eb‘?%%l'% e 88up1ing
A é’é%%.ln%to Ehe
sPutitadiAt Bod8 A frd BiRE E?P%&"m gty e goupling
 RERCGE R R, bipiph TR MR SubTRa T MY oah Mives
ampated glass substrate G

resp oneé another,” A proximal end of the cylinder
25 is bore by a supporting axis 28, so that the driving source
24 is allowed to swing as a whole.

Since the coupling arm 23 and the driving source 24 are
coupled in the manner as described above, in a first state
wherein the piston 26 is drawn into the cylinder 25 (see Fig
1(a)), the mounting part 10 descends to a horizontal state. On
the other hand, in an analogue state wherein the piston 26
projects from the cylinder 25 (see Fig. 1(b)), the mounting part
10 rises about 60 to 80 degrees from the horizontal state and
stands up.

In consideration of the aforementioned points, operation
of the aftertreatment equipment EQU shown in Fig. 1 will be
explained. When an operator makes an appropriate switching

operation for the control device (not shown), the driving part

19



havi ng subjected to the chem cal polishing treatnent
is conveyed in the position of the introducing unit
1, the operator holds one | am nated gl ass substrate
GL and places it on the nounting part 10 in the
standup state. In this placing operation, the
operator holds right and | eft edges at mddle points
in the vertical direction. Since the swiveling arns
11 have the | acking, Eart SP in the conb teeth,

t'?é’ RE| HhFah’i“i’ﬂ%ﬂcB’cFm@I 384t shpttitdtse te_tEenS%%OfgﬂeﬁttWe from
placed on the nounting part usi ng the | ackin

pdif SPrsfretahsy ﬁﬁen%wgreaﬁéﬁ.%‘?e mophe-ipgyeg st 107 of the
periphery of the | am nated gl ass substrate GL.is
PR AL BRI T, G USTEn CRokDor ™ 6° o Latort Phgthe

plate 13A, . and the back face of the | am nated gl ass
S§F§F?8 EDELSFﬁt?n abutment with the Oring 17 of the

supportin | ate 13B. Thereaft when, the o
fuf? her SakBLs of €t PG B%ef%&'%%teq a&PPéPﬁatB%‘i? 6L

of the juotrod 1. s hi f he
éaﬁags?a %%%41 f#eonf *a%r”'& ot i L PdLif e HaatiRgt s

p art 10 ntr uni t 1 returns
P ebbrusti et 5O5F POM PR hitpt St in A 140y pRggRtor
int t scende t state.of_ the mountipg
“Rpi 8y goRe am%%@ *GF PHECCTRR il aropass 18%n tne
s%gg%ﬁage CH | %%ed g contqft he 2 aé&n
7 %n%aﬁ?ougﬁfl' e revo |ng g
roIIer her ef or the Leyo V|n rol.ler
REPREGHI O | ﬂ%)srsgﬁd. P e R n%u% A dsOpE aate
?é%;ggﬁge rf’;\?’%r ce%celer\se;eg:g.ndgd Sglantcee tﬁg%w1%mlng&eaq:ms 11,
11 have the lacking part SP in the comb teeth, the held laminated

glass substrate GL can be gently placed on the mounting part
10 by using the lacking part SP. In this mounting condition,
the lower periphery of the laminated glass substrate GL is in
abutment with the cushion member 16 of the supporting plate 134,
and the back face of the laminated glass substrate GL is in
abutment with the O-ring 17 of the supporting plate 13B.
Thereafter, when the operator further makes a switching
operation, the driving part 20 of the introducing unit 1 slowly
shifts from the second state to the first state, and the mounting
part 10 of the introducing unit 1 returns to the descendent state
from the standup state. As described above, in the moest
descendent state of the mounting part 10, the back face of the

laminated glass substrate GL is released from contact with the
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the introducing unit 1 is fed to the water washing

unit 2. Since washing water f lows on the front and

back f aces of the |lam nated glass substrate G-

noving in the water washing unit 2, the polishing

sol ution adhered to the glass surface in the chem cal
polishing treatnent is washed out. The | am nated gl ass
substrate G. havi ng experienced such an operation of

the washing unit 2 is then fed to the draining wunit

30 ringhk’ gl hiragalhi in® denghcprestlurtdainevedving roller
form of fine lines is energetically sprayed onto the

| &%¥i-nated gl ass substrate GL being conveyed in the

right direction in Fig. 1, whereby washing water )
adher ed'rafivg e r BRtMaAF Qﬁéebla%‘{@]ﬂ&é@sroégeﬂ?é revolve in
| am nat ed gl ass substrate G.L is securely renoved.

StiBs et icon FEpantae grouHd NdaRpinht &Y ki adeashigst Fag gnost
G also_  nmkes the front and the back faces of the _
| AP AaReRd gitass. Simdardnetarydlass eHPstRaye Gheeceived in
| am nat ed gl ass substrate G. passes the neasurin )
uhle 1ptrpdpRéng omditt: 6A fadato the RtegifadHd% H‘éltbgck Since
faces thereof are cleaned. The neasuring unit 4 is

pP BT Hed vahet i ows ehiteRne i thald backqt afsmaractls haninpted
whi ch sensor heads Siu, Sid are disposed, above and

b8l ¥%F t P I tRtFalldmgrate ;M Wi dtatsre vaphingyeting, the
t he. conveyance path &see Fig. 2) .. Then _the, thickness,
gAY appak g dAe TR FRRSd AdP TGS B thepghemical
bet ween, t he upper or the | ower sensor heads Si~, Sid,

Mg fReRaeat gl asea gt t34t-e GL based on the
Iag:e(r)f %ﬁ@ﬁ%ﬁé?%ﬁ%&%@%rgtgoﬁf hgv?&? e%:%%r?.g%léeé such
an operation of the washing unit 2 is then fed to the draining
unit 3. In the draining unit 3, high-pressure air in the form
of fine lines is energetically sprayed onto the laminated glass
substrate GL being conveyed in the right direction in Fig. 1,
whereby washing water adhered on the front and the back faces
of the laminated glass substrate GL is securely removed.
Subsequent conveyance of the laminated glass substrate GL also
makes the front and the back faces of the laminated glass
substrate dry.

In this way, the laminated glass substrate GL passes the
measuring unit 4 in the condition that the front and the back
faces thereof are cleaned. The measuring unit 4 is provided

with the thickness measuring apparatus 40 in which sensor heads

Si,, Siyg are disposed above and below the laminated glass
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substrate G., and cal cul ates thickness of the
| am nated gl ass substrate G. based on the cal cul ation
of DO-D1-D2. A total of 240 sets of thickness data
fromthree inspection lines LN -LN3 are acquired per
one | am nated gl ass substrate G., which are then
stored in the PC 45. Thereafter, the | am nated gl ass
substrate G. noves to the ejecting unit 5 and stops
there. The ejecting unit 5 has the sane structure as
t FaPsbratash fravalErhGhentenve s Prhh Fispe Fig- and Then
7, and when the | am pated gl ass substrate G. is fed,
t k8 HolMEneTs parfulIbnoRPPREaEHEAT dgtanmings tig@sasy DL
in the descendent state. Wien an operator makes an
appr BpEVatR ' tnSig cspkhat 1 oFeT isenae E6AdFt Pbn SHat and
the lam nated glass substrate G. is introduced on the
nbliRt FAPLPAFEY 1B 2Sh SURSERRF AgChaAPsad A Shey Lages peams
el eyating in response to this, and the | am nated % ass
siﬁﬁgi?%?%d@l? e érBVtt@é?er%‘%WFﬁgf% pelhg laminated glass
theretofore is delivered to the supporting plate 13B
of UPRET AbuMili g Pafal ot ataRdE - @R Tt OF| hht HeMeBartse glass

this elevation, the %Iass substrate G__tends

f

of ds to
sPPOBCBACE R Barphem Phecalra lalppsr of MY~ Dgrife fskotal of
Sl Bt 030 BB be et 05 bR B3 e o
cushion nenper 16, there is no.fear that the ,

| &RF iR B RS TS b Hahated GRS PR ERTE fhmmtgRlch are
ALhel 415U g B 10 elevates o the |t

hi s/ herTh%%rQa% tg%?itr}lde Rgnelinated glass substrate GL moves to the
ejecting unit 5 and stops there. The ejecting unit 5 has the
same structure as that of the introducing unit 1 shown in Figs.
6 and 7, and when the laminated glass substrate GL is fed, the
mounting part 10 of the ejecting unit 5 stands by in the
descendent state.

When an ocperator makes an appropriate switching operation
in the condition that the laminated glass substrate GL is
introduced on the mounting part 10, the mounting part 10 slowly
starts elevating in response to this, and the laminated glass
substrate GL held by the revolving roller RL theretofore is
delivered to the supporting plate 13B of the mounting part 10
and elevated. In the course of this elevation, the glass

substrate GL tends to slide on the 0 ring 17 of the supporting

plate 13B, however, since the periphery of the lower side of
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| am nat ed gl ass substrate G. through the |acking part

SP of the swveling arm 11 and then holds the gl ass

substrate G.. Then the operator renoves the held

| am nat ed gl ass substrate from the ejecting unit 5.

Since the renoved | am nated gl ass substrate G is

thinned to a certain thickness by the chem ca

polishing treatnment, it is then fed to the subsequent

process such as enclosing process of |iquid crystal )

afther lpeieabehglassr ispherapt el i 1y wcaived Bii g egushion

gl ass substrate G.. As described above, in the present

efi5BREREHY,, t8PRRE S PReFRAY §hpEovheidaninateditliasssgubstrate

measur i ng apparatus 40 having a characteristic

cOhf Fgbtatl e and idemagsdibl e to accurately neasure

t hi ckness of | am nated gl ass substrate G. havi ng o

subj ect®f ot ha@PREATER2Hol P SHiavgtese MBAtlifddr Pagition

conveyance thereof. | Wile a preferred enbodi ment of

t ﬁedi%mﬁﬁ FBRT fad sttt et AnEegtadiiny hepeqndg behind the

tirns, such _description is for i|lustratjve purposes

onfYinahed Plaps SWIrEabRdel ShoBHIRHAtE Lafaieeagndt of the

varlations may_be nmade wit hout departing fromthe

sPrHYEL P9 &EBpel And r&@epolP bR g c FaRRE. WSt RaLE F5- Then
IMED I'S: 1. An apparatus _ of neasuring thickness, of

a® ?é&%ﬁra&ﬁﬁsf?‘a‘?‘ée£§@8 hordrhamingsg IiRspIsystepss from

aggaratus receivin
e

S Sy ng e S8 TERBveHebgtTHpd olass
thiskness ol the ghasy substiate, ot BLyral. 0P 2hE 0 umscal
polishing treatment, it is then fed to the subsequent process
such as enclosing process of ligquid crystal after releasing
peripheral sealing of the laminated glass substrate GL.

As described above, in the present embodiment, since
there is provided the thickness measuring apparatus 40 having
a characteristic configuration, it is possible to accurately
measure thickness of laminated glass substrate GL having
subjected to the chemical polishing treatment, during
conveyance thereof.

While a preferred embodiment of the invention has been
described using specific terms, such desc;iption is for
illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from the

spirit or scope of the following claims.

23



plural sets of sensors arranged orthogonally to a
conveyance path in which the glass substrate is

conveyed, on the sides of front and back faces of the

gl ass substrate; a first neans that cal cul ates

cl earance between each sensor and a face of the glass
substrate based on an output signal fromthe sensor;

and a second neans that cal cul ates thickness of the

gl ass substrate being conveyed, based on a val ue

cHHEdl aEedLAMEE S i rst neans and cl earance of a pair

of sensors determ ned in advance. 2. The thickness
nmeasuri ng apparatus according to claim 1, wherein the
sensor is a displacenent sensor which sends an

em ttiny wiPeaRPakapreded ararsyedngi fpickpesy 1t \ihiglass
receiving a reflected wave. 3. The thickness

meaBEEFREe assar rwd latcrrdiingisplay aithe Fpralrdis reepbving
reflected wave is a reflected wave reflected at 24 an
odt 8t ag%rTHsd rof et hev ilaexpsuiencadea WhinmHag RrekAess and
measuri ng apparatus according to claim 3, further _
cBRPFREI MG tal Pkt pPEgrinahdt © ShbgtEa bRt vt H ) Leeptions,
acquiring a thickness val ue cal cul ated by the second
nbAfsaPBATr s (MEKAESBYreasuri ng appar at us accor di ng

to claim 4, further conprising a passage sensor that
const aRtyYradpsefsr 8L 2eRINRR PHFEP 9545t RTARGORA phf Lu R

ON signal when it grasps a glass substrate. 6. The

{ APRKPEARCE P25 1R g ilfph L9 1888 oF W HEFAL® dfyconveyed, on

the sides of front and back faces ¢f the glass substrate;

a first means that calculates clearance between each
sensor and a face of the glass substrate based on an output signal
from the sensor; and

a second means that calculates thickness of the glass
substrate being conveyed, based on a value calculated in the
first means and clearance of a pair of sensors determined‘in

advance.,

2. The thickness measuring apparatus.according to claim
1, wherein the sensor is a displacement sensor which sends an
emitting wave at a predetermined time interval while receiving

a reflected wave.

3. The thickness measuring apparatus according to claim

2, wherein the reflected wave is a reflected wave reflected at
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one of claims 1 to 5 wherein the glass substrate is
formed by bonding two gl ass substrates. 7. The

t hi ckness neasuring apparatus according to claim 1,
wherein the sensor has an emtting part that emts a
| aser beam and a light receiving part that receives
a reflected wave fromthe glass substrate, and the
light receiving part conprises CCD (Charge Coupl ed

Devi ces). 25
an outer surface of the glass substrate.

4. The thickness measuring apparatus according to claim
3, further comprising a PLC (programmable logic controller) for

acquiring a thickness value calculated by the second means.

5. The thickness measuring apparatus according to claim
4, further comprising a passage sensor that constantly monitors
a conveyance path and outputs an ON signal when it grasps a glass

substrate.

6. The thickness measuring apparatus according to any
one of claims 1 to 5, wherein the glass substrate is formed by

bonding two glass substrates.

7. The thickness measuring apparatus according to c¢laim
1, wherein the sensor has an emitting part that emits a laser
beam, and a light receiving part that receives a reflected wave
from the glass substrate, and the light receiving part comprises

CCD (Charge Coupled Devices).
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