Roller Group for Transporting Thin Substrate and Method for Performing Chemical Treatment by Using
the Same Field of the Invention The present invention relates to a roller group and a method for
performing a chemical treatment by using the same. More patrticularly, the present invention relates to
a roller group for ResipPing @piorshbsiregie pin g TidihSd et peréarminlyie tontifiopus wet-chemical

treatment to the surfacqu‘rtﬂﬁmmg@ﬁ@ﬁ{@@y@%@ﬁ{@l@@ywﬁﬁ%@mm the Invention in the
electronic manufacturing industry production, it is a common industrial operation to perform a

wet-chemical treatment to the surface of a thin substrate. The so-called wet-chemical treatment
involves the opératldrvbilpetforenimepetching, depositing film or cleaning to the surface of the thin
substrate using a chemical solution. For example, the steps of electronic circuit defining and circuit

board cleaning in the piipted cirguitinoard smanuactubng prasesshglongto the-wst-gaemical
treatment. Also, in the production process of solar cells, texturing and cleaning steps of a
semiconductor giicfomrtiiing subbtnateadlsodielarighto thenwdieckamicatneatrtitilarly, Iththe early

electronic manufacturing industry production, a method of non-continuous operation is generally used
to perform a weREIFEHiER ERTHIEII (he LA B His RBLna e thih e bsiEifd8%hon-continuous

e AT ONEREnANG. 06 I USRS P POUIE PuiDSerfg e tin substiate
into any carrying box, and then putting vertically the fixture or carrying box into a chemical tank filled
with a chemical gelutipnst®Rerfosn dhagvat-chamical treatment to the surface of the thin substrate. The
non-continuous wet-chemical operation is characterized in that the thin substrate is stationary relative

to the chemical ??chjf{lgpdund of the Invention

In the electronic manufacturing industry production, it is a common
industrial operation to perform a wet-chemical treatment to the surface of a
thin substrate. The so-called wet-chemical treatment involves the operation of
performing etching, depositing film or cleaning to the surface of the thin
substrate using a chemical solution. For example, the steps of electronic circuit
defining and circuit board cleaning in the printed circuit board manufacturing
process belong to the wet-chemical treatment. Also, in the production process
of solar cells, texturing and cleaning steps of a semiconductor silicon thin
substrate also belong to the wet-chemical treatment.

In the early electronic manufacturing industry production, a method of
non-continuous operation is generally used to perform a wet-chemical
treatment to the surface of the thin substrate. The so-called non-continuous
wet-chemical treatment involves hanging the thin substrate by any fixture or
inserting the thin substrate into any carrying box, and then putting vertically
the fixture or carrying box into a chemical tank filled with a chemical solution
to perform the wet-chemical treatment to the surface of the thin substrate. The
non-continuous wet-chemical operation is characterized in that the thin

substrate is stationary relative to the chemical solution.




Since the thin substrate is stationary relative to the chemical solution, it is hard to maintain the
uniformity of concentration of the chemical solution over the surface of the thin substrate. The
ununiformity is especially obvious in the case that the area of the thin substrate is relatively large, or
the space between the ghiscsthestiatestisuralativalyismall rdlheveferenosie i dhiesorawhacks of a
non-continuous wet-chemical surface treatment is the difficulty of controlling the uniformity of
concentration ofithbaghdmivaimeintiba onithenthiihSubsieatirauemed. tusgohtinicebiftdienee is present in

the concentrations of the chemical solutions between the periphery and center, of the thin substrate, as
well 25 botween TR U5 SHUHE G WO SRR BF et P ALRTRRD dh T i AT o the

wet-chemical surfage treatmentfo the thip substrate s afiestediaivelSq.Inge dhedhin substrate is

stationary relative to the chemical solution, another drawback of the non-continuous wet-chemical
surface treatmerdeisvthe diffeculbynofscbstrading thectempratureliunifaemeityref thecchémieal solution on
the thin substrate surface. The temperature ununiformity is especially obvious in the case that the
temperature of tHEWBESHerflcal tredtrheriteahe thii-shesstrate SPGB 6RIBMESr thata room

temperature. In paglicyfar, i e case thay the ehemical reaction a the (i sybstfate,syriace is an
exothermic or end err¥1ic, reaction, e emperafureyununl ormﬂy may resultinan aBnormaI

performance of thawekchemicahieagctianat therfbin substrate aurtackc. is Yetanqthef.drawback of
the non-continuous wet-chemical surface treatment is the difficulty of loading/unloading the thin

substrate onto/froon@myrfisktucecdritecaryingabextuBuch boaring trdoanidedingndearerallyfare very
complicated manual operations which require a lot of manpower, and more importantly, the thin

substrate will be ©&diNAGRIRHEe At thobel PrsBdEsewPshanh i ResHrG G RO ANedE il be

ncreased.  In order,to avexsome the.yavios, dranbacks of tiedanseentinyqys,wetighemical
surface treatment, enginéers have deve op>é8 a Continlious wet-chemical surface treatment
technology. Thesearlycontipyaus wet-chemical surface treatment technology uses a group of
-fixed upper and lower rollers, which horizontally and continuously transports the thin substrate to and
through various chemicallsolutioee taimks handubsisath e parposent paaformingthisechenticalous
wet-chemical treatment to the surface of the thin substrate is achieved. The main advantage of

applying the conﬁ%’é‘@ﬁ‘w@‘?&fﬁ%i‘é@ﬁ%ﬁﬁn@ﬁt1'1166tH@fﬁﬁ?@ﬁﬂﬁﬁte“@tﬁ%‘?%‘é&kﬁ%@ﬁﬁaﬂon and
temperature of the chemical ﬁ?&ugﬂﬁﬁg‘t .%fﬂygn%l?ﬂr%atﬁe“ﬂgﬁ & 5AP.Le-cRNkAledrq,pe very

uniform, During the continuous wet-c ical treatment operation, the thin substrate surface driven by
a pair of the uppenandowsniRIers Mevasrelativetostheahamicahsedution andhifusmiie uniformity of

concentration and temperature of the chemical solution on the thin substrate surface can he ensured.
is especially obvious in the case that the temperature of the wet-chemical
treatment to the thin substrate is higher or lower than a room temperature. In
particular, in the case that the chemical reaction at the thin substrate surface is
an exothermic or endothermic reaction, the temperature ununiformity may
result in an abnormal performance of the wet-chemical reaction at the thin
substrate surface.

Yet another drawback of the non-continuous wet-chemical surface
treatment is the difficulty of loading/unloading the thin substrate onto/from
any fixture and carrying box. Such loading and unloading generally are very
complicated manual operations which require a lot of manpower, and more

importantly, the thin substrate will be easily damaged during these processes,

and thus the production cost will be increased.




Another advantage of the continuous wet-chemical surface treatment technology is to avoid the
operation of loading/unloading the thin substrate onto/from various fixtures and carrying boxes. During
the continuous wet-chemical surface treatment, the thin substrate can be directly placed horizontally
on a continuous wet-chemidal surface processonaandtrdrisportéd by the lowetordilaieust the
continuous wet-chemical surface processor to each chemical tank for various wet-chemical surface
treatments. The 4ipINCAHGA! 0P HE SO NBRRIBLS I SREMSTHIT AP fr Aty PrEES s 8o SR A Y es the
continuous prod\%c{jc and autor atiggag{lg%t@gﬁgié:l%%g‘uctor industry. With the development of the

. . ¥ cmical Surrace . .
semiconductor indus ry, the thin substrates appli come thinner, larger and softer. For example, in

the semiconductor solargalhindustiynasilicen sheskiormaking cokeselssdganeallydess than 200

micron in thickness. And in the semiconductor printed circuit boards industry, a flexible polymeric

material has beemcemplofisddasither suldstpater abtises sevhiebiguiziontphin e GreaGnrsEkls.

However, in the traditional continuous Wet-chemcg]cﬁl surface treatngant.e uiggnent, all upper and lower
1

roller group is dSSIROE N ACHYEY RHDSU Hatfs ABh &GP Hd rETEIEN S A fided WSReAiter shaft. The
upper and lower,(QlIg(3, A 1SARREL YR ek ARLIE UBRERANK IRUEHQNRL SR el pper and

lower rollers can be symmetrical or asymmetrical to each other as needed. The drawback of such a
fixed roller designdsthgaifficity of ersbsingdhe shiecdpatinglhatweemthe reSpadiitezupper and
lower rollers, in other words; it is hard to ensure the same pressure between the upper and lower
rollers. Thereforéiawheriithohinvatibateaticid tnsspertedbyisudhin mbEEsHer adhatidher roller group,

either the transportation can not be achieved because the upper and lower rollers.cannot
simultaneously CORESEHROthANS UBEPSIETEY t?\etﬁr?}é@l%ls?taﬂa%? Bt

ution o ub

Wil Be 8amage because the pressure
applied on the thip, sbstrate i toQ Jargg.dugtogheiqy smalspacingihgtween therper and lower
rollers, Obviously, the traditional fixed roller design has become increasingly unable to meet the
requirements of adnolamcatmieandicipeindusttye thin kiBspatestifloctirdzn, i506pdiscibses a roller
group design solution to solve the above problem. The design solution changes the traditional means
that both the uppt? aRBCkowsT koWers llerfiay e abighshrechippés ot Maa HBLENG roller that is
capable of freely movig%u wards, downwards I%ft%/vards %Lrllr% r(i)gt][H/gaCr S. Thfssgﬁﬂ'%? gan allow the

mity, of doncentration and te era eniica .
upper roller to m%\‘?eul*? fy Wﬁhln a certain range, angl]fhus a constant pressure on the thin substrate

during the transpqrtation afthadhin subsyate islguaranteed. In fact, in this design solution, the
pressure applied on the thin substrate corresponds to the gravity of the upper floating roller. Therefore;
the design of the upper Aloatieg adiencan ofritrolctheipressuvetapiplisdadrrtheahinestibettate between

the upper and lower roller group, ensure that the thin substrate can be contirwouslg/
technology 1s to avoid the operation of loading/unloading the thin substrate

onto/from various fixtures and carrying boxes. During the continuous
wet-chemical surface treatment, the thin substrate can be directly placed
horizontally on a continuous wet-chemical surface processor, and transported
by the lower rollers of the continuous wet-chemical surface processor to each
chemical tank for various wet-chemical surface treatments. The application of
the continuous wet-chemical surface processor advantages the continuous
production and automation of the semiconductor industry.

With the development of the semiconductor industry, the thin
substrates applied become thinner, larger and softer. For example, in the
semiconductor solar cell industry, a silicon sheet for making solar cells is

generally less than 200 micron in thickness. And in the semiconductor printed




transmitted by the roller groups and will not cause a mechanical damage to the roller groups.
Although the design of the upper floating roller can maintain the pressure on the thin substrate
constant, its feature of moving will cause problems in operation. First, since the upper floating roller

can move back andferibaidynanyeasesdislupoeyandlauerisuiaces:okihglthinisubstrate will receive
threes in different directions, which may force the thin substrate to sway around during movement and

thus to be damagéuirate pffbthemprobleiriofRAateppEedatitigtoller is that, when the lower surface of

the thin substrate receives a force greater, than the gravity of the floating roller, for example when the
lower surface is Washe(IJIBWSVi%‘d’b‘a G FRSU R ﬁ%ﬁ%\%é ORI R

rAlE may fioat Upwards and disengage from

the lower roller. g»l,ﬁk%hl?&t_bﬂ?ﬁwé%ﬁa disrpdagas.fiam the.lowen rellet,duefgungerainty of the

direction of the force received from the upper floating roller, the thin substrate in this case may
stagnate and evenderdisrbiick eausirg thealamslge thiahe Thingpbstadelower lerefore, the
QeS|gn of the upper floating roller can not fully solve the problem of the fixed rollers. Summary of the
invention O_n@l'pG%B@@lﬁﬁmeﬁéﬁés@ﬁttlﬁvéﬁﬂ@fn 18dd Previsler radigrohp HPRHieR%N upper roller
can always maln]}aln the Eame }Iglr%ear velo |t¥ s a lower Anothelr1 BUrpose of hg_ Rfesent invention

is to provide a roffdr GriUls tor HaRSSURG A fhin SibETEIE WHith an Ubper Toller can apply a certain

pressure on the YpperRurfges.of theilhin sikstiRigl0 Makediron@ct mithailower ralige.
spacing between the respective upper and lower rollers, in other words, it 1s
hard to ensure the same pressure between the upper and lower rollers.
Therefore, when the thin substrate is transported by such a fixed upper and
lower roller group, either the transportation can not be achieved because the
upper and lower rollers cannot simultaneously contact the thin substrate, or the
thin substrate will be damaged because the pressure applied on the thin
substrate is too large due to the too small spacing between the upper and lower
rollers. Obviously, the traditional fixed roller design has become increasingly
unable to meet the requirements of a modern semiconductor industry.

US patent No. 6, 971, 505 discloses a roller group design solution to
solve the above problem. The design solution changes the traditiqnal means
that both the upper and lower rollers are fixed, and designs the upper roller as
a floating roller that is capable of freely moving upwards, downwards,
leftwards and rightwards. This design can allow the upper roller to move
freely within a certain range, and thus a constant pressure on the thin substrate
during the transportation of the thin substrate is guaranteed. In fact, in this
design solution, the pressure applied on the thin substrate corresponds to the
gravity of the upper floating roller. Therefore, the design of the upper floating
roller can control the pressure applied on the thin substrate between the upper

and lower roller group, ensure that the thin substrate can be continuously




A further purpose of the present invention is to provide a roller group for transporting a thin substrate,
in which an upper roller can make the thin substrate be driven smoothly even if the thin substrate
does not contact a lower Yet another purpose of the present invention is to provide a method for
perfonning a chemisalitrehtmént tol Bitigiourisstratdbyaisikgthenstsbori¢alidrgrsao the To this end, an
aspect of the present invention provides a roller group for transporting a thin substrate. The roller
group comprise$ASUBBEPoller fixed to an upper roller shah and a lower roller fixed to a lower roller

shaft. The upper and t%ﬁ?ghe&ﬁ@aé&igﬁw&n Ry thelkreapasivediding shaftsratatedhe upper and

lower rollers at the same linear velocity in a clockwise direction and a counter-clockwise direction
respectively, so agdeuallaw the thimsshisirate passing batweeantheoipper and Wiiveraralers to move
towards a certain direction under the driving of the roller group.  The upper roller includes a fixed
roller and a pluraliop shelastopiies Essureacerhmarazetovies Bberirdoitebaskctiithference

surface. The fixed roller is round or pﬁly onal in a section. One e dtor oth quS Pf th?1 elastic piece
& ek o1 s

may be secured SHth& ARARSifksrs T hlé)%%rpsel%rr%?leesr GhiPSr e TaWarS It along their axes

is less or greater. ihan the,width, of fedhinisubsiratenThe wpReraad lawearirolessare made of metal,

metal oxide, metal alloy, semiconductor material or polymer material. The lower roller includes a fixed
roller and elasticspigces seduiathgmihefived nallénarourddisiegtdr circumference surface. Or, the
surface of the tower roller is mounted with an 0-shape ring or engraved with a pattern to increase the

friction with the thin substethsr proplaeiedrthepamcsing e sdittint ditlon'Brovile 4 Miethod for

performing a chemical treatment by using the above rgller group. far tra sp rg{)g a tpltlﬂ substrate. The
method comprisé%r:%%ein% otH% to?lrn?n%)l?‘l{éségg of the fo e%&?%%ﬁ%a ) 3&8&%& in substrate to

continuously moyg fewardgong,dicgstion, saasd Rewermuir cantinyeus welresieal treatment to
fhe flow, the thin substrate may float upwards and disengage from the lower roller.

After the thin substrate disengages from the lower roller, due to uncertainty of

the direction of the force received from the upper floating roller, the thin

substrate in this case may stagnate and even be drawn back, causing the

damage to the thin substrate.

Therefore, the design of the upper floating roller can not fully solve the

problem of the fixed rollers.
Summary of the Invention

One purpose of the present invention is to provide a roller group in
which an upper roller can always maintain the same linear velocity as a lower
roller.

Another purpose of the present invention is to provide a roller group
for transporting a thin substrate, in which an upper roller can apply a certain
pressure on the upper surface of the thin substrate to make it contact with a
lower roller.

A further purpose of the present invention is to provide a roller group

for transporting a thin substrate, in which an upper roller can make the thin




substrate using a solution. The solution is water or a chemical solution. The continuous wet-chemical
treatment includes the steps of performing surface etching, surface depositing, surface cleaning,
surface pattern defining, water washing or drying to the thin substrate. In the roller group and the
method for performbivigria bhdnicalstreatimertvoy Usingt e ssamatofdhe presentadrtvehtian, on the basis
of the feature of stability of the fixed rollers being maintained, with the structure of elastic pieces it can
be ensured that fﬂ@eﬁpper roller can always apply a constant force on the thin substrate in any case,

and thus the thin substigie e e dIver SFRODIY.30,35, 10,06 SUSCessIHIN perigred with the

. . 101 .
continuous wet-chemical treatme any case, even In the case e nin su stra?e dlsengages

from the lower rolleroBrigh Deseriptonehthe Rrawings subkigd i asebamatisoview showing that one
end of an elastic piece of an upper roller in a roller group for transporting a thin substrate according to
the first embodingentof the present invention is secured on a fixed roller having a non-circular section;
Fig.2 is a schematic view showing that the thin substrate collectively driven by a lower roller and the

elastic pieces of the uppe .lfﬁl?élfisﬁlé\ﬁﬂ}ﬁ‘fﬁ .t?ﬁ%@“@&b\w‘ﬁp&g%ﬁéoaﬁ%eéti%ﬁ?ner F{Y'B is a schematic
view showing thaf,apleality of theupeergoliersighowndn gt B mawred.onsshaft.and

fixed to an upper roller shaft and a lower roller fixed to a lower roller shaft.
The upper and lower roller shafts driven by their respective driving shafts
rotate the upper and lower rollers at the same linear velocity in a clockwise
direction and a counter-clockwise direction respectively, so as to allow the
thin substrate passing between the upper and lower rollers to move towards a
certain direction under the driving of the roller group.

The upper roller includes a fixed roller and a plurality of elastic pieces
secured on the fixed roller around its outer circumference surface. The fixed
roller is round or polygonal in a section. One end or both ends of the elastic
piece may be secured on the fixed roller. The width of the upper roller and of
the lower roller along their axes is less or greater than the width of the thin
substrate. The upper and lower rollers are made of metal, metal oxide, metal
alloy, semiconductor material or polymer material. The lower roller includes a
fixed roller and elastic pieces secured on the fixed roller around its outer
circumference surface. Or, the surface of the lower roller is mounted with an
O-shape ring or engraved with a pattern to increase the friction with the thin
substrate.

Another aspect of the present invention provides a method for
performing a chemical treatment by using the above roller group for
transporting a thin substrate. The method comprises: using one or more sets of
the roller groups to allow the thin substrate to continuously move towards one

direction, so as to perform the continuous wet-chemical treatment to the thin




Fig.4 is a schematic view showing that both ends of an elastic piece of an upper roller in a roller group
for transporting a thin substrate according to the second embodiment of the present invention are

secured on a fixed roller having a circular section. Detailed Description on the Embodiments Now,
the detail descriptionraf theigresentinvention swilltbe isadet it reférensatothéiaiccbhepanying
drawings. Fig.1 is a schematic view showing that ane end of an elastic piece of an upper roller in a

roller group for tFARSPBRHAGA AN St Eta BERL MY S e iSRS ATBHRHENES tHE4SFesent invention
e vention, o gL IS ARY NG RPN CUSHRLGEHTN RGN Flntyd iR foller 970U of

this invention, the uppeér roller inctudes a’fixed roller 12 fraving a polygonal section and a series of

elastic pieces 14,geemeck apyitspsripben divetfixed roller 12 has a hole 10 at its center for fixing the
upper roller on a transmission shaft 20 (see Fig.3). The upper and the lower rollers driven by their

respective shafts can rotdte atlibe samealiddhe rsiboidyiim pecfovkivise disatioh efdeebunterclockwise
direction, respectively. The eIaStIlt

/ ic piece 14 is constructed uch that qne end thereaf is secured on
the fixed roller 18YaHti MR StHEMENE ﬁ)g?e?iféffiﬁ RS Ve LpS &Sd%\ﬁ%,@% %?%%?1 ﬁ?Fig.I. One

advantage of thiaﬁsw%iﬂ Iadhatiballows therreasHigiappisddyibeslRRlG Rigcgald.on the thin

substrate to have a large range of constant preSsure area, that is, it allows the lower roller or the thin

substrate itself tpibayeiecharge sangedfaughupss. hethen advantagel phthisstdaie is an increased
contact area between the elastic piece 14 and the thin substrate, and thus a smooth movement of the
thin substrate is facilitatbil, sepétllyrofayfiessiblahithagbedhan substrate can be driven

smoothly so as to be successfully performed with the continuous wet-chemical
treatment in any case, even in the case that the thin substrate disengages from

the lower roller.
Brief Description of the Drawings

Fig.1 is a schematic view showing that one end of an elastic piece of
an upper roller in a roller group for transporting a thin substrate according to
the first embodiment of the present invention is secured on a fixed roller
having a non-circular section;

Fig.2 is a schematic view showing that the thin substrate collectively
driven by a lower roller and the elastic pieces of the upper roller shown in Fig.
1 moves towards one direction;

Fig.3 is a schematic view showing that a plurality of the upper rollers
shown in Fig.1 is mounted on a shaft; and

Fig.4 is a schematic view showing that both ends of an elastic piece of
an upper roller in a roller group for transporting a thin substrate according to
the second embodiment of the present invention are secured on a fixed roller

having a circular section.

Detailed Description on the Embodiments




Fig.2 is a schematic view showing that the thin substrate collectively driven by a lower roller and the
elastic pieces of the upper roller shown in Fig. 1 moves towards one direction. As shown in Fig.2,
when the thin substrate 16 passes between the lower roller 18 and the upper roller, since one end of
the elastic piece 14 calNfreelthendatei ugeanrtbdownfahe eemaiconstant widtibg forde vetten if the
spacing between the lower roller 18 and the fixed roller 12 of the upper roller changes, the elastic
piece 14 of this F@isHEH E4RSHTCPRERHREATAEW8Strate 16 with a constant pressure, and therefore
ensures that the thin s%b(sytﬁate 16 can G}IIW%}%S wsg@oothl Bt‘?fs betvl\{geor}tglnee%) ra c% Igyver rollers.

. . . 12,1 1S a Schema NOWIN o1ne 1
In a practical application,”one or more roller groups may be used to transport the thin substrate 16, so

that said thin subgtigigel GigcantinHANSIy MGV ed ienwapdsiane: dipctioniabeaneiignped with a
continuous wet-chemical treatment by using water or chemical solutions. Said continuous

wet-chemical tregikmi@nst inclbddsisuth frdatmentsteps asiperformingedurface excdingtlsurface
depositing, surface cleaning, surface pattern defining, water washing or drying to the thin substrate 16.
- Because tH&'BREsSUPE-5BHEY B 98- elastic piece 14 on the thin substrate 16 when the upper

and lower rollers maintajn &8%%6}&11396}0i{glgtg%?%@ﬁlgegrgg/@%poi&ﬁ%qﬁ%tﬁ&’etﬁgI[ﬁgpg{,%ﬂepf the invention

basically overcomes the drawback of thé fix at is, even If the spaces between the upper

and lower rollersiasmgifferente dhe reliengrevip ohthelinwiticsccan enguadtieserceiapplied on the thin
substrate constant with the elastic piece 14. As a transform of this embodiment, the elastic piece
14 also may be coestsuttettsuet Watitspgnickasssldradiraiyredduces fesm thdeht gedsred on the

fixed roller 12 around it to its free end, Such a structure can have ﬁa'?{'r&%“ no l{g%l§inﬁ£ressure

applied on the thifSEh &t 1E JadbRE EHihge. @ transmission s see

upper and the lower rollers driven by their respective shafts can rotate at the
same linear velocity in a clockwise direction and a counterclockwise direction,
respectively.

The elastic piece 14 is constructed such that one end thereof is secured
on the fixed roller 12 and the other end thereof can freely move up and down,
as shown in Fig.1. One advantage of this structure is that it allows the pressure
applied by the elastic piece 14 on the thin substrate to have a large range of
constant pressure area, that is, it allows the lower roller or the thin substrate
itself to have a large range of roughness. Another advantage of this structure is
an increased contact area between the elastic piece 14 and the thin substrate,
and thus a smooth movement of the thin substrate is facilitated, especially of a
flexible thin substrate.

Fig.2 is a schematic view showing that the thin substrate collectively
driven by a lower roller and the elastic pieces of the upper roller shown in Fig.
I moves towards one direction.

As shown in Fig.2, when the thin substrate 16 passes between the
lower roller 18 and the upper roller, since one end of the elastic piece 14 can
freely move up and down and keep a constant acting force, even if the spacing

between the lower roller 18 and the fixed roller 12 of the upper roller




For example, when the thin substrate 1 6 is chemically treated, spraying and drying are two essential
operations. During these two operations, the pressure on the upper and lower surface o the thin
substrate 16 may change at any time, that is, the pressure applied on the lower surface of the thin
substrate 16 mayhhegreatercthaicthatajpliettios thecoppersufadetersréof tnithigbstists, the thin
substrate 16 may disengage from the lower roller 16 and then float upwards, and thus an unstable
movement or dahfagélbrtkentitnsapsidte taddhestpsdersures thf"hﬁ’?oﬂ@? GHEBEE this invention can
completely eliminate this possibjlity, because if the thickn e ic piece 14 gradually reduces
from the fixed end1S ﬁwgbﬁgren%%{g%ﬁgﬁst %%?8%&?& %%%I%(? &%? 1orngft%zg'thin substrate 16 will increase

as the thin substrate 16floaisddpwardsp@ngishustbethinostibsiiatebois prgventeddtiam further rising.
On the other hand, since the pressure applied on the thin substrate 16 increases as the thin substrate

16 rises, even if thethimtshibsiratesdit disengage stiromrithahiowebsotier 18 idgerdniaigieater pressure
received -from the elastic pieces 14 of the upper roller, the thin substrate 16 driven b tpe upper roller

also can maintaif e SHBBIHTIE¢SHEHOABRSFIRTGIRTE YR AGSIBTT R Y THGaREH also completely
eliminates the drawbacks l?gelsl%%g\?%f floating;raller as desaibed ning Backarpupd.af the Invention.

In addition, the surtace of 0 er 18 may be mounted with an O-shape ring or engraved with a

pattern to increase hgcfriGionydthsthe thinaubsttate af hedowentolerds alshimayuctnsist of a axed
roller and elastic pieces secured on the fixed roller around it. Fig.3 is a schematic view showing

that a plurality ofdéeosigiper sotfers shewndnsPidpecipFHemdetnna SHaf WAsIEHD WY IRE .3, a plurality
of the upper rollers is fixed on the s(?{%ft 20 through holes at the center of the fixed rollers 12. Fig.4
is a schematic vigWEhBWIRg &' BAth ends of an elastic piece of an upper roller in a roller group for

transporting a thin subsgg&mgcg{gig%&g}e aﬁﬁﬁfé‘&d @n@gd%@gg %ig@@ presgntipveRtion are secured

on a fixed roller having a circular section As shown in Fig.4, in the second embodiment, also both
ends of the elastig;pieae: 240fthe: uppenpptieninl thewalleslgnsumahtha invention spayibe secured on
the fixed roller 22. The advantage of such a structure is that, since both ends of the elastic piece 24
are secured on theefidedwetieieshas Boettr ghgrpibaiy thERS RN AR Wi Slastic piece 24

during the I’Ollmgthe drawback of the fixed rollers. That is, even if the spaces between the upper

and lower rollers are different, the roller group of the invention can ensure the
force applied on the thin substrate constant with the elastic piece 14.

As a transform of this embodiment, the elastic piece 14 also may be
constructed such that its thickness gradually reduces from the end secured on
the fixed roller 12 around it to its free end. Such a structure can have a
function of making pressure applied on the thin substrate 16 gradually change.

For example, when the thin substrate 16 is chemically treated, spraying
and drying are two essential operations. During these two operations, the
pressure on the upper and lower surface of the thin substrate 16 may change at
any time, that is, the pressure applied on the lower surface of the thin substrate
16 may be greater than that applied on the upper surface thereof. In this case,
the thin substrate 16 may disengage from the lower roller 16 and then float
upwards, and thus an unstable movement or damage of the thin substrate 16 1s

resulted in.




of the fixed roller 22, wherein the shifting of the elastic piece 24 is caused by the unevenness of the
surface of the thin substrate and may result in a damage to the thin substrate and may make the
elastic piece 24 and the lower roller lie not in the same vertical line. This structure is particularly
suitable for the case th@hthecdlasticpipce24his retygiredintocie venymetoweforiexaniple, the width of

the elastic piece 24 is less than 3 mm. Since the fixed roller 12 or 22 itself of the upper roller in the
roller group of tH¥RERtePeEEENEEE ATECIRS 1IBWEE felc BigrHE tﬁ‘iﬁggﬂggtfﬁ 48, there is no

T o e e el FRd S oa uianin A seellon Adsadinade he engdlieppication o

various elastic pieces 14 or e per phery shape of the fixed roller 12 or 22 of the

upper roller can hg ¢andomn iy thaneade kerexampiabihedixadiaiterndd indsig.ddispolygonal in a
section, This feature makes the roller group of the invention applicable to a wider range of

applications.  thiskhobitidte Hotedrthanthé Shapdisheha erastidnpiecethar dapd. igHsttitited to be thin
rectangular as shown in Fig.3. The shape may be m nufacturedt%He |ffere tshapfgs according to

different applicaff6is"® a%l‘é‘(’fl ardbrding EB@B&% appfidtion, e 1815 group of the
invention can randomly t%@qg%esxﬁ)?{r%a%pﬁséﬂg%%s"‘ﬁ%rﬁhﬁ@IB@Jetlr ?@H&e"PEtQﬂE%'%b'e thin

substrate, in order to ensure a smooth movement of the flexible thin substrate and reduce the damage
caused by the elastie-pigegsirthe ®lasticipieced diear bedesignédiohpsetativelyhwite, even wider
than the thin substrate. On the other hand, in order to ensure that the surface of the thin substrate is
uniformly wet-chehically tiéatitvahetslashic piers 19lkein BeodediyrivalaEbe JsysHes. The
material for the elastic plece 14 ¢ e seﬁlect accordin E dlffereq101 {lcatlons qu example, for a

chemical tank caRERiFG higH %H% o SLSTRY S

eéag (%tlon a corrosion resisting

f'uorine-containiwlﬂﬂlme%nzﬁla%mlcmsfbeams%p@p%9{@@mje}esgr@ag@mm@mi@al tanks,

Background of the Invention.

In addition, the surface of the lower roller 18 may be mounted with an
O-shape ring or engraved with a pattern to increase the friction with the thin
substrate. The lower roller 18 also may consist of a fixed roller and elastic
pieces secured on the fixed roller around it.

Fig.3 is a schematic view showing that a plurality of the upper rollers
shown in Fig.1 is mounted on a shaft. As shown in Fig.3, a plurality of the
upper rollers is fixed on the shaft 20 through holes at the center of the fixed
rollers 12.

Fig.4 is a schematic view showing that both ends of an elastic piece of
an upper roller in a roller group for transporting a thin substrate according to
the second embodiment of the present invention are secured on a fixed roller
having a circular section.

As shown in Fig.4, in the second embodiment, also both ends of the
elastic piece 24 of the upper roller in the roller group of the invention may be
secured on the fixed roller 22. The advantage of such a structure is that, since
both ends of the elastic piece 24 are secured on the fixed roller 22, it has a

better alignment and there is no shift of the elastic piece 24 during the rolling
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in order to allow a good electrical contact between the elastic pieces 14 and the thin substrate, metal
such as stainless steel sheets may be used to fabricate the elastic piece 14. The above is an
explanation to the preferable embodiments of this invention, but the invention is not limited to the
above specific enfilbodiimedts|Ené herdercskilledlintne afttheagtaviakeliveridtissalteratidns and
modifications based on this invention without departing from the spirit and essence of this invention.

These alteration$aHEC YRRRRRT AL GRS SHESRIFRING I sHRs FrisaRE dpre P CRiHfed B the attached
ciaims. MC SLIP.GLAIMS. & A 0ler oUR QL IANSHONING.A 1 SHPIAIR, SOTAUSIRG  an upper
pper rolier snart ana a lower roller 1ixed to a iower rolier shatft, an

not in the same vertical line. This structure is particularly suitable for the case
that the elastic piece 24 is required to be very narrow, for example, the width
of the elastic piece 24 is less than 3 mm.

Since the fixed roller 12 or 22 itself of the upper roller in the roller
group of the invention does not contact the lower roller 18 or the thin substrate
16, there is no need for the fixed roller 12 or 22 to be circular in a section.
According to the specific application of various elastic pieces 14 or 24 in
different cases, the periphery shape of the fixed roller 12 or 22 of the upper
roller can be randomly changed. For example, the fixed roller 12 in Fig.! is
polygonal in a section. This feature makes the roller group of the invention
applicable to a wider range of applications.

It should be noted that the shape of the elastic piece 14 or 24 is not
limited to be thin rectangular as shown in Fig.3. The shape may be
manufactured to different shapes according to different applications.

Also, according to specific application, the width of the roller group of
the invention can randomly change. For example, in the wet-chemical
treatment to the flexible thin substrate, in order to ensure a smooth movement
of the flexible thin substrate and reduce the damage caused by the elastic
pieces, the elastic piece 14 can be designed to be relatively wide, even wider
than the thin substrate. On the other hand, in order to ensure that the surface of
the thin substrate is uniformly wet-chemically treated, the elastic piece 14 can
be designed to be very narrow.

The material for the elastic piece 14 can be selected according to
different applications. For example, for a chemical tank containing highly
corrosive chemical solution, a corrosion resisting and fluorine-containing

polymeric material may be used; and for some electroplating chemical tanks,




the upper and lower roller shafts driven by their respective driving shafts rotate the upper and lower
rollers at the same linear velocity in a clockwise direction and a counter-clockwise direction
respectively, so as to allow the thin substrate passing between the upper and lower rollers to move
towards a certaimdiigetion sinslerthe stivieghtddheoralier ignowenwhergintibeitpper 4odlet includes a
fixed roller and a plurality of elastic pieces secured on the fixed roller (12) around its outer
circumference siifaiden spbstiécralieialpotip Wctirtlisg #AIalects, RhersivpkfxaaTieiler is circular or
polygonal in a section. 3. The r?%ler group according to claim 1, wherein one end or both ends of the
elastic piece aretg%g&%ﬁ St fixed roller . 4. The roller group according to claim I, wherein the
width of the upper and loyersgliers alang sin axesdsHiffprent frmm dhe widibef thethin substrate. 5.
The roller group according to claim 1, wherein the upper and lower rollers are made of metal, metal
oxide, metal alloynseimicobdudiorinvaterial iorpolymierdnatérkalbode Fheciblemgrodimacsording to claim
I. wherein the lower roller includes a fixed roller and elastic pieces secured on the fixed roller around

its outer circumferaneerspifakidled in the art may make various alterations and modifications
based on this invention without departing from the spirit and essence of this

invention. These alterations and modifications should fall within the protection

scope claimed by the attached claims.




M CSL LP 7. The roller group according to claim 1, wherein the surface of the lower roller is mounted
with an O-shape ring or engraved with a pattern to increase the friction with the thin substrate. 8. A
method for perfoiming, a chemical treatment by using the roller group for transporting a thf SkRirate
according to claim 1, comprising the following stepsauging one or more sets of the roller groups to
allow the thin substrate to continuously move towards one direction, so as to perform a continuous
wet-chemical treatment to the thin substrate using a solution; wherein the upper roller includes a fixed
roller and a pluralityﬁ%aglastic piegg:-s secured on the fixEd roller around its outer circumference

surface. 9. The me &Y G 10 AR S ALPLI R F OB S@&ircular or polygonal in a
section. 10. The methpd AccqriBg 4413 Qiper YIRISRANSENH 105 DRI RIS 9f the,elastic piece

are secured on the fixed roller. 11. The method accordina to claim 8, wherein the width of the upper
and lower rollers abovwy thidér akals, isndifferent from the width of the thin substrate.
the upper and lower roller shafts driven by their respective driving shafts
rotate the upper and lower rollers at the same linear velocity in a clockwise
direction and a counter-clockwise direction respectively, so as to allow the
thin substrate passing between the upper and lower rollers to move towards a
certain direction under the driving of the roller group; wherein the upper roller

includes a fixed roller and a plurality of elastic pieces secured on the fixed

roller (12) around its outer circumference surface..

2. The roller group according to claim 1, wherein the fixed roller is circular or

polygonal in a section.

3. The roller group according to claim 1, wherein one end or both ends of the

elastic piece are secured on the fixed roller .

4. The roller group according to claim 1, wherein the width of the upper and

lower rollers along their axes is different from the width of the thin substrate.

5. The roller group according to claim 1, wherein the upper and lower rollers
are made of metal, metal oxide, metal alloy, semiconductor material or

polymer material.

6. The roller group according to claim 1, wherein the lower roller includes a
fixed roller and elastic pieces secured on the fixed roller around its outer

circumference surface.
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12. The method according to claim 8, wherein the roller group and the thin substrate are made of
metal, metal oxide, metal alloy, semiconductor material or polymer material. 13. The metHugiLP
according to claim 8, wherein the tower roller includes a fixed roller and elastic pieces secured on the

fixed roller arounditsQuieN G GHAMETRRERBHITAsR I MCE LY kA1 The Methediacearding to claim 8,

wherein the surface of the lower roller is mounted with an 0-shape ring or engraved with a pattern to
increase the frictiooliwitls theuhiedsulbbteat€)-<h5pd hegnethog acdordihg tettaim@jwherein the solution

Is water or a chemical solution. )
the friction with the thin substrate.

8. A method for performing a chemical treatment by using the roller group for
transporting a thin substrate according to claim 1, comprising the following
steps:

using one or more sets of the roller groups to allow the thin substrate to
continuously move towards one direction, so as to perform a continuous
wet-chemical treatment to the thin substrate using a solution; wherein the
upper roller includes a fixed roller and a plurality of elastic pieces secured on

the fixed roller around its outer circumference surface.

9. The method according to claim 8, wherein the fixed roller is circular or

polygonal in a section.

10. The method according to claim 8 or 9, wherein one end or both ends of the

elastic piece are secured on the fixed roller.

11. The method according to claim &, wherein the width of the upper and

lower rollers along their axes is different from the width of the thin substrate.

12. The method according to claim 8, wherein the roller group and the thin
substrate are made of metal, metal oxide, metal alloy, semiconductor material

or polymer material.

13. The method according to claim 8, wherein the lower roller includes a fixed
roller and elastic pieces secured on the fixed roller around its outer

circumference surface.




16. The method according to claim 8, wherein the continuous wet-chemical treatment includes the
steps of performing surface etching, surface depositing, surface cleaning, surface patterni\ﬁiggemg,
water washing or drying to the thin substrate.

14. The method according to claim 8, wherein the surface of the lower roller is
mounted with an O-shape ring or engraved with a pattern to increase the

friction with the thin substrate.

15. The method according to claim 8, wherein the solution is water or a

chemical solution.

16. The method according to claim 8, wherein the continuous wet-chemical
treatment includes the steps of performing surface etching, surface depositing,
surface cleaning, surface pattern defining, water washing or drying to the thin

substrate.




