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(54) Title: APPARATUS FOR MATERIAL DEPOSITION ON A SUBSTRATE IN A VACUUM DEPOSITION PROCESS,
SYSTEM FOR SPUTTER DEPOSITION ON A SUBSTRATE, AND METHOD FOR MANUFACTURE OF AN APPARATUS FOR

MATERIAL DEPOSITION ON A SUBSTRATE
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(57) Abstract: The present disclosure provides an apparatus for material deposition on a substrate in a vacuum deposition process. The
apparatus includes a target support, two or more target segments supported by the target support, wherein a first gap is provided between
adjacent target segments of the two or more target segments, and two or more bonding layer portions, each bonding layer portion of
the two or more bonding layer portions bonding a respective target segment of the two or more target segments to the target support,
wherein bonding layer portions of adjacent target segments are separated from each other by a second gap larger than the first gap.
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APPARATUS FOR MATERIAL DEPOSITION ON ABUBSTRATEIN A
YACUUM DEPOSITION PROCESS, SYSTEM FOR SPUTTER DEPOSITTION ON
A SUBSTRATE, AND METHOD FOR MANUPAUTURE OF AN APPARATUS
FOR MATERIAL DEPOSITION ON A SUBSTRATE

FIELD

{60011 Embodiments of the presont disclosure relate to an apparstus for materisl
deposition on a substrate in 3 vacyom depoxition process, & systemy for sputier deposition
o g substrate, and a method for manufactire of an apparates for material depositios on a
substrate n a vacuum deposition process. Embodimends of the present disclosure

particularly relate to sputter sources, such as sputter cathades or rotatabde sputter cathodes.

BACKGROUND

{00621 Techriques for layer deposition o 2 substrate inclede, for example, sputier

deposition, thermal evaporation, and chemdesl vapor deposition (VD) A sputter

deposttion process can be used o deposit a material layer on the selstrate, such as & layer
of a condusting or an inselating misterial, Dhuring the sputter deposiiion process, @ target

faving & Wrgst material & be depostied o the substrate is bovdarded with fons generated
i1 & plasma region (o dislodge atoms of the taged vaterial frovs = surface of the target. The
didedged atoms oan form the material loyer on the subsinste. In a reactive sputter
deposition process, the diskudged sdorms can resct with & gas it the plasma region, for

sxravyde, nilmgen o oxygen, 10 form an oxide, a nitrdde w an oxivliride of the targst

material on the substrats.

J0003]  Coated substrates can be used, for example, in somiconductor devices and thin
film battevies. As an exmmple, substrstes for displave van bs costed using spsfter
deposition, Further applications incdude insulating panels, organic lght emiting &
{OLED]} pavsels, subsirates with TFT, volor fillers or the like. Morcover, thin filn batteries,
such @y Hthhum-lon hatteries, are used In a growing munber of applications, such ax celf

phones, nolehooks and implantalide medical devicss.
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N

(00041 For material deposition e.g. on large arce suifss?rm:cs, large targets are beneficial

Howsver, it can be challenging to make targets, sach as ¢ ¢ targets, Indiom Tin Oxide
(T targely, and Indium Galllem Jine Ondde (JOZ20) targets larger in size. 4s an

exarnple, the target can be provided with 2 segmented desizn, Lo several segments of the

=3

target muaterial can be fixed on a terger support, for example, using a bonding material.
However, at an interface o joint between seighboring scpments, particles can be

genersted, leading to a reduction in guality of the material layer deposited mn the sehstrate.

Further, the bonding waterial can leak frons the intecface wr joid bebween neighburing

2

segments, €.g., when iemperature changes oveur, ading to the cocurrence of avcing.

Lo

{00051 G view of the above, new apparatuses for material deposition on g substrate in a
ot deposition process, systems for sputter deposition on 8 subsirate, and methads &
manufactore of an apparstus for material deposition on o suhstrale tat overcome at least
some of the problems in the art ave banefivial. The present disclosure particulaely alms &t
providing apparstuses, systems snd wethods that can aveid the coowrence of arcing andfor

particle generation, e.g., af interfaces between neighboring target segmants.

SUBIMARY

(00061 In Hght of the above, an spparatus By matecial deposttion ob a substeate &
vicawen deposition process, a sysiem for sputter deposition on g substrate, sad a method
for munufactore of an appavatus fov material deposition on 8 substraty are provided. Further

aspeots, bemﬁtsp ard features of the present disclosure are apparerd froun the claims, the

desoription, and the accompanying drawings.

J0007] According to an aspect of the pressnt disclosure, an spparatus for material
deposition on a substraie in @ vacoem deposilion procass i3 provided. The apparatus
jredudes @ target support, two or more fargel segments sepported by the targel suppoe
wherain a first gap is provided betwesn adiscent target segments of the twa or wore taege
segnients, and bwo or more bonding laysr portions, each bo nding layer posticn of the two

or more bonding faver portions bonding 8 respective ta grment of the beo oy more

target sepments o the targel support, wherein bonding Ea\ £34 pmriians of adjzscent targat

Tn

segunents are separated from each

ather by & seeond gap larger than the first gap.

)
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[O008] According W another aspect of G present diselosure, 8 system fov spatter
deposition on a subatrate is provided. The system includes a vacuum chatiber, 2nd one or
mewe spulter deposition sources i (e vacuum chamber, wherein 8t least one spolter
depoattion souree of the ove oy more sputter deposition souvess inchsdes the apparatas for
material depogiiion ob 8 substrate I a vecumy deposition process acoovding & the

syibodimenis desoribed herai,

{00081 Acoording to a further aspeat of the present disclosurs, a method v sanufactire

of an apparatus for paterial deposition on a substeate & provided, The method includes

it

 gap betweer ddigonn

LR T

honding twvo of more farged segments B v taeget suppert with a fest

tepst segments using s respective hooding lsver portion for cach of the two v mors hargel

& e

segments, whereln bonding lgyer ;m“tmn\ of adfacant targel segrents are separsted from

sachuther by & seconad sap larger than the first gap.

UG Embodiments we alsg araluses for canrving ont the dsclosed

methads and inchude apparatus parts for pe ri*v‘ming ench described prothod aspeet. These
method aspeols may be performed by way of hardware componeits, & oanputey
programuyed by appropriate software, by any combination of the two o in sny other

manner. Purthormors, enibo dinents

o

senonding o e dsclosure wre alse divested ®

methods for operating the desoribed apparatus. The methods for operating the deseribed

apparatsy inelade method aspets for careving oot every fanction of the spparatus.

BRIVF DESCRIPTION OF THE DRAWINGS

[ORETT  So that-the manner brwhich the sbove recited foatiwen of the present disclonwe
v ohe anderstood dn o detatl, & wore particaler description of the disclosars, briefly

swmmarizad shove, may be had by reference to embodiments. The sceompaying deawings

relate to embodiments of the disclosure and e desoribed in tie following:
FI shonve a2 achomatic. omss-ssctionsl view of ap

spparatts for material deposition op g substoie in g
vachwn deponition process avconding K embodiments

deseribed hersly
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FIG. 2 shiws @ section ofthe sppavatus of FIGL |
FIGa. 34 snd B show an effect of temperature chauges on o bonding

material laver

Fi3. 4 shows 8 schomatie . vigw of a system for sputtey

&

.

deposition on a substrate acvording to embodiments

3

described hereln;

Pl

A

shiows a flow chart of 3 methed Sy manudsohre of s
apparates for muterisl deposition on & substrale

acenrding o embudiments desoribed herelng

FHI. 84 shovws @ sehiomatic view of & flling device used dn the
mamifactire of are xpparaloy for material deposition

2

on & substrate dn 2 vaomwy depositfon  process

according ty embodinents desoribed heredn and
FIG. 6B shows & schematin view of a section of the sppamtus

of FHG 6A with the filling dovige having bean

g

remsvedt

RETAILED DESCRIPTION OF BEMBODRIMENTS

el

G012 Roference will now be made in defall w0 the virlsus ombodiments of the

disclosure, one or more exapples of which Hustrated in the figures. Within the

2

following desoription of the dvawiongs, e same reforence pombus sefer to e

o

components, Geonerally, only the differences with raspeet o Individual ebodiment are

desoribed. Exch sxamplde iy providsd by way of sxplanation of G disclosure and s pot
mavant gx 2 Hovtstion of the discluaure, Farther, feataes illastated or desoribed as part of
ane sndodivent can be used o or b conjunction with other abhodimants o visld yet a

further smbodiment. b s intendsd that ¢

k3
3

e desoription lacludes such modifisations and

variations.

{08137 Targets can be provided with a segmented design bt which several tavged

sspmenty of the largel material are seoured 1o 8 Jarge! suppmt using s bonding material,

5
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wherein a gap san be provided between adiscent tavget segments. However, particles cap

3 3

be generated af the gap that can reduce a quality of the deposition process. Further, the

bonding muterisl cun sppsar al, or even come out from, the gap, leading to the occurrence

£

of awing.

{60141 The prosent disclosure provides spatially separated bonding layer portions of the
bonding nterial, whereln each bonding layer portion is used o fix a respective trget
seginent to 3 target support. The (second} gap by which adiacent bonding layer portions are

paced apmet frwn each other, i larger than the (frst) gap betwesn adiscent target

o

segmenty, In particular, the gap between the adiacent bonding Is

pndercat region or empty space betwesn the target suppart and a portion of e ;‘esp{:cﬁm

target segment. Accordingly, even i there are fewmperatiwe changes and a thermal

:_Qh
&
=
o

gxpansion and contracion e.g, of the target support and/or the farget sopraents, the bonding
wiaterial does not come out of the gap between the adjacent target scpments, which may for
example prevent arcing. Further, the joint or interface between adjacent target segments
can be provided substantially fwe of bonding material, which may for exmaple reduce or

even gvoid particle generation.

deposition on 2 substrate in & vaowmn deposition process aémm%ing 1o embodiments

Lon
L4
o
<
=
et
o
1<
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o
&
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£
o5
jost
e
gl
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e
o
=
23
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o
174
173
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o
3
]
b
o
7’)
o,

fthe apparatus 100 of FIGL L

{O018)  The apparatus 100 ipcludes o target support 110, o or mwore target segments 120
supported by the target support 110, and two of more bonding layer portiona 130, Bach

bonding ia.yer paﬁ;iz:ﬁ\ of the two o owre Donding layer portions 130 bonds or seies

o

sogmeant of the two or maore twget soginents 120 o the target support 116
150 ix provided between sdjacent tuget sagments of the two or more target

sepments 120, Bonding laver portions of adjacent twget segmonds are separated from each
~§;~ 2] ks > i

e

+h

other by a second gap 160 larger than the first gap 150

7Y Acconding v some ambodivents, which zan by combined wuh  other
embodimernts described herehy, the apparstus 108 s a sputter oxthode, such s & oylindrical
sputter cathinde or & planar sputter cathode. The following deseription is given with respeat

to a oylbdeical design, Howsver, the pressnt disclosure is not Hinited thereto and the

X

L5
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ebodinments of the present disclosure can be stndlerly bmplementad for 2 planay design.
The sputter cathode includes the two or miore tavget segments 120 as well 48 the targes

support 110, and can further inchude & magnet assembly for magnetron sputiering.

{00181 The targel support 110 can be s ovhindrical targel seppoyt baving e oner
diameter D1 and sn outer dlameter D2, Likewise, the two or more target segments 120 can
he evlindrical target segments having an foner diameter and an outer dlametey, The nver
diameter of the two or more target segenents 120 can be Targer than e outer diamater 132
of the target support 118, The dismeter difference can correspond to & thickness of the two
or more bonding {ayer portions 134, in some nplemendations, the target support 110 can

he a backing tube, such as s oylndrical backing tuibe. The torm “oyiinder™ can be

=
=
]
i
=
3
7
z
(<]
-
;?}}
.
=
oy
“
wd
4]
$v3

wing & oircular botten shape and a clroular upper shape and 8 awved

2 2

surface avea of shell comnecting the upper civcle and the fittle lower circle. The target

suppant 119 an be made of 5 ceramic material,
i

(00191 The cvlindrical target support can bave an inner space defived by the fsnw
diameter D, In some implementations, the apparaius 180 can inchude 1 magnet asseotly

in the inner space By magnefron sputtering. The farget support 11 can have a support

Eoak

.

surface 112, which can be sn outer swrflice of the farget support 110 e defived by the
outer diameter D2, The support surface 112 can be configured {0 support the two o mors
target segments 120 with the two or more bonding laver portions 130 being provided
betwesn the support Su;mw 112 and the twvo or more target segments 1280 According
some embodiments, the spparatus 100 can include eooling channels fir cooling the magset

2

assemmbly inside the backing tube andfor for cooling the backing tube.

(00241 According to some ombodiments, which can be combined with other

o

embodiments deacribed herain, the apparatus 100 can be rotatable sround a rotatioral axis

A, which can be a ovlinder axis of the ovlindrical tavget support. The rotatable apparatus
can aise be referred to as “rowtable sputter soorce™ or “rofatable cathode™. Particulaly

3
3

during a deposition process, the rotational axis A can be substantially vertioatly orviented.
“Gubstantially venically™ is understnod partioularly when referting 1o the axis ovienfation,
X 3 § X S

to allow for a devistion from the vertica! direction of 209 or balow, c.g. of 1 or below,

&
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D211 The apparatus 133 has two o more target segments 128, sueh ae a fivad tavget

©o

ppment 132 and a second farget sogment 124, The two Or e target segrngnts 130 ean
aiso be referved tor as “iiles™ or “target tles™, The two or more targel segments 120 can be
provided in the axial divection of the torget support 110 adfasent o exch other fo form the
{vomplete) target. The axial divestion van b a divection pamsilel o the rotational axis A
ardior g dirsction paraliel tn 1 longituding] extension of the target support 11 The two o

more faryet segmenis 124 can be configured to retale arovad the retational wds A durdng

the sputtering provess: by some hoplemerdations, the Twe of more Targel segmends 120 can
te four fn olght or even morte atget segments. As an exanple, the apparatas 108 can have

six gt sepments. The mumber of largel segments can depend o the length in an axdal
dirsction of the t target segmonts andior targst support 110 and the levgth of the complet

targel

{B022] A length of the (cranplete) targat constituted by the tivr oF muwe targel segmenis

v e abog

v

120 can be in g range of betwesn abawt 2 g oand sbout 4 py, and can specificall

2.7 m. A length of the target support 110 can be lavger than the length of the target. As an

sxznple, the length of the torget support 110 can be gbuut 3 mo A length of ot feast one,

aved specifically of all individual target segients of the two or pore frget segments {28
cane be M mm or above, and can specifically be Gom 200 nun 1o 1500 mm, specifically

rom 40 0 135 pun, and more spesifically from 430 nun o 60 swn The twget can be
} : B

made of & material sebected from the grovp consizting of a ceramic material, Todium Tin

Cixide JT0) Indius Gallivm Zine Ouide QGEQ), and sy combination thereol

(60331 The ywo or muore targel segments 120 are bonded to the target support VG, 0.8,
thesuppet ¢ Z, by the bwg or mxee bonding Taver poetions 1300 The two o more
bonding layer postions 134 are provided betwesn the two ot mors targed segments 120 and

"»

the target suppoat 110 fo bond op i the two or more fugel segments 120 {0 the taged
support 110, Bach tavgel segiment of the two of muve tavge! segmenty 130 s bonded to the
farget support i using 2 respestive ons of the two or mere bonding Iayer portions 138
As an example, the first target segment 1232 15 bordesd to the targes support 110 wing 8 fist
bonding layer pation 132 asd the seoond targst segment 124 & bonded o the trget

P~

support 110 using g sepond buniding
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(00247 According to some embodiments, & materia! of the two or nuwe bonding layer
portices 130 cao be indhum. The material of the two ov more bonding layer portions 130

\S\

can alvo be referrad to 38 “bonding material”, The two o miore bonding layer portions 130

can have a thickness n 8 range of between 0.1 and 2 non, specifically n 8 range of
hetween 0.1 and 2 puy, specilicatly in 8 rangs of bebween Q1 and L5 mw, and wore

specifically in a range of betwson 0.5 and 1.5 ronn

~

sggments of the two or more {argel segmenis 120 are

A

(00237 Two adiacent targs

separated from each other by the first gap 150, Twe adiacent bonding layer portions of the

3

s

two of mors bonding layer portions 130 are separated from sach other by the secend gap

o

160 that i3 larger than the fest gap 130 In other words, the fivst gap 150 s simaller than the
second gap 160, As an example, the first target segmant 122 and the sevond {arget segment
124

132 and the second bonding layer portion 134 are separated fromn each other by the sacond

e separated from each other by the first gap 130 and the fisst bonding layer povtion

N
P
pa

zap 186G, The dimsnsions of the first gap 150 sod the second gap 160 can be defined st a
reference temparabiwve. The referance tomperaiure can be approxinately room femperature

g s centiuct@d,

£

{5, 20°C) andfor the emperature of the apparatus 180 when no sputlerin
i.e., when sputtering is off. It is to be understond that e.g. dhwing sputtering the dinensions
of the first gap 150 and the second gap 160 can change due 1o thermal expansion of at lesst
one of the target support 11, the two o move target scgments 120, anddor the two or wve

bonding lsyer portions 1300 As an example, the two or more target segments 120 may

equally expand to the foft and the right Tn some cases, an expansion of the target suppon
1) and an expsosion of the two or more target segments 120 may be different. & an
exsnple, 8 tooperatme of the target support 1HY and a temperature of the two or more

target segmends 120 may be different. Speeifically, the target support 110 may be waler

N

conled and o temperature rise during sputiering can be small

Ty

The wo or more largst

segments 120 face the sputter plasma and @ terperature rise during sputtering can be lavge.

3.
3

{6026]  In some implementstions, the targst support 110 has a longitdingl extenaion,

+h

2.8, along the mtational axis A. The first gap 150 and the second gap 160 can extend along
the rofational axiz A of the targst suppont 11 A second extension G2 of the second gap
160 along the fongitudinal extzosion of the twrget support 110 i lager tan & fhst

35
3

extension G of the frst gap 150 along the longitudingl extension of the targat support 110,
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As an example, a length of the individual targel segments aloug the fongitudinal extension,
& & £ £ & .

2.8, the rotational axis &, con be larger than a longh of the individusl bonding layer

portions along the longituding] extension, ... the rotational axis A,

(0027} According o some sobodiments, which can be combined with othey

amboditients desorthad herein, the first gap 150 can have a size, such 35 the first extension

(1, along the rotaticaral axis 4, ia a range of botween 0.1 mm and 3 mom, and speeifically

in a range of bebwesn 8.5 mm and L3 mm. It some implomantations, the second gap 160G 15
st foust 5%, specifically at least 10%, specifically at least 0%, and move specifically at
feast 100% larger than the first gap 150, As an example, when the first gap 153048 1 mm,

the second gap 186G can be 2 mm.

JO028)  The second gap 160 provides an undercut regiion or non-filled space betwesn the
garget support 11, eg., the backing tube, and 2 portion of a respective target segment.
Fven §f there are tsmperatire changes and a thermal expansionfenntraction of the target
support 10 andfor the torget segments ocours, the bonding material does not appear at, or

event comwe out from, the first gap 150, Aming can be provenied. Further, the joint ar

=g

5

inmterface between adiacent tavget segments van be provided substaniially free of bonding

C B

material, thos reducing or evan avolding particle gencration,

(00251 In some implemeniatinng, ‘:fnsr fivst map 150 cmn be sligned or centered with

rospet 1o the sevond gap 168G, ov vice versa. Mo bonding material Is preseat st the frst gap

150, Bpecifically, the first gap 150 and the seoond gap 160 can be aligned ot centered with

%2

respet o 8 plare perperdisular tv the longitudinal extension, g.g., the rotational axis &, of

&
¥

the target support 110, The plane can be a ceoter plane of the first gap 150 and the second

gap 160, The first gap 1530 and the second gap 160 can be substantially syswmetrical with

o

reapect o the plans,

[OG301  According io some smbodinments, a counbination of the Hrst gap 150 and the
second gap 180 frmss 5 Toshaps or an twverss T-shape in a cross-sectional plane of the

et support 110, The cross-sectional plane can be a plane substardially parsiiel
§mg§m§imai axtension of (he target support 114, sueh as the rotational axis A, The

votational axis A gan g in e oross-sectional plane
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{0311 The term “gap” as used throughout the present disclosure can by understood inthe

serme that there B no filling material, such a3 bonding material or protestive materdal, or
any other dlement of the apparatus present within the gap. Specifically, no material such @
bonding material ot {ifling material is provided In the second gap 160, In other words, the

first gap 150 and the second gap 160 can be erapty spaces. However, i is to b understood

that, although no material or other elemants of the apparatos ave presant within the gaps,
gases such s process gases cay be pz‘mvni weithin the gaps during a spultering process.

s
H

I0032)  Ascording fo different smbodiments, which can be combined wih other

sibodinents desoribed berain, the target material can be selected from the group

comsisting ofr a cersntic, a metal, FPQ 2O ]G0, AZG, S0, AlSaD, InGalny, thanium,
aix.xminmfm sopper, molyhdenim, and combinations thereof, The target materiad b provided

sither by the material 1o be deposited on

p
od

a substrate or by the material which 15 suppnsed o
ragct with & reactive gus In the processing ares o then be deposited on the substrate after

reaoting with the reactive gas.

{00331 FiGs. 3A sad B show ao effect of eoperature changes on a bonding maderial
fayer for Hlustmtion of the effects and bepefils that can be achieved using the embadiments

of the present disclosure.

180341 In spotter deposition processes, nodule creation can be reduced by clevating &
target temperature during spuBtering. In order to incresse the target fomperaiuve, & largel
rodation speed may be decrsased andfor a water flow e.g. of eonling water flowing through
the E:\ac&"ing tube can be decreased. Due to tomparature changes of the twget lomperature,
for mstanoe when a new target s ansferred {810 3 sputiering charnber and spultering is off
such thas the farget temperative goes down quickdy, the target gap (st gap) can expand
and contract, Particularly whey the bonding laysr is provided as ong continuous Jayer 330,

honding material can ;:}ia:stic& fy come out from the target gap, as indicated with reference

& vt

numeral 332 in FIG. 3B, keading to arcing andfor particle generation.

(00351 In order to prevent bonding matertel from conting oul fromm the target gap, the
bongding materiad can be recessed. In particular, the present disclosure provelides the second

gap that is larger than the first gap (larget gap). Bven when the tavget temperaturs changes
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na bonding owateriel reachey the fisst gap, and arclng andfor partinle generation can be

ay

reduded or everravaided

(00367 FIG. 4 shows a schematio view of & syatam 400 G sputter deposition on a
subatrate 10 acccrding o embodineats desvribed herelne The system 400 can be

«

configured for sptter deposition on the subsivate 10

{80371 According to sonw embodiments desoribed horely, the systern 400 mnhades 2
vaouum chamber 402 {also reforved o as “vacuum de;}(}sitiﬁ.n cixa nber”, “depositing
shantber™ or “vacutn processing chamber™), sud one or more spulter deposition soues in
the vacutm chanber, wherdin st lesst one sputiey deposition sowee of e g or more
spsiter depasition sources Includes the spparstus for material deposition on @ subsivate ina

vacuum depusition process soeording to the ambodimenta desaribed harein

k)

[138]  Ax an oxample, the ove or more sputter deposition sources can invlude a Yist

>

spatiter deposition soures 4808 and s sacond spatter deposition soarce 4801 in the vavaun

¢

chamber 402, A substrate carrier 20 for supporting at least one substiate during & spatier
deposition provess can be tansported dnto and trough the vacown chamber 402, and in
particular through o deposition mva. The first sputter deposition source 480a and the

seonnd sputter deposition soures 480b can, for example, be rotatalde cathodges having the

fw oy mors rget segrnents aceording 1o thy sebodinenis deseribed bersin,
& s>

{0381 Ag indicated In PG 4, further chambers san ba provided adjscent to the vacmim

$
Y 8

chamber 4020 The vastum chamtber 402 can be sepassted fean adizcsnt chapdbers
valve having a vabve housing 404 and & valve unit 406, After the substrate ourtier 20, with

the at least one subsirate theveon is inserted indo the vacuon chamber 403 ax {ndicatad by

s

the serew, the valve unit 408 can be olosed. The atmnsphere in the vacuu chaader 402
vart by individusily sontrolled by generating a technical vacuum, for example with vacuum
pumps connected to the vacuom chawder 402, andfor by Ingerting provess gases in the
depusition aves in the vacoum chaber 402, Acvording to some embodiments, procesy
gassy s includs fnert gases such ae mgon anddor rasotivs pases soch ag oxygen, nitrogen,

hydrogen snd ammonia (MH3Y, Orone (03], actbvated gases or the Hie
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*

yakem 4 ) can have an

-i)

40 According b siae embodimenis desoribed heredn, the s

AL powsr supply 480 conmmcted to the one or more spter depusition seurces, As mn
gxample, the Grst sputier depositinn sourse 480 and the svoond sputisr deposition soure
48GE can be vonmected fo the AC power supply 480 suct *%mi the first sputier deposition
soviros 480a and the seconsd sputter deposition smurce 4800 can be Blased inan alternating

mannes, The one of mowe sputter deposiiln sturces can be conreted o the sae AT

poveer supply. In other wmbodiments, sach xputter depoy souten tan have an AC power
supplv, raspectively, In futher saabodimants; theosystem 400 can have ope of more snodes

and gne or more DO poower suppling for TX sputtering,

[O041]  According to embodimeniy described hersin, the aputter deposition proess can be
sonducted as magnetron sputiening. As waed hereln, “magnetron sputlaring” refers to
sputiering performad sing & megnel assembly, o8 & usll capable of generaling 2
magretie fleld. Such o mognet sesembly can comsist of & pavinanent mageet. This
parbanent piagiet can be arrauged within 2 rolatable lavget or couplad 1o & plavar tavget in

2 manner such that the free clechony are trapped withiy the gesersted nisgratic fleld

gensrated below the rotatable tovget sarfacs, Sech 8 magnet assemddly canraleo be arvanged
coupled o a planay cathode.

{00421 The apparatoses and systems desaribed bereln can be usad for vertioal subsirats
wocsssing. According 1o seine implomentgtions, the subsirate carrier 28 is configwrad for
holding the substrate 10 In 2 substantially vertical orlontationn The ferat “vertioal substonte

processiag” Iy enderstoed o distioguish over horizontal subshads provesstng”. - For
instanee, vertical substinte procgssing rolates o & sobstantially vertical oricnistion. of the
substrate cavrier 20 and the substrate 10 duriog subsivate proogssing, wherein a-deviation of
g fow deprees, s up b 1 o even wy to 187, from an oiact verfion! oriendation s sl

considerad as vertical sabstrate pravessing. The vertical diveciiin can be substentially

paraliel to the foree of gravity. As an example, the system 400 can beconfigured for layer

dupesaiiton on # substantially verlically vrisnted substrale,

0431 According 1o some enhodiments, the substrate cander 3¢ and the substrale 1 me

statie o dynamic during sputtering of the deposition mmmlenial. According b sarng

smbodimente desortbed by 5 can be proseided, s.g.

o sputier depasition proce

fur display manufactoring,
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\1.

I0044]  The embodiments described hereln san be utilized for sputier deposition on large
ares sebstrades, e, for Mblaw hattery manufachring, electrochvonde windows andisr

display fnmuﬁss:.mris‘w.

tegk

Aceording to sng abodiments, & huge srea substrate omy be
GEN 4.5, which correapondy to about 387 1% substrates 73x0.82m), GEN 3, which
sorresponds o about L4 w? sebstrates (11 myox 03wy, GEN'TS, whinh corvesponds fo
abatt 438 o™ substrates {188 vy 2.3 v, GEN K3, which corresponds to-about: 378
substestes (2.2 ;o 2.5 md, or aven GEN 10, which corresponds 1o ahout 8.7 m° substrates
{285 mow 305 m). Bren heger geomeraBions sush sy GEN 1 and GENR 12 and

porrespemding subsirate arcas van similavly be fmplementad.

H043]

»‘,“

Eoo)

The term “substrate™ a5 used bheveln shall embrace Inflexible aubstrates, og.

b3

Sle-substrates sucle ag g web or afoil. As an sxemple, the sobstrate pan

X
3

plates, and fexid

have x thickness of loss than T s, specifically loss than 0.1 pun, and more specifically

S

toxs than 30 pan Ascording to some smbodishants, the aubstrate can be made from any

I

wmaterial suftable for material deposition. For instancs, the subsivate can be made from @

pacd

material sslected from the group consisting of glass (for stwe soda-lime glasy,
horostlioste glass eoio, motsl, polynier, coramie, compound matetiads, cavbon fiber
nyaterialy, mica or any othermuterisl orcombination of maderials which cag be coated by &

deposition process,

[046]  FIGs 3, 64 and 6B {hustrade s manufantiring process of the apperalus averrding
to the smbodinents desoribed heredn, In particolar, FIG. § shows g flow chart of = method
23

680 for manefacture of the apparatus fiw moterial deposithur on a substrate iy a vacuam

deposBion process according to smbodiments describad herein,

JOB47T  The wmethod 300 inclades bonding the two or nuwe targed segvents by the et
support 110 with the fest gap 190 betweon adjscent target sepmments using & raspective
bonding laver portion for sach of the two or more targst segments {block 518). Boading

Jayer porticas of m:mn fargpet segments are separated from sack other by the second gap

s
75
o

L6 farger then the ) A an ake mpi::,, the fiest tarpst sopment 122 5 bonded to

By

the tagget support 11 by the first bonding lyer pcsumr 132 s the sevond target segment

124 1a homded o the terget support 110 by the second bonding layer partion 134,

tad
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(048] In somg implementations, 8 torget sogment or & plusality of argel segmends ave
positioned with respect fo the tavget support 110 such st & clearance or space s provided
between the suppot surface of the target sopport 118 and the target sepment(s). The
clearance or space can eorvespond to 2 layse thickness of the bonding laver portions, and
cary be about 1 mm. Bonding maderial, such a3 indium, can be poursd inte the clesrang

e via the Srst gap 150 to bond the torget sagment(s) to the tarpst support 110, As s
exsunple, the manufboturing process oy take place in an oven In particular, a tevperatire
witikin the oven can be shove a melting point of the bonding material, eg 136°C for
mdnm angd YHquid bonding material can be filled indo the space butwean the target

opment{s} and the target support 110 A tompersture can then be decreased o cure or

{‘

s

o

sulidify the bonding material for securing the target segment{s} to e targst sapport 11
{60497 in some inglementations, the two of more target segmends are segu ‘.:ntiﬁ‘zif, RN

-

segment by segmeont, bonded to the target support 11 As an example, the first twrged

r{p

segment 122 cun be positioned with respect to fhe target support 110 and the clsaranse
between the first tarpet sognent 122 and the target support 110 can be filled with bonding
rasterial. Thereafier, the second targst segment 124 can be positioned with respect to the
target support 110 sod the fivst target segment 122 such that the st gap 150 15 provided
betwesn the first target segment 122 and the ssoond terget segoerd 134, As an example, &
spacer can be provided between the fivst wvget scgment 122 and the second targsd segoent

124 fo define the first gap 150, The cleasranne bebween the seoond target segment 124 and

<

the target support 118 can then be filled with the bonding materiall In this way, the
apparstes can be manufactured by seccessively bonding the two oy more farget segments (0

the twrget support 1HE

i‘ﬁi}fﬁ{}} I Aurther implementations, the beo or more trge! segments are shmultansously

onded to the target support 110, As an example, the two or more targst segments, such a8
the first tarpet segment 122 and the second fargst segment 124, can be positioned with
respect o the target support 110 and with respeat to cach other. The clearance between the
twn oF more farget segments and the terget support 110 can then be filled with bonding

asterial, g, via the first gapls} between the adjacent twget segments,

be

D05 According to some embodiments, the borwling of the two or more {arget segments

neludes 2 bonsling of the Iwvo o more tavge! segments to the target suppot 110 with the

14
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» 150 belng provided batusen &

t segments ushng the bonding matarial
between the e of more faget sapmendy and the taeget support 110 (Bock S10), and 3
removing of some of the bonding material through the first gap 150 to form the seoond gap
1o In s taploncntations, the removipg of the bonding material can employ etehing,

Az gn exatpde, an slehing solutton day be powred tuto the fret gap 150 10 orpate the

second gap 160, The etching can alsy remove residual boruding material oot e Hest gap

156, and pavioularly: from side walls of the tuget scgmendy that define the respective first

gap 150 In some implenientations, the stehing solition can be nifvio acid, In paticelar, the

nitrie acid can eteh tndinm and doss nubstantially notetch s the ITO ofthe target.

™

FO052]  Ascording io some suthodiments, a8 explained with vespect 1o Fis, 84 andd B,

the second gap 160 and optionally the finst gap 150 babween adiacent targel segments oan

be orented by providing a filling device 600 corrbsponding to the shape of the sseond gap

150 and optionally the first gap 150, FIG. 84 shows g sohamatic view of the filllug device

§06 used in the manetacturs of the apparsies. FIG. 68 shows a sehematic view of & sestion
-

of the apparstas of FIG. 8& with the Hilling device 600 having been rewmoved afley e

honding process.

JO0S3] As an exawmple, the method inchdes providing the Giling devise 600 for the first
gap 150 and the second gap 160 dwving e bonding of the two or inare tavget sepmesiis,
3

The two or mwore arget segments can be sequantially «r stimultaneously bonded o the

target support s desoribed savlisy while using the Hlling device 600 between adiscent

farget sogmends: The filling devicels) con by revwved, o.g., pailed oty afler the bonding
provees of the bve oy mors fargst segmerts has been complated,
{00541 A shape of the {illing device 600 con ot Teast partially correspond o the shage of

the frst gap 130 and the second gap 160, Spentfical

i Iy, the filling device 600 van be ring-
shaped in the case of a oylindrical target support. In some bmplernemtations, the filling

devios 60G, such a3 the ving-s hapad filling devive, bay a Toshape ovan nverse Tosdupe. Ag

sy examnple, the filing Jevice S0 v s ’ﬁ(‘»si’;e’t;}ec‘s gasket. The T-shapy or inverse Teshaps

b

%
sl
o
foioN
wF
e
b
0

s b defined in g plane paraliel to 8 conter iy of the ring-shaped filling devies
conter axiy Wing in said plans, The filking device 00 can be made of & synthetic material,

sueh se Polvietrafivorathivien (Taflon®

,...,
£
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{00337 According o embodimenis desoribed heveln, the method for manutheture of an
apparstus for materiad deposition on 2 substrate in @ vacuum deposition process san be
conducted by means of compater programs, softwarg, computer software prodhcts and the
interrelated controtiers, which cap have a TPL, & memory, 2 wser interfacs, and inpwd and
output devices being I commnunication with the corexponding components of the

appamtm for provessing s large area substrate,

(00561 The present disclosure provides spatially separated bouding layer portions of the
bonding material, whereln each bonding layver portion is used fo Sx o respective tavget
segment 1o a turget support. The (second} gop, wherein adjacent bonding layer portions are
spased apsrt froo each other s lavger thay the (frst) gap between adjacent target segments,
in particular, the gap between the adizcent bonding layer portions can provide an underout

reghia of emply space betwesn the target suppont and & portion of the respective tavget
segment. Accordingly, even if there are femperatire changes and 8 thermal expansion and
comfraction £.g. of the target support sadfor the target sagments, the bonding material doss

not come owd of the gap between the sdiacent farget segments, which may for example

fa o~

provent arcing, Further, the jolnt ov interface betwween adiacent targel segments can be

provides substantially free of honding material, which mey for example yeduce o even

avold panticle generation.

100571 While the foregoing is direcied w0 ebhodimants of the disclosure, other and
further embodiments of the disclosure may be devised withowt depariing froum the hasic

scope thereof, and the scope (hareof s determined by the olaims that fullow,
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CLAIMS

1. An apparstus for materisl deposition on @ substrafe i 8 vacuum deposition progess,
somprising:

5 twrgel supporh
i

Swo oF e target segmonts supported by the target suppord, wherein a St gg

<

e
@

prvided botwen sdiscent lrget segrounds of the tvo or o Warget seginiens; ad

o of more booding layer portions, sach fayer portion of the twi or mare bonding
faver portinns bonding a respeetive {arget sogmaunt of the two or move fwrgel segments (o

the target suppant,

wheradn binding laver prvtions of adiavent Regel sogmends are separated ot cach

otherby & second pap laoger than e first gap.

2 The apparate of clalm 1, wherein the twget support bas a jonginadinal eans‘sa:m_,
and wherelit a seeond extension of the sscond gap along the longitudinal axtension of the

& v

target support is lneger than a first extension of the Drst gap along the lought

41
TA
pest
o
o
=
-
oy
b
T2
=

extension of the target support

3 The apparstus of elalm 1 or 3, wherein the target sopport §s selectad from the groug

$%

sonsisting of & aylindrion! tavget support, a backing tube, and sy combination thereofl

4. The apparatuy of suy one of claime 1 10 3, wherein the first g gap and the second gap

&0

extend along # rotational axis of the target suppart,

he apparstes of any one of clabms o 4 whoreln the sacond gap i3 &t least 5% or

o~ w
& ¥
N 3

oy

«

af teast 1096 larper thao the st gap.

& The sppaeatus of any ove of clatws 1 o 5, wherein the second gap provides

’4’;

ayslercut reglon bebwenn the twget suppat and a portion of # sespentive target segment

d



WO 2017/217987 PCT/US2016/037776

7. The apparstus of any ove of claims 1 1o 6, wherein & cnbination of the fivet gap
snd the second gap forms a T-shape or an verse T-xhape in 8 oross-sactional plane of the

target suppert,

,

& The apparatss of any one of cladms 1o 7, whereln no swaterdal s provided tn the
sevond gap.
Q. A system for sputter deposition on a substrate, comprising:

a vacuum chamber; and

ons & more spuiter deposition smurees in the vacourn chamber, whereln at least one

surce of the one or more spdter deposition sources includes the

apuiter deposition s

apparates of any one of claims 1t

10, A oethod for manufhcture of an spparatus for material deposiion on a subshate,

the methad comprising:

segraents 1o a target support with o frst gap betwesn

bonding two or wore fargst 5

adjacent target segments using s respective bonding layer portion for each of the two or

=

mors rgel segments,

whaerein bonsding layer portions of adjacend target segmends are separated frmm each

other by a second gap larger than the fivat gap.
(3R he method of claim 10, Duther eluding:

providing a filling devies for the Srst gap and the sacond gap during the bonding of

the two or eore favgel segments.
12, The method of claine 11, futher inclading:
removing the filling device after the bonding of the bwo or more large! segments,

3

The method of claim 11 er 12, wherein the filliag device i a Toshaped gasket,

ot
.
ord

oy
[
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14, The method of clabm 1, wherein the bonding of the two or mare target segmenis

inchules:

honding the two or more fargel segmends o the tavget support with the frst gap
being provided betwesn adiscent targel segments using a bonding material between the

two o more target segments sod the target suppord,

v to form the seoond

bl

repoving some of the bonding routerial twough the first ga

U
P
g

23 . N
¢

i laim 14, wherein the removing of the bonding material includes an

L6

The method of ¢

3,

sdehing of the bonding material fo form the second gap.

18
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