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FIELD OF THE INVENTION
[0005] This invention relates generally to semiconductor devices, and relates more
particularly to semiconductor devices having dual active layers and methods of manufacturing

the same.



[ 0005] This invention relates generally to sem conductor devices, and

rel ates nore particularly to sem conductor devices having dual active
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] To facilitate further description of the embodiments, the following drawings are
provided in which:
[0009] FIG. 1 illustrates an example of a method of providing a semiconductor device,
according to a first embodiment;
[0010] FIG. 2 illustrates an example of a procedure of providing a flexible substrate,
according to the first embodiment;
[0011] FIG. 3 illustrates an example of a process of preparing the flexible substrate,
according to the first embodiment;
[0012] FIG. 4 illustrates a top view of an example of the flexible substrate according to the
first embodiment;
[0013] FIG. 5 illustrates a partial cross-sectional view of an example of a flexible substrate
assembly after attaching the flexible substrate of FIG. 4 to a protective template, according to
the first embodiment;
[0014] FIG. 6 illustrates a partial cross-sectional view of an example of the flexible substrate
assembly of FIG. 5 after coupling a carrier substrate to the flexible substrate assembly,
according to the first embodiment;
[0015] FIG. 7 illustrates an example of a process of processing the flexible substrate
assembly of FIG. 5, according to the first embodiment;
[0016] FIG. 8 illustrates a cross-sectional view of an example of the flexible substrate
assembly of FIG. 5 after cutting the flexible substrate assembly, according to the first
embodiment;
[0017] FIG. 9 illustrates a cross-sectional view of an example of the flexible substrate

assembly of FIG. 5 after removing an alignment tab, according to the first embodiment;
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according to a first enbodinent; [0010]FIG 2 illustrates an exanple of a
procedure of providing a flexible substrate, according to the first
enbodi mrerwQ 203894061 G 3 il lustrates an exanpl e of a pr@ceds2ab/opa3epari ng
the flexible substrate, according to the first enbodi ment; [0012]FIG 4
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semiconductor elements, according to the first embodiment;
[0021] FIG. 13 illustrates a cross-sectional view of an example of a device build area of a
semiconductor device after providing a gate metal layer, according to the first embodiment;
[0022] FIG. 14 illustrates a cross-sectional view of an example of a gate contact build area
of a semiconductor device after providing the gate metal layer, according to the first
embodiment;
[0023] FIG. 15 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 13 after providing an active stack layer, according to the first
embodiment;
[0024] FIG. 16 illustrates a cross-sectional view of an example of the gate contact build area
of the semiconductor device of FIG. 14 after providing the active stack layer, according to the
first embodiment;
[0025] FIG. 17 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 13 after providing a mesa passivation layer, according to the
first embodiment;
[0026] FIG. 18 illustrates a cross-sectional view of an example of the gate contact build area
of the semiconductor device of FIG. 14 after providing the mesa passivation layer, according to
the first embodiment;
[0027] FIG. 19 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 13 after conducting one or more post-mesa passivation layer
etches, according to the first embodiment;
[0028] FIG. 20 illustrates a cross-sectional view of an example of the gate contact build area
of the semiconductor device of FIG. 14 after conducting one or more post-mesa passivation
layer etches, according to the first embodiment;
[0029] FIG. 21 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 13 after providing one or more contact elements, according to

the first embodiment;



[0016]FIG 8 illustrates a cross-sectional view of an exanple of the

flexi ble substrate assenbly of FIG 5 after cutting the flexible substrate
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the semiconductor device of FIG. 13 after etching a base dielectric material, a first dielectric
material, and a second dielectric material, according to the fist embodiment;
[0033] FIG. 25 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 13 after providing a second metal layer and an ITO layer,
according to the first embodiment;
[0034] FIG. 26 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 13 after providing a silicon nitride layer, according to the first
embodiment;
[0035] FIG. 27 illustrates an example of a method of planarizing a flexible substrate,
according to a second embodiment;
[0036] FIG. 28 illustrates a cross-sectional view of an example of a semiconductor device
according to the method of FIG. 27, according to the second embodiment;
[0037] FIG. 29 illustrates a top view of a portion of a semiconductor device, according to the
first embodiment;
[0038] FIG. 30 illustrates a graph of thickness of a dielectric material versus spin rate of a
substrate;
[0039] FIG. 31 illustrates an exemplary method of manufacturing a semiconductor device,
according to an embodiment;
[0040] FIG. 32 illustrates a cross-sectional view of a device build area of an exemplary
semiconductor device after providing a gate metal layer over the substrate;
[0041] FIG. 33 illustrates a cross-sectional view of a gate contact building area of an
exemplary semiconductor device after providing a gate metal layer over the substrate;
[0042] FIG. 34 is a flow chart illustrating a procedure of providing the transistor active layer
over the gate metal layer, according to the embodiment of FIG. 31;
[0043] FIG. 35 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 32 after providing an etch stop layer over the transistor active

layer;



sem conductor device after providing a gate netal |ayer, according to the
first enbodi nent; [0022]FIG 14 illustrates a cross-sectional view of an
exanpl e ovoaopat3gwosont act build area of a sem conduct or PdEliScE 2a51388
providing the gate netal |ayer, according to the first enbodi nent;
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[0047] FIG. 39 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 32 after the one or more port-mesa passivation layer etches
have been conducted;

[0048] FIG. 40 illustrates a cross-sectional view of an example of the gate contact build area
of the semiconductor device of FIG. 33 after the one or more port-mesa passivation layer etches
have been conducted;

[0049] FIG. 41 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 32 after providing a source/drain contact layer over the
transistor active layer, the first active layer, and/or the second active layer;

[0050] FIG. 42 illustrates a cross-sectional view of an example of the gate contact build area
of the semiconductor device of FIG. 33 after providing a source/drain contact layer over the
transistor active layer, the first active layer, and/or the second active layer;

[0051] FIG. 43 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 32 after performing one or more additional procedures;

[0052] FIG. 44 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 32 after providing one or more semiconductor elements,
according to an embodiment;

[0053] FIG. 45 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 32 after providing one or more semiconductor elements,
according to a different embodiment than the embodiment of FIG. 44;

[0054] FIG. 46 illustrates a top view of a portion of an exemplary semiconductor device;
[0055] FIG. 47 illustrates a cross-sectional view of an example of the device build area of
the semiconductor device of FIG. 32 after providing a first active layer over and/or on the gate
metal layer and providing a second active layer over and/or on the first active layer, according to

an embodiment;



[0028]FIG 20 illustrates a cross-sectional view of an exanple of the gate
contact build area of the sem conductor device of FIG 14 after conducting
one or nOWe 2prsi3symsa passivation | ayer etches, accordi rgTIUS2412031388 St
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clements in the figures may be exaggerated relative to other elements to help improve
understanding of embodiments of the present invention. The same reference numerals in
different figures denote the same elements.
[0059] The terms “first,” “second,” “third,” “fourth,” and the like in the description and in
the claims, if any, are used for distinguishing between similar elements and not necessarily for
describing a particular sequential or chronological order. It is to be understood that the terms so
used are interchangeable under appropriate circumstances such that the embodiments described
herein are, for example, capable of operation in sequences other than those illustrated or
otherwise described herein. Furthermore, the terms “include,” and “have,” and any variations
thereof, are intended to cover a non-exclusive inclusion, such that a process, method, system,
article, device, or apparatus that comprises a list of elements is not necessarily limited to those
elements, but may include other elements not expressly listed or inherent to such process,
method, system, article, device, or apparatus.
[0060] The terms “left,” “right,” “front,” “back,” “top,” “bottom,” “over,” “under,” and the
like in the description and in the claims, if any, are used for descriptive purposes and not
necessarily for describing permanent relative positions. It is to be understood that the terms so
used are interchangeable under appropriate circumstances such that the embodiments of the
invention described herein are, for example, capable of operation in other orientations than those
illustrated or otherwise described herein.
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[0061] The terms “couple,” “coupled,” “couples,” “coupling,” and the like should be broadly
understood and refer to connecting two or more elements or signals, electrically, mechanically
and/or otherwise. Two or more electrical elements may be electrically coupled but not be
mechanically or otherwise coupled; two or more mechanical elements may be mechanically

coupled, but not be electrically or otherwise coupled; two or more electrical elements may be



[0034]FIG 26 illustrates a cross-sectional view of an exanple of the
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understood and include mec an1ca1 coupling of all types.

[0063] The absence of the word “removably,” “removable,” and the like near the word

“coupled,” and the like does not mean that the coupling, etc. in question is or is not removable.

DETAILED DESCRIPTION OF EXAMPLES OF EMBODIMENTS

[0064] Some embodiments include an electronic device. In many embodiments, the
electronic device can comprise a transistor. The transistor can comprise a gate metal layer, a
transistor active layer over the gate metal layer, and a source/drain contact layer over the
transistor active layer. The source/drain contact layer can comprise a first source/drain contact
and a second source/drain contact. In the same or different embodiments, the transistor active
layer can comprise a first active layer over the gate metal layer, where the first active layer
comprises at least one first metal oxide. In the same or different embodiments, the transistor
active layer can comprise a second active layer over the first active layer, where the second
active layer comprises at least one second metal oxide. In some embodiments, the first active
layer comprises a first conductivity, the second active layer comprises a second conductivity,
and the first conductivity is greater than the second conductivity.

[0065] Various embodiments include a semiconductor device. In many embodiments, the
semiconductor device comprises a substrate, a barrier layer on the substrate, a gate metal layer
on the barrier layer, a gate barrier layer on the gate metal layer, a transistor active layer on the
gate barrier layer, an etch stop layer on the transistor active layer, a mesa passivation layer on
the etch stop layer, and a source/drain contact layer on the mesa passivation layer and the
transistor active layer. In the same or different embodiments, the transistor active layer
comprises a first active layer on the gate metal layer, where the first active layer comprising at
least one first metal oxide. In the same or different embodiments, the transistor active layer
comprises a second active layer on the first active layer and between the first active layer and the
etch stop layer, where the second active layer comprises at least one second metal oxide. In
some embodiments, the first active layer comprises a first conductivity, the second active layer
comprises a second conductivity, and the first conductivity is greater than the second

conductivity.



sem conductor device after providing a gate netal |ayer over the substrate;
[0041]FIG 33 illustrates a cross-sectional view of a gate contact building
area of awmOoexexM3B@BYy semnm conductor device after providi rRgTAISg@RM3238% al
| ayer over the substrate [0042]FIG 34 is a flow chart illustrating a
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Cross- sectlona view of “an exanple of the gate contact build area

[0067] The term "bowing" as used herein means the curvature of a substrate about a median
plane, which is parallel to the top and bottom sides, or major surfaces of the substrate. The term
"warping" as used herein means the linear displacement of the surface of a substrate with respect
to a z-axis, which is perpendicular to the top and bottom sides, or major surfaces of the
substrate. The term "distortion" as used herein means the displacement of a substrate in-plane
(i.e., the x-y plane, which is parallel to the top and bottom sides, or major surfaces of the
substrate). For example, distortion could include shrinkage in the x-y plane of a substrate and/or
expansion in the x-y plane of the substrate.

[0068] The term "CTE matched material" as used hercin means a material that has a
coefficient of thermal expansion (CTE) which differs from the CTE of a reference material by
less than about 20 percent (%). Preferably, the CTEs differ by less than about 10%, 5%, 3%, or
1%. As used herein, “polish” can mean to lap and polish a surface or to only lap the surface.
[0069] Turning to the drawings, FIG. 1 illustrates an example of a method 100 of providing
a semiconductor device, according to a first embodiment. In the same or different embodiments,
method 100 can be considered a method of providing a thin film transistor on a flexible
substrate. Method 100 is merely exemplary and is not limited to the embodiments presented
herein. Method 100 can be employed in many different embodiments or examples not
specifically depicted or described herein.

[0070] Method 100 includes a procedure 110 of providing a flexible substrate. FIG. 2 is a
flow chart illustrating procedure 110 of providing a flexible substrate, according to the first
embodiment.

[0071] Procedure 110 includes a process 211 of furnishing a flexible substrate. The term
"flexible substrate" as used herein means a free-standing substrate comprising a flexible material
which readily adapts its shape. In some embodiments, process 211 can include furnishing a
flexible substrate with a low elastic modulus. For example, a low elastic modulus can be

considered an elastic modulus of less than approximately five GigaPascals (GPa).



of the sem conductor device of FIG 33 after providing a nesa passivation

| ayer over and/or on the etch stop layer; [0047]FIG 39 illustrates a
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sem conduatdss dayiig@ud polyethydsheahigihdiie @EN)OOlRIE/1GRN teréphsitlABSPETL | On
| ayer etches have been conducted; [0049]FIG 41 illustrates a

cr oss- swéxathsralfope dRESY. Rlylendhmitady@rbanhte, gedliccelebui qopolymes, of ligpid crystal
sem cog)q%%?rr device of FIG 32 after providing a source/drain contact

| ayer over the transistor active |ayer, the first active |ayer, and/or the
second [8073]ve lmyety ciQH6] HeGlexdide bliisustercah &g ldlecr @atng ecdrnicaiatory kides of an

exanpl e of the gate contact build area of the sem conducfqr device of FIG
33 af t dhe Jeublcatubgirae s dhe cornsran BaHpYRthe  sgiaeh @@@Fan%@% fhezﬁ@qﬂ*sl? SHbsKRtS ve

aver, dlifor fildis oralchl Yigh8NRT or AbAkr RRIAREARH A ey SukRYCSE 1HOQRUALC

43 illustrates tapcross- ectiona I ew of” an exanple of the device
ar ea ofMbheveeticcantog tar pthewiizethofsidel @. thd Zleaftle sutpentearver mdriahnig intocatwde
0Ss-section ew of

2 exanpE BT AR o0 1Ee BErerr Gredicay PIHaEa SBAEE Sretiet CBIH PG 32

Z%ggi ﬁgﬁ;éidé' B9 tIRN B RbITREIR AR MVAGR NG t QEctBER TR R, wAL BT bAGtE® aR other
examples, the coating is at both sides of the flexible substrate. In various embodiments the
flexible substrate can be provided pre-planarized. For example, the flexible substrate can be a
PEN substrate from DuPont Teijin Films of Tokyo, Japan, sold under the tradename “planarized
Teonex® Q65.” In other embodiments, a flexible substrate can be planarized after being
provided. For example, method 2700 (FIG. 27) provides a method of planarizing a substrate.
[0074] The thickness of the flexible or plastic substrate can be in the range of approximately
25 micrometers (um) to approximately 300 um. In the same or different embodiments, the
thickness of the flexible or plastic substrate can be in the range of approximately 100 um to
approximately 200 um.
[0075] In some examples, the flexible substrate can be provided by cutting a sheet of a
plastic substrate from a roll of the plastic material using a paper cutter or a pair of ceramic
scissors. In various examples, after cutting the plastic substrate, the cut sheet is blown clean
with a nitrogen gun. In some embodiments of procedure 110, either or both of the cutting and
blowing processes can be part of a process 212, described below, instead of being part of
process 211.
[0076] Procedure 110 of FIG. 2 continues with process 212 of preparing the flexible
substrate. FIG. 3 is a flow chart illustrating process 212 of preparing the flexible substrate,
according to the first embodiment.
[0077] Process 212 of FIG. 2 can include an activity 330 of baking the flexible substrate.
Baking the flexible substrate can help release oligomers and other chemicals in the flexible
substrate that could potentially leach out later during method 100 (FIG. 1).
[0078] In some examples, the flexible substrate can be baked using a vacuum bake process.
For example, the temperature in an oven containing the flexible substrate can be ramped up over

approximately two to three hours to approximately 160 degrees Celsius (°C) to approximately



[0053]FIG 45 illustrates a cross-sectional view of an exanple of the
device build area of the sem conductor device of FIG 32 after providing
one or nowe 2exi3swAaduct or el ements, according to a diffecentS2enissssrent
than the enbodi nent of FIG 44; [0054]FIG 46 illustrates a top view of a

portio f~an-exeppl.ary sem conduct oy devi.ce; O551FIG 47 il ust es a
b oss- 2l Condiity MEPY s HRRGORR dobakife oot At g hpplnleny Heo® %
sem congyfdx@hatdsvioneC @hd b £predirdbtt Hpraxi@iicHi 1 r@illiTérs imA6ir) eappek@hatoMer
and/ or on the g}gte netal |ayer and providing a second active |ayer over
and/ or tehmliear. f Thest thgdempesatueg/iarthe araioragibsdovercd to betysen armeximagly 90°C to

2012/ 1 S 6 48 i |0 ] st.rat a
or ocedur DAt ety F i€ A8 20 AERRRO M ctln o Ralc ORP b ShiER h DR
act i ve Hoayer Qthchbakting ptocasdics ¢en bayBo beandd. oA fich eheslekonpdp@dcédsie coaylere, the
according.to the enbodi nent of FIG l;g[amd [ Q057] FI 49 is a flowchart

i |1 ust ritXitg subspriscanbr @1RRd Peaalanngesidugapechesticals %ayw?re&%?d plfe

substr acc ' [ of carl sl P and
clari tﬁbgp]i | gg]?ére g%ntgﬁj tp?ﬁcg@%% ﬁ%ﬁ?g& Els? i%ll(ﬂe%u%snt (r%gtfkgﬁyf gl gdeﬁrIglidg u?r%naner
of congirotactiveotempiatel dbs protpitivertsmalatt det aitlas bofth avebidekioowre plecmene sf dred

t echni 1tted t I d ' b ' he | I on.
addi £ 1 Qg Sleraifom St ha vl a1 Gor 68 Wroae mubsetnan PRl i o
scal e. 4r@for BXAMReEnedhBfisHll BB PSRN DrResSAMERPmeMe HesGNE B 18, Eﬂég)rf)ﬂegt‘ikfees

may be exaggerated relative to other elenments to help inprove understanding
of enbdeinpketitis asheat kénpytasveany ingyeamsivomlasiihe same ref erence nunerals in

9 T 8155 5P, KB RTEr cheTROb ! PRSPRIUR TS Whdchnen o
approximately 0.5 m (meters) to approximately 1.5 m. In various embodiments, as part of
activity 331, the protective template is folded in half and run through rollers (e.g., a hot roll
laminator) to help lock in the fold. A line trace of a carrier substrate can also be made on the
back side of the protective sheet as part of activity 331. Additionally, the protective template
can be baked at approximately 90°C to approximately 110°C for approximately five minutes to
approximately ten minutes to help flatten the protective template.

[0081] Process 212 of FIG. 3 continues with an activity 332 of applying a protective
material to at least a portion of a first surface of the flexible substrate. In some embodiments, a
protective material can be applied over at least a portion of a planarized surface of the flexible
substrate. In some examples, the protective material is not applied to a portion of the flexible
substrate.

[0082] The protective material prevents scratches and adhesive from covering the planarized
surface of the flexible substrate and, thus, reduces defects. In some examples, blue low tack tape
(e.g., from Semiconductor Equipment Corporation, part number 18133-7.50) or mylar could be
used as the protective material. The protective material can be approximately 25 um to
approximately 100 um thick. For example, the protective material can be approximately 70 um
thick. In some examples, the protective material is applied by rolling the protective material
onto the planarized surface of the flexible substrate using a roller to remove air bubbles between
the protective material and the flexible substrate.

[0083] Subsequently, process 212 of FIG. 3 includes an activity 333 of cutting the flexible
substrate and protective material into the shape of a wafer. A punch cut template can be used to

press the wafer shape into the flexible substrate (with the planarized side, if any, up) and/or the
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the clains, if any, are used for distinguishing between simlar elenents
and not necessarily for describing a particular sequential or chronol ogical
order. |twoD=20tam3k®3under stood that the ternms so used ar @Cirnisesicioasgeabl e
under appropriate circunstances such that the enbodi nents described herein

are, for exanple .cagable of operation in seqguences other than .those

1 ust ap GGy G 7 Su® s2befRERE heulch SERERES RoPed & metPa raRofiry or

"1 ncl udermadim on in@Rlp@bsttivéhiatthiaDi thb elegidfe suBkieaté At BOGRRE tiBeCOver a
non- excl usi ve inclusion, such that a process, nethod, system article,

devi ce,[08%4]lappHr Heupreshiag ofoprivsel cut|templagy culseerspiletelys thieweh, dice dlexibla y
linite , t ' t \

11 5t eq wbraf ABEPBIb A DN selBbed REcAISER DS Bl EPRLR, TPl E PG S5
appar atamsthe [IRRIHN] sibetrite thwd propakite througlghit the f1dxitatubstralzack(tér the epfer shape
"bottom" "over," "under," and the like in the description and in the

cl ai ms,18 Pflthar%? intg the {ledblersypstags apd/ ot the @rotestps IBdend disig: tha eEss g fleyibicor

descri by,pdRELIPME @}otéalvﬁtdla&@n O &dtgﬁﬁuua!n%o&sgy hAnRGcHader Sm%qleté}%gheﬁe

terns so used are interchangeabl e under appropriate circunstances suth that
t he entbdifleribtessubbtrathand pvanttivermaesdrarbeut inenge ceramiescissors appanphetelycapabl e

of operatjon in other .orientations than those illustrated or otherw se
Sesort atmEeEPw S B PprRs o ae by BB e At =~ coupl o5,

"coupl i[0ggs] anth thge |e§<l§tﬁ{)§§',0tlﬂle h&1005dHae HRARES LA RRAdEf @6mi@e wafer
connecting two or nore elements or signals, electrically, nechanically

and/ or sbepreinihe dexiblgosubstraie prd Bk @rote¢tor matbrate dihs trmgandee wicd ¢ heélpaligy the

coupl ed; but, not b chani cal | r_ot herwi,se coupled; t. or_ nore

rechan a0 PR T AR Subaiaft wBT Gl BERL G b gl i PR 2 1, o
ot her Wige, coupl; edillukM@eDs tdpDFiew B @ Clekibtadubelrf8an0, SicbdMing@o Wilrst embodiment.
2012/ 138903PCT/ US2012/ 032388 nechanically coupl ed, but not be electrically

or ot heflgiiBle sebipiteds0 cyupiciwlg akgdybdS % ¥id @hyhIl edgmprnyfexgmpies, Body, 452 can
per man r.: ] - I i ps . rical
Coupl i ave Jeitat RSt CAIRR e oAbl oY in ¥k AR Bhored Y Wl G b B overy

i nvol vifhgideyulstaet 450cabo fichrizk a svdirhe shaped aaber Insognahbodmdat, shestahrighot
and/ or other types or conbinations of electrical signals..” hani cal
coupl i gt odribe bieh ok gl P Becus sk Qirfr&‘é’ﬁ‘éfleo@ BAdTexinS Hiheir e GRAMIcC al
coupl i ngo@Etid@ hattdpes. [0063] The absence of the word "renovably, "

"renovabl e,” and the like near the word "coupled," and the |i ke does not
mean t HA08G]he Refeplingfacketock1G. 3, puasss 2H b FG. 3 somatuers evitvabheivi®BERA &ED

EFSSFL A qla?u\ln@e e?ﬁc’%’i\ﬁlﬁ' %ﬁgﬁ%;tegigrg%nﬁwg %gt}lL@(ﬁ)géJess%ggndegrb 8grg-fqgggr?zeidns€clleugf Nk
flexible substrate (i.e., the side without the protective material) is dry wiped to remove any
oligomers, other chemicals, or particles. Afterwards, the planarized side of the flexible substrate
having the protective material is blown clean with a nitrogen gun. In other examples, both sides
of are dry wiped and/or blown clean.

[0087]  Next, process 212 of FIG. 3 includes an activity 335 of aligning the flexible substrate
with a protective template. In some examples, the flexible substrate having the wafer shape with
the tab is aligned with the line trace of a carrier substrate drawn or made on the protective
template in activity 331. The line trace of the carrier substrate is typically slightly larger than
the wafer shape of the flexible substrate.

[0088] Subsequently, process 212 of FIG. 3 includes an activity 336 of coupling the flexible
substrate to the protective template. In some embodiments, the flexible substrate is attached to
the protective template by attaching a portion of the tab of the flexible substrate to the protective
template. For example, a piece of double-sided tape can couple the tab of the flexible substrate

to the protective template. In some examples, a portion of the protective material is peeled off
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el ectroni c device can conprise a transistor. The transistor can conprise a
gate netal l|layer, a transistor active |ayer over the gate netal |ayer, and
a sour ce/npanry/smBact | ayer over the transistor activePCagse012/Dba3ss

source/drain contact |ayer can conprise a first source/drain contact and a

second urce/drain contact. In the sane.or different enbodi nents., t

Crano: SUARIEERO PGB @8 andfl pPGuS 3% Plae tatp O o AGE R ET Porfion ghfhe
metal |aly 8F thoMIeNiBletuBstldie. SIn 86hé \“RahAKEth€ PBRIONSESthaprdté@sle @MGridll danlbe
metal oxide. In the same or different enbodinents, the transistor active

| ayer d®Alcdompie Beccsers endneinale icvlelipay e oBetivhéenplatstusay p il @y esramigher e
the sec Ch ri J . one
embod nontae 1h St B FhuIECTRabAGH 252 bFRRS. S SERRC. FRAL B dlipeligy B
second tAepoitienltay eab toovipich gesloabkedduddaponilds hitadhyd sapdelingeanki resioval of a
conductivity is greater than the second conductivity. [0065] Vari ous
enbodi rROFEYT ¢lEe DEpechve BIEBhEUL BFCSE®Y ce. I n many enbodi ments, the
sem co or i i t k&L d.ayer

subst T A ela, AT ERAREPAS BN FheAL Bl pRBLs Long e e Semplas
t he gatie thoat faldelaywer theafldxiEinsubttate. aEtG.\feillualyges apatttad coas-scdtianali eew| adyeer ,

an etch, st | ayer on the ansi st or, .actjve layer, a sa passivation | ayer
on ¢ he I st B Sfeafharmi b e G B B ek ol Rt P bR Vi Plat
passi vagsisoncd AYRE t8NAe HQ dhBdiehsiOr 1A ¥RahR¥Eh -tafd 55818 &ifePlo Hickibgy ent
enbodi ments, the transistor active |layer conprises a first active |ayer on
t he gatsebsietatS0 apdprotapiercetentpdate iSP8t Adqurpigetiveayetcriebap? iis coupled td dasibleone
first neé%hlg%&p%.dkyﬁBQFlsape or different enmbodi ments, the transistor
acti ve YRYEHC ChA Aesab I REUSHY act i ve 1 ayer on the first active layer and
bet weerMobdy fi IBfondcéiaveldsayaly oapdidehe tRd Lékible QEbILAKER attidiRd &o tHrersReERd
active layer conprises at |east one second netal oxide. In sone

enbodi rigmpkite. t leother etampdes; hath sdesrofdbenflexibiossubsirate gre géashed 19 Yietyotetie
secondtgﬁpkﬁp | ayer conprises a second conductivity, and the first
conductivity 'is greater than the second conductivity. WO

2012/ 138093 PCTNS2 it 28238 & (] PIH 6] Furltdesrare ndtodiyn®3it of ilmainadeg aharéiekibtt of
manuf act uri ng g sem conduct or. deyice. The met hod co rhseéf pLovidin a
subst r 28BS dU¢ Brdertiye gatteristetid theapratechve feniaies Ul Hatikle Aty ﬁwg the
first ?;rBﬂe?!t‘?vé RARHAOHE o ld& B@LEcBlcAlvol RYRY hatR&'F tﬁé’groftéc'ﬁ% t@fplaiee tiRyer

conprises at least one first netal oxide and a first conductivity;

provi difteyitde selsont, detproecliaymateavkand e protestivatniplae lcaly be lanninated using a
second .act i | ayer conprises at | east one second .netal oxid nd a second
conduct il Tttty 8 Fotess it BYORIG BRAYEH 145 POt b oyt g oS P eEHr i n
cont actiehpMes afdVafo bR csehe Pprote@ivicUBatb @M &nd thORSAbIERELIREIN InbeWenNGampRsused
herein means the curvature of a substrate about a nedian plane, which is
par al | dhe floxiblpesubsipate aad Bt proteciyadwsiplaie areaplagcdsayef acpglegiheet{e.gs ibkeyaae.
The term. | warping; . used. herein means the |inear displacenent. of fhe
cur 1 ace s oL B8 et ORE nOPLT R AR BN fe AR TG (o
t he tomndnde basdtt@iveshalesal @n beafedrfirsiuinfagRSlaminaidie BhbAExiBleesubdifite bied Mhc
"distortion” as used herein neans the displacenent of a substrate in-plane
(i.e., Rrplectecy topmige argHpamates plapaprpenre of pparoxepatelid! HbkPe rkdorisgals)oto

maj or g i Bk L10Cy

ahr i i RETRES 100 RRFHRER FEhperi e SRR Gl T oL CARFRRIETINE, e
of the Huthamimatien sp&QA6BHh Heeppearximitefomancthepermainatd @l dppasimstely twer @ectrs
means a material that has a coefficient of thermal expansion (CTE) which

di ff er P FEMEhe CTE of a reference material by |ess than about 20 percent
(% - Prighenabl ek NemElEae dhd FRLtY duBSSul NAR ARV A%nphY, R%esdr21b%s AS
used herein, "polish®™ can nmean to |lap and polish a surfage or to only lap

t he surdoapdste.[ OREOIriRgr baakgtot 61G.h2, dramedurgsl 10FHIGFIG. 2] indletlesat eoeass eXanpl e

of a nethad. 100 of providi a sem.cgnduct or devi ce, accordi ng t first
erbod RERTATE S U o RS oG e eer SRR FBG-H0S Dart- e o 18
consi dgr@fwafeist Pl ofn Rh@Vdrabdiemantt MetafddrRubdiansdantiera gihcPoff dppxdxhtely
substrate. Method 100 is nerely exenplary and is not limted to the

enmbodi rEftmmpyeOip@d herein. Method 100 can be enployed in many different
enbodi ments or exanpl es not specifically depicted or described herein.
[ 0070] Met hod 100 includes a procedure 110 of providing a flexible
substrate. FIG 2 is a
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flow chart illustrating procedure 110 of providing a flexible substrate,
according to the first enbodi nent. [0071] Procedure 110 includes a process
211 of fuwoietwisgeoa fl exi bl e substrate. The term "fl exi pC@&/GsaigsBBE" as
used herein neans a free-standing substrate corrpri sing a flexible materi al

s g AR Bldiot 1o falF BO s Dok Qs RN R RLRFER S oibise Mo

exanpl eurfacd. om €488 ek &mpog Ut Usast dfic BE tIRONEK deifad &l Bbastdne (RAYE Wss Bferl €SS
t han appr oximately five G gaPascals (GPa). WD 2012/ 138903PCT/ US2012/ 032388

[ 0072] Inolishasy Fekifngshe shefagy et Bb @0 bicanenslyi souwplysl astthe flsyibde sabsarateror
| | t ht
oy ot ASPEHE g BRYRTHL AL AR R LA ERARAC R DAS AERART AR R RE M

pol ycarslnﬁfaeet that IS)SGbSeQuﬁitl@fdonpledp@ﬂ}éﬁﬁx;bl@&uﬂstrqwIdmOVgSStbﬁd)lle@hlyfﬁﬁmes [0DOE3] | n
many exanmpl es, the flexible substrate can include a _coating at one or nore
si des éﬂ%ﬁ‘eﬁ the EpHIcE Sglaﬁé@fer%ﬁfeCOﬁém@eémbge%ﬂf th%ﬁ?@gte uReirade ﬁf%f@E’%lY m
res'stafﬁgﬁasea‘sah@ﬁhuc b1 RloB Bk R TR e?nﬁ')g{r?cé hel p prevent outgassing or

ol i gomer crystallization-on the surface of the substrate. Mreover, the
coat i nd08¥H pl Eneariaue ehibvedimicés, dfe dahreerfshipstiabd @)mmtsssk atdtest oneof thhifallowingi s

| ocated.. The also c h rea st.or SO exanpl es,
her codtma EoRhh A RreCIE il St BR i rh bt e ob icel S SEHES! he
el ect rigalikArMii&fe, Wr lahotRsr haRfihc@hed CTEHmalcRed 1k Mk subdRat6 0Fht TTH §f at
both sides of the flexible substrate. In various enbodi nents the flexible

subst r ghecaraar wsmtovhmé@b@n@qhbéﬁaﬂmﬁ@ offbe ﬂ@x@tﬁpﬂ@strathernemt@leé CTEs
substrate ca bstrate f F Ims of Tokyo, Japan,
Sore LAl AR s SRR R SR S AT R ol blifluckicr o DL ToRY O Pl
a flexifbhes]subsbr etagnt@nhdearfib@ndkirzie dodtitcdmppied @@pnfr@wldmltm&mssemwwlﬁ,
met hod 2700 (FIG 27) provides a nethod of i}l anarizing a substrate.

[ 0074] BperexingRiyed < rom andeapprasimpiely bl pmasthe caytips sybatrate canldodse gompase

range 0 I Myl N

t o sars PRy TRh S dickiesThEb AR Bh Dl L PoBP BB RIS "Il
subst r atiffereancrhodimeith éher thivgaeRfofalp P66 zrmrtneiayls hPProkinmttle Qa&p)mmxilmhﬁhyr 200
lim [0075]# some exa | es flexible s trate_can_be provid

th
cut ti ng*aMBife e Grief sy %91“? &0%5%@@%6 220 %ﬁm yalsy wither %lﬂfé@?%scofr?éff‘élﬁﬁ al
using a,BARSHAENt 665 B, AIPalll aOfirth&" AIbSiRERS IV SarribP sWRIARUSURK BIRbES

after cu ting the plastic substrate, the cut sSheet Is blow clean wth a
ni t r ogestriglass. stéah vathnetherkinodi qffamﬂeslst(ﬁpppcmmetdlyr @5 110, Tesoheecxanplbgtthe cirritthe

cuttin d bl owin roc SS e part of a process 212, described
bel ow, %uﬁg’faé%ﬁ Sﬁnghtg'e aFﬁfrﬁﬁP%ﬁ%ﬁ PISéEE %F11. [0076] Procedure 110 of FIG 2
conti nyegody t NNRkO GRS b2 10f ofPFIEPa inBBidENE prdR¥d Bl £of providing a cross-linking

adhesive. In some examples, the cross-linking adhesive outgases at a rate of less than

approximately 2 x 10-4 Torr-liters per second. In some examples, the cross-linking adhesive is
thermally and/or UV (ultraviolet) light curable.

[0097] In various embodiments, the cross-linking adhesive is a cross-linking acrylic
adhesive. In the same or different embodiment, the cross-linking adhesive is a cross-linking
pressure sensitive acrylic adhesive or a cross-linking viscoelastic polymer. In some examples,
the CTE of the adhesive is very large compared to the CTE of the flexible substrate and the
carrier substrate. However, the CTE of the adhesive is not important because the adhesive does
not create any stress (i.e., viscoelasticity) between the flexible substrate and carrier substrate
because the layer of adhesive is so thin compared to the thickness of the flexible substrate and
carrier substrate.

[0098] Subsequently, procedure 110 of FIG. 2 includes a process 215 of depositing the

cross-linking adhesive over a first surface of the carrier substrate. In many embodiments,
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substrate. FIG 3 is a flow chart illustrating process 212 of preparing the
fl exi ble substrate, according to the first enbodi nent. [0077] Process 212 of
FIG 2 cawmoinyus®3an activity 330 of baking the fl exiblPeTaisb&2/031388 Baki ng
the flexible substrate can help rel ease oligoners and other chemicals in

the flexibl.e suypstrate. that could potentdally.leach out |ater,durin t hod
100 (Frpod 8o v i B0 B2 Tty el 6 dBbserat Svulits % dRes
Usi Ng evReHEIMuEAL QL MBCESS of RN foB¥RY Methbhe dpaiTpsitial UsRay-BoihgO¥aRusion
containing the flexible substrate can be ranped up over approxi mately two

t o t hr e@atiedPseipan lpppgidnaeloediy coB02d sge@elgmaption pidsieer prigpig oxi mat el y WO

2012 13B0PCTELRAONA D %3%26%%%@9 Earl bRl &1%@%%5%5?%1@% afgﬁeé?\?é? efhd or

one hour “at appr oxi 10 approxinate ressure of
appr oxicagiee| substiee rankd| thd asross¢linkang hdliedivap@anokd mpluelty dierbudohe .crdRdimkiighe
tenperature in the_oven can be |lowered to between approxi mately 90C to
appr oxi3HHEBYS Over siclirsh s (aasenfithe epBIcE suhpater akiesomineBroHARR, %rcross-hnkmg

appr oxi aﬁg&%ﬁ%sﬁ%ﬂmoﬁ&r & IRWakicr %ﬁ%@fate?% E}#l?%iﬁé gl?é:éazﬁ%rs%&rﬁé wASe RfpsyS Sd :

After t process 1Is conpl ete, X trate can be w pe
cl ean dinkarpy adbssinvdues approtieaictal90t han @wevedutiemlsederomfiinute) @079]00 rpm for

Subsequent | vy, ocess 212 of FIG 3.includes an,activity 331 of. providing a
or ot ect PR AR INAGSCHiE o PERTORIN ASTRRes fath AR sPieTgolhR CArrish SHRsuRlsy -
the pl agieneid cRkslilRink ! RKEHVE ab UPSLR A L13S3408! dpnSo ApPoRIRALIYVIR003YRL for

between the flexible substrate and the rollers and/or handlihg mechani sns
of var iappxpnaelsH] sagordpuiopieserondsn Igondiffescapibedinichie thy errsert supstratepihat e

is a sheet of .myl ar .or.any inexpensive astic. [[0080] The . nr ctive

ol o€ R R O IR AP B4 Foma 8 SRSt B b st
0.5 m (het@fsr drah@pafiex swikirgk and ther¥punit \i@piod iBat EIFBAG0 ALt (9, appEox@hiclyof
activitsgy 331, the protective tenplate is folded in half and run through

rol | er 608 rgm to goreal thegthjckpegsioh Hegrgsstlnking 3slbpg¥® in the fold. A line trace

of ac i S can;: g Te[-Iely [ pr.otective
sheet 32%@% gaéggoﬁ%ﬁptc%gg@i’%igg?sti onal I%/%hré?ﬁgac%%g)f% e@?ll)e\%ect glr?rtglcgt%\%gfn be
baked aicomppicocntontoélthe QOert sabstpype. ok adifédrynt EhCdinaant,athp coss-hiak@k\adhesne

m nut es t% pproximately ten mnutes to hel.@? EI atten the protective

t enpl at@" F%@f@il}%ﬁflee@sog oy gpthgcatticesubstrals il 1es CAEHURMT A tS PITYNB32 of

appl yi N80 fo1f" OFRE lh¥Rnd RIS IR clo-RlikihSaRthe@vPONE! Gt drriRr fsibstfates UikAGR Of

the flexibleée substrate. In sone enbodlgents, a protective material can be
appl i edlepustingprocedst can bobdtiveen afpraxiplataia thirgemsnd fappexohattlydifidea yinb|

;g?ts ;[ g?[flgfsaql:l% 8? 3@?‘%&%@%@%&2 p[ﬂl%fq?ecsts io\IL ?heng[ogsr-hl%lmé %dl?e%gveacwaelr itl?edca{[rrolera
substrate after the depositing procedure can be between approximately ten pum and
approximately twelve um.

[00102] Procedure 110 of FIG. 2 continues with a process 216 of baking the cross-linking
adhesive. In some embodiments, the cross-linking adhesive can be baked to remove solvents.
For example, the cross-linking adhesive can be baked at 80°C for thirty minutes and then baked
for fifteen minutes at 130°C.

[00103] In other examples, the cross-linking adhesive is not baked. For example, if the cross-
linking adhesive does not include any solvents, a bake is not necessary. Moreover, if the cross-
linking adhesive is very viscous, solvents may even be added to the cross-linking adhesive to
decrease the viscosity before the adhesive is deposited in process 215.

[00104] Afterwards, the carrier substrate can be placed on the protective template. The
flexible substrate is already coupled to one portion (or half) of the protective template as shown

in FIG. 6, and the carrier substrate with cross-linking adhesive can be placed on another portion

(or half) of the protective template. In some examples, the cross-linking adhesive is still in
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[ 0082] The protective material prevents scratches and adhesive from covering
the planarized surface of the flexible substrate and, thus, reduces

def ects. wo22mmmBs®sanpl es, blue |ow tack tape (e.g., frecrisndicoszisst or

Equi prent Corporation, part nunber 18133-7.50) or nylar could be used as

the prqtective erial. The protective materjal . be approximtely 25
'm o it P ATRR ol Thsh B el piFelfeRhed wifhle SRRk v
can be wpgodi heHhiallyOfok i appdrititelyl BighORE afdRPhLy thWB/ePh&lre Getdt€ being
material is applled bi/) rolfing the protective material onto the planarized

sur f acecospled nathfthe dppple sebhysdie.at e using a roller to renove air bubbles

bet wee pr ti ters X| r . .
00831 SOpRS e NeR PiRlR ST 2 AR D ARl b Brfe BV AL 8 Bounlinesihy gyricr
cut t i ngubfietd kexidlexibiebaibs@ite B hieairestlinkéngradiesival whintt dothheibstiape anf a
wafer. A punch cut tenplate can be used to press the wafer, shape into the
f1 exi bllecaebsvasethe W eRettIRAoPiaifata 8 d TaP decondisuglpse, ofidpg aHaleoubitfde Wp
2012/ 13B0ARGTOISIRHOIZIN A AL SGHY S B! | 1d BIRARBHA FBOLen e

punch cut” tenplate Is us 0 create a tenporary or permanent inpression in
t he pr ckewtd suelfacmofaghe dbxihlecsubsientd hrekthb Ifiest sutdsderaditie ariertsebsemte ti ne.

[ 0084] I pressing of th unch cut tenpl ate cut 0 etely through the
trexi bileo bl IEFEne Brimire bt bt & st i Aol Butiun avipy Bt

cut can &8kl h@kSel By BintiRAdNtheORelibR JubSiXitd!a8scoitdy el @nt thatprekepagat e
t hroughout the Tl exible 'substrate. After the wafer shape is outlined into

t he fl dsinblate kalist toarmoadirdrubblee bevarcedhé varrignsehsirale andithe flchiblopsubsigatet he

fl exi ble substrate,and the otectiv erial are cut simult usl y.with
cach otnwmna 85 SR sERBLPEENFY Sellah Bk Bund T EY S RO AR TR BeXintd

mat er i alub@rse SolthdiSiwheh Geiaifkes, Hhelasdr SuBARtOXhdTicellyxiblResuBstkdté ARt Sligned.
outside the inpression nade by the punch cut tenplate. [0085]In sone

exanpl ekhent He #ligaed wrracwimesary ﬁ@ ded Hupugles hotralh lantnaiodi whichr G b ghonemey
shape i f I that @ a - 0r LV rial b,.can be
ased t CRAEr kO 2SYRTIIE 3. 20 MR QLSEME KS:cHF chf be il

t ravel iapgrdximatagpecd df@m toal ®metans peragiase. 217 of FIG 2. FIG 4 illustrates

atop vi f a flexible substrate 450, according to a first enbodi ment.
Fl exi bI[QSmY st 4% 11336“%%e‘iﬂﬁ%‘{l%@saﬁﬁoﬂyt%g’é@ r’cagﬁn%’Sit!Cil R Wﬁrﬂ?"tecme

exanpl Qémgf%%hé?%nﬁﬁﬁed‘.a‘f@ a0l thﬁlﬂlréﬁle&f‘Q@E‘ieldbﬁntaﬁ%g&n”&t lobAtbd BEHRLSFhd N

FIG 4, the protective material 1slocated over flexible substrate 450 al so

i ncl udgsotactsienichgrdty aplapedrotattivel manel befoodibrelmindtioa ofabctivetynBy7 pat/or of

t he punch cu enpl ate .and is .cut freehand or freestyle into the.flexible
subst 1 268V ERd3 e el DRUR TS el Heal POHRFAPE PRiohy Bae FUMHIRES e
processshzl® RitefdIGis Jrig@aly NdbRplet 1N tan pRGbdtiict Yad3#l Alhl aadiiRg B/ the
flexi bl e substrate. I n sone exanples, the second or non-planarized side of

the fl erimfectyrabstrate (i.e., the side without the protective material) is
dry w g r ve any ol.igoners t her chenicals, or Lticles.
ot erwapaudsT, BT RREHERY o2 dlRRE ool ol €7 LS LaPh PR GRS ersan be
pr ot ectdqueczo@iogt {ra bEwbdome datramndifidRite Bilsiro@e ugh® larhila@dheid sxfples,
both sides of are dry vm][oed and/ or bl own cl ean. )
the first side or the top of the flexible substrate, particularly because the carrier substrate and the
overlying cross-linking adhesive layer is slightly larger than the flexible substrate. The presence
of the protective material, however, prevents this problem from occurring. The cross-linking
adhesive that squeezes out and adheres to the top of the protective material (instead of the
flexible substrate) is inconsequential because the protective material is eventually removed and
discarded.
[00109] FIG. 6 illustrates a partial cross-sectional view of flexible substrate assembly 540
after coupling a carrier substrate 651 to flexible substrate assembly 540, according to the first

embodiment. In this embodiment, a cross-linking adhesive 652 couples a surface 661 of carrier

substrate 651 to a surface 662 of flexible substrate 450. Protective material 553 is located over a
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[ 0087] Next, process 212 of FIG 3 includes an activity 335 of aligning the
flexi ble substrate with a protective tenplate. In sone exanples, the

fl exi bl e wokstwv@s®3dhavi ng the wafer shape with the tab iPsTalS2@BER3B8t h t he
line trace of a carrier substrate drawn or nmade on the protective terrpl ate

ST g 19 B39 o Sl B a8 S R P S BBl PaiBh bt

[ 0088] JHhsEHUEBBahY ; gr@é@ﬁ@&@n&&% 5. Flrbiectdvd tBmblEess 2R faldbd Viidhyth@&3foRttive
coupling the flexible substrate to the protective tenplate. In sone

enbodi riempkite PHeis dlexilgsnedsunsr papeagsoat phetagr sebstre Grlot dard 980 camiesat e
by att bl e substrate to the

pr ot ect ?@g&%’eate'{ﬁg[a%% X aﬁ Jﬂﬁ éfaflPeX%le gl'tn%ter];lgf Qoubl e-si ded tape can coupl e
the t at{oofl(l]heRfefeemmg)hgamtﬁmsk ratdG @, tprecqdunt ¢t icestifuerplisi e. prbaesscﬁm of
exanpl es, a portlgn of the protective material is eelig of f

2012/ 138903PeT usHosibleoybsae grscaibly-r EMgvéds arilaw chat ¢l trafamﬁjpfqeéss 218 of
doubl e p?bé%‘%% %ﬁf&%éx?ol@%’rr% atsé%n{ﬂ‘f a%&f}ﬁﬁl%% H@ﬁr‘s%ﬁdﬂ]ﬁl&% tab of the

fl exi bl'e su rate. In some exanples e portion e protective

mat er i g0OtHENR bqu@eﬂl BB wsillg. theehelcs aanattivin 1O cltuttingrthe Hexhiotseltiatee

t | at e i f . i o th | t t
332 of RIADIS 1§ g eafaaErPHE CLEPRI STGE BEBS e fight REHOPE GHPE

tab to Wﬂ'&?bs& g S $dpdetint aRKivM kilbshstcabt AN 86w en RRE ﬂo%ﬂ@é‘ﬂ:nﬁﬁﬂ@vm
of a portion of the protective material is not necessary. [0089]After

coupl i riyt theealighexnblab isnisemarved ewirelye Ppﬁteytcgttmg\ﬁbe ﬂ@@bler@bstmt@ agseabbie thove
terrplate|s SU bstrate, ustrates, a
par 11 airieRt ol b N Sloats iy el bR RURE kR eokCineapl bRt &

at t achithg cﬁﬂr@(lsbbs@rawbyf thaad.e FB0 & Ql@tr@té@tae@bssvs%cﬁ@mv vadve of Thexitd€ cobdiatg t 0
the first enbodinent. In this exa tape 556 is coupled to flexible

subst re?@@mi%lm 5S40 alteyr etan the dexbiy @féatswe hpinsk reerov g thapetqciye smmlats,

exanp bR, e URBLAAIH, Py RpARIR, P80 LEBOEHR Y ppRRES iR
pr ot ecty &)t ammhpﬁ 6 (FiGatshkr) eX Aexibesubdicitd v H) ldes boén ﬁehﬁwédi exi bl e

substrat re attached to the protective tenplate. [0091] Next, process 212
of FI GLOA! ) Baﬁegﬂ%aq agaip it Iy I3 hopexty %ﬁtw&vllﬁgﬁrwﬁés f%léxlﬁ ﬁwnea%WHgt%alt%fz

the prqtgeti gech@%fn%fd Rlater@Ddy tHigd. prlﬁts%ﬁk' é&%n{é)%P bRl BexitlR&ubbEard Qgs%mbll}a Is,

substrate and the protectlve material are ated between the two f
hal ves pddcet ne apremige(nf iavebleewph dbe shitldemftesxl facmgsthbsahiat Ehetfhexilje ctiettaiove
mat eri al

rote e a | am.nat ed ng hot. rol |
"o nacsverd iesiovB Spveh BiecEtBartibhe et BT A R citgs B0 paeS it e
pr ot ectiakehlé SURtAIEL aABRbAI. scrhbztetswsmaa 1@%’«% @Gt b Eenid e hyahulBin th@%hwld
flexible substrate. In sone exanple | exi bl e substrate an

pr ot ectiaterialedmpyrayasd apay prers dbic ¢der Oét@uiab]@ ‘ghlé%the( ﬂwgble salbﬂé@t@raeseplb@u isde
sheet) and fed I nt hot,roll | am nator rrpl b of 1he
et birBo S By s iiotpleoy oot PR Colkfles, A RS Rl B A Bhorhe

| am nat®hterctihén bt ethkehvise 51@&&1%‘&113t}@r@nﬁaesubgt@tt@@fmv@nioem@ @b @h@tcﬁla_kyﬁﬂﬁbat ed
at a pressure of approximately 120 kPa (kil opascal S) to approximately 160

kPa andlasticsubstigiseiantbgstid gito aBgrpsat wethehg cgpier subsa#pr oxi matel y 110C. The
SRR S e A S R A s M
pr ot ectaligemeringb ditoa) thprileg édsa@dRAbiys In some examples the alignment tab can be cut from
the flexible substrate using ceramic scissors. The cut should be made slowly as any movement
of the flexible substrate in the z-direction (relative to the carrier substrate) might cause de-
lamination of the flexible substrate from the carrier substrate. If de-lamination occurs, the
flexible substrate assembly can be re-laminated. FIG. 9 illustrates a cross-sectional view of

flexible substrate assembly 540 after removing the alignment tab, according to the first

embodiment.
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conplete. Referring back to FIG 2, procedure 110 of FIG 2 includes a
process 213 of providing a carrier substrate. In nmany enbodi nents, the
carrier swbzbratssosan be a 6, 8, 12, or 18 inch wafer oPCPArsed12/08238&one
enbodi ments the carrier substrate can be a panel of approxinately 370 nm by

"t uadOTHT7 s Nedt RERS TR 78 Yol BRAES pt AR Bl Y PRUBELReaRl |,

sone emm@ttﬂyn IatsohRaslanPia, Gie ﬂbﬁbtel sru%ttrz&elrafss%%lﬁ@ctemedsmm@xmf ace has
been polished. Polishing the surface that is not subsequent |y coupl ed to

the fl dyexines capbsepplicd bymm@&ﬂterf@xstﬁt pubsiratgfasgenibdy ahdRIpyiag th echrﬂar@kesmsl
handl e S r

subs eqt}fel%ﬁ&&%g%ﬁ{at%ﬁf A? %t t%F I]‘Olgt%(ti§ VSQIEA&%@ gérlr%gh%\geeg E%E‘F@%eg gfi efi g3 ur es
of the theicdraicesubbtratbés wiped cletn suthdickates. t hat coul d cause roughness of the

flexible substrate assenbly in the z-axis after the cog pling with t,t;;
f1 exi bl[80kst P%ﬁcédurF@é§zﬂleﬂGv3rq088§ueérfﬁ’(§lﬂF‘ﬂ@ﬁt“é‘ty {#bo atrmgethesqﬁ%tlt g

conpr i Sa‘aﬁe&% | ffdk s%ﬁ% & dikBRnf ShnboMh{ag:, 1l Hf@sé‘gnlﬁﬁ%g %Qﬁés:wesfs|UV%red O}i\ﬁ)(al |

gl ass, steel, sapphire, barium borosi I Cate me silicate, an a
sili cateaampte tredidxghle sterateaalssdntiﬂy cus bCHpaved thied light tfd:relpptcedrhtnlebf 15 to 25

substrate. The CTE of the carrier ubstr shoul d be nat ched,t E of
She 11 axrads M gevn deubiRuRe i bk R St R Eine e o1 SUtC saphdataf, de

carri ercrsddDafkimt @dh@me tctnebé ket Rligh @wbﬁgmqﬁ ehe URORSH: FRgeoraimBlimb®E 320

carrier substrate coul onprise sapphire with at |ckness bet ween
appr oximma{ingmoLcys) rtmaapmxamtdm&%m hyd Stylttl aprinteM$ity efaapprevimsighsTY atVé/codul d

appr o MUYt il bRt & DR ARG e C R PR B i Y0

al um nayi PyaPRr O¥pPIBdtidhYoi2 TorifBtor, NCantetial, eaambpl @&edtibectarthé efrosubkidgat e
could be a single crystal silicon wafer with a thickness of at |east
appr oxiadBesYy 0.65 nm In still a further enbodi nent, the carrier substrate

COU' ?rmc[agplrdg Sep %@rwﬁls %§§m§l§e%ethe \6\40%5' llﬁkﬁlg ggﬁé}?\%sis ?ﬁer lly 1?%& d?tHH g{%' I{%Er% t he

one exanp e carrier s rate i1s s
f I eX| blie astitist 724.eIn écﬁﬂé)&}aqués, thoo edyed o eheldtﬁss@]finlﬁh@adlﬂaslvl@drudﬂé carcfly @uess

214 of providing a cr.oss-1inking dhes n so anpl t he
cr oss- Ihieshef HRRsT-UBiBaAYERLS Ts heany! {aired dy ?Eéﬂ%ﬁ%}%ﬂ%&t”@l y 2 x
10-4 Tqobrist eSﬁbé&ﬁﬁerﬁl?C%?&esé mmmsﬁamhaﬁdestﬁ? a%ﬁ@%g%s%@ RenAdRe B

is thermally and/ Itraviolet) |i1ght curable. 7]1n various
enbodi neotestivet hetea:uabﬁ:mrﬂ ithek ilagibrdhidbsirate dsserablgr obis sdmen Iexmgplas;rbjnbiprotective

dh di ff t enbodi t, h Ki dh
a5 ot G o R B oL G MRSATEr T e S TpE s SSy BEGTP FFkiong

vi scoelpgtiia @tztpm rﬂat b pSRMe EX AT 88-larhingtifel theQlexitle s@thaR! (Y& itke YVRFiYr
| arge conpared to th E the flexible substrate and the carrier

subst r aubstratpywhy ether teh%énmfﬁz the pratectiag meai¢ned cpg mdpleimbbr byahTtV belbtaukethesre
adhesi ve_does nat crepte a Vi scoel a y)..bet wee
SoRS, PR SIeRR € i \RT ik B el BEBELTEY Bl upSIin e o

flexiblée"s carrier s | a
so t hi niganmparedodsaetiighal RicGkiTarsitdd sithgatk Ia@@ehttilﬁsmlmarrrahmﬁgdleqabtebtete

substrate. [ 0098 SubseCfuent |y, procedure 110 of FIG 2 includes a process
215 of radpddiftan,ghofipgible substrate assembly, according to the first embodiment.
[00118] Next, process 218 of FIG. 7 includes an activity 736 of baking the flexible substrate
assembly. Baking the flexible substrate assembly can help decrease the distortion, bow, and
warp in the flexible substrate. In some embodiments, baking can also cure the adhesive.
[00119] In some examples, the flexible substrate assembly can be baked using a vacuum bake
process. For example, the temperature in an oven containing the flexible substrate assembly can
be ramped up over two to three hours to approximately 160°C to approximately 190°C. The
flexible substrate assembly can be baked for approximately 50 minutes to 70 minutes at 180°C

and with a pressure of approximately 1 mTorr to approximately 10 mTorr. The temperature in

the oven can then be lowered to between approximately 90°C to 115°C, and the flexible

17



cross-1linking adhesive over a first surface of the carrier substrate. In
many enbodi nents, WO 2012/ 138903PCT/ US2012/ 032388 depositing the
cross-| i mkDnrgr2adk®si ve over a first surface of the carriper/tsedigisBse can be
performed using at |east one of the follomjng met hods: spin-coating,
spray-co t| u5|o refor | am nati g slot die .coatin

sor oon T RS prERITY B PRRH BNl B8N b doafp Roafiy fuBRRhY e

subst r ahreG@irsh &)tﬁ@lalsm%@rbbests&ecaﬁr&s&sssd By ATERaRI BaRing B BALY dodiplete,
substrate and the cross-1inking adhesive can be spun to distribute the

cr oss- [theKickigleasHheate astppehlion afq eleanosl gridalacash int e0 ey #t Praximpaeha?@C ton
sonme e ey sive is spin coated on the carrier
substrgﬁgqu SI§HW%H§“%L§E§QE#%§ qggggpﬁhte with the cross-Iinking adhesive
at appr[oaiet eAfteEBﬁkmg) the( flexitslt wibsoms: Pegmbbty Nproegss Lo 1sl&finslpie iral therefore,
approxi mately 20 seconds to approxi mately 30 seconds and then spinning t he
carri erPre¢adeter Bilds glse w‘omﬁk% sedure ki hg's 48 frf@ia 53@%@ AP PIER I REEYUISHERR 1 pm
to appr 6 p I a
R O T R L DR g S
is spudmatnappmdxhﬂaﬁthbQﬂ@mppnuhﬂebp@ﬂdnnMabﬁnmaiﬁ@nwnyuﬁbnnﬁamesﬁ@oo

surface of .the rier substrate a then s a teI O, r to
ooy ot 3 AShes S RbiakS: S HuheRie dhe Sy RRRLS Y BRG] mcthgps” 8
adhesi \gprida§Ad Q@dctital Qondp@ndié dnCHRL fdGhle s'ﬂﬁstﬁi‘[é)%ﬁfféﬂ ﬂ&inngigﬁ@‘fa@ﬁl Yi8tof@h be
di spensed onto or over a geonetric center of the carrier substrate. In a

di f f er emeblembdbiitneantlcad te hendmg- driarki piptelihegrhntac eagnientdérspenasidliontageror
over th grrler substrate while the carrier substrate is spinning [00101]
The th|c fiess of the cross- | i nki ng adhesive over the carrier substrate

af ter t[belx@poReicring: PHaeclc aslUFIE. CBnmEﬂlobeI()ﬂeeﬁbh@&@raO)ﬁrmﬁﬁﬂeyllmr(ﬁe%l{o{fﬂdﬁ@nd
approximately fifteen lim_In the sane or different enbodi nent

t hi cknesBienduer eleawats i hiond | aghedlove churérillusrating rrpeadur, h3Q roft Rroxiding:

t he de mately ten |imand
approxﬁ%%%&#ﬁaﬁ %§§9ﬁ$2¥8?36%§§Pﬁaﬁgﬁggﬁgg&%ﬁb of FIG 2 continues with a
procesq0Q1R]of Phakdurg 20eofCFIos s-1l inokidega gabess Y&12 b psoiiding who dir mesrt Sfirst he
cross-1inking adhesi ve can baked tq renove solvents. For_ exanple, the
cr oss- | SPAKRGUAThelsmERIsc AGb@ K Saihepgau Ging PGSy i ﬁu%groa King: prasmor
baked fIﬁérefﬂrgtts@ﬁ'ibo%ﬁ‘é{&eéerﬂéntg-?ag&rd{n%Qé@rﬁ'] fikferfbhexanpl s, the

cross-1i1nking adhesive i s not baked. "For exanple, 1t the cross-1inking
adheS|WQOHﬁ§s BnmewnbmadﬂIﬁﬁylgohdemmgnlanhak62ﬂ$cﬂqﬂomémgs&gngnumﬂdgﬁwer

if the ¢ros nki ng adhesive.is ver sco nts even be added
to t he 1dFosts PR AcHsTyeupd! ietelbe dities QUEERIG: BEVer EXPRECadhdS: ve
I's dep%mﬁ&@dhaoprdé@@;@s@s’kﬁ afleP O3iB4idinty taeTouRr Ghfotalt MSeEahEdoRding URS kh@tf@scan
be placed on the protective tenplate. The Tl exible Substrate Ts al r eady
coupl ecmbydanentpdystdan rbe(smn dilf) 201 the keosprestienli view 10é thsl deveceduiild nesans e
FIG 6. AN NG LA ST o SIS Bt Solicbhyflasas ldnkd o, adhgsive.caf be placed
on anot$he} 5ot tion Cor ﬁd? % B %fect e teﬁ% n sone exanples,

the cr Q&Srcblhmkltirtgosicﬂéeﬁcbme viesy s@mbﬂlses A MO s2RE26nkB &3 BEIISJ%Q&BM 83238980
liquid format this EEA%%WDThUS the carrier substrate coated with the

cr oss- |AARIheAdARL hEIG: bt Blastaes 2 eiosabqciiondvigip of aepiveroatagt Ryikht

to apprg f fik

subor t AT OO YEIREY ferGtldifluBtif SEONGABBRY Ll IRG 10k Reiging o
coupl i ng thdhBrscambodmeaubAs cat & foon il €10 .| 2 ithd @osedestisral eicusofittc tghlte contact
cross- i nki ng adhesi ve mhll both substrates are | ocated between th

pr ot ecth“ag qﬁt%ome%@l YRS SeBon O e oBheh g e\flp%i)% akapds e
can be jpl.ac eﬂleo 88 biact blikt R kagRnaf VlE@/ec&f’i’ﬁrEs'e§ ra &HQS%E%@&I Wi o Nfte
adhesi ve | ocated between the second surface of the flexible substrate and
the fireontastartag?slofFItha cameichr cxsuipbtry anéis fo00L 06l té thesorbedenrenppressntadne
carrier,_ substrate is coupled to the flexible substrate using the

cross- 1F#ng adhesive by | aminating the flexible substrate assenbly

bet weerob ey pr RERSHAY & FRIPI13ta@dhal Y& Sexbipl ARG pRiximAbR). o6 Lhetvaedliédie
carrier substrate and the flexible substrate. Lanlnatlng the flexible
subst r atieidepassiivesonflayostl 387 igprositgled acicBexible subiitase assemablyi 149. tfhbccm piftiidsl e
substr n nat

subst 1 qrer gt IR s et Cop PO RS g R Gl SO LER' BOPPER RSB Pt
roll |lam nator, which can be the same |am nator of activity 337 of FIG. 3.
The flexible substrate assenbly can b8 | am nated at an approxi nate speed of
0.4 to 0.6 nmeters per mnute.



[ 00107] Also, in various enbodi nents, the protective material may stick to
the protective tenplate when | am nated. To avoid this problem a shield
mat eri al werot3Bmsat ed bet ween the protective tenpl at epamaseée/opa3ss ecti ve
material before the lam nation of activity 337 and/or activity 332. The
shield mat can be, for . .exa e nbodj nent,, t he

hi of o Tavary Sro7 IR chBho AR BRun S oRRRE 5o ol et RHPEITEF dypigifon
acqui reﬂsﬂfc@ﬂmm@eﬁ@@uﬁ@@ﬁu&@r135b00108] I n the sane or different

enbodi nents, sone of the cross-linking adhesive can be squeezed out from

bet weerl 0P 5] c aft iadditignd af pasterside metih sgatait 1933 deani Ry mravidpdtaven sHisenasiiéde to
the fir Ih o] e I y he se

t he carpfdlgselfdtfs&gb%& rat gsémgP a?{?re&egvmfﬁa? 83 g%%%“s% 1{1 bﬁ%ggréé]lgg#g\}@q ayﬂe?rsc(:)%![sé

sl i ght lexamategedn dppacximbelyf 0.¢Xiubl hyautfahélgb@anuﬁh&nmmnmedofvet hidcqt oitedt | ve
mat eri al, however, gr events this bl em from occurring. The cross-1i nk| ng
adhesi Wwastivaondanrsd? 64 a%fhea@att%{aﬁ diq @rwﬂ@%d&e@lr@t%ﬁﬁ%m ggample,

mat er i e t he
B ot et e e e e B P R T DB P

i || ust rexbmplea, palybidedunc cas be slemsueahakinglaelﬁDBf74f4L exnbfaetusablst KiMleEksgemb) y

540 after c pI|n car ier trate 651.to flexible ubs r at

240, adir F HBCERnNER! ey o i S o il it e BB ol Bl 28 IR ng
adhesi v@p %’é?eteeamseﬁg #h AWM AR 306haRlirac@Fdd B APPR&S m&ela@%ct 8f SaaCliage
662 of flexible substrate 450. Protective naterial 553 is |located over a WD

2012/ 13890@mEAT/ US2012/ 032388 surface 656 of fI eX| bl e substrate 450. A

s oot PRLAL sy dudslly: SEREROLIZ 4P DT 2hERkde! Sn RIS 321208 i ¥idipe an

pr ot ectdciee ts@ikRl aFRGHSH hafd ales dluseset 80 ckafgle wﬁ&mcﬁﬁ%@icecmso @fter
substrate 651. Tage 556 coupl es protective tenplate 555 to tab 451 of

f1 exi blrEosdBgapAcBvUsack, peo1ding toRbe drsticppodigeant back to FIG 2, procedure
110

110 connhiasss. Rl AARSSE &4 ORGSR SR LI o SRR |
flexi blferrﬁubs)tvmtpettaﬁs@nﬁétyl gaechyed Ng53 antlhdlifonr sitridepdsingivn. 14y60UB3D.

Process 218. of FlI 7 i.ncludes an activit 0 of cutting the fl.exi
subst r AAEHEELRTIG: 1PniYdie ﬁ%l]e% eVéCf‘péP‘Ids 8¥ea QU rSEMILONSEFIEE grdcs %gﬂééd to
cut U NeREohEGH ohemmba @-@ry £1 £555cchibe R annsRE shidhy ﬁfm&é%até hiexdchie
substrate | ocated between the otective tenplate, but the alignnent ta is
not r enidédanelnt pattetned siicoe rnitud¢ tritergnetah eheﬂdoaxa (dNE))slajaﬁzrtllSéﬁ earabspioivldgd ovére

pr ot ectaﬂ%el ;gsgte can be peeled away fromor otherw se renoved fromthe
shi el d dvalt'&¥5" nd the carrier substrate by hand. FIG 8 illustrates a

cross- ge6fisgnain YdreeRimglbLxk Rh&vs UPBIGAN S aad a6NMBliYorPARid ERE dridcdidngsdshe
flexibl'e substrate assenbly and renoving the protective tenplate, according

to the cranu’o@tdemﬁmt@dhon’@memlmdect@pé@mq EBI0 gyer mstabide lgyer gpdid end silieon mitrdeat e

Cs 6).of fl bl 0
pave bagn iRl 12000 3PS el plihiisguy3n iRl wroS MnGRAREE B IR

pr oces ssagd&ri dffadnadampldsy siTiaan aftride g digeéthie 154 ehl beappiokhatély (13Ndm I n
sone exanples, the flexible substrate assenbly is placed at an edge of a

tabl e Wik the shield material faci ng the table. The flexible substrate
assenblynio1S! hes t e t

(e.qg., [g(ég%éd) %%ﬂ] \ég&f eX|(E)I g sagga!gt er)ég%ﬂ legsaséel a?/&l e%% %gﬁ%fgé dbfy Sﬁt&ﬂ%\éﬁd

| ayer ailivohenitreloueddibigctpial 1564 bytwey shPeCUDreinahe adtmdomﬂm&lre:ht amplbs,om;lt he
edge of the ggbl e while . the f(i)lsm bI ubstrate assenbly is noved

hori zon®¥ Iy VFFN R PERHMateDy %b‘ﬁge arrpl es, if the flexible substrate is
not prapgfig came agegn Oulc QiR WiRe @Mmra%r Y456ftah iR cFéﬁésrrﬂeﬁ rovér%bgi fa ?&e
after renoving thé shield er, the plastiC substrate can be slid

al i gnmelrdt 5 wiytwayt (e’ @Y Pi én tlmmmercartcafet[e@m&]pl@ubhecqwmdqﬂwbﬂwesléS(Qcml of
FIG 7 1;; ncl udes an q’iﬁ&l v:{ély 732 of renoving the alignnent tab fromthe

f1 exi bl RECIHBIGY ®Bxanpl es, the alignnent tab can be cut fromthe

f1 exi bljgosHPst 1RtEmeISkAEpleErsAMos Iﬁ&id%sgafesdle@a@lccwﬂs hil18ype sPBRAMdSSiRvY as
any novenent of the flexible substrate in the z-direction érel ative to the

carri ernigiggdMiddaypr h$ Yheancallbedenesitehyia AEOPD opingle AMad BY®0s nysriagtuecd r om
t he car 1 [ ur ' r
asseroly SERTHePRI, 1 E3ah AT ARD CRGEE et Fo S BGTERRMAE, B
flexible substrate assenbly 540 after renoving the alignnment tab, accordl ng
to the first enbodi nent. WO 2012/ 138903PCT/ US2012/ 032388 [00114] Next,
process 218 of FIG 7 includes an activity 733 of cleaning the flexible
substrate assenbly. In sone exanples, the flexible substrate assenbly is

cI eaned wth hexanes The hexanes can be appl | ed by spl nni ng t he erX| bl e

. Y P 1 o o o . e



[00118] Next, process 218 of FIG 7 includes an activity 736 of baking the
flexi ble substrate assenbly. Baking the flexible substrate assenbly can
hel p decrwa=e1z13g90di stortion, bow, and warp in the fl exiPbiraSsubkssazate. |n
sone enbodi nents, baking can al so cure the adhesive. [00119] In sone

exanples, the flexible.substrate ass |,y be baked i ng .a.vacuum. bake
or oo s asmphffiag aE Sy Bl S BT 138 o RS AT el R RS
subst r aMD agreMBBbY a6aBeRitER IO keHRcAMBEtof MBViL® 1850 @ecladf shahQpproximately
approximately 160C to approximately 190C. The fl exi ble substrate assenbly

can be I¥8ked Kasrexappleosientgteriptuge ahivhighesilieen mityidd gafe eliclegtria 86T andi lwyeh a
pressur f_ appf oXi I i |y . . .

Femper airc il MELR M GRETS5c e TR PR NGt fevick B350, g ¢
115C, apgrdxiraattlyedODCeo WEpraLih2nd3890TPCAS biv2d2) 1033 Bfnsudister atwehi@ssBednl y
can be haked for approxinatel¥ seven nore hours to iﬁgroxinately ni ne. nore

hours. TeKgrgapatickegiiisr bods awd 1ash 150 andsillren iiile INE daver He b aks dpopiiskess
is co : i S t £at o & n cedodn an
oven o e B B S oo 'y vy T o
[ 00120]Fustheemorbathi nigpodiigorf besilibdrensudis gata delasse ipidy a-Jrlopesls 5218d slicon
conplete,. a erefgre, procedure 110.is so conplete. Procedure 110, as
deser | HaaaRAPE RSealHodmd Tareiygentruss Lag Gn bEAPSH e TOR B i or

nor e el[ggiyo)cals rePINRBLMiFidORar dibRYiiR! B5aURS NAf8 1Whs haeliAc@f nAtidd BBy

m nimal distortion (e.g. approximately the limts of the sensitivity of an
Azor es 18200, 55freine flepastied dntoyserrermesctop dpacatl Boh thé rasultimignigyam can be etched.
Massachusetts),. Prior .art netho f fabrjcati | ectri onent.s _on
the. 11 deroratblsy Sl wlids PR TR e EE RO EoS b B SR et S Can
| ead t @-Biandéd N S5edahWeSetclipdodsid dhagnAaphizoal lngdrRMxafiplRl Silic@ndithidaViDayer
defects. [00121] Referring back to FIG 1, nethod 100 includes a procedure
120 of lpresVide aed sSiavenfinstase clehedorthat a-B leyer1p5p & expopasivi-eharSt layer 1555

illustrati f Iy Ch i ductor el enents, according
to the1?%@§%ng%%§§gﬁgﬁf&%?8@?8@%8¥$%%g%d%§g2§%§of FIG 11 includes a
procesq001332 oNept;, proctisnd 102eofOFIGDE2 ihéludds serictonduel drofepeniliigs a mk&a 12
is aflowchart illustrating process 1112 of providi.ng one or nor i rst
sen cprma%Y%wnéﬁé%nE@S- 4é @8 didniguptErie AR gl ntsgrirendheior F@@i?é?sé’ﬁ@‘éress
1112 i nyflifinohdmé A MGERi0f TayRe tdclorithakd e Bt BhYdidERg a gate nmetal |ayer.
FIG 1 |IIu§trate a cross-sectional” view of a device build area of an
exanpl §00i34d s&nilcefidantedr Fevi ¢es kd35Rampieern fhealevate hyild agatd semichdiayer |

accordipg. to the first enpodinen an be seen in FIG 29, th

cr oss. <BLE oa vieah Pty ARG WBGT 25 ir febRaih one hiewyuer bk dAH Ve
of a pafilidofnifde AN GeREYE B4 02K &§ed 353, hak8ilicah nith8e IMD lay&eps56TNesa
devi ce build cross sectional view conprises a cross-sectional view of a-S
cont actpagsieation2Bger AR ¢ha canwaise 98xon| mtrgdedi tMesa, passigationd layer Jd67 eppsbea

cross-secti.onal Vi of e contact build ar f an.exanple of

Sem cornergn st ras g S99 ME pESNTT el eaBERs eSS AR R doRS 1o
the fi rtaérceyrippelicatng .coA@nt@lioneos RN sirfacE! & 229, laydte] 395085 $@CEHQN dakydeeW
of the gate contact build area is the cross-sectional view of a portion of
seni corfdierrrlagthe sufasefiakidayat! Sohe Wigh rafpisace tog. d&t & Fosmaamte. puithed

Cross %%‘g ic%éélt Miiﬁwar%grmréeﬁlg g?g&éﬁ?éﬁé@qg%é{”ﬂllesav'g%‘é’itvgﬁ?ﬁgﬁéﬁggg?3&&1 g ea

2981. s nerely exe Isnot l1imt i ments
pr esentdedodiredever sili@dliddidcgefeaticledtgc 16541 Gs. 13 and 14, for exanple, an
appr ox on nit

[ ely 0.30 [imthick sili i de passivatjon |ayer 1352 is
pr ovi ddfoboer Pleas iP6$SéYaélaB§%>feat1§5i§§l_é#s|CL@PB%B a9 ﬁ%ﬁomttcrqyro@&aséwm on
| ayer Wopﬁﬁcb@.pm\ﬁhd&qm?yee&nefsé iRl Gos URRL N3t e cApBe (r?g#lfémﬂ&élyqim um
fl exi bl e substrate WO 2012/ 138903PCT/ US2012/°032388 assenbly 540. I n some
enbodi rtbieks, Inf the saink eorsdiffstentceandiiGs, magsa lpmkedatpmi layert b7 X7heandiegp dspatsitedh vof

S111 cory i 88, PRSSUAA! bhol 2Ver 1352
[00136] Subsequently, process 1112 of FIG. 12 includes an activity 1214 of conducting one
or more post-mesa passivation layer etches. FIGs. 19 and 20 illustrate cross-sectional views of

semiconductor device 1350 after one or more post-mesa passivation layer etches have been

20



[00125] In addition, a patterned netal gate 1353 can be provided over
silicon nitride passivation |ayer 1352. Patterned netal gate 1353 can
conpri se wWolzgtedisseem | n sonme exanpl es, an approxi nat el y POTAB2¢12/081388 er of
nol ybdenum can be deposited over silicon nitride passivation |ayer 1352 and

then pattern etched to f atterned netal gate 1353.,FQr exanple

ot ybagnnigah fa SabBie Pl RObb RS RBR ApdR E a0 aRbr S Bep i 1

sput t erial@akeh pl£R TR tRX 24P lc6tact B MIIEIBH B ¢aiicdRdtenatviced 338i ng tike ke did4,

manuf actured by KDF El ectronic, Inc., of Rocklei New Jersey. |In the sane

h,
or di f faeisnt eSearpitse§1G pH tibwstietgs pavpigpndygtos dﬁ?siSBqééQl afjer eeeed 0%l degh bFp
AVAT 8 t ' i Santa O ara,
ot 1 1 orkirn PRG35 S bt AR SEMBL GBI 965 1107057, Rellides an

acti vi t[poI¥712 The pomrdtdategetatn ofithici gaee ingaek build €53ionlsdf @ndedi@uttbt dsticatl 0an

exanpl e of sem conductor device 1350 after providing an active stack,
accor di%3g ¢leh eyt ﬁlﬁgqm diHgeH nEft Sxamplep e ReRlasl By sleh EpEsSich awaK gmew:
for ex : b i gL il i 5 r
e L S e e
Ref er r ilagprt B5B1 @defifsathf siticex aitplle gaienditletridels defunoiidnd @ em cofh stop for the

i t devi 1350, tt d h i -Si) . 1555
can be. Siitos RSy elhessaprich Gaf 4ty oo £PBRG Btk By ecciamatt B at R it eq
si | i conrdght 60 HendnitRIIES a%, TébAl @&hbratiod bMPalu@ye CaliRRRiaC Q@ft&eth@ﬁé’ﬁ’[g& tover

a-Si layer 1555. [00128] 1n Some exanpl es, as shown in FIGs. 15 and 186,
si | i coreteh, t gatelsogfacte 207 leliedomiad 0% 5¢mecondbeiot dpuist t I8d0ontstes epitedndfdt o

devi ce 1350 over, net al te | r 3,and silicon nitride passivation
| ayer 1%%‘?”6%}3/%%} af CBP%@” 9%%%82n0cfﬁéc%%m cal vapor deposition (PECVD). In
the sarpomy]di Thecemuctexsimpbess tisd ddvea@nbulid feoftd dfadetictindheot dévdcdl $38h ean be

approximately 0.30 limthick. [00129] Wth reference to FIG 15, as an
exanpl etchaa gy piliget nitady  Eahowanniejbe coddctayer eteh (cpr gt¢hriveayi esagpassivation

di el ectyri 3 . e . I t B S
ayer 148 1237 VLB nBial Tyt 507 AR R6B0 B EH e ol R IR wefied
si | 1 cononi BOKle akDalayEy551bbkr cAiRobaittdpdsydreld 56 van @t 8k ahaydr sthpFbor lhe way
of PECVD. .In the sapg or different exanples, silicon n'trige | MD. | ayer 1556
can be SHRoHRIdES el 4e. e fpmaﬁth%-ék.etCFogr%B i?mﬁ“%ﬁéo éssaé?ﬂws on $PiGoguCtor

ni tri deegrta39h eh&GhhiGctd 2990 aR-abociAYEWith 359 coffAbh Sbdd 2RO JHFIG 8¢ 1 MRis

| ayer 1556 can all be deposited via PECVD usi ng an AMAT P5000, nmanufactured
by AppldngebdivhtresthalcentadtraeSi codh Barthac@itant gateCadhi danbrisepardtn etches ssameseparate

di fferent exanples, the WO 2012/ 138903PCT/ US2012/ 032388 t enperature at

whi ch S'598%%ni tride gate dielectric 1554, a-Si |ayer 1555, and silicon

ni tridegobMI]l aneter &étﬁ@tyafﬁ@gﬂféédst ﬁszmPQGSQWis?@&ﬁ?l%{e@r WaKireRrehd®% FG.
greater than approxi mately 180C. For exanple, the tenperature at which

si | i conl lnipracedercgaleconiipiascyith @ messs 1d13of pagreding 88 or apeie siopfagoelemicrtsi de

| MD | aygr, 1p5Guare deposited ante sell condustor doy ae.doe 15 Liame o
approximat ety E@gﬁﬁio apB?oiln%?ely 50¢C. an eXample’ tﬂez?eﬁpeﬂé?u?e at
whi ch Siehli@@tudibt dedee J35@ diceleedest d1155%hs tRed cond@ed. 19nSaddaih, SFIG. c2n
nitride IMD |ayer 1556 are deposited onto sem conductor device 1350 is from
appr oxiHateals N@eE-1estieihVisky tad &ity conaet butdrregien v B cxuRBleHd se3ioNductet
silico j Lk i ] -5 | ayer 1555, and silicon nitride
| MD |a359k%§§g@%ﬁ?ﬁﬁggﬁfEE%U%§$8%§§§3?§§§1350 can be done at approxi mately
vacuum[0p D@1 32]n thkteetimplicliilesdntadi ih Flde2 ga-ea-Qi &lyec? r39as pbbddedavst poraiges of

dot so RaoaorRERndbit 15y e Toad 0l Jictn ERIRUMBe S st B EgES”
nitrideg,ean, e SiGHEHbaPII & LGrdvibit b8 qkfye{smp,(aﬁ@@etall1i£yee§<i%é ion,

QX
a-Si layer 1555 can be etched using an AVAT 83é0. I n some exanpl'es, silicon
ni tri derowbed ayerdiff@se bardenl S8, | Siyelarly 5B5ha pengle beH1Q.022, it a-&: Biyet 216

1555 is exposed, i.e.., a-Si layer 1555 is onpl et.ely cqvered siljcon
i rri dds PRyt AR s adon Tyieh s B0k s iRghn e dued BBl Rdemdsn
act i vi tgatclhd@l plyePI D4l dARE sRoWR SAFRASYL MatusR Bad&@21581iSprovidedaner 8 a-Si
illustrate an exanple of sem conductor device 1350 after providing a nesa
passi vdeywr lf&yad mesd dared 2heP soreviecd ¢vos difusismdianiert2158.00134] Wth
reference to FIG 17, as an exanple, in the device build area of

sem conduct or device 1350, nesa passivation |layer 1757 is deposited onto
sem conductor device 1350 over silicon nitride gate dielectric 1554, a-S

| ayer 1555, and silicon nitride |IMD |lAayer 1556. Mesa passivation |ayer 1757
can conprise silicon nitride. Mesa passivation |ayer 1757 can be deposited
over a-Si |ayer 1555 to passivate and/ or encapsul ate the surface of a-S

| ayer 1555, thereby preventing contam nation of the surface of a-Si |ayer

A - - o o o o o e Y o ~ S A - -



[ 00135] Mesa passivation |layer 1757 can be deposited onto sem conduct or
devi ce 1350 by way of PECVD. As an exanple, nesa passivation |ayer 1757 can
be approxwoetelps®310 |imthick. In the sane or differerCTaRaopI08x388 nesa
passi vation |ayer 1757 can be deposited via PECVD usi ng an AVAT P5000

conductPRGH ne ar-olaChot” et bt pudlnGLEY i &) BT AL EHatbb TN ARG 20

i 11 ustrage ZlBQ%%n&féCetpthaﬁélyGMS Qim SIE6R.CONAMC EDfic BLMifRPent IRAMpPLeE, eN+Qansl or
nore post-nesa passivation |ayer etches have been WO

2012/ 138003pE radrodeprasagsPEL YR etiegian AMAERXAAM-e, FIG 20 illustrates

h
gat e oM B S 4 Sttty Birbdhn BaGRELISE AT R Rylfin [ REFTLP IR Gnllod PO
differ e:hfferemamalnqﬂes Iﬁieﬁl 1ageridllb0stan dhesdes elohtaml yat)or Dcfﬁxsmebﬁﬁ&ﬂ%ﬂ‘& &hn a

cont act etch has taken place in the device build region

sem cor§ P@wer&éw\@@wpéséatomcﬁ@?]merﬂel%f‘ér% 881 sugae loF sxapplet ﬁéaﬁgﬁefrom
cont aCtd1ﬁﬁ%1h§uﬁ@%°a[‘SPl S50 ORIUGHY ugﬁlﬁﬂ 81 2@@5%@“ SRR R B b §CAN
nitride. For~exanp the ‘cont act gat e etc etch away nesa passivation
| ayer 1787l kger 216(] cambwdbpos«ted gateNdi eSechat}aer 2135 5%. wiyn oﬁa}m;tteemgnﬂlne@met he

netal gate ay 135 und eath silico tri i el ec 554
fonct i oaemalsSfrutic buttp B nin it ngBh bt aS et onfid ik Prgie et ch of
the conperds) gamtepwq sied %r&@lgéndf‘fﬁlsﬁﬁrﬁa%éfeﬂls%na@d hReala R0 c0makt sednur ed
by Tegal Cor poration of al uma fornia. After the contact gate etch,

gate coiwaﬁtedm@lsmcmnﬁ@dd@ncesbﬁ%ﬁmhr@@ tryctieve elehadshs aGataendenbatiree2091

2 s otthF K HRpAP kg ATGHER: R bal e N 480K 2580 ARG

away  SidakG@2 188 tdniddeetalHeyered anra}eeetcﬂehels mentsgdle fecfe fBf Sl tENoRhE yawayrdresa
passivation layer 1757 and silicon nitride |IND |ayer 1556. The silicon

nitriden w@}pée dho Nyea-Si dayer 2489 rdjfTasion barrgoR 158, @d mgipb layes 856Q gegeptched
silico t I t PRI REeSS.
Ater rhbesiPE (iBHBkad 2ELTuER'NEE (B8, & iRl e CRLBRIRRARETS,
devi ce ctafflctess @ir mianteaahd cl9dde gue (Glspwith at felv watt of apﬁoxﬁmtélgclto acmag 2980
of FIG 29. this enbodi ment, the contact a-Si etch and t contact gate
et ch céﬁe%éresﬁgﬁ&o&xgn@?m?&smagvrfar iélﬁawata@déééﬁcm KkSext, é’m@g]w Nicepod
activi 13y J2dwiRIcOhE Srestdrbis Qfrofie® to 1M hiyofOMR! B fbhutd t Rk Bo¢LrOif! G
11, proceduré 120 continues with a process 1113 of providing one or nore
cont actdeelteemelrtbsw deti@, akilthielpresstrcas exrersed ws kS sdot dnadlly itlenBo1; anddby Cte
build regio | e of sem co r devi ce 1350 after process. 1113
nas. bed Pt e do Moy oo Er e Oag Praull ioed oy BLE baBERBr i ow
of a gq{lvp(,@%}t@pﬁlmlgwsl d region of an exarrpl e of sem conduct or device 1350

after process 1113 has been conpl et ed. ngMO] In the exanple illustrated
i n Fl G[00144] N+ Imv@gijious sperodpngys, | rogndotd cav aclugderat pr@ﬁ@Sdf19$r@§@r0Vldmg a

passivatio a er 1757 e nd,silicon,nitride

555, A Ml ot he BN ot alimfOBu 2 BFBEH LG slRssdeEoar e
a-Si | ay&ting ﬂa§en) fame Rpihadn dhalséeurlczliaa@aawe pr, didletett Ryes 2d6f Uus; Qn))balr Jon®y
2158. Simlarly, in the exanple of FIG 22, N+ a-Si |ayer 2159 is pI‘OVI ded
over poRemples. kepe ﬁ@@&trméﬁe%ltqaamnql%@fe%ﬂ@nwdemSilltf@ﬁ Wlﬂlf:.laémgateéamp es,

di el ect; NES tal @,’lz',g I

di f fusi %‘!ﬁ% ar(?ég?ﬁggg%gﬁ?ﬁ cj;gr%(;b\%l g(\{/g%lﬁ%% b ngﬁgar ﬁ@%ﬁcg metal Sa er
2160 i wuspd avpeidlcakersecdhd fdwﬂ;ecmt: b1arehale(r1 c2 po&essN0 17) as described below. In other
2012/ 138903PCT/ US2012/ 03 0014 N+ a-Si | ayer. 2159 may .be provi ded by
way of 9PEROYBICIAS PLofe s{rgnléﬁéloe otgn dq %rg;élrdlnzfs@se&w%q&gma%e% mately 0.05

[ tm thigki4sn SHSse%@éIEly%ro@béJr@ﬁQmm&%@e@pi %%ces'é“ll%%‘f &M@ihg?alﬁ’x%t ﬁﬁﬂec}&f‘c
deposi ted via PECVD using an AMAT P5000 0142] As a exanpl e, ffusion
barri ermaiﬁa cldm ﬁrstcdlcid@rlt: almt@fiall i ’[Faprovltdedtdver Ehartme@tr nghiré fcemtecntelwwhtpbﬁs

net al an i ncl ud u Di ffu5| barrier 2158 can hel p
T eventgoeiEne B s ir ] Bellsle milsge S corepBt sTodms g edy ¢

at ons, di&1e6nig intdidis NG ghitsDobihc Aickcthi@RlerAl 28d/of Rl -aubpasHIENt by rid nRitediAY €T
1555. Diffusion barriér 2158 and netal |ayer 2160 can be deposited over N+

a- Si | dyeieriousgnbydimeyis.ohe Eipitdidedtigmalaniabeanebeesrantir e §singi dnf s sibenant-er
2158 anb%s&? Eh%lecjtri%y 85 te%%lGQa ?ordtﬁpc%a] hﬁgs gl?d RS DEIGJ%S than with a non-

22



[00143] After, N+ a-Si layer 2159, diffusion barrier 2158, and netal |ayer
2160 have been deposited onto sem conductor device 1350, the three | ayers
are et chedo20p/1@38908xanpl e, the three |layers can be etchedTas2e1g/03238ANVAT
8330. In sorre exarrpl es, N\t a-Si |ayer 2159, diffusion barrier 2158, and

met al Ia er. a usi in | e rec t hree. of

ayer s ks GEnRh T Gt gl B IS AGHIE e oo lciadilt FEIPa &8 e, o
nmetal |ayehs Zlberayer atleheid. UstnRduRe resmnplres ché afsk drldcBielRtethlt dan defus@hay at e
of approxi mately 140 sccm (standard cubic centineters per mnute) and

chl ori r?éllg‘fé%laxﬁtljﬂﬂﬁ)le%“fh a flowrate of approximately 10 sccmat a pr essure
of appr te 4

'ncr oaddi 15 S5¥aed MUGhfed Aopdnill BLAEL ARG 4r 3RS il by

m nut esas tiNeftitst d1b1aaetri3€ﬁ,ﬁerrizatiﬁpfcﬁ:esieldrleﬁ@edrdmg t3&n$ﬁIbIerI11mﬂ the pr essure is
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TABLE 1

[00147] As used in Table 1, film thickness refers to the desired thickness of the dielectric
material that displays the other properties in the table. Transmittance refers to the percentage of
light that is transmitted through the dielectric material. Planarization refers to the degree of
planarization (DOP) of the dielectric material. Resistance to plasma induced damage indicates
the plasmas that will not damage this film. Adhesion means the dielectric material can be
coupled to at least these other materials. Outgassing can refer to outgassing pressure of the
dielectric material or the rate at which the dielectric material outgases. Moisture uptake can
refer to the rate at which moisture is absorbed by the dielectric material. Dispense tools refers to
equipment that can be used to apply the dielectric material.

[00148] Table 2 illustrates properties of a second example of a diclectric material that can be

used as the first dielectric material in process 1114, according to an embodiment.
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Cure tenperature - 400C(whendeposi t edover | owt enper at ure polysilicon) -
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Properties

Dielectric Material

Film Thickness

I um to 4 um

Cure temperature

~180°C

Etch Chemistry Standard plasma etch chemistries
Etch Rate >(0.25 um per minute

Feature Size <5 um

Dielectric Constant (k) <4.0

Breakdown Voltage

> 5 megavolts per centimeter (MV/cm)

Heat Resistance

>250°C

Adhesion Al ITO, molybdenum (Mo), photoresist
Moisture Uptake <0.2 wt % over 2 hours

Planarization >95%

Outgassing No

Transparency >95%

TABLE 2

[00149] As used in Table 2, etch chemistries refers to etch chemistries that can be used to
etch the dielectric material. Etch rate is the minimum etch rate of the dielectric material when
using the etch chemistries. Feature size refers to the smallest size of an element or feature
formed with the dielectric material. Breakdown voltage is the voltage per length at which the
dielectric material begins acting as a conductor. Heat resistance is the lowest temperature that
the material can withstand before becoming unstable.

[00150] FIG. 23 illustrates an example of process 1114 of providing a first dielectric material.
In various embodiments, the first dielectric material can be a spin-on-dielectric. Accordingly, in
these examples, the dielectric can be applied to the semiconductor device by spin-coating the
first dielectric material over the first metal layer and various silicon nitride layers. In various
embodiments, the application of the first dielectric material can be performed in a Rite Track
8600 available from Rite Track, Inc., of West Chester, Ohio.

[00151] Referring to FIG. 23, process 1114 can include an activity 2330 of spinning the
semiconductor device at a first predetermined rate. In some examples, the first predetermined
spin rate is between approximately 500 rpm and approximately 2000 rpm. In same or different
embodiment, the first predetermined rate is approximately 1000 rpm.

[00152] Subsequently, process 1114 can include an activity 2331 of dispensing the first
dielectric material. In some examples, the first dielectric material is dispensed over the substrate

while the substrate is spinning at the first predetermined rate. In some examples, the first
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dielectric material can be dispensed using a syringe. If the substrate is a six inch diameter wafer,
approximately 4 mL (milliliters) can be dispensed over the semiconductor device. In some
examples, the pressure in the tip of the syringe during dispensing can be approximately 15 kPa.
In the same or different embodiment, after the syringe dispenses the first dielectric material, the
syringe has suck back pressure of approximately 1 kPa. The suck back pressure of the syringe
prevents dripping additional amounts of the first dielectric material from the syringe after the
dispensing process is complete. For a 6-in wafer, the dispensing process takes approximately 3
seconds. The semiconductor device is spun at the first predetermined rate until activity 2331 is
complete.

[00153] In various embodiments, a dynamic dispensing process is used. That is, the substrate
is spinning while the first dielectric material is dispensed. In some examples, the first dielectric
material is dispensed at the center of the substrate. In other examples, at the beginning of the
dispensing process, the syringe is located over the center of the substrate and moves from the
center of the substrate to the edge of the substrate at a constant rate of approximately thirty to
approximately sixty millimeters per second while the substrate is spinning. In other
embodiments, a static dispensing process is used. That is, the substrate is not spun during the
dispensing process.

[00154] Next, process 1114 includes an activity 2332 of ramping-up the speed of the
semiconductor device from the first predetermined rate to a second predetermined rate. In some
examples, the second predetermined spin rate is between approximately 2000 rpm and
approximately 4000 rpm. In the same or different embodiment, the second predetermined rate is
approximately 2600 rpm. Spinning the semiconductor device at the second predetermined rate
of approximately 2600 rpm for approximately thirty seconds can distribute the first dielectric
material with a thickness of approximately two pum over the surface of the semiconductor
device. Different thicknesses of the first dielectric material can be achieved by using different
second predetermined rates.

[00155] FIG. 30 is an illustration of thickness of the first dielectric material versus the spin
rate (i.e., speed) of the semiconductor material.

[00156] Process 1114 can further include an activity 2333 of performing edge bead removal.
In some examples, during activities 2331 and 2332, the first dielectric material flows outward
due to the centrifugal force toward the edge of the substrate and creates a ridge (i.c., the edge
bead) on the top side edge of the semiconductor device. The edge bead, when dried, could flake
off and increase defects of the semiconductor device and/or damage the manufacturing

equipment. Accordingly, the edge bead is removed in activity 2333. In some examples, the
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equipment used in activities 2331 and 2332 can include an edge bead removal device. In some
examples, a solvent is sprayed on the edge bead to remove the first dielectric material around the
edge of the substrate. In some examples, while the semiconductor device is spun at a third
predetermined rate, a solvent is sprayed over, for example, approximately five to approximately
six millimeters inside the edge of the substrate. In some examples, removing the first dielectric
material from the edges of the substrate also helps to ensure that when a second dielectric
material is provided over the first dielectric material (process 1117 of FIG. 11), the edges of the
first dielectric material are capped by a second dielectric material.

[00157] In some examples, cyclohexanone, propylene glycol monomethyl ether acetate
(PGMEA), or other edge bead removing solvents can be used. In some examples, the
semiconductor device is rotated at a third predetermined rate of approximately 1000 rpm during
the edge bead removal process. In some examples, the semiconductor device is spun at the third
predetermined rate for approximately thirty seconds, and solvent is sprayed on the bead edge
during this time.

[00158] Subsequently, process 1114 continues with an activity 2334 of stopping the spinning
of the semiconductor device. After the spinning of the semiconductor device is stopped, process
1114 is complete.

[00159] Referring back to FIG. 11, procedure 120 includes a process 1115 of baking the
semiconductor device. In some examples, baking the semiconductor device includes baking the
first dielectric material of process 1114, the one or more contact elements of process 1113, the
one or more first semiconductor elements of process 1112, and the substrate of procedure 110.
One of the purposes of the bake is to cause evaporation of the solvents from the edge bead
process. Baking the semiconductor device can also increase planarization, decrease film defects,
and cross-link the first dielectric material.

[00160] In various embodiments, the baking of the semiconductor device is performed using
a two bake sequence. The baking process can be performed at atmospheric pressure using a hot
plate. Process 1115 can be performed, for example, in a Rite Track 8800.

[00161] The first bake is a bake for approximately sixty seconds at approximately 160°C. In
an alternative example, the first bake can be an approximately sixty second bake at
approximately 150°C. After the first bake is complete, in some examples, the semiconductor
device is allowed to cool for approximately thirty seconds before the second bake. The
semiconductor device can be allowed to cool at room temperature (and not using a chill plate).
The semiconductor device is allowed to cool, in these examples, because the handling system

uses polytetrafluoroethylene (e.g., Teflon® material from E. 1. du Pont de Nemours and
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can be for approximately sixty seconds at approximately 170°C. If the first bake was at the
150°C, the second bake can be for approximately sixty seconds at approximately 200°C. After
the second bake is complete, the semiconductor device can be cooled again for thirty seconds.
In other embodiments, other sequences of bakes can be performed.
[00163]  After the baking is complete, the next process in procedure 120 is a process 1116 of
curing the first dielectric material. Curing of the first dielectric material can improve the cross-
linking of the first dielectric material. In some examples, the curing can be performed in a
convection oven in a nitrogen atmosphere at atmospheric pressure (i.e., approximately one
atmosphere).
[00164] In wvarious examples, the semiconductor device can be placed in the oven.
Afterwards, the temperature in the oven can be ramped-up to approximately 200°C, and the
semiconductor device can be baked for approximately one hour at approximately 200°C. The
temperature is ramped-up a rate of approximately 1-2°C per minute to minimize outgassing of
the first dielectric material of process 1114. After the bake is complete, the temperature is
slowly ramped down (e.g., 1-2°C per minute) to room temperature.
[00165] In another embodiment, a baking procedure with five separate bakes can be used.
The first bake can be a bake at approximately 60°C for approximately ten minutes. The ramp-up
time to approximately 60°C from room temperature is approximately ten minutes. After baking
at approximately 60°C, the temperature is ramped-up over approximately thirty-two minutes to
approximately 160°C. The semiconductor device is baked for approximately thirty-five minutes
at approximately 160°C.
[00166] The temperature of the convection oven is then increased to approximately 180°C
over approximately ten minutes after the 160°C bake. The semiconductor device is baked for
approximately twenty minutes at approximately 180°C.
[00167] After baking at 180°C, the temperature is ramped-up over approximately fifty
minutes to approximately 200°C. The semiconductor device is baked for approximately sixty

minutes at approximately 200°C. Finally, in this bake procedure, the temperature in the oven is
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ramped-down to approximately 60°C over approximately seventy minutes. The semiconductor
device is baked for approximately ten minutes at approximately 60°C. After baking is complete,
the semiconductor device is allowed to cool to approximately room temperature before
proceeding with procedure 120 of FIG. 11. The baking of the semiconductor device can help
anneal the one or more contact elements.

[00168] Subsequently, procedure 120 includes a process 1117 of providing a second
dielectric material. In some examples, providing the second dielectric material can include
depositing the second dielectric material over the organosiloxane dielectric layer (i.e., the first
dielectric material of process 1114). In some examples, the second dielectric material can
comprise silicon nitride. In the same or different examples, the second dielectric material can
include silicon oxynitride (SiOxNy), silicon oxide, and/or silicon dioxide (SiO;). In some
examples, a low temperature PECVD process can be used to deposit the second dielectric
material. In some examples, as part of providing the second dielectric material, the first
dielectric material is capped by the second dielectric material. In some examples, the edges of
the first dielectric material can be capped by the second dielectric material so the first dielectric
material is not exposed to any subsequent oxygen (O») plasma ashings. Oxygen plasma ashings
can degrade the first dielectric material in some examples.

[00169] The second dielectric material can be deposited with a thickness of approximately 0.1
um to approximately 0.2 um. The second dielectric material can be deposited to protect the first
dielectric material from later etches.

[00170] The next process in procedure 120 is a process 1118 of providing a mask over the
second dielectric material. The mask applied in process 1118 can be an etch mask for an etching
activity of process 1119 of FIG. 11.

[00171] In some examples, process 1118 can include applying a patterned photoresist over
the siloxane-based dielectric layer (i.e., the first dielectric material of process 1114) or patterning
a mask over the organic siloxane-based dielectric (i.e., the first dielectric material of process
1114). Similarly, process 1118 can include providing a patterned mask over the organosiloxane
dielectric layer (i.e., the first dielectric material of process 1114).

[00172] In some examples, the mask covers one or more portions of the first dielectric
material and the second dielectric material that are not to be etched. The mask can be provided
with a thickness such that the mask is not etched through during the etching process of process
1119 of FIG. 11. In some examples, the mask can have a thickness of approximately 3.5 um or

approximately 2.5 um to approximately 5.0 pm.
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[00173] In some examples, the mask comprises photoresist. In some examples, the
photoresist can be AZ Electronic Materials MiR 900 Photoresist, manufactured by AZ Materials
of Luxembourg, Luxembourg. In some examples, the photoresist is coated over the second
dielectric material using the Rite Track 8800. For example, the semiconductor device can be
vapor primed and spin-coated with the mask (e.g., the photoresist). After coating the
semiconductor device, the semiconductor device is baked at approximately 105°C for
approximately sixty seconds.

[00174] Next, the semiconductor device is aligned to the correct position with a template and
exposed to UV (ultraviolet) light to transfer the mask image from the template to the mask.
After exposing the mask, the semiconductor device is baked for approximately ninety seconds at
approximately 110°C. The mask is then developed using an approximately ninety second
puddle with standard development chemicals to remove the portions of the photoresist that were
not exposed to the UV light.

[00175]  After the development is completed, the last portion of providing the mask over the
second dielectric material is performing a photoresist reflow process on the mask. Photoresist
reflow is the process of heating the mask after the photoresist has been developed to cause the
photoresist to become at least semi-liquid and flow.

[00176] In some examples, the semiconductor device is baked at approximately 140 °C for
approximately sixty seconds. This photoresist reflow process will decrease the sharpness of the
edges of the mask, and thus, when etched in process 1119 of FIG. 11, the vias in the first
dielectric and the second dielectric will have sloped sides. In some examples, the sloped sizes
are at an angle of approximately thirty degrees from horizontal.

[00177] Next, procedure 120 includes a process 1119 of etching the base dielectric material,
the first diclectric material, and the second diclectric material. The base diclectric material, the
first dielectric material, and the second diclectric material are etched to create vias in the base
diclectric material, the first diclectric material, and the second dielectric material.

[00178] In some examples, the base dielectric material, the first dielectric material, and the
second dielectric material are etched in the same process using the same etch mask. In other
examples, the first dielectric material is etched in a first process, and the second dielectric is
etched in a second process, and the base dielectric is etched in a third process.

[00179] In these other examples, a mask can be applied to the base dielectric material; the
base dielectric material can be etched; and the mask can be removed before the first dielectric
material is provided in process 1114 of FIG. 11. Subsequently, a mask can be applied to the first

diclectric material; the first diclectric material can be etched; and the mask can be removed
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[00184] A buffered oxide etch (BOE) and chlorine based etchants cannot be used in some
examples because they do not etch the first dielectric material when it comprises an

organosiloxane dielectric material. FIG. 24 illustrates a cross-sectional view of the device build
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be used, In n,Sone n@ senigg g%gior device is rotated at a third
pr edet eFMT éWP“VEn%? ’ﬁﬁ?o%?W%?§W§l 0 pm during the edge bead renoval

procesg00186]SOMRe @X@nPlcas bet frefos@bd aoadieisare dLMb eata BRI Fatoxtxhzﬁeitym(rod
predeterm ned rate for ap&roxrnately thirty seconds, and solvent is sprayed
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procedure 120, includes a proc ss. 1115 of bak he senlc nduct or deyi ce.
In sorrepgké -e& seEK exYIPIRR tﬁ%ﬁiﬁélaacf%tbapea%\we% in ﬁcquerdfe UTRR KA ERe the r st

dielecQﬁggrggﬁ géhnﬁkd9ﬁ9%€é§néééﬁmrthe one or nore contact elenents of
process %3 one or first” sem conductor elenents of process 1112,
and t hd08L854t r &t ethef cpnmplesus evel 1rip Cae bef usedopempes dbe photohmisbake soset o

t | t f h eb Baki th
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enbodi ments, the baking of e sem conductor device is perforned using a
t wo bai«eorsesﬂsiem: esenTitpadpetRy r@‘@enpﬂn@c es%xa@afii%bef péwf oF meic asecamdmslpih—‘enﬂ@ctor

pressur srn | at e, ess 111 rime r xa in
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seconddagdr. approxi mately 160C. In an aIternative exanpl e, the first bake

can be an a prox mately sixty second bake at approxi mately 150C. After the

first HARBGls Asmplespmple, RIGoMeiluxtapy &§ross- ﬁ@@@%ﬁ%%@ééﬁ%ﬁlw@r@\hb@é grea of
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The sem con ctor evi ce can C room-t erature and
not usilagras6hi Btcopldahe)l. 1a§|'dn@56emmbmdepzismed d\mﬂse@)nﬂshaédmmadtdrml 4@ and n

hese SR s heceine e hand T SieL SR BElY it oSt che
2012/ 1383Q3RGL/ LAR2388 QQEH?@PYIIPBOI}M Eiﬂrﬁiﬂ&@@ecdﬁ%‘ VT %%rexc@s?a‘ﬁieéim%wc ks

dga?f%%
to handle the s onduct or devrce Pl acing a hot sem conductor device on
t he poldepetitcdflyspniveingyiserger KD&/Ed. chuck can damage the chuck. |f other

it er B0 TREvah e aE s Rl < SR b sty G s PRE st Co b

be bakednfpike Ind@aaNokiddBn@Ram bBAppRixahfelyl M0 QREHRADOH] BRI Sxarhples, I¢coNd
bake can be for approximately sixty secondS at a tenperature greater than

appr oxilayar épy ba daoshedausputtegogusing o KDIHH4.i ng poi nt of PGVEA. For exanpl e,
if the first bake was at the 160C, the second bake can be for approximately
si xty seconds at approximately 170C. If the first bake was at the 150C, the
second bake can be for approximtely sixty seconds at approximately 200C.
After the second bake is conplete, thma sem conductor device can be cool ed
again for thirty seconds. In other enbodinents, other sequences of bakes
can be perforned.



[00163] After the baking is conplete, the next process in procedure 120 is
a process 1116 of curing the first dielectric material. Curing of the first
di el ectriworat2eB38®@B can i nprove the cross-linking of thecTiussti2zassBectric
material. In sonme exanples, the curlng can be perfornmed in a convection

one at 80K cfiPEPubLERTT, G sRaTaRRREE bR ERhebn i AR IEH 2B Ca

be pl acgd belichbiec@vaid sehbiemval thyer thsa dn@TRET pdtiereetched. h&s O eXark8, d2€ond
ranped-up to approxi mately 200C, and the sem conductor device can be baked

for appRdilpere>o4 éﬁ‘élméﬁ}’%ﬁ@pﬁﬂﬂéﬁle%éP?HQGQ@M$FE§3§@nper ature is

d- f
the 11 o1 or ERpric ARBHRN ERHE:edicil REG R RE b oI ILEhAs R GaRRE 80 0
t he tenpmic@hdicor Gevﬁe@IﬂO)afWeﬁﬁmdhﬁig)mhém g1tr1de1}a§2@ 2666. Silivehe)tride [4ayend666
tenperature. [00165] In another enbodi nent, a aklngrprocedure with five

separ at@n ek deposigsl Buer Ly layer250p rand epaike @ppropimaicly Al 80 aym AppF-oxnraer y
60C forg,ap| reQXélff@&neﬁlyn&eqa & F8868Sn bE% bR HP Pkt%fu I%Hr niap%oo 6QC

fromroom tenperature is apprOX|nate y PYen minut es. baki ng at
appr oxithatahyos@iRr dxhmptosmplércatiutriele ilaycr abfrecknle emled uamg radBagahQ(Hl yvith ITO

thirty tes to approxi mately 160C. The sem conductor device is baked
for apﬂ?ﬁ?@ggggﬁﬁngﬁ$W£my?ve mnutes at approximately 160C. [00166] The

t enper ghp19s]0f Al pFRBYECI OPrd¥@lte 1190 tid 66}n%1@fér eRs@dcfcPorRBRE TXGMRL @b edB0C
over approxinmately ten mnutes after the 160C bake. The sem conduct or

devi ce nreccduiceel mgﬂloédﬁﬂax |armp@ldyret Weholy ramaving thediexapp solxitiate, etgjudiag tie
[00167] Af t er, hakin t e r ed-u

ppr ot satargurtPy iRl 8% o© M PETPRLRbY o obed YR SR RS hse B omsy i ce
i's bakegtafn@les; an@ﬂ@xlrblwéuebtmt@ tast e ﬂ’éhf(bub@ﬁoﬁltthal@ﬂh@?(sdmtrﬁb%y%@&ﬁg the Miakibye 1 n
this bake procedure, the tenperature in the oven is WO
2012/13%968?(ﬁ@@£&@1@ﬁ9@%@8@ﬂ?hﬁﬁ@@idomm to approxi mately 60C over

appr oxi £hy c

Sobr oxil RISy TEESAL 6 oL Ehpodien? FILCRD ARl I K filk b a3Gfiod 2100 ot
t he serplmnldm(gta)ﬂedlbw adsirsie al lnahedamno oﬁ:(mffetbﬂt appodinicniaf alethod OID0 can be
tenperature before p eeding with procedure 120 of FIG The baki ng of
he. serfPRUASIEE PoRetbsl plcecing, ap QrgIngHipsane 1ﬁ‘€¢%ﬁén%?rl%%et% H@tca&

[ 00168]¢opuhsequentigd JPRAGHUAE ofkdfic! MOk MALSBd RIRSEES orl JnYetﬁ’(;d of &%hlﬂgw a

second dielectric material. 1 n sonme exanpl es, providing the second
di el ectsiloganvetased diclectiv mmtchank:]eMdéfpdsWOD ngntehety segupldryding] is gt limitedtte theal

over the organ S|ona dlel i.e., the first.dielectric

mat er | Aoy psS AR by Mtbhg 220 R beetpitd Bounty il ERbb e 2

can conpicks@piet hb@?@mﬂbilfy‘ d%?ictéd"oﬂdé@crﬁié%ef&n different exanples, the second

dielectric material can include silicon oxynitride (Slcxg%%é S|I|con oxi de,
r

and/ or [QOIQSdoanfemtilgjéo (BoA7, methedriyO8xianiyrles 2 profedure elt proyidPEevD
pr Ocess pateb eP%,J Ség% pOS % s{n{;:l arso?(%(geﬁlgl %‘ tglpgrgée:‘s% El {T‘BE %iﬁ]a# T{hﬁ Su strate

exanple OVI € sec irst
di el eCtdah(be @ﬁﬁlﬁfrloalldelnﬁczﬂa@ﬂﬂﬁtrb% A5hef $8G oNdindieebtet mbodiRkeis) Rrloceduic SDIME
exanpl es, the edges of the first dielectric materjial can be capped by the

second Can@r%éemrlar@rﬁ%ﬁn@ﬁalép naghqdh bl O of G, di ndetbe splstigter @i bg Slmklarrf&tld‘?é}@ﬁé]s ed
to any ma ashi ngs can

degradeagﬁ&ﬁglrst g%%@g%?égékﬁgte%ﬁgkﬁﬁﬂé@%ﬁ%méé%@ﬁﬁép&ﬁf00169] The second
di el ect[pb6jat dfdtladd 2200 ban dejpasict with wi ph)cedu:rél|27R@asf5pmfz1da@padi¢strraiewcmc0 1

limto appr.oximately 0.2 The ond dielectric material can

deposi e PRoPEE: I fhst i Tt Bieket Batearbrambe P Ioét“éqn“é"t‘lctﬁe%econd

[ 00170]4;diB&yiBfkerRii 94658( 116, R ARE %Hc@ss112IQ7'o$F?prlocle§r%xgﬂ%é§ QlcoRd Ml RINY 2
mask over the second dielectric terral. The mask process 1118
can beIammeCM%au@kCbmpﬂ&na@ﬂmhmmgnéttnvrwwh@ﬂhpkoassﬁapm&ﬁnnﬁdﬁﬂtiumuw

[00171] In sone | es, process 1118 can include applying a patterned
photoré??gﬁntﬁpﬁfﬂ i | oxane-based dielectric layer (i.e., the first

di el ectiob P71at Th HexOhrREQAGESHE rhdthdd 2900 Aatt BFRbdiGe 27MBSK M6eididde REGRNI C
si | oxane-based dielectric (i.e., the first dielectric material of process

1114) . dsplpgtriarmsterige odés sseqand disdastion anagedenl preovhbadisimglea gatdeeticaédo e Kirslver
t he organosil oxane dielectric layer (i.e., the first dielectric material of
process 1114).
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[00172] In sone exanples, the mask covers one or nore portions of the first
dielectric material and the second dielectric nmaterial that are not to be
et ched. TWo 2nesiss®an be provided with a thickness such Phatustoe/osxsk i s not
etched through during the etching process of process 1119 of FIG 11. In

sonme ex l.es he ve,a thic ss_of approxi.mately 3.5 |im.aor
2ot ox by gy ZREL o Bl P el S5 B e BB BB EL Mo el 11
2012/ 1389Q98PCT/ US2012/ 032388 [ 00173] I n sone exanpl es, the mask conpri ses
photoresist. In sone exanples, the photoresist can be AZ El ectronic

Mat er i dPSIMIR disthaoh 7@} esnténues mitifaa pragedure bd/ 1Azolveelepg dhe sseondudiskassisr g,
L b .l t LSt :
i of echSriat, tu SO CAANES, Blocel (3 PTEY 85 bBlak By FRANER (Pfdp 191556906

sem conduct or device can be vapor prinmed and spin-coated with the mask
(e.g. thegﬁhotoresist . After _coating the s nicondugtor devi ce,

: the
sem cord80EI%r gebscaeently. wmathad 2200 Hispidsk it REcetyre 25T0F gringdps ssePddisisftg xt y
second 1 } A s i ] t ct
osi 11 meein R e O S oot B PL SR S Prokfi RO PPENGE
the masld.i mage fromthe tenplate to the mask. After exposing the mask, the

sem co r device is baked f approxi mately ninety.seconds at .

2por ox Ly % o g ofor @R aBiia Bisceduts WGk S paPaw diken g o

ni nety SacQHAn POl invbE Nissd antiRy dirdeyRlcoRIEBE LGS GalappiaRih ARV E0INgor
portions of the photoresist that were not exposed to the UV |ight. %00175]
Af ter taperaevetclypaentingtes. cbirplastpew]) timh dronagtonpisnipctturefto ppryvkidiatg)y A mask
over th ;ecoqqldkelectr%c nq&ﬁ%isliis ﬁeE&Q%m%ngta gglgpres%§ﬁ refl ow
processPBR NN HallO BHSISr et St PR & Thepr SERSEUEF ReSTIRTY 4 & Hask
af ter tdperaxhailasirstwasitesno depekppedy tis0aausEeed, e Mhablekesiugtc it Gakeicone
at least sem-liquid and flow. [00176] |In sone exanples, the sem conductor
devi ce fsappagemately Bibiy-6xF FrREpsatpprogimyelya§fiexi mat el y si xty seconds.

This p Si r s.wll: de h rpne . of
the madlo2Tg TheAihtuRL O R oo SR P e RO fimb R, POPES, P
first divet eppiokinacig themmewendteditht d60T0 dake.| | THeatlexiblecopddirste de hakéd fsome

exanpl es, the sioped sizes are at .an ngh% of approximately thirty degrees

f rom hdPPLOHRFLY (PVeBY ZPnuiRe Rt APR5 B ﬁb includes a process 1119 of
et chi ”QOM@&ba%%ef“b%k&%ﬁﬂ GRHRL el %mgtm%né'ié Srfarrﬁ%_le&-'u C&\Férp%dfi%ﬁﬁl'aély fﬁ“{}d
the second dielectric terial. The base dielectric terial, the first
di el ectminotesat epprakimagaiyl 2867 . s Abtlemdtivkile| the tanieratateas rahpalre &tapphakimately

create yias in.the base dielectricgc erjal.,. the first dielectric material,
ona-t nd CoRuini o L om0 C T B Dbt st 35 A BT R aeED
dieIecqﬁk%nmgﬁggﬁg¢mD§MQna§Q§@xﬁielectric material, and the second
dielectric material are etched in the sanme process using the same etch
mask. [1[A0Y ¥ er Faxbypiredhis tbake forgastlurgi dhce tampesatigt @r thel oven st ihwgdidewa 9 r st
process, and th eeond dielectric is etched in seco LOCESS nd .t he
brce rep RS, AFER RO I pfpPhiOBlul oI SR RISEREE: nld b
exanpl epproxim@ek canmbeitappl bestokignatdle dvase difel ekinieCisnedmaple@l ithd Mexibase
dielectric materjal can be etched; and the nask can be renoved before the
first cubstee isidlonetde cael Pappiogimdely roamgeppeialirg balargpropgeding with method
Subseq59@P5¥FK§:ﬁask can be applied to the first dielectric material; the
first dielectric material can be etched; and the mask can be renmpved WO
2012/ 13868DRBIPCTMdB2A1 277038 2388nlxsf witk 4 heosdaend7th elf egbridingrat thiidabielestric
provided in process 1118 of FIG 11. Then, a mask can be applied.to the
second BftEdctlni sOMeeR*applas; thydhird #éel%fé%ﬁateaiagg%{a? dgpasiied it thisknges of

et ched., gfbx?rﬁ%@ﬁ([z AR Broxki8teREE 9N, dirtlBitd EdafplL BlitRid QRLRR Shehsd
usi ng tﬁ mask of process 1118; the ﬁ%sk can be rgnnved; and the patterned
second ainebeean rapproxangeiyad.3cam theckubgdr as stllven megidef oAfisatdeponiimg thehéhifd r st

di el ectr.i terial. 01 nbodi ts,.the b i el ect.

mmter | AieIGGE s o dRROH sl G B T SHIT R (b GHACBRGIL S PN 8 i
are pl approxahsbEdi80P0. 1heomesngfledkid @18 Aicl QMROMa¥BAL San BNEMPASH identical
dielectric material, the first dielectric material, and the second

di el ecttpndrigapassivatiomfager BRetalVéGi bh et ched (RIE). In some exanples, the
base dielectric material, the first dielectric material, and the second
dielectric material are etched with a fluorine-based etchant. In sone
exanpl es, the etchant can be trifluoronmethane (CHF3), sulfur hexafluoride
(SF6), or other fluorine-based etcham3s. [00181] In sone exanpl es where
there is no base dielectric material (i.e., process 1198 is skipped), the
first material can be the organosiloxane dielectric material described
previously, and the second material can be silicon nitride. In these

o o 1 - o o e o - . T e 1



[00182] The etch rate of the sulfur hexafluoride for the first dielectric
mat eri al and the second dielectric material are approximtely the sane
(i.e., appoarizms®By 0.5 [tm per minute). The etch rat ePpofi/ush@288380d
dielectric material, however, is marginally greater than the first

di el ectp} teri .ln some exanpl e.. the pressure, in t pl.asma chamber
dur | ng LPERT G FIG 2 BB aarS RERriat P BORRRIG Hekle oo RoB® MRyRHRE TE

Pl E et ahirg arlkeiP@bfeahNBeLording tol g 3bcodd bmbdamdna C Inihesk dvmbegatirsCaleRetrat | on
of Petaluma, California. [00183] The second dielectric material can be

et ched BeBRle8Y hes provised gy e fexible substintergssambly RA0.f Seeond didecdide materigh2 & al

can be . S I. al rj i :

ot a CIEDERRRARRLONS: RfkcARARAGHE A5 A (R Bl i MBI TSHEIN AR ol P

st op f oecdddelidtahic ngitgiabe®%s. | f sul fur hexafluoride is used as the

etchant, the metal Iaégr can be alum num In this enbodi ment, the netal
e/

layer dAPHSY bAlishPyayading thohitdadielertig Inveamsthod 4 7100ris cemptats; o Miha deiitges
t hese twn: § Jof i t - iaelude
o1 y beicamidBlaEr blled (S 6F €t 2TPOM BENsed RANTHAILIE BIEABIIRIE, |
| ayer impoadurendd efinadthod 0W184] A buffered oxide etch (BOE) and chlorine

based ts_cannot be used in s anpl es because they do, not ch.the
Firet POAEE: ; RERRERE Paafian Tte: dlipr oLLSEHeD A EIA ke dPe) HEDr 7l
mat eri ghanyfdd@irirda kbhlshdRIGSIRiR! A&OrARE I BNdmbYiRWNe MABHSVIER Mdtkelyd VWO
2012/ 138903PCT/ US2012/ 032388 area of an exanple of sem conductor device
1350 afexempkiry landgs atot Himigske tadiths embedimenist prepaalted2hagin. f iMethodli3dP@ stani e
material 2461 and se d dielectric material 2462, ter process 1119 in
fra o rmd Bniail Rl Surhnte BR FhbRadol il RREREG At
24. Vi arrald63Vidihed aBID0Ctaat B sithildd 181 detbed 28982G00). Flik. sodfh erhBedinmals, eheer
second dielectric layer 2462 is not shown in FIG 24 [00185] Referrin

agai n trsogdgres;ithe pregesspsxandipiode sstiyieppbewtheded 199 ap degpoprosned én thepgydes

r enovi Kk e i Al : mask
(g, R o R Bl rop b R gl R e ASINOR bEeE
at a t engkodB Lo cabby perldBEd icnag bilry seizablooeler. Imstilhethtt sr@bodlineh®cbdid 6r
material. Accordingly, in sone exanples, ashing of th sk is perforped at
a t enpdPAEH AN rop¢fRITysa HiFePTBFCS S RUK " ?ép@vwwnﬂaﬁé@%%g@ Frd &9 SP@U@C{T‘i?rn
the sang;peqdifferent exanple, the ashing of the mask is perforned at a
tenperature in the range of approximately 77C to approxi mately 84C. [00186]
The asHDHZP&JanRberpeg howrned &t 33, predwdull®0ofonmpisgy patcedurt BdA1 ap proxdingtael y

300 norry. en (02) .can flow thro i,n the chanmber .during the ashi
oot SubiralY 97 Botsd B ind O b 0B Sidimedn fe SHRTR G S8Rl it PR 5% g
pr ocedyireG CAMnBRr RRAKARN M FIG. B. Tegaubdie chf BedimAghbrbediRal @RS Kstrakd18208

sem conductor device can be rinsed with deionized water and spin dried. In
sone exaniusegtedtingles. ddiang 3éan be performed in a quick dunmp rinser, and the

drying e performed | i-n-~rhLnse drve 00187] I.n ot her e les, a
wet oo ADRAn BEREETRY Padl SRS Tndiefiotcr 100 O Mlopi BB -T2’ &

N- et hygrowidingld BirfienRy¢NMRY dBasednhé kERahteCan femcusatsbdihed,88bcecthe: RS
process in procedure 120 of FIG 21 is a process 1121 of providing one or
nore sEOBMHISSEROVGHILIEE SricandpdAYY onpthe hiyriss layer. dnandly srabadigerygocedure

sem co t I t I.nglowd i ndi ti

oxt do. (110 RFuS SRR Fod@lh M0 ReRBBATRCAR: Ty PBhr pRRARCAHM) Phery
25 i || usitiatl&ger aarcbosarlaect idomidal 1o enriaflaydn 820 ywd tlastpted th FKGBa3 Dind3dB and
exanpl e, of _sem conductor device 1350 after providing a second netal |ayer
2564 aﬁ@“gﬁmﬁ*@yW%yer 2565. Second netal |ayer 2564 can be deposited over
second [gheipgct Referii®d 6w BhclldGdcand atinb&asio Rk ﬁs%%nb%cbdihr%?@ gﬂlﬁ%viﬁﬁlge
24) . Second netal |ayer 2564 can conprise nol ybdenum and can be

appr oxiarpatelmyetdl. hged ovartthé skbstiate. sbnmaey amplodsnende quoctdoest 3103 agomrs BH6% can
be deposited by utteri sing a.KDF 744. 19 | TO |.aye 565 can be
depos, datrguies 3DBoi et B Bl belpW A s b oResli ec SHEF 1 98 A
tin OX'éﬁﬂao@ﬁﬂerﬁ@'})r@&dﬁ&pﬂ@g'c@ﬁ%@'s}fni@ar%_idldnﬁbélhb%K‘eivi’?nlﬁlqwl@xmp|Iﬁifaribffso

| ayer can be deposited by sputtering using a KDF 744. WD

2012/ 138908PTI4)Sho 19210 3ReB day@odanl e sinismy wigatigel de gatreowiad laxarai202agser
2564 is pattern etched. Then ITO | ayer 2565 can be deposited onto second
netal |ayer 2564 and then pattern etched. As an exanple, second netal |ayer

2564 and I TO | ayer 2565 can be etched using an AMAT 8330.
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[00192] FIG 26 illustrates a cross-sectional view of the device build area
of an exanpl e of sem conductor device 350 after providing a silicon nitride
| ayer 2668028i2138®8 nitride | ayer 2666 can be deposit edPovas2012@313ayer 2565
and can be approximately 0.10 Iimthick. In some exanples, si l'icon nitride

| ayer 266 n deposi ted v, n .the sa

ot her Ao o8 ROR Al B R Rel Rk SRR Do bRBEP Dt By i e S0
wi th | ok @Ygfov&ﬁﬁ@algﬁtb meetilNgy e bO& thav@ssirate ORL8RInot@renivoatgss. 1121,
procedure 120 is conplete. Wth reference to FIG 1, the next procedure of
net hod (88l lils & psrrweonm@dle@tefpm@qum AP e eqraiss| Rroeash PP hioé deperitingdi ng
the se I h I

car i oI ARE AR dosF SURIR G NS ik R B celi B3 PRI b RTHORRL,
f rom t hiepodting &id wb&pr@taeﬁrbypmm‘emtgaydﬂevéﬂ thx gl encsal syt aPﬁ)CédiLQHBﬂ bB2can

carrier substrate hand. [00194] Turning to another enbodinment, FIG 27
i |l ust r%ﬁ@éls%ﬁr‘é‘/ﬁ%ﬁr%? Og ofetehingthsorrtomgtl dryepathar s ﬁtgh%rltfvrleia rbﬁug the first
subst r 3l Bordditl DEtcHi{dgrent enmbodi ments, nmethod 2700 can be

consi dg&r edOr %ﬂﬁ{)?gﬁr et gﬁr ngS an organosil oxane dielectric material.

Met hod [20DIZ] cahlGl Xbillwstratons icdess-acctanaketihodiof detahbuilyl @ama of gamxa:mple of a

si | oxane- based di C od of etchi a sil oxane-

i ef eorrctngrept dioaatottes SobtBkarer e sl Spg RO TGRS A ¢ o
the emhQdibERALSIHES SN RIS, &icNondVRIROE! BE QQVlG@Bulh?ar@ml 08 deBti SHRNYiew
different enbodi ments or exanples not specifically depicted or described

her ei n.of[Dpa9B) FHesearie¢nigctoo device 1200 takanhaldthe 760 lmmtel uH@sdevlm buiddigrass2711

of prOV| a. substrate.. Pro imlar i.cal

o oneo eI, fiekl RE RS e TR ORRR L udl Ao Be i W A 4, EBel R HHG.
substr a@3e idb@art £ldosshkectidhayliewt Heh i ocintmnt isuildiLeeAUbE ad/ tlargse be
simlar or identical to method 110 of FIG 1, and the substrate can be

si mi | arsegycondugior dayice 3209 Hier candicing prageduh 3d8h aseordingdptancimbsdimenxiAs e
substr SS 4 0 0 re
2712 ofBrer ity TICE o AR P LI 8P (@ GE i Byl W3 RROERELY 2,
di el ectsettoonahtvesa af acpurtibe of iseinic@nhdwitod deridd 8200 takeﬁ%mlml“hfi #hect Mhe gate
mat eri al 246 g{ FIG 24 and process 1117 of FIG, 11. For exanpl e, se(g‘?nd
di el ectPPRCHAYLS FIRFS-524H9n aVr‘re"&ﬁﬁ%lPP%f‘é R CIORY-PEHANH T Q& SRy mtast fifga g6

thi cknggg; af 15@99&%){@@%@&1% afld & dok ThiiRd &PRE QU HEBIGYs FredentddMerdif0197] The
next procedure In net is a procedure 2713 of providing a second

di el ect[002:13|}at br nahy eﬁﬁmdsecmmchndele(ttecumr devina (ot ﬂrbwo}amcﬂnedeslqmlcarmore of

i denti cal ]t?(ge fi rSté%ﬁB 2012/ 138903PCT/ U§20i2/ 03233%0& el ct ric rial
2461 ofseﬁ“@nd St Hicaniie 33918 U, HBPSNGAT aft BENY SEHOHBTTY 8615?‘388 don 114
of FlI Gdelicel §80098bmiRER0E 2ARBGEOBE ianUes Mint NradsRIPCedurBe Zhdt of dfklchRg

the second dielectric material. In sone exanples, procedure 2714 can be
si ni | arenghodimiemns.i bal clearopicodedes tan Sowprift @ disnlay. 6 98] dlsglbzecqmmlusw the

met hod 2700 i roce 7 of curi ond d|

mat or s arniopalnt 065eaaRASSIGE J0 1% SmE B LIRS RRRERCS o Hridron o
pr ocesscompte ahy 6 Sliqlill. cr&@ﬂ%ﬁﬁﬂa}l @n@ﬂd&&bpl@faﬁﬂ)ﬂ@ﬁlay aordinfcfrgz!irﬁ@hgliltaéﬁmﬂglg
procedure with five separ ate bakes in a convection oven can be used. The
first phede @EDigplgake at approxi mately 40C for approxi mately ten

m nut e r

appr o 100 oty " F Rt llTRoicl Al ARG REIE 06 P AL I TR B dlluich
ranped mcpbmtyeasf Hip@rcﬁt?zwmt aldya thaedhbid tolagmishift es2 Qchﬁtppﬂderss_rmatdeﬂ poslip@Cand
Then, theflexrblg straters_@z:kdfor apﬁw@8¢rratel thirty-five nutes
at apprisgithig 8rY Pecdirgboaent - stigser fruf@Ud) erndonvacethsh SowRles
then i nereasdctbOdARR Q%G(ﬂﬁéﬂebé’ k?t@é%e@va%rterﬁﬁéfﬁﬁi‘ésnﬁt@ Beld e ?i‘o&%ﬁ%l 9éd(f~‘r
the 160C bake. The flexible substrate is ba for approxr ely twenty
m nut eglegtecapplsoxi nat el y 180C.

[00215] Referring to FIGs. 32 and 33, for example, gate metal layer 3202 can be over
substrate 3208 and/or barrier layer 3209. In the same or different embodiments, gate metal layer

3202 can be on barrier layer 3209.
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[ 00202] After baking at 180C, the tenperature is ranped-up over
approximately fifty mnutes to approximtely 230C. Alternatively, the

t enper at We 208/138g9ped- up at approxi mately 2C per ni nut e PCO/UsppROZI3RRL €l ¥
230C. The flexible substrate is baked for apprOX|nater fifteen hours at

appr oxi y 30C 00203 i nal bake rocedure

terrpera[@lzé]l nt N&"1OVeR™ %CLP% e&“%/f&%}? ?% aﬁ%’r 8x‘in Fy“%Sé“B%age and/or a
appr oxi eiué Yuttrafet Ynfsbme chibodingsits, iestrhilce3008!can $U t@ﬁﬁﬂlzﬁt& idemtibake dubddiate
approximately ten mnutes at apprOX|nater 60C. After baking is conplete,

the fl é0HIFEGstbgtratien pk flgriblanadsirage @swmbly S4Q Y1856 frabebyd.rdokf)t engsriet ur e
before n nmet hod 2700 of FIG 27. [00204] Method 2700
contlnJ@éaﬁifﬁéga%égéﬂdure 2716 of providing a third dielectric material.

| n songoeXatpl &s mahhentbvidirderds, ela@dérr lagernBA08r ¢aal C(ﬁﬂp'rlsbel tiegpaéle@dc whdtdriA.

t hi ckness of ap roximately 0.2 I|n1to approxi ma Iy 0.4 1im In sone

exanpl ede ft? &t Ia?terl@lc%am ©Npaise piligpn é%quea avisosxiimdeely tee sy %

t hick |

et or aﬁ%ﬁ%ﬁ“%?% R R L e e U A s

five m(ﬁl(ﬁ esl)atn &ppsammondifﬁelrgntbﬁwdirﬂlants bamice kiyupB 2, cantve grdvterdhati e @malr ic
mat er i can be ar or ideptical .to nitride passivatiaon | ayer 1352 of
Fro | 190 aesosgray 208 uplrres b s 08 s erotsoss Ererasms i AP apadobe
exanpl théf( #n RRIRLLOTBEMBALs AR &9 %8 300 At Epe ﬁfp@dﬂlﬁiﬂaﬁﬂf 3dndnBhketbrdingdkect ric
material, according to the second enbodi ment. In thesée exanpl es, first

di el ect[PP2!&tnt & |ra¢ny28mb0d1sneptsovgadfednmlerlayfer 320B| eans lsrbmprlaft e,fmasglemmry 6f40
Second di.e # ctric [ateria t % s}grOV|ded Qver flrst |e ectrlc

2871, ARAVPIRMEL af e ca“rr%{l%lr i &l i°’5 Previled Ovel s¥Eond T’ré%% r | c

mat er i ajmbd@fident§, 0RO lctaMAyRr 30D \¢halibaGithher dhidelichl ed Qﬁtérh@d hiy.rgatgTe3330d
2700 is conpl ete. The resulting seniconductor device 22850 of FIG. 28) can
be usedFHs. nf e In|ths samnceoisdibistan fselbmlwmeaatﬁ ingsildaxad 282 £ap bef2restar K a00.

[ 00207],,Rat 1y r I r at hod
3100 of" E%%E?§@#8¥%%€££eg@n?%%n gbg%géﬁéé&;g%%égd? S??%%gﬁ%g z%%&n%ﬁ%

Met hod ahOflctess theskel Th ﬁ)fﬂﬂpleﬁfb}édlarmﬂlts gareoielal Myeed20D cihéc eppadtimaslys] 50

pr esent ed herelﬂ Met hod 3100 can be enployed in many different enbodi nents
or exaﬁﬁp@@e thigkeci fical 'y depicted or described herein. Method 3100 can
be si mibasdjo REkhfit: h8Q bihGo Flo. bR SRIMRASTRRALIPRLSprild frodGedH0RSr L he
processes and/or the activities of method 3100 can be perforned in the

or der p:rre\&dnugea;l gatlenbambletayelnbwl arelnarson thve gpe cuedutagss.  ihengmyocebsksents,

and/ or the ,act tie t he 00 can.b erforped r
PR RETME SR A g e cchiner g3 R A TR i S EN
the progRsseSharABda@sr dal®e dfhilatiok i@titd) oBAR Berridt O ef 35 (PR iAQTRINER AGs.

sklpped [00208] Reterring nowto FIG 31, nethod 3100 conprises procedure
3101 oﬁngdﬁﬁdmd@eaxéﬁﬁb@bate In sonme enbodi nents, procedure 3101 can be

simlar de L cal to 2 and/or net h

The. sadfiule RuliF e AR RRATB3TCT S 1bihGh 3o TN REaPR-08He 310 Pinikichls e
in Fl Gea,trﬁ&s&ﬁ}dcﬁ& 1a&&%@8ﬂhe@efeaﬁétalr1gya0% Baeak ein®ofin{ents3 procb@irBad0Bd&ArLcan
conprise procedure 3102 of providing a barrier |ayer. over and/or on the

subst r dicéore procseie 34 Abadidatsitbed bploye ardipealter pmocedwis Bl 8ds Fir o\ igiadlpve sharlgat e
metal [ r r quQ

occurs §%¥gg6}oc gé}%gg§¥%@¥ghnl g?crl beﬁg§ﬁagﬁ 7§{9%f g%ﬁgg%géﬁh?e
3101. Ehanﬁagmbeneh&wenn@mnThenanﬂmbamnmelmﬂfnmib@hnmhwbﬁﬂkmﬂﬁdh@yﬁmm§@@9

[ 1 t d 32 3 bed. b Ref
ﬁiw' bagaséﬂ{v%fa% i Cﬁwﬁeﬁg%@ ég gSSéﬁé 'B?Sgeeﬁéémxmgw fca Pegprgtirer gsfg
gate mefdle 1@&8470%% sbamasihsd ra%ﬁmms MR- AR H BN $hd REARAWcRw 103

occurs beforé procedures 3104 and/or 3105, as described bel ow, and/or after
procedunaw@ﬂd@menmsnmemehbmmdmﬁmwsnﬂmwuaédumel®kﬂ@1@aplaer§ﬁhibanSbmwn)

identical .to actl 211 (FIG .12 S ate
retal | 1Apar udnglor oh i Ginsbforgunt b Sl Nyl TnERES St BalN0

2012/ 138608FCThE5e2@kE/308238816! 3486mplied pircheEsl $r01 §f2pr@9f21n?g3a g ad@@ecray@fed
below. FIG 49 is a flowhart illustrating procedure 3103 of prOV|d|nﬁ

gat e netvar andigieon theegate metablayet: riatmanyaeraladdmearyst tbe dinstagtovllarenean feoopiay | n
vari ou oce can conprise process 4901 of depositing
t he gaﬁg??ﬁ%gﬁvqué¢wﬂﬁ %‘g&%ﬁﬁﬁ%g% “he substrate. Procedure 3103 can
conprise process 4902 of depositing and devel oping a first photoresist

| ayer over the gate netal |ayer. Proc®dure 3103 can conprise process 4903
of etching the gate netal layer with a first etchant while using the first
photoresi st |layer as a first etch mask.



[00212] FIG 32 illustrates a cross-sectional view of a device build area
of an exanple of a sem conductor device 3200 after conducting procedure
3103, accwodnregss®3an enbodi ment. As can be seen in Fl GPC#a1S2012832388
cross-sectional view of the device build area is a cross-sectional view of

a porti f sem conduct por device 3 t aken at e "a" lines. .The device
pul T dPR) B GRE RS PRl SR St 1) Ponontredf s s Rl
via areg #68duurh thash@et bAd,(bfkfuttcBidgl inkids t dfatheSvRuGhOSIEmeREtd engdt Mmhewalof a
gate contact building area of an exanple of sem conductor device 3200 after
conduc t9ORYTIsHE@E dasleor31g3ndigBcerids. mctaxidm Salkibaderign ttin gxdde: Apfnhen 98ils. om

cr oss. SuupEREPSEPARRE AR HeShigis bR ER, 30 PR Aol BE P ERI B e

"b" |i rnas cohpasgatreganintadditiobud brlingtcad sf sged.i onal vi ew conprises a
cross-sectional vigw of gate contact area 4681. FI G 46 |% mer el y?fxerrpl ary
and i s [RB#23]i nrEecadyre e Wnbbti MestrerTice PEvrcey SHEr of RIoVigD2 £31ocPRd AEINF
enmbodi W%%%ve@%c%lesﬁ RNt A8WCRYEN Ot R drfidRS APSiREnRPIHE Rfond
sem conduct or device 3200, anong gt her conmponents. I n many enbodi nents,
sem coradtied dHyede:_m'ldae Sailer GIDISdedGEtiae tlayensi767 0as dpscaibedl!'bnlofwi.l in trespasti 8t or
sl Sy o0 A SRS o BE i UG ShEratrasy RY5S SNSRI Lt @
devi ce(@hidonathabsdhidehay Adl thiaersane or different enmbodi ments, the display
can conprise any of a Iiguid crystal display, an el ectrophoretic display,

or an dPgdfilc hi some embpdinmytsdipoetesy SHE2Dyandeapprase. (a) 00buling axyesn| wills the

exanpl em condugt or devi 200 can.comprise an effective saturation
mobi 11 00 S0 BEGRCHBRRe S Rerl 2R rGRR oK Piegl Suffy S piey S5l b VBl
under pedi(bl ysutRAdg Neged bV thegaicguli chamBbr Settagul attkial WEh Bé kesndffosd &4 000
seconds. | n other exanples, sem conductor device 3200 can be processed at

t enper dtife8f g weuws|coambyprloxianabe PRbodocaBgpwsessGd03icas ocpwabresily after

Ref erri 32 3 t Laye b

over sUBPEAI0 5o SnARIE frofeRL STIETE g BRGREE Bth (I RaRErF AR
enbodi meodess 342 B simplaladiayerthSAB2 feedpabeuchrthitgirodess 34 HyteansB3dAO dirdily into
2012/ 138903PCT/ US2012/ 032388 [ 00216] I n various enbodi nents, substrate 3208
can corpP98e3%%i gid substrate and/or a flexible substrate. In sone

enbodi E@Gﬁﬁ’] S HPRhAREAbIEARNER PrdRBssSI4 | Al/ P pro e dBalant ResURSE FdlGrdod
(FIG 4), a portion of flexible substrate assenbly 540 (FIGs. 5, 6, 8, 9,
or 10),greatercthan peequeilibs apEdenGidy (FinGlliB)r ajd 24 Hanlan eqaalyto eppodimaelys20

barrier layer 3209 can conprise irst dielectric terial. e first

o e ectPi Y, Br PR stRRaT Qi SuBatinicaln Matom ! ndPbrrosssafh cu poitia 1
the Sf'i@}in@ésuiﬂé bff fieoin@ RO U6 MRM D, PRI the @imb AY @Iff?&i 2nfRAikketsS ipfddedd 3401
identical to passivation layer 1352 (FIG 13). In the sanme or different
enmbodi raedtos proness P02 raryeecus 209 tempelobirgoé gredterttham oo pquad i@ lapproximately 25
appr oxi yat el 00 nanoneters thick and.le n_or ual to approxi mately
200" narfRiseY R R AT RRT el S aBEa hERT 3 B R er °2508' can be
appr oxijpe®]y Bffectanones er s1¢.Hactan {28 prddasy By @npaliti|nisd dgatpinget al
| ayer 3202 can conpri se one or nore of nolybdenum alum num tantal um

chr omi whiecend phetgessish layeh oy ¢iethe spgondractiye favice and/endsditivbastye lgutre Inetome

| ayer i | ar I i t L er g t G
137 | GRS S R Bt el om0 BERLEO IR o B0 Bt e

gr eat erlaydnaas descréogdabotowal prspxdit n@pelcyss U902 nanmarf embodimeats, @ocdesk 8483 tdman
or equal to. approxj mat ecLy 200 nanoneters thick. In further enbodi nents,

gat e MECHIPTISG PO ARG HCKRORBRAGCRBTE SNGIOISE! AR5 MCERE UH P otz il

Ref er r i Qg diONRRAKydr Qanltl P th First RN ay3 00 n Ctin,C BFBEdiRRNR! ALEHLR &iopLRgeOf
providing a gate barrier |ayer over ard/or on the gate netal layer. In many
enbodi rentls, orpdantieaio etcB b0 lopaddd 1 K oB8). pr ocedur e 3105, as descri bed

or 1 derfVE  BrosiuCilhy o g agbrinedipae mosgscrdl et RneeE s 3ad s Ss
and desgydrhad tkefiRactiv@ 9220 lwifRed &cbhdstchaw wakkising tht @codd iph&%lfé@@@ 13308

conprises procedure 3105 of providing a transistor active l[ayer over the
gat e met sticondyeh mask. raryarendobdmants, ppeess Sdif saB toBmpusc elebingdho pleh stop
proceduf &, 3h0%cc A% HRSE LB dnRHOHt A0HL U B LAT R LESAUIS RO N, FLG 38 1 S
a flow a’rtt ||5(fustra |n§1' procedure 05 "of providing the transistor~active
| ayer over the gate netal |ayer, according to an enbodi nent. The transistor
active layer can be simlar or identiyal to transistor active |ayer 3505 as
illustrated in FIGs. 35 and 36 and descri bed bel ow, which can conprise
first active layer 4706 and second active |layer 4707 as illustrated in FIG
47 and described below. In many enbodi nents, an etch stop layer simlar or

N v . . N ~Nr~AaA A e n o o



[00224] In sonme enbodi ments, process 3402 can conprise (a) conbining oxygen
with the first feed gas to a forma second feed gas conprising argon and
two percewbd 20rygen3by vol une and (b) sputtering inside ®CTiuseo2As2388N
chanber the target material with the second feed gas inside of the vacuum

chanber. | arious .enbodients rpces 402 can,occur . directl fter

o oo ey PR RIS A Bad BEBFERR T o TS i fi o en
provi deglrformed @685 sn AAPRTISS361 MPéamadabstiment e kédosll cfcagst @asompaibe 4 bat
process 3401 transitions directly into process 3402. [00225] In nﬁg¥
enbodi ris¢st. Irthe sage gudiffesed corbopinsatss ealry Ztahant B CGMPEISe axyHcEs BYHregwr

i , i kL I
o appreakiti 814 AHhe. fn ARPIA SPRLnl SuBhothlglRs eV e iR florte®

pr ocesuind4tittand/ @n porapess téd¥ OdheC Aundred,uandttwanyr ssurper ofol@p@r oki maimsl y
16 mlliTorr. In the same or different enbodi nents, Erocess 3401 and/ or

pr oces STENGIMes ReElorRINg: Pracese 8T 01de senilyr @aderticah dheighingdd Q) laygr 2565
appr oxi £85 | sius and | ess than or equal to approximately 39
degreeéﬁggﬁggaééwﬁggé26]V%?ocedure 3105 of FIG 34 can conprise process
3403 of[00&}8dsi 11 sugneaerdbatimentegirngpsa34@conidrptrss 34 @&kiagtbel cayductalater pheeess

second ive |ayer and/of the fir tive |ayer...In sone enbodi,nents, the
second pRows sef B rrkpen Sherpaeess it af b bt e PPRATRPRSHIC secid
phot or gshoRredi@¥Bl/or 8% JAESKS bRt BRAPNE M dhthe (B PARtindishcBE ACRARNPPO2ss B4v3many
enbodi ments, process 3403 can conprise dep05|t|ng and devel opi ng a second
phot or esidsproresyet40dvar eonducted, mispgstivelyeror angeors bebinernabeidifictcay erlnagtlitior

the first, active | ayer. ny. enbadi.nent the etch stop | ayer, simlar or
dont | AP REMEERPEYSH 300 e ST AT {0885 et BBen, R B by &
34 can ecs BAE dgeesss 34024 of etching the second active layer and the

first active Iaﬁgr with a second etchant while using the second phot oresi st

| ayer d8022%ecbHe A7 cHustdss. an rexgamle ehissaiiGradvdor devee s 0840ker cemndegiis i se
Ay t . ‘ ( ;

L yon S0, AR 2L o 1560PE LM RO LB b L v

2012/ 138803RGT14y52 0202 632388 cert acticplapirot/03icah Heayer fias actiec kgeoarDeet bh

mask. | n many odi ments, process 3404 can be perforned using an AVAT
8330. |Vﬁﬂ§6§r€rf§>g§%ﬁnﬁse nf%r§t, agthe Lyl ﬁa%tcewaﬁﬁesc%.tn{eé%}an diEstamga Oé@eh%mit.

In the c%ﬂ{c’p‘?isé’sr a ftd fc@ﬁcﬁf&ivﬁﬂbﬁﬂih@%ﬂﬁé or d¥fer@itenoaiAtts, GBEbNAAUTRYE B LX¥FEN,
hydr ogen chl oride, and nethane. In the sanme or different enbodi nents, the
oxygen,compdiseg@rieashboe satond amdal et dvaamel @arprsesnpse®adtconductingy huvitoegh naind

twenty parts L une. | ny enbodi nents, performn. roce 404 can
be- o1 i gh Pl LS SRR RS Sperveluen B E S el s
above. J500228be bitraadRr 6AHQGLABALR laRragess 3403 and process 3404 can be
conducted after process 3401 and can be repeated after process 3402. In the
same or[08230 er Enmagptrrdingtont using lpaidse cod dligbrono censlustivitied far fitsh acteesc sier

et chant n the sane for b i.nstances in..whic rocess 3403 1

or ocess 0905y s GuRaEY & Sver 30 bl LARGTE sloPuHY GHoBSPReRSmT T i,
I n ot hegvee a0 1R SomPFHOSESS addPphoan€ilips0C d56 rédlidcanate hfaltenetedoaduas y
after conpleting both process 3401 and process 3402. [00229] FIG 47

i |1 ust rdevisss el Bgasndeligiaysispaletitiduct or devi ce 3200 after conducting
proces 01 . r il I f o - Li i
Payer - 4905 dan" By ot BERRL D01 dre s Htal Rl UM Rprisk ohSbr KL Y°
4707 candinm awidy, zArncr etidaghiliven bayertinddxabe, hhfhiwaroxales oeatodiune okile, i dgsibl
active layer 4706 conprises at |east one first netal oxide and conprises a
first CBABGEELPTAPYrians 9 Aee anothero Foppyamitledp @b SEPRHISELS. YR a0

| ayer npri.se e i i ond
conduct Lo oR ¢ Ponaise AR SR IR LA R R RS a8

st op | aperensindiunapxide. lmether ewimptles, Stech Isisome fayeme@badide am bengrserindingy or
on second, active |ayer 4707.. [00230]. In ny ex | es, using oxides and
G117 or QRSSC GRRIER] Y1076 04 Gind 1Pate d FVBT ITEQAY TMP0GS 596 of e off VARETve
layer 4fhodaashts, TRS AMEasiBRY ddcbyd meidd 8killc eaH E@Mriseakd & leANEInSHAPhetal ¥xiA¥er
active Iaéfrs conpri sed of anorphous silicon. The result can be smaller
seni corldube symajenditlerens paibpdimcatss wlicii thp Ralpastese seeand mactal] @adaaqmprischiisy
_erTb_odl rg':f‘rl]éagt oﬁehﬁrsgﬁlel[a?§>s<1tdeo{ﬂlf§ a,ft 'l&étt or{Tea'3 e% cPfﬂ'e%?oC%Q rﬁao 0r %1%6 .eecc%rsti{{rl% € of
i ndi umoxi de, zi nc oxide, gal'l't um oxi e,l%ln OX|ﬁb, Af i Um ox1 de, or

al um num oxi de, in equal or unequal proportions to one another. For
exanpl e, in sone enbodi nents, the at I8east one first netal oxide can
conprise approximately sixty percent zinc oxide and approximtely forty
percent indiumoxide. In other exanples, the at |east one first netal oxide
can conprise indium oxide, gallium oxide, and zinc oxide in equal

o o v o N Y L o o, . o o o



[00233] In many enbodi nents, first active |ayer 4706 conprises a first
conductivity. For exanple, the first conductivity can be approxi mately

0. 002 OChrwoent¥1sgd40ers. In the sane or different enbodi meoTAlS261e082368 acti ve
| ayer 4707 conprises a second conductivity For exanple, the second

conducti vit be .greater .than or r oxi mat 10 .

o corterirstafeonin? BEBCH S Prefird M SRR SRR Bt proportions of
ohm cenhé beiseiffent t@ndy@rnugeteneﬁt@osﬂ 1B ik Soastt 1R Jebdrfit me@N sxtq& in¥iyt QonipFisg beat er
than the second conductivity. In other enbodi nents, the first conductivity

i s | esghe haenstifent eesmppuadsieigaentsi tapd s 2@132%38)9@@@%@2”0112@ oszBgRent
00234 d I re
e ol A SR SPAE | oo UL TR BRSSPI 36 RASEEONL

first aetindemkayekideasad/ oy dltffa:eens e“ﬁmmdheaat ledst dreyBist am:tﬂomdm thxnat bdastt bres

transi stor active |layer, the first active |layer, and/or the second active
| ayer. SeFOTMemyiabArEe CARATIENE 3t lsadnnealideisat epnstituentrammoandelsaesatiiheg the at7

and/ or f | ar
o 1 dert i eareTo Rl bt UpaGEHIGe oo R B BP IR Yoo Mg S
Fl Gs. 3blatind t@ﬁlerprbpmmlwtca” tho aekastpine fokt metal axide(cg.owhdevihe et B:aﬁlmrafﬁretr
providin ﬁn.ggch sto | ayer over t he transrstor active | aye 1 0023

Ref err i‘ﬂ% (i ﬁ%mp%%‘? GRArogpnately sixly ergent zige pxidg and jagprox Y381y PEYNbe
over ang4igh &Nddahe ieitabagh dKE ke A AN Qe BANPHKE 1ﬁﬁﬁﬁr0)§@@%’allﬁlﬂg%£1de
transistor active |layer 3505, and/or between gate netal | ayer 3202 and

t r ansi sindrzinetaxids inayeual aﬁoﬁmloms tachdusthenbodiviee ntagsa) g it @th@arqmeﬂmldsayl@r

3510 ca e sim or_ i dent to trrc | ayer Fl G ,15).
oy Vg it BE £ r S5 R P8 Soflh B 86k Sa FBhe ARE oy o

di el ectatil@sm@icefilsaetal beidseeaipdiselizpk @xidel shdhdiah atide dit (he AP ldasCorki dob &N

di oxi de. Gate barrier layer 3510 can be buffered with silicon nitride or
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and second active | ayer 4707 described above
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source/drain contact |ayer 4150 (FIGs. 41 and 42), and/or between the
porti ornaebm@temwtbiogtaed less tthapeon] egyial to3HOBxaMALC A wpdremrwm@mte@qorqhagler in

4150. In var i St ayer 3511 c be srntlar or

Ydont 1 CASEGRREmPIS P B el Ty d) R BB R Ens e B oty er
3511 cadane@ [ﬂ%t B0 Acdnhbd SpraoahRedly 26 naBéEteR| thickhdntfhithe agip@G! where first

mat erial can conprise silicon dioxide. Etch stop |layer 3511 can be buffered
Wi th s.qcr% FRYIST ?199@@ 6 nepemepehickosteend petivoliveef d7arH boRpPRIOKIMAg¥r10

4150. % SafRor different embodi ments, etch stop |ayer 3511 can be
greater than or equal to approxi mately 50 nanoneters thick and | ess than or
equal t[6023¥)r oki mahelcynbdAnenay) diTett @tise tlhice K706 rompritdRer fisvriconduranitg, EBorch

stop layer 3511 can be approxi mately 100 nan ers thick 00238]
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many enbodi ments, WO 2012/ 138903P 032388 procedure 07 can
si m | arthosedode monduelivity carc bé gidater 1iah3or dejud t01®proxllmatr¢bn§/0 ehmexthtmentess, and

procedyre 3107 occyrs before e 3108 nd/ r after pro e re,3106.
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exanpl e of seniconductor device 3200 after prfoviding a mesa passivation

| ayer owadudivgy o legmthamthespemdsopudtiagter . [ 00239] Referring to FIGs. 37 and
38, for exanple, nmesa passivation |ayer 3712 can be over and/or on etch
stop layer 3511, under source/drain contact |ayer 4150 (FIGs. 41 and 42),
and/ or between etch stop |ayer 3511 and source/drain contact |ayer 4150. In
various enbodi nents, nesa passivatiomdl ayer 3712 can be simlar or

identical to nmesa passivation layer 1757 (FIG 17). In many enbodi nents,
nmesa passivation |ayer 3712 can conprise a fourth dielectric material. The
fourth dielectric naterral can conprrse srlrcon droxrde In t he sane or
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| ayer 4150 (FIG 41). FIG 48 is a flow chart illustrating procedure 3109
of providing a source/drain contact |ayer over the transistor active |ayer,
the firstwacvivesdoayer, and/ or the second active | ayer, patased2o3s® an
enbodi ment. [00242] Referring to FIG 48 in sone enbodi nents, procedure

3109 c r,sge de 05|t t | ayers over thetr I St
2ot ve DA BT RRErFRE EPVabtR B Fige s T RS Plopk SUEEBmEMEL plcs oy by apbor
the samgoatingl &f ece r@toperaiyed@m AhS trafdiQ6Eaene 13180 tHeafirse QB Bife) hAE/BH $hed 801
of depositing a first metal |ayer over the transistor_ active [ayer, the

first aeeongdeactizgdayer andpiopn pRROKEE dMASIAET Peevel layesy the fisisistise &yEo dinton the
process 4801 S i tal e e
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first n%éﬁ@(}onhﬁé/t&r d&ad $bs aﬁ%ﬁ%@qg@ﬁl et&@%g}% Lag!algoe\%gﬁ tﬁ'ﬁ@@ﬁ)‘r ﬁ?tWeslayérhe

first |'ayer conprises num an metal [ayer conprises
al um nyAv2ix sRﬂ&rlemg)m)oﬁlﬁfeniianmﬁgcfemhmmp&l@@ted)amardﬂmr BSH) pmdeansr 4806 of

d t d I t hi rd phot t t /d
Cont acton Syemeul e PR nd b Balire 00T “BPocEtsT EYS00Y Gdive bt 6. Bltes
4804 ofpeal &l Ak hidt] $8MF 820 HER Dram@Rb@&ivE ?%%E 3903, hh@v&r‘fﬁdsfen%o@lhﬁéﬂts \whatd e

using the third photoresist |layer as a thi etch mask. In sone
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in var| spuyrce/ drain contact |ayer 4150 can conprise
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some enboEienRsferfing Sdaid QMFRY. d5ahd 360t Rede ABHHIGEMs CAAPES Baydr B BINSAnSt OF
drain contact and second source/drain contact 4105 can conprlse a
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procedure 3111 of provid fifth dielectric material, simlar or
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thod 3100 d baki ng. th ' t
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enbodi MpRtckimABNY BAfBceANheRNPr i se procedure 3112 of curing the fifth

dielectric material, simlar or identical to process 1116 (FIG 11 In the
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procedure 3114 of providing a mask over the SIXth dielectric material,
simlar or identical to process 1118 40FIG 11). In the sane or different
enbodi ments, nmethod 3100 can conprise procedure 3115 of etching the base
dielectric material, the fifth dielectric material, and the sixth
d|eIectr|c naterlal S|n1Iar or |dent|cal to process 1119 (FIG. 11) In the
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WO 2012/ 138903PCT/ US2012/ 032388 [ 00251] Moreover, enbodi ments and
limtations disclosed herein are not dedicated to the public under the

doct ri ne Wb 20ei3s@Bi on i f the enbodi nents and/or |im taPCons2012032388 € not
expressly clained in the clains; and (2) are or are potentially equivalents

of express ele ts agnd/or, limtations in.th | al nder_t he doct.rine of
cqut varges o TSI i8bssper- Bt ISRl s R LRI tnar mASCraRRbGerS. °1)
An el egirb@dufe 3e7 ClcGRNBEfofd Peocedure! 3ITH Sh@br CORP! probdiic 3106t € THet @ksa

| ayer; a transistor active |ayer over the gate netal |ayer; and a

sour ce/RissivHioBolayicean| by simitsy @ identicel ngiest prsshietipy dayeaydd2 aprllustrated in

sourCel 8 & SRICSEIENRYS s an o EIBIASARNR It Ak FRUEGProL ot

conpr i gesviding a mesa passivation layer over and/or on the etch stop layer.
[00239] Referring to FIGs. 37 and 38, for example, mesa passivation layer 3712 can be over
and/or on etch stop layer 3511, under source/drain contact layer 4150 (FIGs. 41 and 42), and/or
between etch stop layer 3511 and source/drain contact layer 4150. In various embodiments,
mesa passivation layer 3712 can be similar or identical to mesa passivation layer 1757 (FIG. 17).
In many embodiments, mesa passivation layer 3712 can comprise a fourth dielectric material.
The fourth dielectric material can comprise silicon dioxide. In the same or different
embodiments, mesa passivation layer 3712 can be greater than or equal to approximately 50
nanometers thick and less than or equal to approximately 200 nanometers thick. In further
embodiments, mesa passivation layer 3712 can be approximately 100 nanometers thick. Mesa
passivation layer 3712 can protect the side walls of transistor active layer 3505 during etching
processes.
[00240] In many embodiments, method 3100 can comprise procedure 3108 of conducting one
or more post-mesa passivation layer etches, similar or identical to activity 1214 (FIG. 12), as
described above. FIGs. 39 and 40 illustrate cross-sectional views of semiconductor device 3200
after the one or more port-mesa passivation layer etches have been conducted. For example,
FIG. 40 illustrates semiconductor device 3200 after a contact gate etch has taken place in the
gate contact build region of semiconductor device 3200. In the same or different examples, FIG.
39 illustrates semiconductor device 3200 after a device build contact area etch has taken place in
the device build region of semiconductor device 3200. After procedure 3109, gate contact 4091
can be formed on semiconductor 3200. Gate contact 4091 is associated with gate contact area
4681 of FIG. 46. After procedure 3109, device build contacts 3990 are formed on
semiconductor 3200. Device build contacts 3990 are associated with device build contact areas
4680 of FIG. 46.
[00241] Referring now back to FIG. 31, method 3100 comprises procedure 3109 of providing
a source/drain contact layer over the transistor active layer, the first active layer, and/or the
second active layer. In the same or different embodiments, procedure 3109 can comprise
providing the source/drain contact layer on part of the transistor active layer and/or on the mesa
passivation layer. In some embodiments, procedure 3109 can be similar or identical to process

1113 (FIG. 11), and source/drain contact layer can be similar or identical to source/drain contact
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a first active layer over the gate netal |ayer, the first active |ayer
conprising at |east one first netal oxide; and a second active |ayer over
t he firstwaabivisdoayer, the second active |ayer conpri SiPag/Us2012032388 one
second netal oxide; the first active layer conprises a first conductivity;

t he second [ I r .l ses second . conduct i vity; the fir.st
comdueiri DDLU NS RS RSP Bud RELSUGRRINS iyt 312 A Bt o
devi ce safirceldadifncdnthéthye bvEARP irhSdifeE actide $y0S (ARl adthellBich antlde tigadceodtet al
| ayer is over the substrate; the substrate conprises one of arigid

subst r @cEvolayer, peexdipg & apBeedament. when the substrate conprises the rigid

S T N N e

pl ast i wneror $icrt Need JayetL@ter thehearplsastactveclangt it gt oy etyby, laader depicbaldat e.
active layer. In the same or different embodiments, procedure 3109 can comprise process 4801
of depositing a first metal layer over the transistor active layer, the first active layer, and/or the
second active layer. In some embodiments process 4801 can comprise depositing a first metal
layer over the transistor active layer, the first active layer, and/or the second active layer to form
the source/drain contact layer. In further embodiments, procedure 3109 can comprise process
4802 of depositing a second metal layer over the first metal layer to form the source/drain
contact layer from the first metal layer and the second metal layer. In some embodiments, the
first metal layer comprises molybdenum and the second metal layer comprises aluminum. In
some embodiments, procedure 3109 can comprise process 4803 of depositing and developing a
third photoresist layer over the source/drain contact layer. In further embodiments, procedure
3109 can comprise process 4804 of etching the source/drain contact layer with a third etchant
while using the third photoresist layer as a third etch mask. In some embodiments, process 4802
can be omitted. In many embodiments, the third etchant can be a dry etchant. In the same or
different embodiments, the dry etchant can comprise chlorine and boron tricholoride and/or
chlorine and oxygen. In the same or different embodiments, the chlorine and boron trichloride
can be used to etch the first metal layer (e.g., aluminum) and the chlorine and oxygen cab be
used to etch the second metal layer.
[00243] FIG. 41 illustrates a cross-sectional view of a device build region of an example of
semiconductor device 3200 after procedure 3109 has been completed. In addition, FIG. 42
illustrates a cross-sectional view of a gate contact build region of an example of semiconductor
device 3200 after procedure 3109 has been completed.
[00244] Referring to FIGs. 41 and 42, for example, source/drain contact layer 4150 can be
over transistor active layer 3505. In the same or different embodiments, source/drain contact
layer 4150 can be on transistor active layer 3505. Referring back to FIG. 31, in various
embodiments, source/drain contact layer 4150 can comprise first source/drain contact 4104
and/or second source/drain contact 4105. In some embodiments, first source/drain contact 4104
can comprise a transistor drain contact and second source/drain contact 4105 can comprise a
transistor source contact, or vice versa. In the same or different embodiments, source/drain

contact layer 4150 can be over and/or on one or both of mesa passivation layer 3712 and
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3) The electronic device of claiml or 2 wherein: the transistor active

| ayer is on the gate netal |ayer; the first source/drain contact is on the
transi st owoaetmsoBayer; and WO 2012/ 138903PCT/ US2012/ @82382012/08238€Ccond
source/drain contact is on the transistor active layer. 4) The electronic

i op! 2y g% 205 Bt 3P B Sl HBRoBRCHR o A e S ot oo™ ™

di spl ayeo&é ia8ildagt bke of \@homh- orSluhiiing! @6 tthe Birfe de\iiga el crabydiMbgsOf
claims 1-4 wherein: the at |east one first netal oxide conprises at | east

one of SOHKR{gIBEPEECt layeict1oKi @B begapatprimap of daual tp appiexdeately R nanPRicEe,
or al U”Ehf&g % sqe[hen?%a I&n\ﬁl ?& ﬁ@&%@%@%b &engﬁ&et%&ythf)&e @ fu‘r‘théﬂ &ﬁbcﬁd I%ents

wher ei he a | 'eas | Ses’ appr oxi ma

per centsodfcoklran bdﬁaandyeapmﬁmmnﬂ@ta;ipyoﬁmaﬁew mé)rrmﬁametemihwm oxi de. 7) The

el ect ron| C deVI CFerr?I];g %gw bac ‘%f F%Cl}a3?5m]éth%dv%1100 ca?n comprise procedure 3110 of
prov1d1ng a base dielectric material, similar or identical to process 1198 (FIG. 11). In the same
or different embodiments, method 3100 can comprise procedure 3111 of providing a fifth
dielectric material, similar or identical to process 1114 (FIG. 11). In the same or different
embodiments, method 3100 can comprise a procedure of baking the semiconductor device,
similar or identical to process 1115 (FIG. 11). In the same or different embodiments, method
3100 can comprise procedure 3112 of curing the fifth dielectric material, similar or identical to
process 1116 (FIG. 11). In the same or different embodiments, method 3100 can comprise
procedure 3113 of providing a sixth dielectric material, similar or identical to process 1117
(FIG. 11). In the same or different embodiments, method 3100 can comprise procedure 3114 of
providing a mask over the sixth dielectric material, similar or identical to process 1118 (FIG.
11). In the same or different embodiments, method 3100 can comprise procedure 3115 of
etching the base dielectric material, the fifth dielectric material, and the sixth dielectric material,
similar or identical to process 1119 (FIG. 11). In the same or different embodiments, method
3100 can comprise procedure 3116 of removing the mask, similar or identical to process 1120
(FIG. 11). In the same or different embodiments, method 3100 can comprise a procedure 3117
of providing one or more semiconductor elements, similar or identical to process 1121 (FIG.
11). In various embodiments, one or more of procedures 3110-3117 can be omitted.
[00246] FIG. 43 illustrates a cross-sectional view of the device build area of an example of
semiconductor device 3200 after conducting procedures 3101-3116. With reference to FIG. 43,
diclectric material 4399, fifth diclectric material 4361 and sixth diclectric material 4362 arc
deposited over source/drain contact layer 4150. Dielectric material 4399, fifth dielectric
material 4361, and/or sixth dielectric material 4362 can be similar to dielectric material 2499
(FIG. 24), first dielectric material 2461 (FIG. 24), and/or second dielectric material 2462 (FIG.
24), respectively. After procedure 3114 (FIG. 31), semiconductor device 3200 can comprise
vias 4363, which can be similar or identical to vias 2463 (FIG. 24), as shown in FIG. 43. Vias
4363 are associated with via areas 4682 of FIG. 46. The mask over sixth dielectric layer 4362 is
not shown in FIG. 43.
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the at |l east one first nmetal oxide conprises indiumoxide, gallium oxide,
and zinc oxide in equal proportions to each other. 8) The el ectronic device
of any omwoabi1xi3s4oas 1-7 wherein: the at |east one secomdTrst@lk/osssgie
conprises the at |least one first metal oxide. 9) The el ectronic device of

any on | ajms 1- rereip. ~the first active layer.is eat er .t han or
canal 1802 ol Ras R Pl PR A el B i s TR e S
appr oxidraheximpR sraRan@ingisof Bvike 3200) afftheoediREhE PRicedEle\d1¢e GFitlaryferene Of
claims 1-9 wherein: the transistor active layer 1s greater than or equal to

appr oxitadilel y4athindameteblayies 4646 erd AR lrpyst4hasindre pigyiled tayer pipttodicksired y
60 nan S I gK. T ronl G: ' '

eher of ATEpESe, e g AL ARG LAofindl, i IR 3463 o) B Bhoviadk

al um nwwer it alidleotric Miaeridlm360randungkhenpartld)y Theiael 4868 @nGe 48pvilaenalfy any
one of claims 1-11 wherein: WD 2012/138903PCT/ US2012/ 032388 t he

sour ce/Fradimenintthid mein) dpyeg dpt raedTQtlaya 4405 AR be B desmch Betal layer

T, A AL ELE S rRp s i soater fhen of caue Lo

200 narf69248r st fmather embodiment different from the embodiment illustrated in FIG. 44, FIG. 45
illustrates a cross-sectional view of the device build area of another example of semiconductor
device 3200 after conducting procedure 3117. With reference to FIG. 45, silicon nitride layer
4566 can be provided over ITO layer 4465.
[00249]  Although the invention has been described with reference to specific embodiments, it
will be understood by those skilled in the art that various changes can be made without departing
from the spirit or scope of the invention. Accordingly, the disclosure of embodiments is
intended to be illustrative of the scope of the invention and is not intended to be limiting. It is
intended that the scope of the invention shall be limited only to the extent required by the
appended claims. To one of ordinary skill in the art, it will be readily apparent that the
semiconductor device and its methods of providing the semiconductor device discussed herein
may be implemented in a variety of embodiments, and that the foregoing discussion of certain of
these embodiments does not necessarily represent a complete description of all possible
embodiments. Rather, the detailed description of the drawings, and the drawings themselves,
disclose at least one preferred embodiment, and may disclose alternative embodiments. For
example, except for their respective active layers, semiconductor devices 1350 (FIGs. 13-22, 24-
26, and 29) and 3200 (FIGs. 32-33 and 35-47) can be similar or identical to each other, and
methods 120 (FIG. 11) and 3100 (FIG. 31) can be similar or identical to each other.
[00250]  All elements claimed in any particular claim are essential to the embodiment claimed
in that particular claim. Consequently, replacement of one or more claimed elements constitutes
reconstruction and not repair. Additionally, benefits, other advantages, and solutions to
problems have been described with regard to specific embodiments. The benefits, advantages,
solutions to problems, and any element or elements that may cause any benefit, advantage, or
solution to occur or become more pronounced, however, are not to be construed as critical,
required, or essential features or elements of any or all of the claims, unless such benefits,

advantages, solutions, or elements are expressly stated in such claim.
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13) The el ectronic device of any one of clains 1-12 further conprising: a
barrier layer; wherein: the gate netal |ayer is over the barrier |ayer; the
barrier IaQenixieesi ses a first dielectric material; thecTiussai2zassBectric
material conprises at | east one of silicon dioxide or silicon nitride; and

t he barf) | ayer i s greater than ot ual t.o,appr.oxi.mat el 0D na ters
it ok dNPT s o ke BorEERtinets Mg iaBilie i B8 REIEAL ¥ e AR W The
el ect r ghibfic dgMbr€ eheOtio@ide VNalcdicatbmiifMBhel chBoditfchiteinIOMMMMiGIiNG: (R) @At Got
barrier |layer between the gate netal |ayer and the transistor active |ayer;
wher ei rexprgly ghtimedan theeelaimsy and €Dngse ios @& potgeiadlyceayivalcatst ¢fi xprss elamgnts t he
second di I 1 j C i i | .dl,oxj.de; and the gate barrier
| ayer iagdg)lrrZiglil{eellﬁl(altlﬁﬁﬁ%p%ggqsulg@{ %1%3%8?%1%0?}% é?%/lg%l&%fo nanonet ers thick and

| ess than or equal to approxi mtely 300 nanoneters thick. 15) The

el ectroni c device of any one of clains 1-14 further conprising: an etch
stop |l ayer over the transistor active |ayer;
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wherein: the etch stop layer is between a portion of (a) the transistor
active layer and (b) the source contact and the drain contact; the etch
stop | ayewocorps®aes a third dielectric material; the tRCraSsdéieloazsssic
material conprises silicon dioxide; and the etch stop layer is greater than
or equal to approximtely 50 nanoneters thick and |l ess than or equal to
approxi mately 200 nanoneters thick. 16) The el ectronic device of claim15
further conprising: a nesa passivation |ayer over the etch stop |ayer;
wherein: WD 2012/ 138903PCT/ US2012/ 08RA8ASt he nesa passivation | ayer is
between (a) the etch stop layer and (b) the source/drain contact |ayer; the
mesa passivation |ayer conprises a fourth dielectric material; the fourth
di el ectWhet ifralangdais: conpri ses silicon dioxi de; and the nesa passivation

| ayer is greater than or equal to approximately 50 nanoneters thick and

| ess tW,QAﬁ%k%%&%LdE%cggﬁﬁ %$Hately 200 nanoneters thick. 17) A
sem conduct or “devi cé conpr S|ﬁﬁ:

a transistor comprising:
a gate metal layer;
a transistor active layer over the gate metal layer; and
a source/drain contact layer over the transistor active layer, the source/drain contact layer
comprising a first source/drain contact and a second source/drain contact;
wherein:
the transistor active layer comprises:
a first active layer over the gate metal layer, the first active layer comprising at least
one first metal oxide; and
a second active layer over the first active layer, the second active layer comprising at
least one second metal oxide;
the first active layer comprises a first conductivity;
the second active layer comprises a second conductivity; and

the first conductivity is greater than the second conductivity.

2) The electronic device of claim 1 further comprising:

a substrate;

wherein:
the gate metal layer is over the substrate;
the substrate comprises one of a rigid substrate or a flexible substrate;
when the substrate comprises the rigid substrate, the rigid substrate comprises silicon;

and

when the substrate comprises the flexible substrate, the flexible substrate comprises one

of plastic or stainless steel, the plastic comprising polyethylene napthalate.

3) The electronic device of claim 1 or 2 wherein:
the transistor active layer is on the gate metal layer;

the first source/drain contact is on the transistor active layer; and
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a substrate; a barrier |ayer on the substrate; a gate netal |ayer on the
barrier layer; a gate barrier layer on the gate netal |ayer; a transistor
active | ayonom3sdee gate barrier layer; an etch stop | aper/useo2ios23ss

transi stor active layer; a mesa passivation |layer on the etch stop | ayer;
and a sothce/dr I n co&it act Itaé/ter 0 tthe .rresatfaslsi vation |ayer and the
transi st oracty eso}l%(ficl PN GREF G MO e P RS %t i ve | ayer conprises: a
first active layer on the gate netal l|layer, the first active |ayer
conprising at |east one first netal oxide; and a second active |ayer on the
first o0t Theclpespaic davircsdiameenc phdaimisy s figgher gempagiag: and the etch stop

I , th 1 -ACL | I8l | t - t al .. oxi de;
tho f1rst AT G nyias e e DR Bepfe T an e IR T i,
| ayer conpridgdayacagnoig honduditoni ty;, and

5) The electronic device of any one of claims 1-4 wherein:
the at least one first metal oxide comprises at least one of indium oxide, zinc oxide, gallium

oxide, tin oxide, hafnium oxide, or aluminum oxide.

6) The electronic device of any one of claims 1-5 wherein:
the at least one first metal oxide comprises approximately sixty percent zinc oxide and

approximately forty percent indium oxide.

7) The electronic device of any one of claims 1-6 wherein:
the at least one first metal oxide comprises indium oxide, gallium oxide, and zinc oxide in

equal proportions to each other.

8) The electronic device of any one of claims 1-7 wherein:

the at least one second metal oxide comprises the at least one first metal oxide.

9) The electronic device of any one of claims 1-8 wherein:
the first active layer is greater than or equal to approximately 5 nanometers thick and less

than or equal to approximately 40 nanometers thick.

10) The electronic device of any one of claims 1-9 wherein:
the transistor active layer is greater than or equal to approximately 40 nanometers thick and

less than or equal to approximately 60 nanometers thick.

11) The electronic device of any one of claims 1-10 wherein:
the gate metal layer comprises at least one of molybdenum, aluminum, tantalum, chromium,
or tungsten.

12) The electronic device of any one of claims 1-11 wherein:
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the first conductivity is greater than the second conductivity. 18) The
sem conductor device of claim17 wherein: the at |east one first netal

oxi de compOI2eE$138403| east one of i ndium oxi de, zinc oxi deCTgskéizwsm3sexi de,
tin oxide, hafniumoxide, or alum num oxide. 19) The sem conductor device

of claim 17 or 18 wherein:; the at .|l ea ne seco net al ide conprises
Che a1 el Olred Rt Ep Ryl St Bse 9s Y SRET R eSSt 50,
The sem coRddaico/drdR ¢b@ectodyed yerofer ®hn 61 &juaBtolappAsXimheleion: nahb@etets thick
active layer is greater than or equal to approximtely nanometers thick

and | ess t hawddess depnr cavaldp pprorrimatdy O panpapderethdels t hi ck. 21) The
sem conduct or device of any one of clainms 17-20 wherein: the transistor
active layer is greater than or equal to approximtely 40 nanoneters thick
and | esi)tTiarclatroagukivice @ f appomxofimiialsyl - BOfunthoogeitgissng: hi ck. 22) A net hod
of manufacturjng a sem conductor device, the nmethod conprising: providing a
substrate?bﬁ?ﬁﬁgﬂﬁﬁg a gate nmetal |ayer over the substrate; providing a
first actiygclayer over the gate netal layer, the first active |ayer
conprising at least one first nmetal oxide and a first conductivity;

the gate metal layer is over the barrier layer;

the barrier layer comprises a first dielectric material;
the first dielectric material comprises at least one of silicon dioxide or silicon nitride; and
the barrier layer is greater than or equal to approximately 200 nanometers thick and less

than or equal to approximately 400 nanometers thick.

14) The electronic device of any one of claims 1-13 further comprising:
a gate barrier layer between the gate metal layer and the transistor active layer;
wherein:
the gate barrier layer comprises a second dielectric material;
the second dielectric material comprises silicon dioxide; and
the gate barrier layer is greater than or equal to approximately 100 nanometers thick and

less than or equal to approximately 300 nanometers thick.

15) The electronic device of any one of claims 1-14 further comprising:

an etch stop layer over the transistor active layer;

wherein:
the etch stop layer is between a portion of (a) the transistor active layer and (b) the

source contact and the drain contact;

the etch stop layer comprises a third dielectric material;
the third dielectric material comprises silicon dioxide; and
the etch stop layer is greater than or equal to approximately 50 nanometers thick and less

than or equal to approximately 200 nanometers thick.

16) The electronic device of claim 15 further comprising:
a mesa passivation layer over the etch stop layer;

wherein;
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provi ding a second active |layer over the first active |layer, the second
active layer conprising at |east one second netal oxide and a second
conduct i Woyoi2ssdBhan the first conductivity; and provipdirng2@26es8ge/ drai n
contact |ayer over the second active layer. 23) The nethod of claim 22
wherein: the, substrate conprises one of a ri.gid substr aor a f]exible
substraie: el hersabeT Rl TR SRRLBY e B ST TR o P afith g
substrate conped@s 1§jek;i con; and when the substrate conprises the flexible
substrate, the flexible substrate conprises one or plastic or stainless
steel, the phaBescPasoivpionsiaye qeBlpysestd foars dwé%mna?e@al;z@ The met hod of

claim 22 or r el I.di . - -d.a over the substrate
conpri ses: &éé;go‘éﬁ?tﬁicﬁgg%ﬁ@h%\éésr@l g(%neﬁtl)%gtrsr% C%Q@%ﬁiﬁi Xﬁ um num tantal um

chrom um orthé¢ niegspBeivan@r laydrds giehst tlaher cqepasajprogmandy 6@ veloopiterg tidck i r st
phot oresi st | ayer over the gate netal |ayer; and etching the gate netal
layer with a frpr&lessianahequphio @Piimaebirdomapemesidtivkesi st | ayer as a
first etch mask.. 25) The nethod of any one of clainms 22-24 wherein:

provi ding the second active |ayer over the first active |ayer conprises:
WO 2012/7) 38 9@ BRGTIUIBRQIERIcO 32 BBBsing:

a substrate;
a barrier layer on the substrate;
a gate metal layer on the barrier layer;
a gate barrier layer on the gate metal layer;
a transistor active layer on the gate barrier layer;
an etch stop layer on the transistor active layer;
a mesa passivation layer on the etch stop layer; and
a source/drain contact layer on the mesa passivation layer and the transistor active layer;
wherein:
the transistor active layer comprises:
a first active layer on the gate metal layer, the first active layer comprising at least
one first metal oxide; and
a second active layer on the first active layer and between the first active layer and
the etch stop layer, the second active layer comprising at least one second metal
oxide;
the first active layer comprises a first conductivity;
the second active layer comprises a second conductivity; and

the first conductivity is greater than the second conductivity.
18) The semiconductor device of claim 17 wherein:
the at least one first metal oxide comprises at least one of indium oxide, zinc oxide, gallium

oxide, tin oxide, hafnium oxide, or aluminum oxide.

19) The semiconductor device of claim 17 or 18 wherein:

the at least one second metal oxide comprises the at least one first metal oxide.
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depositing the at |east one second netal oxide on the first active |ayer;
depositing and devel opi ng a second photoresist |ayer over the second active
| ayer; amwsloepciidgg3t he second active | ayer and the firs®PCaaiSeve/obzmger w t h
a second etchant while using the second photoresist |ayer as a second etch

mask. he net hqd of . an e of clalns 25 wherein: providing a
sour ce/ D alh eOAdre g aresTaRy Bhe St BRa AL RSy er compri ses:

deposi t i Nehedtirst RASE 1296EIs @fcald iy RMARRYTAIQAH afproRInMETy G\@RohEersIBERAA] 8GE | Ve
| ayer; depositing and devel oping a third photoresist |ayer over the

sour ce/ dr ai rthaoer egeal toapaioxinaiely d0dunegetersehisbur ce/ drain contact layer with
a third etchant while using the third photoresist layer as a third etch
mask. 27) The nmethod of any one of clains 22-26 wherein: providing the
first adyime deayendoster dédvive ganhe onebvatlaingyEl-2Canpreirses: positioning the
substrate inside of a vacuum chanber; and sputtering inside of the vacuum
chanber athedrageistonastae layer cospriesinAl OheaUabosIPPEREMAFLY Hinanemsiar ydickAndc

st 1oed gas Banaautig Besima O IREENE & aim 27 whereint
provi ding the second active |ayer over the first active |ayer conprises:
22) A method of manufacturing a semiconductor device, the method comprising:
providing a substrate;
providing a gate metal layer over the substrate;
providing a first active layer over the gate metal layer, the first active layer comprising at
least one first metal oxide and a first conductivity;
providing a second active layer over the first active layer, the second active layer comprising
at least one second metal oxide and a second conductivity less than the first conductivity;

and

providing a source/drain contact layer over the second active layer.

23) The method of claim 22 wherein:
the substrate comprises one of a rigid substrate or a flexible substrate;
when the substrate comprises the rigid substrate, the rigid substrate comprises silicon; and
when the substrate comprises the flexible substrate, the flexible substrate comprises one or

plastic or stainless steel, the plastic comprising polyethylene napthalate.

24) The method of claim 22 or 23 wherein:
providing a gate metal layer over the substrate comprises:
depositing at least one of molybdenum, aluminum, tantalum, chromium, or tungsten over
the substrate;
depositing and developing a first photoresist layer over the gate metal layer; and
etching the gate metal layer with a first etchant while using the first photoresist layer as a

first etch mask..

25) The method of any one of claims 22-24 wherein:

providing the second active layer over the first active layer comprises:
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conbi ni ng oxygen with the first feed gas to a forma second feed gas

conprising argon and two percent oxygen by volune; and sputtering inside of

t he vacuuwochent3sn3t he target naterial with the second Pesdsg@z/082388 de of

t he vacuum chanber. 29) The net hod of any one of clains 22-28 wherein: the

at | east one,second nmetal oxide c ri.ses,the at. | east .one first netal

oxi do. 30 THEOTRVASH tbRastiieSfesng PRut IRk BFnEHAERE W Fhr ovi ding a fi rst

active | ayerdepyéind hikl @AtRpMRlAochRyfHot@8¢siiy odémbe fecdhe afit cagfdrvnd ayer

over the first active |layer occur at a _pressure oflgreater than or equal to
A

appr oxi mat eljchimg WiespGond petigmlgy ¢rend thannst entive dayar wi prshatehsnemhiloo
mlliTorr and ﬁ&ngﬂ&%gagﬁgﬁgpge§%1%%¥%39&§é%$§89%5gglU82012/032388 greater
0 app ely eqgr

t han or equal roxi ees Sius and |l ess than or equal to
approximately 39 degrees Celsius. 31) The nmethod of any one of clains 22-30
further_conprising: providing at | east one |ayer of material over the
subst r 2% Bisipsined agantoneed t2ignd2¢P WhsFdWi di ng a barrier |ayer over the

subst  at epRet £ B Haflechilt: BRLLOVERIR scb MBI QU Rl of BfmSHbST rat e, the

barrier Igyer conprising at |east one of si di or silicon
nitride; praepdiingg a legat endalrmolybddrmyresr dvemunheyeg dtessenmtdadctivalayer; bef or e

provi ding e LLLS! SLL BN Y oR Yl 08 BRLEOTPR! b B Rhuin 0S8 o
and
etching the source/drain contact layer with a third etchant while using the third

photoresist layer as a third etch mask.

27) The method of any one of claims 22-26 wherein:
providing the first active layer over the gate metal layer comprises:
positioning the substrate inside of a vacuum chamber; and
sputtering inside of the vacuum chamber a target material comprising at least one of
indium oxide, zinc oxide, gallium oxide, tin oxide, haftnium oxide, or aluminum

oxide with a first feed gas comprising argon.

28) The method of claim 27 wherein:
providing the second active layer over the first active layer comprises:
combining oxygen with the first feed gas to a form a second feed gas comprising argon
and two percent oxygen by volume; and
sputtering inside of the vacuum chamber the target material with the second feed gas

inside of the vacuum chamber.

29) The method of any one of claims 22-28 wherein:

the at least one second metal oxide comprises the at least one first metal oxide.

30) The method of any one of claims 22-29 wherein:
providing a first active layer over the gate metal layer and providing a second active layer
over the first active layer occur at a pressure of greater than or equal to approximately 10

milliTorr and less than or equal to approximately 20 milliTorr and at a temperature of
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provi ding an etch stop | ayer over the second active |ayer before providing
the source/drain contact |ayer over the second active |ayer, the etch stop
| ayer compoi2eizigs®Bl i con di oxi de; and providing a nmesa pasdise@riosasss ayer
over the etch stop Iayer t he mesa passivation Iayer conprising silicon

di oxi de. 32)_ The one .of ¢l al ns i ng:

ot ovt di ng- ¢ HE A LR o AR ISy Syabteties STt et 10l R P Bhpr ses
at | east oneppfoximiteni I q@ras ORIshiser | ayer on the substrate before
providing the gate metal [ayer over the substrate, the barrier |ayer

conprising at | east one of silicon dioxide or silicon nitride; providing a

gate bafi Al hAKES PG RTS8 8h L AGLRGARE provi ding the first

active yer over nmet a barrier layer conprising
silicon dpexideg atdeay bk lagerarfrﬁﬁtextals)t/anhé aysraerrohipeismgaordstadtiofe | ayer
before providing the source/drain contact | ayer over the second activ

| ayer, the éﬂtreﬁggtg@daarra%ayeé ongring ?%tréﬁelhe%ﬁptﬂV&W%l@e g&t?dnﬁ%lmﬁ N§' Wenesa

passi vation | aygi, &@%ﬁt&tﬁf; bR ot ILREOTFSRIRBANHA! ArLikayer

conprising silicon dioxi any one o alns 22-32
wher ei n: provi ditngg;t he gate netal | ayer over the substrate conpri ses
barri

providing t te ne on t r. | aye r ov n e first
et ve | oy e Buar B e RO pee e o s bk Pavie et Retiv et i ve
layer on the galer bk tneegaté RYEI fay&éhe gttéwrﬂeﬂgye% &&@ﬁ@l@tg aficby @idxaer over
the first activé |ayer conprises providing the second acfive | ayer on the
first activerpagimg.an etch stop layer over the second active layer before providing the

source/drain contact layer over the second active layer, the etch stop layer comprising

silicon dioxide; and

providing a mesa passivation layer over the etch stop layer, the mesa passivation layer

comprising silicon dioxide.

32) The method of any one of claims 23-30 further comprising:
providing the at least one layer of material over the substrate comprises at least one of:

providing a barrier layer on the substrate before providing the gate metal layer over the
substrate, the barrier layer comprising at least one of silicon dioxide or silicon
nitride;

providing a gate barrier layer on the gate metal layer before providing the first active
layer over the gate metal layer, the gate barrier layer comprising silicon dioxide;

providing an etch stop layer on the second active layer before providing the source/drain
contact layer over the second active layer, the etch stop layer comprising silicon
dioxide; and

providing a mesa passivation layer on the etch stop layer, the mesa passivation layer

comprising silicon dioxide.

33) The method of any one of claims 22-32 wherein:
providing the gate metal layer over the substrate comprises providing the gate metal layer on
the barrier layer;
providing the first active layer over the gate metal layer comprises providing the first active

layer on the gate barrier layer; and
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providing a second active layer over the first active layer comprises providing the second

active layer on the first active layer.
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