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THIN FI LM TRANSI STOR FI ELD OF THE | NVENTI ON Th

e
T anc o met hod of - raorcat  on part eor NN
t hough not solely to a TFT with a sol uti on-processgfiso

channel 5 layer and/or dieléctric |ayer. BACKGROUND
Thin-filmtransi st OWJNTﬁ-@MafﬁA%SflﬁTp]ff field effect
In

transi stors nmade by epositing t il ms of
' {al over a substrate. One
[98@dﬁ§é ¥ 6 Ts is TFT liquid crystal displays
TFT-LCD). TFT-LCDs. are used for televisions,
<(:onpu FS%WF@‘%GQ&FO ﬁé@f&ﬁﬁ%‘r@é\ﬂ"é &5 Bhand a method of
rojectors. Previously, TFTs were fabricated with a
ghg'q:mi@m, pastieankpideugt netrsolehousTEFE mithame]ution-processed channel
m crocrystalline silicon or polysilicon. Mre .
lngerenntlloy dieldefriolaydr. a ZnO- based channel | ayer have
been shown to exhibit superior performance, sinpler
fabrication 15 conplexity, better transparency, |ower
light sensitivity and | ower |ight degradation.
BRSO ufacturing the ZnO based channel |ayer may
. tenperature and vacuum processi ng which

ma .cqQstly. te ively th ased channel :

ayer Ty mgtingiatnes (30 gt oot 5461 S oy ace by
nanor.ods of ZnO, but this may require the alignnment
dnposiHag Hum ﬁ%mb@%%enhmwpé@aémh@f% B SWRstiatel e anpligetion for
difficult and/or costly. 20 SUMVARY OF THE | NVENTI ON
TFTs is TFT liquid crystal displays (TFT-LCD). TFT-LCDs are used for televisions,

comphters, mobile phones, handheld devices and projectors_'._

Previ.ou'sly, TFTs were fabricated with a channel layer made of amorphous
silicdn,-r’riicrocrystalline silicon or polysilicon. More recently, TFT with a ZnO-based
channel .laye_r have been shown to exhibit superior performance; simpler fabﬁcation
complexity, beﬁer transparency, lower light sensitivity and lower light degradation.

However,'manufacturing the ZnO-based channel layer may require high temperature

‘and vacuum processing which may be costly. Alternatively the ZnO-based channel layer

may be made using nanotubes, nanowires or nanorods of ZnO, but this may require the

alignment of the nanotubes, nanowires or nanorods which may be difficult and/or costly.

SUMMARY OF THE INVENTION

~ In general terms, the invention proposes using solution processing to fabricate a
ZnO-based channel layer in a TFT. Additionally, the dielectric may be an organic

polymer and the TFT may be of a dual-gate top-contact structure. This may have the
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T, In general terns, the invention proposes using
sol ution processing to fabricate a Zn0O based channel
layer in a TFT. Additionally, the dielectric my be an
organic polynmer and the TFT nay be of a dual-gate.
top-contact structure. This nmy have the *000002* 2
advant age that the channel |ayer is easily produced

é&ﬁzh&g SthRf BE @5&91@1 1%9&% b@gﬂy pibdueedilising B rééﬁfser {fMtion, without
Ig vacuum or for Ig tenperature The di el eCtI‘IC

t]hé%g{]d {SRY; Q/aﬁgﬂg n? gc)é zl%ﬁg%éer%m\f %ep(Pqucq}lc S SMP 1)na§ Bg fhade of a

ave I'ng mNtenpe

ti. ble with a die]ectric_strength proven

R eiliingt GOt v dhedivagogs GF S B Pefane
oxi de. Also eci se_al i gnment agai nst the el ectrodes
w&ymcnm@ésa«bgqqmth adlicleqtasteength provemehgsiilarde that of thermally
fl exi bl e displays incorporating one or nore

5 @obadilivenbsideaAlso peccireatigameiitragamptathe alectandts heaydmib be required.
active matrix displays or display panels in the
BhWRbsl, gt MU fedible disPlags inkopbrafiaf bh€ b Mbre embodiments can
expreSS|on of the invention there is provided a

E?EEL(SQ&’QS trhihare arfd B H&dl@gctﬁfepl:-[nﬁﬁlsg)ﬁa?%&e&% n}é}g%?m'ls'%%he

a second particular expression o
thh%‘i c%wp vided a TFT as recited in claim16. The
i P’]Vt"i' arﬁl so be inplenented as recited in any of
claims 2. to 15 and 17 to 20. .15 BRI EF DESCRI PTI ON OF
THE OCRAGRGRrEs Iaaxprsssien ahthe invsatign therres gFovidsde method for
enbodi nents will be described with reference to the
10 prodwmmmYFhgs decated mpdaim h whi ch:
In a second particular expression of the invention there is provided a TFT as

recited in claim 16.

The invention may also be implemented as recited in any of claims 2 to 15 and
17 to 20.
15

BRIEF DESCRIPTION OF THE DRAWINGS

By way of exarﬁple only, one or more embodimeﬁts will be,describe'd with
reference to the accompanying drawings, in which:
Figure 1 is a scherr;atic drawing of the cross-section of the dual-gate'top-cbntaét
20  TFT structure according to an example embodiment;
Figure 2 is a.ﬂow diagram of the method of fabricating the TFT aqcording to the
example embodiment; |
Figure 3 is a schematic drawing of the cross-section of the TFT being

manufactured during the forming of a substrate;
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Figure 1 is a schematic draw ng of the cross-section
of the dual -gate top-contact 20 TFT structure
according to an exanple enbodinment; Figure 2 is a flow
di agram of the nmethod of fabricating the TFT according
to the exanple enbodinent; Fgure 3 is a schematic
drawi ng of the cross-section of the TFT bei ng
Manuf Belid4§e a dblidnilic dBvih LI HRGr&s-sBctRIBTHRATET bding
Figure 4 is a schematic drawm ng of the cross-section

' i ' f
it L 09 BB RS P P08 s QRO 1 Pf g e
and anneal i.ng .t he channel |ayer; Figure 5(a) is a
lélﬁﬁé‘ﬁglap%eag‘PgWerfS‘a%‘fe?ﬂw L:cross-section of the TFT
bei ng 5 manuf actured during the form ng of source and
dr ai rFigure(@)dsle schisynalia drayfing pf the censsiseriion ofithp FIET beipy
is a schematic drawi ng of the cross-section of the TFT
faanufactured dufing the femnidy of supréeandf dainietegtrodesdyuwayeofoapih coating;
drain el ectrodes by way of inkjet printing; Figure
6(a) Fi%ux% 53616 ABEHetnic Avdwidg Of thelteoss sefmSsTehd PFT Bking
the TFT being 10 manufactured during the form ng of a
SueREhich Subi B Db M ARl SHpdes bR bR
bei ng manufactured during the formng of a dielectric
I?rﬂg}‘é‘g’ by way of inkjet printing; Figure 7(a) is a
schematic drawi ng of the cross-section of the TET .
bei ngigwEN@de e%@alaae dAraygng pEthe srassrsection of thpat kel being
el ectrode by way of spin coating; 15 Figure 7(b) is a
memdaduned duriagwhedomiing béa dietestricslayeribyrnwvayf oftspin coRting;
bei ng manufactured during the formng of a gate
el ectFigake 6fly) ivva gcteimatio rating of theichgs-section of the TFT being

manufactured during the foﬁning of a dielectric layer by way of inkjet printing;

Figure 7(a) is a schematic drawing of the cross-section of the TFT being
manufactured during the forming_ of a gate electrode by way of spin coating;

Figure 7(b) is a schematic drawing of t_ﬁe cross-section of the TFT being
manufactured duﬁng the forming of a gate electrode by way of inkjet printing;

Figure 8 is the top view opﬁcal image of a ZnInO top-gate TFT with patterned
PVP as the gate dielectric;

Figure 9 is the x-ray diffraction (XRD) pattern of the ZnInO channel prepared
by fhe precursor solution pfocess;

Figure 10(a) is a schematic drawing of the electrical connection for the I-V
measurements of a bottom-gate TFT with ZnInO channel layer;

Figure 10(b) is a schematic drawing of the electrical connection for the I-V

measurements of a top-gate TFT with ZnInO channel layer;
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Figure 8 is the top view optical imge of a ZnlnO
top-gate TFT with patterned PVP as the gate
dielectric; Figure 9 is the x-ray diffraction (XRD)
pattern of the ZnlnO channel prepared 20 by the
precursor-sol ution process; Figure 10(a) is a

schemati ¢ drawi ng of the electrical connection for the

channﬂg | aggﬁp ?raﬁf‘ o?d&%é;ﬁ?&&%ﬁtg%%{;nm ; g‘l«ng \Mpgltput f
PR oGRS ﬁ%’%‘néﬁwrléf;gl HGef: s o

11(a) raph of t drain current I.t age

(1d- \ngursﬂt Bntlf 2 B%?PQ@E the c@em&gﬂsm—sﬁ%v dmgatt@nsfer
Znl nO TFT shown in Figure 10&_{) gure 11(b8 is a
¢hagsteristicy crféh@b@ttqmwtgatlerzeﬂmo eShOb’Fltlmﬁ wufe H(ely)
transfer characteristics of the bottom gate Znl nO TFT
showFigire ARG iea gaph pf the draigengent2drain voltage Jr-dahowput
the drain current-drain voltage (1d-Vd) output

AhddcaisBES &tthé?&p?até PEInOOPF DM vidRl MQrd Th(haan i n
Fi gure 10(Db) Figure 12(b) is a graph of the drain

R S NG e o
RS TEN T PSR 2R T h BB dr GOl an

exanpl e enbodi nent. The TFT 100 conprlses a substrate
103 including a highly B- doped Si (p-type) |ayer 102
and a S|I|con d|0X|de (Si02) layer 104, a zinc oxide

Bl | ayer 106 on the Si02 | ayer 104,

source 108 nd dr| n 110 el ectrodes on.15 the channel

| ayerFigl@,1 showsagiai-gate iy-fth-thasiedr (TFa00kccoriiages an
112 on the channel

example embodiment. The TFT 100 comprises a substrate 103 including a highly B-

doped Si (p-type) layer 102 and a silicon dioxide (Si0,) layer 104, a zinc oxide (ZnO)
based channel layer 106 on the SiO; layer 104, source 108 and drain 110 electrodes on

the channel layer 106, an organic polymer-based dielectric layer 112 on-the channel

layer 106, and a gate electrode 114 on the dielectric layer 112.

The p-type layer 102 may have a resistivity of 0.001~0.006 Q-cm. Alternatively,
thjs layer may be transparent glass, or polymer substratés that are transparent and
flexible. The p-type layer 102 is approximately 500 um thiék. The SiO, layer 104 is
approximately 100 nm thick and functions. as a bottom-gate dielectric layer.

The channel layer 106 may be ZnO, ZnInO, ZnSnO or InSnO and has an
amorphous structure. The channel layer 106 may alternative also comprise of a Ga-

based oxide. If the channel layer 106 is ZnInO or ZnSnO, the molar ratio of In or Sn
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| ayer 106, and a gate electrode 114 on the dielectric
| ayer 112. The p-type layer 102 may have a resistivity
of 0.0010.006 K2-cm Alternatively, this layer may be
transparent glass, or polyner substrates that are
transparent and flexible. The p-type |ayer 102 is
approxi mately 500 mthick. The Si02 layer 104 is 20

| ﬂ@%@?ﬂ ﬂﬂ@&ﬁlgx 0%6@1 rim)tgbl e ARGnLIUBR: 108 128630 nm thick afier

bottom gate dielectric |layer. The channel "| ayer
By he ZnQO, Znl nO, ZnSnO or 1 nSnO and has an
annrp Ous structure The channel |ayer 106 may

alternpative 0 ased oxi de.
channEe foxire; 10 %G‘@gdy Aiﬁ@eggo%%%qrﬂga Iea%‘ ‘?fa Q\“/T‘ Zn,
of Inor Sn 5 may be in the range of 0.01 to
Nleeor &ga Anwlorgaaicceandiy erganic ¢eadadiverinkshilb swr@fe}OS and drain 110
anneal i ng. The source 108 and drain 110 el ectrodes nay
dlectiodbsinkiy ®e @ 00nm tAtk. T sodYeé T08 adddrainVil 0dlech@dedre 180 um
i norgani ¢ and/ or organi c conductive inks. The source .
%ﬁﬁ and drain 110 5 el ectrodes may be I OOnm t hi ck.

e source 108 and drain 110 el ectrodes are 180 m

? g?rt %%Elggtﬁlgllé%zﬁl\l/? }?ﬁ%ﬁéﬂ%ﬁ} gollef%sg ore: nie pd‘fy 42 1n)5lphenol
ol y-vinyl -ci nemat e &PVO met hyl - met hacryl ate
ROl Simskommetis RYG Y RS BTGP BN ABMMAY, o &
pol y- 4-vi nyl phenol (PVP) and Benzocyclobutane 10
¢oBdByationid patyyndsesuct na po g sy Iphsnolt(PVE) padiBenzocyclobutane

" tenperature solution-processable and its dielectric

@CENBVIR maybdelvantagdons as it i foat teaipetanee solitign-pgrooessable and its
silicon oxide. The dielectric layer 112 is 300 nm

Jl@le&lﬁc 3R, e?h bl b%%Hﬁﬂﬁ' 14 tfht 8nthehAlyerdha sﬂicSﬁ bkide €Bbhe

he gate ectrode(s) 114 are approximtely 100 nm

I norgani ¢ an organi ¢ con UCtIVG In

The gate electrode(s) 114 are approximately 100 nm think and may be metallic

| ‘%?feg\‘g‘, %(}@r TR isPf 0k ﬁh(gé/ it rov@ £ soufte 1084nd Ainl | 10 sé@ctrcMQs

- e.g.: Al; Au, AwTi, Zn, Mo or Ag, or inorganic and/or organic conductive inks.

Figure 2 shows a method 200 of fabricating the TFT according to the example
embodiment. The method 200 comprises forming a substrate in 202, applying a ZnO-
based precursor solution onto the substrate to form a channel layer in 204, annealing the
channel layer in 206, forming source and drain electrodes in 208, forming the dielectric
layer in 210 and forming the gate electrode in 212. |

The method 200 of fabricating the TFT according to the example embodiment is
now described to a greater detail with the aid of Figures 3 to 7 |

Figure 3 shows an example of how the substrate 103 is formed in 202. First a
1"x1" p-type layer 102 is provided. Secondly a SiO; layer 104 is thermally grown on the

surface of the p-type layer 102. The SiO; layer 104 is cleaned using a piranha solution
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15. Figure 2. shows a nmethod 200 of fabricating the
TFT according to the exanple enbodiment. The met hod
200 conprises formng a substrate in 202, applying a
ZnO- based precursor solution onto the substrate to
forma channel layer in 204, annealing the channel

| ayer in 206, form ng source and drain electrodes in

Chr I :
CHE R0 P TR i n

fﬁ%a c|>1%1go}1 Por 1-5 mlgﬁf:eg o grow%[e achafdr %élg)%asrrpfl g .él“ihfs iavif(%lhowed by

escri

e a d of gures 3to 7 ure shows an exanpl e
Piow i eRpe ks rid Bor ¢ bain ?h%h%.n 202. First a
1"xl" p-type layer 102 is provided. Secondly a Si Q2

N ayerFlm 4 showsensuthpleof dovminma channeklgydra0d opfo thp 810, layer

p-type | ayer 102. The Si2 |ayer 104 is cl eaned using
BO4pFirsthimetad bhlides euchtas Zimd dhitorideetin ahlofide©br indintxdchiloridedre
= 2:1) for 10 mnutes followed by ultrasonication in a

disd R setAaddPdonidted ] EhikRestb Tl H8is@dlve.
hydrophiliC surface. This is followed by " a blow dry

Shove Bre TR of‘?‘n‘lﬁa@s@?ﬂ& Al B3y o
iPfuchhe g cPitel ey Tt The ih poiacs a?r?%rmeﬁef §t50koRds per

dlssolved in ethyl acetate and sonicated for 15

RHMR GRM frBQIsegonds-siligryativel, theZn-based rosueser ﬁ@éﬁwn can be
solution is spin coated on top of the SiQ2 |ayer 104
appbiddiusing dtopecastirgorahkjktayeting 0BropTdastingodmpsiba praegrsos solution
performed at 4000 rounds per mnute (rpnm for 30

dieedndato the SED1aydrvuol yAfiédipdsifibmakeshnipl€Buk&baked on a hot
sol ution can be 10 applied using drop casting or

pladeJaetomo o il Mur kXdePaif. A Hel ZHInORATi 1InFteP bAEHS £ nm thick.
solution directly onto the SiQ2 |ayer 104. Aiter

oAbl LR 5. P ABGIS RSO s
EJOQE for eﬁlfeasgl h(s)ursrilhls 1n&uces !fle formation and growth of the channel layer |
106. The channel layer 106 is about 50 nm thick after annealing.

Figure 5(a) shows an example method 208 for forming the source 108 and drain
110 electrodes. A layer of 100nm-thick metal 120 for the source/drain electrodes is
thermally evaporateci using the gas phase deposition process on top of the c\ihannel layer
106. The sourcé/drain electrodes 108,110 may then be patterned through a shadow mask
122 or by using other standard photolithography techniques. |

Figure 5(b) shows another example method 208 for forming the source 108 and
drain 110 electrodes where conductive inks are inkjet printed on top of the channel layer

106 to form the source/drain electrodes 108,110.
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Anneal ing 206 is perfornmed at a tenperature higher

t han 200C but | ower than 400C for at |east 1 hour.
This induces the formati on and growt h of the channe
| ayer 15 106. The channel layer 106 is about 50 nm
thick after annealing. Figure75(a) shows an exanpl e
nmet hod 208 for form ng the source 108 and drain 110

el ectyp ?%?%atltﬁx% seéfﬁeﬁ’QO@qg@fgs&lli‘dn?h yé @Al B2 bALE bdthen- gate

source In e trodes 'S er ma evaporated usin
osrtron process on top of the channe

ﬁogvgﬁécﬁ'glgﬁs%cgu ource/drain el ectrodes 108, 110 nay

t hen be patter d th[ h a ShadOMIHHSk 20 122 or by

usi ngh YrHRg the he difers aprrrg% 19 starfoymppaningHfrggpis polymer-based

Fi gure 5(b) shows another exanpl e met hod 208 for

precursargotution 3oty Wewtl 6B pelsidh-vidylphenol powder(malesidas welight

conductive inks are inkjet printed on top of the

®war20000) 836wt %Gfoly (nélaninctdoefosnaidele/ddy ad acrebsliikingl@gent and
108, 110. 7 If fabrication stops after 208, the

TS Wil AN eGSRy HonbRethyPaRéach@ld (‘P@i\@ﬁ]\?as the solvent.
t op- contact TF structure Forntng the dielectric

Lg?;riﬁjgﬁs Ve ttﬁ’er %&éﬁé@g géeaggf {h? Gr ﬁ:ﬂ étﬁﬁﬁl&gl\)&sed precursor solution
SR D500y T orlnel dep BBty el Rons NP g e

as a Cross- Irnkrn% agent and 77.5 w. @6prop | ene

gl ycoFigrisismeshays hewibe prsewsernselytionmeay) beapphipdto the channel
solvent. Alternatively, the solvent used for the
layerai6cThoprgowserizabion s spiniceated a8 d00@iponfoc 80 séndnip aiver the
n- but anol, 1-propanol, n-nethyl pyrrolidone (NWP) or

eaahél NSyer 166 gl fe @éﬁémédtwwcet@u//dr laeaip EREHES 08,21 Ot THSample
may be applied to the channel 10 |ayer 106. The

RARGHUREd of @ hoi p1oe (1 & heR di‘os‘éQiHl(S@) Al oé@ﬁrrg%tngres @Rder air.
seconds to cover the channel |ayer 106 an d t
gg% le’gl'{beﬁlvﬁ %EP B3 AR YREmEd Hifly EESHERESht 3(9—835%8-) thtbGgh a
shadow mask. The PVP layer 130 is exposed under ultra-violet light for 6 minutes at a
distance of 18cm _frotn the light source with a UV power density of 1 mW/cm?. Since
PVP is a negative photo resist, the exposed part will become cross-linked while the part
protected 'by the shadow mask will not be cross-linked. The PVP layer 130 is immersed
into PGMEA solvent and the exposed part will remain forming the dielectric layer 112
while the uncured shadow mask protected part will dissolve and be washed away by the
solvent.

In place of spin coating, the process of drop casting or inkjet printing_can also be
used to form the PVP layer 130. Figure 6(b) shows another example method 210 for

forming the dielectric layer 112 where the dielectric layer 112 is produced and patterned

using direct inkjet printing.



10

15

20

is then baked on a hot plate (i.e. heat cross-Iinked)
at 100C for 5 mnutes under air. The PVP layer 130 is
patterned using ultra-violet Iight (X=352nm through a
shadow mask. The PVP | ayer 130 is exposed under
ultra-violet light for 6 minutes at a 15 distance of
18cmfromthe light source with a UV power density of

1 mfﬁggder% RAfy ¢t ([P ygs ik tfle @%‘d\{ﬁlgmgf\%ﬁkﬁé&ﬁ% strengthe the

eXpose part econe Cross
hadow b -
SRS Pal mf»éa%w?n % Rty v A el ‘F’lf;%rﬁwmaiﬂa 0.1

t he exposed part will remain formng the d| el ectri

Tery éar heaucuripg it LOQ*efor A Gunuas. spd sk ndﬂéﬁ%@%@ for between
part will dissolve and be washed away by the 20
Hbinurertgs to [Ithopt.ace of spin coating, the process of drop
casting or inkjet printing can also be used to form

t he PNButea)£)shddo an Exghiple nieflind 2ZRdesfoamniigthe gats ahgotrede 114

-method 210 for formng the dielectric |layer 112 where

Wh&e Q'tﬁg -85k eleftrb@Y8 Forked HySth&thd H@eﬁﬂrz@i‘%ﬁ u@ﬁ\%ttﬁer %‘e%q)hase

usi ng Fect inkjet printing. 8 In order to

&e[p%’?%o{x hﬂ)lf:ta% hF%tg Wf‘g%ﬁ g?fogg ?}F g‘"}l) adg;h%hg&trﬁzisﬁ or P% using other

ac n, Wt ssure of appr oxi rrately 0.1 Torr
?t%‘f&Jang] otlithogrgp qﬂﬂe‘i ®or 5 mnutes, and then
between 175 to 200C for between 30 mnutes to 1 hour.
5 Fi giigare7i(B)shewsws aernasieergramplaampidad 212 of formingrthe ggfe
the gate electrode 114 where a top-gate electrode is
dlectrodd 1bH4 by heingmldirevigportiag intnhadel oy stitleagessngpinkgeprinting.
deposition process. Patterning nmay be done through a
shadoyhdmslt 6F212)s B Auilggatd dpLconSLETERN 0.

phot ol i t hography techni ques. Figure 7(b) shows an

al t er pighie\EshRWAMR loptieR ik Hb% 1A redublafii iihl-pAR t@REShtact TFT
device 100 pictured top down. The patterned dielectric layer 112 has been patterned to
have a rectangular shape by UV exposure through a shadow mask. The source or drain
electrodes 108 or 110 is thus exposed allowmg for electrical contact to be made forI-V |
testing after the PVP is patterned. The gate electrode 114 is aligned alongside the source
or drain electrode 108 or 110, allowing for an overlap of approximately 15 pm. The
channel layer 106 is smooth and uniform and different colour shades in the film arises
from its varying thickness. The randomly distributed black dots 140 are assumed to be
the voids formed inside the film during the annealing process and will not affect the
continuity of the film.

The x-ray diffraction (XRD) pattern shown in Figure 9 exhibits no high and

sharp main peaks when the scan range is from 20° to 50°. This suggests that the channel
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10 el ectrode 114 by using a direct printing
met hodol ogy such as using inkjet printing. The result
of 212 is a dual-gate top-contact TFT 100. Figure 8
shows an optical inmage 800 of a resultant dual -gate
top-contact TFT device 100 pdctured top down. The
patterned dielectric layer 112 has been patterned to
R Rt e 00RO Pl Ko ARSIt PIecab pion s
%n h§ t hus exposed, allow ng for electrical contact

> Beade for |-V testing after the PVP is

pat t Th te el ec 114 i al

Phe. SO istrigh pRFaHIGT S5 e EGnLoROLLD! 10 PG & & op-
for an overlap of approximately 15 gm The channe

gt dicle¢ 0 Was chamgetehizedhbly & penhigerdugted peiaffetar @nalyzes] Keithly 4200,
shades in the filmarises fromits varying thickness.

ifihke giaaatbin the darkt In dvdérad khbwokhetiet thelZiin@riewadsngrash t 0

be 20 the voids fornmed inside the filmduring the

RANEHALESr, REOESot-2ate T With 80,3 tRChotidne gat€ IR dchit W5 tested
of the film The x-ray dlffractl on ( XRD) pattern shown

f'u@t ﬁ"hg léfe@tr%ale&)%pétfois ﬂg’e El&agik erlz‘ix@%gﬁgﬁb%ﬁgé‘gﬁhe bottom-

f he scan ran 'S su

el s uI t fro
ai%iﬁsgfa%ﬂﬂtrﬂﬁ tos5p ﬁ“ﬁd@ﬁaret b ieht %5 it 400
is amorphous. The electrlcal rfornance of th
rgeRsctivaly-d oz theteottprreate deviFe b maalrran'rétﬁm g@lta@e (I-Vq) output
dielectric was characterized by a sem conductor .
qharagtesisties amddhe/draim cukesint-paty valzaye, (14-B)itransfeecharactaistics are

"the dark. In order to know whether the ZnlnOis

presekiteddn Esgute $&@) e Figaledi(b)irbspebiitelyom gate TFT with
Si02 as the bottomgate dielectric was tested. first.

The efigrerinfalis £ SRR 6F tHRNFaiH TaMedtCdraiNl@cs G1-VZ) Higphithe
perfor%gncee%f t%eﬁbotton} gate TFT 1001 gng ?ﬁé P

J{lg%b%%tsﬁcs-rff-{hég&%nﬁggte JRRAG H8Y shbwh 'ngt’fg%:elﬂf(%). THE q/d axis runs
from OV to 30V and curves representing V, bias values of -20V (curve 1102), -10V
(curve 1104), OV (curve 1106), 10V (curve 1108), 20V (curve 1110) and 30V (curve

1112) are presented. The I4-V4 curves show that the ZnInO TFT behaves as an n-

channel transistor operating in a depletion mode, with good gate. modulation and

saturation at V430 V. A saturation current of 1.5x1 0~ A was obtained under a gate bias

of 30V i.e. curve 1112.

Figure 11(b) is a graph of the drain current—gate voltage (I3-V,) transfer

~ characteristics of the bottom-gate ZnInO TFT shown in Figure 10(a). The V; axis runs

from -30V to 30V and the V4 bias is 30V. The gate current I, (curve 1154), the square
root of the output current SQRTId (curve 1152) and the output current I3 (curve 1156)

as V; is varied are shown in the respective curves. From the I3 curve 1156 of Figure
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respectively. For the bottom gate device, the drain
current-drain voltage (l1d-Vvd) output 10
characteristics and the drain current-gate voltage
(1d-Vg) transfer characteristics are presented in
Figure 10(a) and Figure 10(b)iorespectively. Figure
11(a) is a graph of the drain current-drain voltage

e, WOL@M E%entqg‘éereﬂ% Ferabﬁb gﬁ?A of vihgy %EEH&HIQ&E& only be

ZnInO TFT shown |n Figure 1 THE Vd axie Fune

OV % re LN m V. es
9 e P%tu?ee aft Y 8o RarS bl 2% Pt

1106 &cuii_r,g 1108) gV (Curve 1110) and 30V
ff(gemweveslthat he Tk oppratssin adeplsiRn mads/d curves show
that the ZnlnO TFT behaves as an. n- channel _
t r ansThst figld-sffeetanobibityi ure af dalQTFEopensting indhe atyratian region
gate. nodul ation and saturation at Vd?30 V. A
Gatbercatnpatedaingeqtatin 1:. 5x10- 5A was obt ai ned under a

gate bias of 30V i.e. curve 1112. 20 Figure 11(b) is a
graph of Qe drain current-gate vol tage (Id-Vg)
transferF ad¥eri%di cs of the bottom gafld Znl nO TFT

shown in %igure 10(a). The Vg axis runs from - 30V to
30V and the Vd bias is 30V. The gate current Ig curve

‘whesa (; isithe.capgeiignee peigitt asea ofibe ser@preﬁu 3Rl Vet thetingsheld

(curve 1152) and the output current Id (curve 1156)
wdtapy Hege faarthie @mbodinsnwhe insulatoe forébpbattanv-gate strugsre is SiO,
Fromthe Id curve 1156 of Figure 10 11(b), the out put

with b €Nbf 265 9BRM P, 'Reck -9.857, Ah@éhavfelMdthhings 149anmethe
can onIy be fully depleted at Vg -20 V and the device

Hafthdl ?en{gﬁ-ra{ iy rIEO A e (}(ggut 20rrdt I,I'IQ 205 Qsilébk ang egbt%_voltage Ve

proves TFT operates i n a depletion no

BVSIft rared T aabhly (o 3 e Betvatie ARPTL TG et puicd o be
8% b /Q/n 1. 1 W2

Another important device parameter is the on/off current ratio. From Figure
11(b), the off-current is seen to be about 1.48x1071° A while rhe on-currerxt is.2.05x10°,
thus obtaining a h1 gh on/off current ratio of 1.4x10°. |

Figure 12(a) is a graph of the drain current—drain voltage (I3-Vg4) output
characteristics of the top-gate ZnInO TFT shown in Figure 10(b). V4 runs from 0V to
40V anri curves representing V, bias values of -10V (curve 1202), 0V (curve 1204),
10V (curve 1206), 20V (crlrve 1208), 30V (curve 1210) and 40V (curve 1212) are
presented. Saturation behavior can be clearly observed at V4> 30V. A saturation output
current of 80 uA was obtained at V,=40V.

Figure 12(b) is a graph of the drain current—gate voltage (I¢-V;) transfer

characteristics of the top-gate ZnInO TFT shown in Figure 10(b). V, runs from -30V to
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ID-2 1 PFEG (Vg-Vrh) (1) where G 'is t he capacitance

‘per unit area of the gate insulator, V,h is the

threshold voltage. Here for this enbodi ment, the
insulator for the bottomgate structure is Si02 wth

a G of 26.5 nF/cn2. Vih heralis -3.8 V, the channe
wdth wis 1696 gm the 10 channel length 1 is 180 gm
30N aRHIHRYL, 1AL 30U, ADVLSs Zarla, curfi 5593 S%B@skﬁkesﬁq%fe%gt of the

voltage Vg .is 30V. The fiel fect nobilit

of _t.he bot Znl ET is e
Sl bR o ee nﬁﬁafvt 2‘??18%?/ £ QI Eitadot 1 T for°eate Znino
,gﬁ_off current .ratio. From ure 11(b the

ORSIFICS HL 2 eI IOds SRECARO P! 64185@& fewevww%wgh value
on- cur r.ent is.2.05x10-5, 15 thus obtaining a hig
.ot 10” AuwhemY ; FY i Bhedevicestered to firg gn evhen g’a)ls m@wad 12V.
graph of the drain current-drain voltage (Id-Vd)
out puThe fidldeettanotslityCs--of tHeltopioate-Ah® THT wa3 comiputed to be
shown in Figure 10(b). Vd runs fromOV to 40V and

G.074 &8%/VS RERS SRbAtdE ()%3 PinAkis\e@sel§ theQfapacktafde p&GWnU@rea of the
1202), OV (curve 1204 OV (curve 1306) 20V (curve-

e e
BTG 2t oI b Siearad s A 0A, g ﬁe%a?tserh@e very low

drain current-gate voltage (l1d-Vg) transfer

oielf sutrentiratid efsappfoxithatelyold- dhe bighrafrQuTET issprotiailyi aused by the
Figure 10(b). Vg runs from-30V to 11 30V and the Vd
Uivaadiced pAdMocisenyon itise weay toptburfacy ofZnlRO Zham@lvs/hef patterning the
square root of the output current SQRTId and curve

tlaé?ﬂ‘te&f"&&ﬁn& PVPQH}‘e? %Sl P dn@ ke defhtivalhid ngatg #laRage tuleht

operates in a depletion node since the output

| m‘%ﬁ% t?{/?éﬁ%aze é‘gﬁ’%ﬁic&fﬁe Hl' % S\c[tﬂ{ré{ﬁ)n &lfto%uz% Wﬁﬁ‘éﬁ%\(}?é‘ 2x107A at

vice started to tur
‘9;=%%Qﬂwéslaﬁ¥5 caused by the UV induced photocurrent.

While example embodiments of the invention have been described in detail,
many variations are possible within the scope of the invention as will be clear to a

skilled reader.

LIST OF REFERENCE NUMBERS

100  thin-film transistor (TFT)
102 p-type layer

103 substrate

104  SiO, layer

106 channel. layer
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5 The field-effect nmobility PFE of the top-gate ZnlnO
TFT was conputed to be 0.074 cnR/Vs using equation
(1). C inthis case is the capacitance per unit area
of the PVP layer, which is only 3 nF/cn2. It can also
be seen that the off-current mas very high
(4.62x10-7A at Vg OV) while the on-current was 2.2 A,
c the very low on/off current ratio of
g%%r%??ﬁggg &O%g The high off-current is partially
Q 10 WV induced photocurrent on the very
p S PP58§189 Znl nO channel when patterning the top
ﬁfte dlelectrlc PVP | ayer by UV, and the relatively
2gh Yeleerird®age current  through the PVP top gate
dielectric. The higher saturation output current of
Pla2x 1gnteeddecitodeVg =30V was al so caused by the W
i nduced photocurrent. \Wile exanpl e enbodi nents of the
120venhyenf heva fhahe sslesddiaiededtroddet ai |, 15 many
variations are possible within the scope of the
ivenh@wamsi [ be clear to a skilled reader. LIST
OF REFERENCE NUVBERS 20 100 thin-filmtransistor
g E@,p type | ayer 103 substrate 104 Si02 | ayer
c ann F | ayer 12 108 source el ectrode 110 drain
ELFCI&§£§ 112 dielectric layer 114 gate el ectrode

200 method of fabrication

202  forming a substrate

204  forming a channel layer

206  annealing the channel layer

208 forming source and drain electrodes’
210 forming a dielectric layer

212 forminga gate electrode

800 optical image of a TFT

1001 bottom-gate TFT

1002 top-gate TFT

1102 I3 (Vg =-20V) curve of the bottom-gate TFT
1104 14 (Vg =-10V) curve of the bottom-gate TFT
1106 I4 (Vg =0V) curve of the bottom-gate TFT
1108 14 (Vg=10V) curve of the bottom-gate TFT
1110 I (Vg = 20V) curve of the bottom-gate TFT

1112 14 (Vg =30V) curve of the bottom-gate TFT



10

5 120 layer of nmetal for the source/drain el ectrodes
122 shadow mask 130 PVP | ayer 140 voids 200 net hod of
fabrication 10 202 forming a substrate 204 formng a
channel layer .206 annealing the channel [ayer 208
form ng source and drain el ecBrodes 210 formng a
dielectric layer 15 212 formng a gate el ectrode 800

[ Basy ttomgate TFT 1002
9?% ;ﬁ?%TTFT ﬁ%fztﬁ?g Om]ggglr%l?/) curve of the

B STt B et 5, 1,20 e
B S ST e 460 L1 10

bottom gate TFT 1112 Id (Vg = 30V) curve of the
Rt dﬂ‘ﬂgaf el Ofgrure: of thewpARITH cur ve of the
bottomgate TFT 1154 Ig curve of the bottomgate TFT
1204 14 (Vg =0V) curve of the top-gate TFT

1206 14 (Vg =10V) curve of the top-gate TFT

1208 I (Vg =20V) curve of the top-gate TFT

1210 I4 (Vg =30V) curve of the top-gate TFT
1212 Iy (Vg = 40V) curve of the top-gate TFT
1252 SQRTId curve of the top-gate TFT

1254 143 (V4=30V) curve of the top-gate TFT
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1156 Id (vd = 30V) curve of the bottomgate TFT 1202
Id (Vg = -10V) curve of the top-gate TFT 5 1204 Id (Vg
= OV) curve of the top-gate TFT 1206 Id (Vg = 1 OV)
curve of the top-gate TFT 1208 Id (Vg = 20V) curve of
the top-gate TFT 1210 Id (Vg4= 30V) curve of the
top-gate TFT 1212 1d (Vg = 40V) curve of the top-gate

FAmmg0 1252 SQRTId curve of the top-gate TFT 1254 Id
%%%FE*BOV) curve of the top-gate TFT 14 CLAIMS 1. A

met hod for producing a thin-filmtransistor (TFT)
conprising: formng a substrate; 5 applying a netal

oxi de- based, precursor sol utli on onto the substrate to
Form4& m%tdafl%r Bdyeing adin-Tlmatrnsistar 4V EF) compisiig ng t he
channel layer; formng a source electrode and a drain

el ectioodimgarsubsteateshannel |ayer; forming a dielectric

| ayer on the channel layer; and 10 form ng a gate

el ectappbiéng®n mebd oflidelbasddrprecursy 86lutidn oftfoahermibsnste to form a
according to claim1 wherein the applying the netal

B¥arskiBas8dd cRIfR§&E sol ution conprises a process
selected fromthe group consisting of: spin coating

t he qg&g¥ggﬁhg?gpﬂéq recursor solution; 15 drop

casting oxite-based precursor solution; and

forming a source electrode and a drain electrode on the channel layer;
forming a dielectric layer on the channel layer; and

forming a gate electrode on the dielectric layer.

2. The method according to claim 1 wherein the applying the metal oxide-based
precursor solution comprises a process selected from the group consisting of:

spin coating the metal oxide-based precursor solution;

drop casting the metal oxide-based precursor solution; and -

inkjet printing the metal oxide-based precursor solution.

3. The method according to claim 2 wherein the metal oxide-based precursor
solution comprises a solute selected from the group consisting of:

zinc chloride;

tin chloride;

indium chloride; and

any combination thereof.



10

15

20

inkjet printing the netal oxide-based precursor
solution. 3. The nethod according to claim2 wherein
the netal oxide-based precursor solution conprises a
solute selected fromthe group consisting of: 20 zinc
chloride; tin chloride; indiymchloride; and any
conbi nation thereof 15 4. The nethod according to any

of thepdheted 'a%r&h%k&%%ﬁﬁ@bﬁcéd?ﬁ% BBt wHé&bﬁlxeche Hﬁ{%ﬂ? dxide-

channel layer is a ZnO based chann I ayer .

HRLFORhAGCR 0216, 80 GlanfGkecedi N0 c! e

er éi n the annea ‘nel layer is done at
a tenperature | ower than or equal to 400C. 6. The
met hod according to claim5 wherein the annealing the
channel |ayer is done at a tenperature greater than
br eqlisg mehod gerording toranymfdherprepesingelamsiivhereinghaapesling the
the preceding clainms wherein the dielectric layer is
cHanfdldayer & dudk WE tenijeftredowbabian dCedual@r4008C. The
nmet hod according to claim7 wherein the dielectric
| ayer is selected from the group consisting of. 15 a
pol y- 4- vinylphenol (PVP) layer; a poly-4-vinyl pheno

PVP) enzo ut.ane CB) |,ayer; .. a : .
ol y. Ve PG Aok a8 R 5 Mstein UAEheplind the channellayer s
y- nmet hyl - net hacryl ate (PMMVA) |ayer. 20 9. The
E@ww&ateawtmer@eqt@ thanyorgqualte 280 ¥eedi ng cl ai ms
wherein the formng the

7. The method according to any of the preceding claims wherein the dielectric

layer is an organic polymer-based dielectric layer.

8. - The method according to claim 7 wherein the dielectric layer is selected from
the group consisting of:

a poly-4-vinylphenol (PVP) layer;

a poly-4-vinylphenol (PVP) and Benzocyclobutane (BCB) layer;

a poly-vinyl¥cinémate (PVCi) layer; and |

a poly-methyl-methacrylate (PMMA) layer.

9. The method according to any of the preceding claims wherein the forming the
dielectric layer comprises a process selected from the group consisting of:
spin coating with an organic precursor solution;
- drop casting with the organic precursor solution; and

inkjet printing with the organic precursor solution.
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di el ectric | ayer conprises a process selected fromthe
group consisting of. spin coating with an organic
precursor solution; drop casting with the organic
precursor solution; and inkjet printing with the
organi c precursor solution. 118 10. The nethod
according to claim9 wherein the organic precursor
solution is prepared using: a poly-vinyl-phenol (PVP)
powder; 5 a poly-nel am ne-co- fornaldehyde

£.05>1hd B9 RSR T 5 0m LR o, oG Dffhog

accor erern e SO Sel

fro ﬁée group consisting of: 10 propyl ene gI ycol
PHY$ et her acetate (PGVEA); n-butanol ;

1 pr opanol n-met h rrolidone (NWP); and acetone.
15 12apqime/mwémh9@ple§§8§¥m\ﬁ@erto clains 9 to 11 wherein
the formng the dielectric layer further conprises:
baki ngpélpendamineaiorfoembldyteyde esosadinkingaipentt aide;
patterning the dielectric |ayer using ultra-violet

i ghty e Shadow mask; and 20 heat curing the
dielectric layer in a vacuum oven.

11.  The method according to claim .10 wherein the solvent is selected from the
group consisting of:

propylene glycol mbnomethyl ether acetate (PGMEA);

n-butanol; |

1-propanol;

n-methylpyrrolidoné (NMP); and

acetone.

12. The method according to claims 9 to 11 wherein the forming the dielgctric layer -
further comprises:

baking the dielectric layer using a hof_ blate;

patterning the dielectric layer using ultra-violet light and a shadow mask; and

heat curing the dielectric layer in a vacuum oven.

13.  The method according to claim 12 wherein the heat curing the dielectric layer is

done at a temperature lower than or equal to 200°C.
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13. The nmethod according to claim 12 wherein the heat
curing the dielectric layer is done at a tenperature
| oner than or equal to 200C. 17 14. The met hod
according to claim 14 wherein the heat curing the
dielectric layer is done at 1d tenperature greater
than or equal to 175C. 15. A nethod for producing the

14T apOheihBg al @rdRY t(pélaﬁlh €4 WhEERFHHE %e&lcﬁhﬁé thelielectric layer is
wherein the formng the substrate conprises? providing

G SR oeatepr iy A oG OO e

transi stor (TFT) conprising: 10 a solution processed
nmet al oxi de-based channel |ayer; a source el ectrode
and a drain electrode on the channel |ayer; an

br. ganA metha foc pradocing yler TIHh a¢doediog tnangi ofltle/precedimgiclaims
gate el ectrode on the organic dielectric layer. 15 17.

wheeihftle fea@ighhd ubistra! cdiiprisés: wher ei n t he net al
oxi de-based channel |ayer is selected fromthe group

consi B{,la rgoj%g%}l)gtpgn%& Y& a ZnSnO layer; and a

InSn Iaye The TFT accordi ng to cI al nms 16 or

pol y ‘Eg‘%anlgteggg%‘?‘ré%ﬂ?%“é’?g%em e B é{?xy d'Si [3yét.

16. A thin-film transistor (TFT) compris.ing-:
a solution processed metal oxide;based channel layer;
a source electrode and a drain electrode on the channel layer;
an organic dielectric layer on the channel layer; and

a gate electrode on the organic dielectric layer.

17.  The TFT according to claim 16 wherein the metal oxide-based channel layer is

_selected from the group consisting of:

a-ZnInO layer;
a ZnSnO layer; and

a InSnO layer.

18.  The TFT according to claims 16 or 17 wherein the organic dielectric layer is a

polymer-based organic dielectric layer.
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19. The TFT according to claim 18 wherein the

pol yner - based organic dielectric |layer is selected
fromthe group consisting of a poly-4-vinyl pheno

(PVP) layer; a poly-4-vinyl phenol (PVP) and
benzocycl obut ane (BCB) |ayer;18 5 a poly-vinyl-cinemate
(PVC) layer; and a poly-nethyl-nmethacryl ate (PMVA)

isﬁyerThezf)F T 3Q@rdifd tcﬂﬁ&ﬁﬁ{ 8 Refeh ﬁ@}’)o%eﬁdbﬁiéaﬁ)réﬁné Giciktric

further conprising a substrate layer ™ on the channel
i Zeeée%f'%ﬁé@ Gk BBERLICr 5 GPass 1 ayer: anc
a p0| d g(ﬁy-4-v1};}§l£>henol (PVP) layer;
a poly-4-vinylphenol (PVP) and benzocyclobutane (BCB) layer;
a poly-vinyl-cinemate (PVCi) layer; and

a poly-methyl-methacrylate (PMMA) layer.

20.  The TFT according to any of claims 17 to 19 further comprising a substrate layer

‘on the channel layer selected from the group consisting of:

- a B-doped Si layer and a SiO; layer;
a glass layer; and

a polymer layer.



