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Abstract

Thi s itshecsdamscericaebnwi f adfr i palt y mear materi al s
thin film transistor (OTFT) -ppptecsaabloan ama
mol ecul e and conj uAy ameetdh gododl éyansel ro ptehdi-nt of iflom.m
assembl ed amircaysbwo frceomatnroo/l | i ng sol vent evap
fil m #drheapped i n between a substrate and a ¢
processabl e materials were successwiutlh y p:
par t ifcoucluasr o0 ne dc opng luygnaetr s matteypeats,pasuch

semi conductor polymers, and condafctdwaeh pol
fine patterned materials were demonstrated
el ectrochemical Tthrepabymeopr sFETECMeasur emen
demonstrated that the depimnnt e maanndhe ofangr/ of
of charge carriepmnm AdBIOtopTy AWIBSO. f Fom t he

el ectrochemical transdstorn, smhé¢l dappte edan
bias (|l ess PahtanerM. 5 ovoaonlatt $ on wiegshpatotmprd n c a
transfers pndcesastern formati on dRunratnmiecrs, htah
recrystmddhamitsmnof amoe piloa@ st sdnuaal tfeidmmo ns p i
di f fseubesnttr at e wlht fwomuwneds ttihgaatt eead s mal | mol ecul
from different Ssubstrates can have differ
di fferent scesnudrsitoc acdfenmadaediachis s can dr amat
the conductivity of the crystalline fil m.

in detail through examination of both gr o\
amor phouslrhmatrreisxu.l t s tdihotweed atchtaitvalho on ener
mol ecul e obtained and the crystal growth pr
were different during the crystallization |
annealing time intilpehgmserooarybeabkbmpsphti br

studied experimentally.
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Chapter 1

Introduction

1.1 Hi st ory of transistor

1.1.1 Poi-cnant act and bipol ar j un

At the beg2bbtneinntguroyf, tmo&t bebttbei watl dts we
on the development of radar, with few payir
During that ti me, semiconductor materials

' imitatiores obnnhnechedquo their purificati ol

materi al of both high purity and quality;
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same procedure would produce totally diffe
i mpuritieeds taorgeetrhiex wit hi n ese mbad @e@mwaewmetsor s,

decided by the variety and gquantity of t h

behaviour. This was the genearnale |seictturaotcihoenmi
Rus s e][l],a cOdhilldleynt faenunjdunactpp on i n an experi men:
clarified through additional research. I n

purified germanium might be thdnf doOal2, poi
physicist SyYmauamrdsBrgker criyusnt agli voefs gaenr neaxnc e
performance on a rectifier compared to ottt
di scoveries which made semiconductor devi c
Af t eBe ctoiedr | adr Wended i s3th?4e5reaseaaolcihd group
Belabatrories in the United States. The firs
new el ectronic device which could alter a

in telecommunications at t hat ti me because

moderamnmelliyfi ed through it, but the transmis
its drawbacks, including big energy consum,j
was unrealizabl e. One of the | eaders of th
resktars to focus on germanium whil st al so
where the application of a strong field ir
surface of semiconductor. This idea | ooked
peoplled ccoount r ol its pressure and modify thi
Bardeen and his coll eague Walter Brattain
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the -pontmnact [3] rass sHibgae 1i nunrd2 Fbh gl o w.

Fiug 2. Phot ogrntdaphotodt ype cofnttalce p owiammivenoedt byt
Bardeen ainnW Beacé¢ maée mofl 94 a1l dsAfistt ta lpossn gp roeerses eadd gdeo wn
into the surface of a wedgmwm,nifuor milrmd tbwo ac lpmd glsyt

to thi8]l.surface

F
gg;:;i @D ’

Fiugk. Phe schema'taipoo tadotratga @atm tofansi st or
T ac quif r@dnf3R]
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They call ed fithriasn@gridsw ojteovitarma na e a a oasfcktr he t e

fresoSherinventors explained it as foll ows:
el ectricaH is9d gamadl,i fwihad when tr anFsifgeurrrei ng t
1.1 Fagure 1. 2, it catny pcd eqerl ipa rbieu ns eveans t cheapt
met al sl ab, -taynpde awalsa yfeorr noefd ppn i t. A pol ys:
gold foil owidadk aofmabwawt cBad eful ly slit al o
using a spring to press it into the ger man
fully touch the materi al at the contact p

cl umsy anidt uwasst aubnideooubt edl y a magni ficent b
el ectronic devices.

As ot her people focused on tryinlgadged enhar
transistor s, another i@d@eami stdar Hedwhe f omek

t woypes of semiconductor were put together

asnmp oppkn,n t he semiconductor in the middle c«
of a lack of el ectrons, while both of the
modul ating the middle | ayer, the number of
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collector

Base

emitter

emitter

Base

|

I

I
Mm

collector

Fi gairIT.h@wo t ypypepudbtrtamai stor s

The differenoathaottheapsiator uwaenthdt oiwe d
through the inside of the selnfiebrnuaircyt olr9 4 &«
under S$shogwWwildkance, hl cslemyirveppephiycei medtan e x
Foll owing his report, Shockl ey Atalheedamé
ti me, t hr oughouwtohShiivse emxpteirdenke nt haft t he r
semiconductor must have high purity and be
expert LatbosBeliled to comuwiencseirng@ditexlkffi enpst eoad

pol ycr ynatt ®lt loiafeabri cate the device, since t
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di

ffracted by grain boundaries. This sugge:

t was theref®m@radvViuckyr e hahededdck Morton,

Lapbswhotamet was | eading a gootpctryrmagstoet
commer ci al real i ty. He accepted Gordon sug
fabricated this junction type transistor
col |l eague Md]rigmna na dSdiatrikosn , they were able t
amplification function. Based on the contr
the performance of this tjhehotisminddI & hilga ypdror
of the semiconductor. The bipol acontramtsi st
transistor.

Up until this point, every idea and device
t hat a key probl ebmadwa s atnsatst ges mamiudm@d not
consecutive hours and there wer ettshtaitl | t he
sil-basead transistor i mplementation was sti
before Teal d e mo rbsatsreadt neddi stt tomr e epr it loit y@re s é
engineering conference. Foll owing this, n
| aboratories realized that replacing ger mal
began to focus on silowmwminshdd amdsdavelope:
and engineers began to consider the miniat
the transistor had to be connected to other
Jack Kilby, a jumi €alefhgirmear |wet kiumg nft a,
the reason we have to connect al |l kinds o

27



achieve functionality is that fbeyywehe fa

transistor was omagdhet otfh asti Iwecroen .alHe tthhe r aw

silicon, more transistors could be produce
of the integrated circuit (I C) was born.
1.1.2 Fi el d effect traosi déor

transi stor

I n 1959 ,alkdreatBeerlyf slci enti st Martin Atl |l a, &
uni f oroms ifliilcno n3 )i ocxoiuded (be formed through t

vacuum[gpbeoeml ey had put forward the field

this i1 dea had never been realized. Bi pol ar
devices at that time, but the idea of the
cocreptual difference between a bipolar tran

former depends on transmission through minc«
on majority charge a@mdr hies sc o lAlng asgcuieelnattibset,
Dawon Kahng, invented ®&MBrE/alk nfoinenl ca se fafne d tn stt
gate efiectd trangi@uioack!| y FETmaj or semi condu
manuf act urreesd ttrheensrf eattention to this new d
Wei mer research group in the Radio Corpora
film transi si7/ofrh gyl Fdli)sdomv elr9e6dl t hat transi st

through an evaproran etdhes eimncwinatuant ol ayer . T&
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means by which thousands of transistors co

was also able to realize different electro
st amp. I'n 1962erSweveonuRg EBoffjshei n- and Fr e
found that a conduction band, high resista:

be built up through ther mal di ffusion and
a breakt hr oughc aemee citnrtoon | loeiigsdgpmii ceeo maeed @tl or  f i

effect transistor (MOSFET) . Fitgsdrdetedl oot ur e s

gate

Source Drain

Si 02 Drain

gate substrate

p-type

source

Fi gulr.éhe st rmetioaxii-seleemifconductor field effe
( MOSFET)

This schedamo#t ytprea MOS Whreanpost or ve voltage

source and drain has been applietdt hel ectrc
surface between the silicon and insul ator,
the oppodirectiedm.r gWhasseseu frh e2eai ent |, the curr:
wi || flow from source to drain. The gate c

al sda ygpeP MOS st rbaunts ibsetcoaruse of the speed of t

29



sl ow compared with the electron, this kind
that the success of the bipolar junction t
breakthrough i n t he el «otowmniscesmiicocustct v.r

computer chip manufacture companies have e

transistors, including Shockley Semiconduc
California Instrument, | BM, I nt el and AMD.
industosesthe world. Even today, I nt el s
in order to integrate as many transistors

speed of operation.

1.2 Mooasel aw and chall enge

After the MOS tramedstohewastegmmeéedi ali r cu

rapi dl y. I'n 1965, about 50 transistors wer
Gordon Moor e, a cofounder of I nt el and Far
invention of integitated ¢thecdensi wgubtli rcem

increasing-expmoeatealbly!l y;evtehreyy yweoaurl.d | dnodu
mi ni mum component costs have increased at
yeBrWhi |l e, the first commerditaelr mixr ypraosce &
I nt el corpdB@ad0i bnandwathemr ,on hei mgdmdaerre of t
4681 mes complageéeid. witt hcam be cal cul ated that

indeed nearly doubl ed evéiiy yead. cltn oh97 5,a
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a period of one year was not accurate, and
accurate statistics, it seems that a perio

Fi gur.ldbe | o w.

TN, 000, 200
‘L‘;I"HIH‘”U
1 000,000,000 Go® "ﬁmalwl:lﬂ'
S .I‘I:- N
[ ]
!-:f:
160,040,000 F\in1i|.n|4.l£'l_£mg'l'nJm""
ﬂ .
c 116,406,000 i 1
= ¥ i1, MM“: -
B L e
c BMAE g
o 1000000 "
': Gag0
fozss e * 63030
10006000 ® 55000
55000
B85 ® BE0EE
10,000 L
ugd *
# 0400
1ogp 0
“lere s veen I9EE 1990 1% 2000  M0E a0 0%
Year
Figur ellheé& .numb em oarfs on silicon)chip from (1

@acquirehdttfprédmwww. over ciwocikrmHmelb 1 &awil-b U 2 8 35/
cont-ti mue&ungeshi py/ 30

| nselcommersical el andestri al production tecl
14dm (i nA20tlBamisniisattovorni zsaitliiocnbnt wWwef émr,ansi sto
| engedc hes b5scnaalneo,meanrerel ect noenl vwoudmit ebd oabl
drai n, meaning that the gate was redundant
Moo elLaw would face gr epltTehre cdiad d cewegreys o fn ¢
tubes seemingly provided a new direction.
Japanese scienti dtQlts] pmanpd® unhai sBoo Ziwic 1A%RT le d

reseawhtsri ed tat rbamiblyds tlspr ng At ®r maeereinal ea
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the Dutch scientist Cees Dekker ctrtebéeed the
although the result was wunsatisfgroopy. Me:
begamonsisd exggtl @m t flaln sagsdtagprhene l PTraarsg isd too 1]

research i s damptsi rowmiendsy ,aLyawdwopiegre mobe appl i c

in electronics, or peopl s wiolrle feifmeécai way
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1.3 Aim of t he PhD wor k

Recenvdytronics i ndusotrrgyaithevee fppmeént rt anbest
hast tracted gr esptotiemttd rad sotcnattheagbridltoitagt 1 nt o
rangi ng nivrodmt hbe maempoweynfcy i ndeti ficati on

switching devices f or faucntd avneeonmmad m &€ xt ,d i istpd
performance to a certagoaRimopmgt adét ¢ hmi ma g
semi conductors baseidced ecttaloinmg t he organic
transistor (FTFT) for an exampl e, -it has

destrucdutvepremarty and i s capable of intec
buil d a Alitrgciuti shpasmbaoy advanarasegme, dt hwbac kb |
thht nder It i s, rewdh app!l hcgandimgph | cawe o n

consumphtaidemr s during the read operation wh
in ddse at et. hd hmesst i mportant work in my PhD
to aamateei al-a nfdtoyngded,d takk epg h me Wi phouo e smask

alignment, therebyweakdiucatn@goathpetr weoess a men t |
obtianign -Aeaar glei gh r ewseod fud é roend wmather i alhestruct
successf ulofld atbirainpda tynqpreg or gani c field ef fec
combining t haemr geanina keeo mpl ement ary circui't
Anot her i mpobeteadyegbateisnfluences on smal
semiconductor materi al crystal orentation.
chemicadt ment anidl lbuasrter astueb sttheéalideit f haventb e®t

observed angtcaptumedobgcope
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La,pdtut notinhmy | Rab tetkbpeckr i me n p al ynseetuedryi aolfs

crystall i zaitdemt ipcraolc essusb sotnr at es wi th vari at
temperature. As we know, tirmhei sgualvdryy oif mpw
facttlbpat can affect sipemrfeamaappllhed etilieve¢ce ma
sureumnmwkeer shandnat eriahd pfri@mdprptirgogos i at e anne;
temperature and time areomui E®@emnmaft elri aln
perf oremhamce mebipe ct r um eagbus gornpetnitomipd € Me e ¢ e d

instbBtudy by aNaontjhienrg sliouidveerwvts adttyt he r el ati o

temperad and polygmelbl febhmi on degree.
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1.4 Oven ew of t hhe Thesi s

Chaptervisenwer al aspects o f organic semi c (
conductivity mechanism,ofmatedustritaglpeapiploi
chapter al so contpahiemsom&@nknndwbfzdnalhywdalbee
reseanodanm she wWtivliiceed aibmi cat atoheescsfemt Clah pt
facl i taibersi cfadri on and ntshe ume as$dae sheaeirelh elde e nT h ¢
det ai | &i tdafonallaatmami ptuechni gueschn aasha pfta ct
|l ithergraphy, ther mal e Chhpmtreart i ©,n tare ti il ¢
moved t o dgahbeo ud p esqipfditye esroniwobggea ni ¢ semi condu
materials technique on well cleaned subst
mat erials that halvleowierqg sei ilseucef ai snxmahtred rine
cbmi cal easnd upcrtoupMarrtseewser al patter mil mg etdec hn
results have al so beenChdeepfigenrd torlt dnteevdr mignu | tt hsi
froOmapthert he organic f(l@HEIT)dTf fed tetemir ®malnsi s
trangiO&ECfdabrication by various methods, i n
| i-of ftf prgo c ehsasvien been descri bed, itnhededevilce

performance measur eone nlt avaer db egaurah @ pt tye re véad i usad

the | astt heekppt ement al part which contains
texture influences on smal/l mol ectul enorgani
The crystalline fil mrgeatwhdntonardh &budsrddr ast uelh s

the di ff egtehnatt shtarvuec tbhuereen observed and capt

Anot her experiment al part i n t htiasl Icihzaapttieorn
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degree with di fferent anneal i Tdeertmsme und e
absorption measureadmerutt has elvendfru adheer rtmad ep ri @
Chapter 7, thhe thesieneiisnt he whuadma rwo raknd «

in my PhDast oditlhenevoofkst bhbe deed in future
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Chapter 2

Literature Review

211 ntroducti on

The Nobel Prize in Chemistry for 2000 was
MacDi ar mdekan®&hHitehkawa sfcorvery and devel opm
pol yonemr s1977, this group found that the el
dramatically increased, systematically anc
magnitude wheni doped wapour, pmu3f Hlonduct i v
This Hrewakdng discovery resulted in the ov

only ordinary polymer materials could be i
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position of siliebecitmonhe mMaewviufcteact was af f
the possibility of raw materi al repl aceme
decades that foll owed, a considerabl e numb

across the world feadwmdsedlevedn opmgani ¢ Comp ¢

traditional i norgani c SC material s, orgar
advant ages, such -caosstheiamgd Itihgahtt tahnedy Icoawn b ¢
temperature. They are alismn sod utbH e sawnikds thraarte
them competitive with silicon and gallium

mat erials have been widely used-emht eilegtro
di odes [{Olste)sor s and organikcT[8l.i eOFE Tesf fae cet
onet mé most attractive areas for research,

amount of research taking place.
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220rgani c Materials Conduc

As is commonly known, materials can be cl ¢
seminductors according to their conductive

be made <clear by tbgamwmtiammgat obnebhghebaaoatr c

bands which are fully -ocmdpdtidverbeoacsept
caoth move freely if the energy band is ful
an empty band. For conductors, sowwpg, of the
whereas for semiconductors and in$&Qlator s,
The difference between insul a®drsThand gami
in semiconductors i s quite narrow,era@pr oxin
its uswually above 5eV. Thereforen uhder C

|l ocated valence band can become excited anct

materi al conductive.

The nature of bonding in organic semicondu
i norganic counterpart. Awasnetnita ofnierds tb ed wlryen
was reportaedndechavi hyg property in plastic
pol ymers contain two main properties. The

bonds along the backbathieom,f tthe pollymers 4dn
of single and doubl e bonds which alternat
representation of this altebeladw.ngThd raed a
property i s t hatidotpbeed rpood gliimeéan must adent I n

remove electrons, or through a reduction a
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into the materi al . Those hol es and extr a

el ectrical4g conductivity

N

Fi gurTehke lchemi cal structure of pol ya

I n the single and double bond alternating s
(bond, while the doub(lbohdnd@doamndpi sshi eh a
is formed when one of-othéetal ecboemsitiadédat a
|l eading to thBhydodurirzeantcdeonofi n the carbon a
AlGbond is the strongest type of covalent b,
an electronbiftan. aBakbngxampl ehotabhhbe, see

Fi gurbe |l 2.w2

o *- anti bonding molecular orbital

|
[ |

/ \
AY
\
Y
/ \
/ \
N
N /
7/
/
/
/

1s orbital N 1s orbital

L J

0- bonding molecular orbital

Figur®he. 2hleboornyd ionfd-aminidbondi ng for mati ol
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Thebonds directly share aO-grabdirttabldes rebbenct r on
at oms. Co mpbaornedds twh itchhe f of mt heemb beobabes, t

i s much weaker since their orbitals are f ul

o(sp’s)H

o(sp?-sp?) sp’g

sp? - sp?

D
™ bond

o(sp?-s)

Figur ed B3Ol QQQY 0O dQéiér ed from
httpgtimg.com/ vi/ ESS5T12WdRpU/ maxresdef au

Thus, el ectrons-bames| ac &| if opednewdhem t he mol

conductive ‘mabetiadl santlboeerl ap with neighb

conjugation. The sresawml tmoive ttlataneltéetrr obno n
mol ecul e. I n so doifdg] o ¢tochRed Izdmeat raonnd boel ciognt
conduction is the result of the delocali zaf
chain.

As the result, tdhfe aletpeerantatnegy ssitmoulcg uaed d

conjugated backbonebacrdiseg dbtoamtde n,g amdadl ant
gap forms between spatially delocalized el

bel ow.
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Vacuum level

LUMO m*-orbital} X: electron
w affinity

A8Jau3

' Energy gap

Figur€&he.dchemati@M@ iamgd almMUM® structur e

221Energy | evel

The mol ecul ar energy | evel i's a crucial an:q
process. Proper orbital energy | evel adj u:

mat ched with the meitaad, epgreaxuirdidreg eanvfofrikc ifeunr

(holes or electrons) i njection and transpc
(HOMO) is compodsead sofwith filled electrons
the valence band inConpegpondi sgimycondect o
mol ecul ar orbital “{-drUMOt) aliss wiatdhe ruapr eofel ec
bonding state, equi val ent t ot ytphee -tagnpde dnu c t i

semiconductors, the usMaandHOMOe | eyMdO Il svealr
bet weeeh &Bred 4 espectivel y. The difference

comprises tke) baBde ghpgure 2. % calmo vhee The
mani pul ated by the number &f mgemeatal drnyi tsp ei:

it decreases with the nimb&rs afher empuendte r u if t
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unidr eéans e s, someti mes, the chemical stabil

noted above, the doping process in enhanci
i mportant. This essenti al procedure determ
or-tme. Generally, an oxidative agent is cho
pt ype material s. El ectron affinity (or i o
parameter which decides the stabilization

222Charge tramgpmomird mat eri al s

As we known, the crystal | attlimcea vi badati i io
semiconductor material, the electr-onic i nt
phonon interacti omhormBersiadewspl itrige died egld mesrnal
hi ndi &anbtebhearvioof el ectron transport in the ir
Di fferent with this, in the orgaphonseamicon
interactions are comparabliec tiont eorracetvieom .| al
caseelpbbnon coupling is no |long®r. tlon be ¢
contrast, the phonon provi diessr ameiotgwant o t
adj acent mo |l e @lthloem.onTlhceo upll @ atgr awmema rftoircm ea k
cal Ilpeod akmnwhi ch the el ecwirpmmorcdmbdsgg6] s ¢
the conducting pol ymer, the iIinteraction be

forclkear de carrier Is easy to trawgmporttalal or
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rl ap, but it i's relativeby bdichuseulfti r s
stitution chains of t he mol ecul es ar e

ordered segments often prevent charge t

rier mean free path iIis evemokbé@doulktes. tt
refore, charge carriers need to acquire
ive at the next mol ecul e; AthDipipsTrhger oc e s s
aron transport siospstathwe edppant cmntdiuct e

-molte@aul ar vibratiomsonwbhcabacibopiispondi
polriensgpect i vel y. Both of them can affect
hemati cal modehesehit owio pambisne dilayy been
crittheed | $Rheii ear | 47]. sylsnt etrthi s model , t wo par
ortant r ol ¢: atnrda ncshfaerrg ei nmtegpgmaimg (ztah e mn e
onl opdlodgpemtibeovadalhteramndf efheneégralk on
pling constant (g) &oawki menebbabhediofiebr
ue of this constant can result in diff

endent rieclhathiaosn sbheepn WBhul |y descri bed in

Organi c Semi conductor
Materi al s

gahe organic semiconductors <can be ©bro

conjugated polymers and oligomers (smal/l 14

45



OFET and rel ated devi ce fabricati on. The

mat eri al i clBar eeatdertiosta maj or disparity 1in
certain impact factor swiilnl blmd hditshewses &d nidrs
as will some of the typical materials used

231Conjugated Pol ymer s

Given their | mptohret acnhta rraoclitee riins tOQFcEST,o0f conj u
mol ecul ar packing mode, and intermolecul ar
transport in the device. I n order to perfo
is useful, e aesftoiempyowvée the charge car

in a transistor.

2.311P-t ype conjugated pol ymer

Positive type conjugated pol ymer i's one o
According to the monomer, t he <corerdesipnotnodi n

seat speci es.

23.1.11Pol yt hitboapsheedn ec | as s

Polythiophene i-syprecohjubaetetapsl gmpr mat
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of the first field effect transistor was as
in 1987 Dlue to the very |l ow fOil mngungaltihtey an
charge mobiplmi AyTe®as t omwlag also virtually ir
decades which foll owed, there were many a
guality, and | ooking for a pryopwirt hmeh ihg Hd
regioregularity and mol ecul ar weight pol yt
central issueai Ryt hédifoipdleche)PgIPBATND was a n
to be attractive due it is pgrHepemdi tswbtsd idc

position of the thiophene ri na, htihgihs dmeatrerei

of Head | (HT) couplings-térédda (H6l)w amophin
t atid ai l (TT) coiuplFingsr eas2 .sHh olwenl ow.
R R R R R
I N4 NN IN NN
S S S ] S s
HT-HT HT-HH
R R R R R
I N N\ FN NN
S S S S S S

FigurTehr2zees di fferent strudRReilfdes of P3AT

Il nitially, these three structures tended t
in a film from solution which had no regio
anchewe mobility waestAd#eA IAsv erhye Idoew,i voantliyv e

Pol-hé8yl thiophene) (P3HT) possesses rel ati
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regioregul ariThe cHanmaichllg rdesroaumpst[r ated t wo
orientations of the microcrystalline P3HT

in 1999. This paper demoPdtw) attead t wavt moil gl

wei ght was the preferennsal |l brakbsababarguedft
rings nor mal t o stthaec ksiunbgs tl raayteer a mdepbdga®ne t o
oostacking mode, was beneficial to charge t

withhsdad acking oriembhtl bhy e chb gt @as

I n contrast, with a | ow regioregular (81%)
was t hi ophpelnaen er itnog sS-uibnsa o laipreg m@wtt o substr at
the charge mqbpm iAti §J6 @Fdh®e senlisy ruct ures are s|

2.6 bel ow.

(a)

alkyl stacking
direction

%7"%\‘ o direcion
”Ond tacking
”B%nu-«“
Figur&he.b6wo growth orientation of P3HT mo
(acquired??flrom Ref |
(a) Schematic il lustration otfadckoenjguhgaartgeed t r
pol ymdhbpnFaeeture of pol ymerist acky satgal lext &
st acki ngaiamdt ga ek gprog yonier s
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This experiment demonstr atkdd gt hues irnegl athieo nt sht

deposition met hod. Thsep-cavaasttiinngg med smoltle tftoerr P

in addition, the charge mobility varied wi!H
is cruci al to use the @pmprnagkrei atte apsa crkeignugl
thin film. This must be considered in devi

Al t hough P3HT appears to be heading in the
deficiency means that it has | i mttieadl a(plpHR)i c
of only eYomaked. Bt sensitive, and the ext
exposed to BBr Thhe HOMOidtreerfmynédveYy 1 Bedke
t heerbital conjugation extension by reducin
HOMO energy; as sucls, -aitmdrlea saibnd itthye hnaast ebrei
approach in polymer chemissstory [BRBragde di en t |
coll eagues designed andbassyendt hseesmizceodn dau crnt cowr g
3ai adgkyt ert hi olpzh)e nien) 20P0QBT. The chemical St

is shown in Figure 2.7 bel ow.

H25C12

FgureTBe7chemical 33dueati hgeenf hpoelpphethe) (P
(acquiredff)rom R
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They introduced appoahgirnsatendy pdosnigt iad rkeyd tsh
on the polythiophene rlieggtit mjdegvatiihons me
effectinellyes®posatheacro ty deviation in thieny
the substi-ahuaiimsn. oTfhissi dper oper cont’'rol of t
conjugahiemes a delicasteobafancei bpaWweeyn &
doping $$BabByfiuyi[izing it as anatdacst i ve | a
pmand t he avemBiggm ¢t Qdfitteyr annealing under

ambient .ddmrdinoibon ity only slightly decrea

ambi ent conditions in the dark for- one mo
oxidative abilityt The rieans @mtfiorn tphoitse nitsi at
eV compared to P3HT, |l eading to more stab

characteriltiics dft sPQdesrsyembti yomgpi $eltfy under
treatment condi ti onass scirnecaet entb rbee tf weeeen vaod juarce
This regular geometry contributes to the cl
Howevexchasindsubstitution is not tbaegbhly t
of-conj ugaft-ai ®endg substitution in a thiophene
mot hed. One of the most tby m(lckayl | t+ra togrhieanl s
yl )t hibelntohi3o,p2hene) (PBTTT) pol ymer, which w
| ai McChull och andléol llesdaguwcehemincal0B@6rpuctur

Figure 2. 8.
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Figur®he.8hemi cal s wgl tkuyrlet-hgifio)pphdelineh2d [ B, 2
b]thiophene) (PBTT®H) )(acquired frorn

Fr omfitghuirse, the main diffe#dl@&ncanbbteweerenPBTn
that i1t is a |linear conjugated co-mongmer,

aromati c-asthue®thewh@& ophene unit. This unit s
' imit the movement of delocalizetdeel actgeons:s
resonance stabilization energy ofll1bt.he f use
Meanwhil e, its advanced rotational invariar
in adjacent mol ecul es, which is beneficial
stacking so as to acquire high perefvgr mance.
and it achieved greater air stabilization

| engt hs wecfhatihnee RPBsTiTdle has t hCk@, sCCa&tames,
Oof these,ch@lse SBAAT achieved t he hi ghes:H
™ AIT6Ovi t Oma cchannel | ength following anneal
The on/ off rpagi aswaanabpbevbeeoaomparlidson wi't
si-dkpai d aacgement , t he moM i Ixiintdye n o fPBTH € was

onlgAi76O It is clear that nuance in pol yme
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the performance of the materi al
Il n brief, this sectionhypeo®ohkeadewhtiadtith,rweeerl de x @

t hi ofplassreed conjugated pol ymer s.

231.12Pol yf |l-maagedecl|l ass

Fl uobhbeased conjugated polymers are another
material, wteoei nicpadbghéiBogphene) (FB8T2) i s t

and -kores#@rampl es. Their chemical2.s9t rbuecltouw.e s

m

CH3(CH2)gCH2 CH2(CH2)sCH3

Figur®he.®hemi cal sdinwct yicduatfrhepord hyg e )9 ( F8
(acquired from
http://www. sigmaaldrich.com/catal o)/ produc

't is based onditdoet gli mpbesneu@PEFOP, 9and its
been describéadi ndeeadsetf er eneee Jgt has been e
el ectroluminescence chBraomprebéensiedl y Gire
the characteristics of this material s, spe
and crystallization, and their alignment p
that the main characteristic ofa thhygsh ki nd
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ordered nematic |iquid crystalline phase

process can suppress materi al crystallizat
[1P found that although the quenching step
pol ymer chains are preserved during this p
field effect transiston bhyssprohedapbhygi mB
and then anie&I8nfgorh%53 @i7dutes within an i
environment, before finally quenching it.

is cotnsiThteernd owest mohbBimidtl J6 Cacthh e v e d gwast

™MicAI 76O where thewasurrespeéttowely, perpendi
the alignment direction.

Finally, the higheNVMonmepanson hpot ent ihals, a5.
against chemical doping by atmospheric oXxy(
pracappmglailcati on.

Based on an wund-eifsgarmsdiibrsg r102f)t ifLoisn® fent PaQT.

replaced thienyltén e roojdtidhei Loi pechse nvei tnho nao me r i n
backbone as well. An innovatainde amamberi alf dwi
mor phol ogy mahneir o at y Fafffidhl iye( a [®3,iZophene) (F8
was developed. The det ail s 20df asnydn tihess icsh ehra

structure can be seen in Figure 2.10 bel ow.
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LI

S

F8TT

Fi gur eT h2ze. IcChemi cal s &éndu cotcu rye-afld filu iole eelmyfe39 ,29
b]thiophe@equi( F8dAd[AHr om Ref

Thi st sof organic semiconductor combi nes t
materi al s, t hat i's higheeV,i oannidz art e aosno npaobt| een
mobi pp tpym AiT6O in the field effect transist
really depends on temperature treatment, e:
Il n summaryypeeceoemalugmted pol ymer materi al s
been nkseammat ed, each of which haoggahezedowr
structure which has high charge mobility ar

been the target of organic polymer synthes]

2312 Ntype conjugated pol ymers

Dependi ng nogn ntahtee rd ap i, conjugated pol ymers
doped-t mpe sn. Poly(benai mi daBBL) bwagommen aonft
ear |l i estt yrpeepocranejdugnat ed pol ymer semiconduct

demonstrated in Figure 2.11.
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BBL

Fgur e T2h.ellc.hemi cal structure of Poly(benai
(BBLadcquiredPfrom ref [

Thei-gt ablre ability attracted researchers, n
time. The related results concerning BBL ar
ZhemBam &t alnd[ Amit Babel W2RPh Samsbei A.r @8
BBL has |l ow electron mobility and is inso
resulting in their nar r otwy paep pp B tchayn fo,nN" An c
bi d(ezxtyelt r add,edc,y@eyyll O n e -H id7i e lbCltd | t h i-be:n2o0'[,33,'2

d]t hi-@pdiefhiePDI-RDD, was synthesi ze@a§ biyn Xi aow

2007. This 4Ppraclkssaswllat manheri al exhibits
excell ent thermal stability, and relatively
kind of polymer chemical structure.
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FigureTh2e 1€@hemi calPobkyfbN csiNamtyelt o &3d,edc,y9d,)1 0
peryl enel,diialilidd ¢ h2-be:n2al[],33h i @ pdéieywl¢)P}IDI-2 OD
DD) (acquired from suppprting information

Under an inert ntthihe ogeerctemonr omolp&htty is

prt Ai76O0 Even thowogh atfifd néltectis str-onger cc

type counterparts, it is still wunable to w
air stabilization enhawearekn@fs yrftzhhe shiuzae dC haer
exteint pol ymer, tNp e =0(c2 yp albydeicH | B

napht hal ene-#j-déiayalibjtoNg 2-m2 Hjbi ophene)}T2)( P(iMDI 2 OI

2008. Figure 2.13 shows this kind of polymi

56



CioHay

FigureTRe 12hemical striNpa tsafczey | o-b d4poy JyFH [ N,
napht hal ene-8j-déiaalbliidNg 2-m2 djbei ophenelnN2()P( NDI 20D
(acquired@bflrom Ref |

I n contrastT2) PNl RIODs hi gher materi al st a
t heel ectron affinmaryomdr tceer eNDIlSR mwch highe
system, wherDD)n rPe(sPubIt2sOD n a firmer chemica
Additionall vy, i-tny pceo ntpaoarrji usgoant ewdi tpho Ipy-mer s, t !

type conj ugaftuerdt hpeorl ybneetriyspdi shmet¢c ausals are mo

to oxygen, and poor stabilization character
addition, in terms of source and drain el ec
mat er ical hawhia | ow wor kLUMOcenengychevmbtch

inject electrons anbBueedoctheosathatshebki st
ntype organic semiconductors into real pr a.
i neetri ng that replacing ar ibnigt htihoi pohpehneenne uunniif

synthesis prbeeasqlUuesdsi am of a hilghly orc
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seems that substitution depends on the geo
experi ment conditions, t he mobil ity o f e

maxi mBPpwAiTBOwi t h good at mos@Ber iAdc traelsielnitz a

applicattymen mdt enr i al Hewavémomngi wawlye maviarys a
el ememtj mpction) for constructing |l ogic con
2.3.2 Smal | Mol ecul es (ol i gomer :
Smal | mol ecul es are another i mportant cl a

conjugated polymersffetectnf apmear acaort dvion

dopi ng matyereit ®lpeins Thhe di fference is that s

semiconductor is insoluble in an organic s
on the substrate. Hhewe vreah i liint ygdamserhilgheal
conjugated polymers. The following section
2321Pt ype small mol ecul e materi al

23.211Fused ring aromatic hydrocarbons

A fused ring aromati cmunlytdirmlcardmoamatsi  olngro:
share a pair of carbon atoms closely tied t

hydrogen and <carbon. Depending on the num
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chemical characteristicaxamahgesal [Takhegb e

are planar and single, and the doubl e bor
conjugated doubl e bonds. I'ts chemical stru:
Figur elhz. themi cal structure of pentace

http:// www. s)ygmaal drich. com

ThusO-elaectron can delocalize in the entire
|l i ke property was discovered in 1960. It w
pennhacéhin film as its active | ayer, was f
gro2p. [ The mobility of theAi@glks in the de\
After this, it becameercil larhadhatnemadls mop

organic transistor deviZBEsconst r2u0cOt7e,d tah ep e

singrdystal OFET, wher et thiers @Firgohme skti gnuorbei |2i.t1y

it can be seen that pentacene I s composed
closelyhe¢i edCémgeands composed of two, thr
exi st, namely naphthal ene, ant hracene, and
seen in Figure 2.15.
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(a) (b) (c)

Figur el hz. Itth.emi c al -tcyopnep of uunsdesd oafr opmat i ¢ hyd
(am)apht hal ene (b) anthracene (c) t
(acqui wevdv. 6§ gmaa)l dri ch. com

The mobility of al/l of these compounds i s
mobility of anthracmndiBiOgmdertelmpetr alt ui e
envirdhneand hole mobility of the thin fil

reach@dAai 3 pangd Ai 76 O3] respectively. The r

number of benzene rings iomc rdeeacsreesa s etsh e Tcheen

pentacene i s t he best for paral |l el fuse
semi conductors. Although pentacene has higt
air stabilization slegarotuiselnytl a@dgiemmig si ni tpso saiptpil
13 react easily with oxygen te nf-oar mi gai non

overilnag he active | ayer and | odk.r iBy udsienge
this characteristic, the Anthony group <cort
these two positionublseo aabsi Itia ye Gafhadn ¢heo | i@tn smos
experi ment, five differentedtuamacenenmadl @ac wluc
t hese pdeenrtiavcaetnipeend ,acelnRS demonstrated the b

its field effectd MbMIgBRty i mproving to
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23212Por phyrin and phthal ocyanine mac

Porphyrin and pht hal ocyanine macrocyclic
compounds. Their central empty position proc
var i oulsi cmeeelad ments i n order to create new
structures are shown in Figure 2.16 bel ow.
meso
Y
B
~a
\ NH
porphyrin phthalocyanine
(a) (b)
Figur eTh2e 1c6hemi cal structure of porphyrin

mol ecules. (a) porphydf noé&fBB[) pht hal ocyani n.

Coppét hal ocyanine X€e@lPlcgegnt scomgowsmud.h As su
name, phtsalceaoyamiln@osition is occupied by

structure is illustrated in Figure 2.17.

61



é \ é

? / \ ?
Figur elrhz. Ich.emi c al structure of Copper phth
http://www. sigmaaldrich.com/ catal o)/ produc!H

I n 1996, Bao et al. investigated i3Pps. field
Through the use of vacuum depbsittriabesf it me
found t hat mobility was increased when the
vacuum, with the highms<AiMObiwhiery adblki swudd
temperat Nr.e Twndass 1sZ20 i es of expeatiumeeatsouwll &do
affect the degree of film crystallizati on,

I n 2005, XEkisorducatled [a signal crystal OF

mobility apchiife@ exd dmakness and air environm
Anot her macrocyclic, porphyrin, also with &
wit halmsett o form metall oporphyrin. I n addi ti

substitution can orecspoo siati ohe, por phgrmnp é 0
benzene ringopfyusediat ptolrse tfimmrs. The f or me
tetrapheny TP gBPwnrdi n h(e | atter tetrabenzopo

synthesis process of which 4ips cdimap Imod aetceud

62


http://www.sigmaaldrich.com/catalog/product/aldrich/546682?lang=en&region=GB

structures can8be seen in Figure 2.1

L) () OO

o = U e

H,TPP TBPs
(a) (b)

Figur elhz. tth.emi cal structure of both of
(a) 5,016t dapReénylTpE)plipvni netrabenzopor phy

((a) acaoaqutitrpe:s/ /fwwown rnanoni el e. | p/cagi
bin/ nanoniele. cqgi ?input saintde &b b saecaqrud r &ekse yf w
[4D)

G. Coortoedp fonducted an exg®mPi wast di Bisos tvliey
chl or,ofaonrdn it was then deposited by the spr
OFET. The nme aaismdreeammeaken in a vacuum at room
mobi |l i tdpdvia#8 OAnot her macrocyclic, tetraben
which precursor synthd®ls myoerpsesrcmanbe f
precursor centre is occupied by nickel (NT

Figure 2.19 bel ow, and dihnh &@peleat &6d det ai |l s
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Figur elhZz. th.emi cal stterturca bubryper bopf 8 rnfi NNTkBesl )
precursor (aetdidypired from R

2322 Nt ype small mol ecul e materi a
|l nt wpe small mol ecul e semiconductor desig
stabilization. Therefore, finding a method

air sensitivity, ,ast hweerlelbyasmaSkcihnogt tikty ntaatrcrhi

work function is a possible future directi
Bao e&tf,albafsed on a previous experiment, I
such as copper, zinc, and cobakt di hf phémht
met all opht hal ocyanines, before all/l hydr oge
el ements, such as fluorine and-tgyphesrinaachT

as& #00Aperhalogenated metallophtha@ahecyanin

chemical structure has been il lustrated in
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Figur eTh2e. Zthemi c a& #O0Aacdqwireread ffr om
http://www. sicamadlodr ipchlh.dauaem/ al dri c)h/ 446653

An OFET constructed by vacuum deposition coc
of substrate at different temwet atdumaes ngTh
groups (fluorinke¢ bBUROabher gy I ewelrs of mol
air stabitygat manhennifalns; at-e ftfheec ts ammeb itliiniey
strongly dependent on metal coordination,
was agaiafverified |

I n 1998, th4bSsynkhegroep #H &r)f | cuoonrpoopuenndt, a ct ehn

structure of which can be seen in Figure 2
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F F F F F

OO
F F

F F F F F

Figurelhz. millcal estofucpteurrf | uor ofpreemmacene ( a
https:// commons. wi ki media. grg/ wi ki / Fil

The thin film active | ayan @&% ad ehdi ghu bwa auwal
various temperatures in OFET transistor fa
were taken at room temperature in a vacu

™ pAiTeOvas observed at a substowwpeal®mpluiatl
bi polar OFETs by wusing perfluoropéhtatene
mobil ity for t he operations of hol es an
andgigc di 764 b .

I n order to wel/l align the small mol ecul e
el ecternedagsy | evel to get,tled f Hod4fndapi goedon
an OFET by wusing asymmetrical electrodes (£
filemtOOATehseult was a much superiorrodeavice p

mobi |l ingyAiwWwa@i t h an obikef prratio
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24 Organic Polymer Field E

So far, we have reviewed the conductivity r
understood the material acanrbdengivodeteint
properties. In this section, we will contir

materi al application in electronics device

24.1Device Structures and Theo
2411 Fi el dtefhecttor structures

Depending on the | ocation of the gate depo
into twogatyeeangatoept tbBanch contains two typ:e
and drain electrodes have banaiffoar edthes emio

tot al |, there are four structures, al | of W |
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Top gate/bottom contact Top gate/top contact

(a) (b)

Bottom gate/top contact Bottom gate/bottom contact
() (d)
FigureScheamati c diagrams of the four common
el ectrodes in pale grayr, idni erleedc,t rancd i snu bbsltur
gray.

(admpmBte bbont amt ((bT) GEE)pec otnotpact ( TGTC)
(cpt Bgpant ec otnotpact ((dBGCGTB@Ate® moont amt ( BGBC)
(acqbr oent f[ )

From the device structures presented abov

mani pul ated by three electrodes: source, d
|l ayer always is always in contact with the
a dielectric |l ayer. At present, tcleesemgst p

the organic semiconductor can be deposited
of metallic electrodes. This method can ef:
bet ween the semiconductor and ivresyl atmprrlit ay
factor in device fabrication. Since the or

wi | | occasionally exhibit different. proper:t
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I n this way, the interfacei fboertmve eme d uhceisneg
probability of the charge carrier trap. I
mol ecul ar crystals have to grow on two Kkinc
at the same time, whichswrirbuttalmoahdcproper
compl etely different on these two surface
obstructing the charge carrier injection.

potentially even resulting in no response

2411 Devi ce working theory

The transistor charge carrier idBecfThen me
LUMO and HOMO bands of the organic semicor

el ectrodes at the-tKFeremiasl eawnelex alhp lteagk @ nt hen

it is zero, and even whensapptegi agdadwvailna
t her e i S no current flow because there [
semiconductor | ayer. As the gate bias incr

interface between the semiTcho nsd ufciteolrd acnadu sdei

| ever band bending which aligns it with re:
i f the gate voltage is | arge en deuvgehl, t her
resonation (flat band). | rc uandud iatt ieon ,n riérgea tLi
band before applying a small positive vol:t

source to drain contacts.
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V=0

(a) Vp=0
N-type channel P-type channel
Ve <0
source drain _
c
(b) Ve >0 (c)
VD=0
electrons (e)
transport
(d) P, Vp <0
\ oo / l
Ve>0 holes
transport
Ve <0

Figurerhz Xharge carrier injectioao
(acqbroepiBe f

or -t hpep once there is a negative bias on

esonate with el elctwhoedre st haed nehgea tFiewemig d teev ev
esulting in holes slowly gathering in the

nd drain | eads to current flow in the sem
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242Fundament al par ameter s

Every device has whischwins salasdatrue for t
parameters used to evaluate device perfor)
specificall yeg)lomdrogd mahiiloi, 6}t hadred hou Wt tvrod 4
(S). The majorpayamettethe fttiamebpeto@apeured by
6) and ou)} pwt) .c Ainve x(ampl e of both these ty

in Figure 2.24.

70 104

60 I

50p

—40p

I (pA

30p

/2 (AUZ)M 03

-10 E
V=60V  Saturation L | 4
204 :
10F Vg=40V J 10-12f 42
1 1 Vi
0 20 40 60 80 100 A/ 1 1 1
VD (V) 40 20 0 20 40 60 80 100

Vg (V)

Figurerhz. a4M0.f or mati on of working par
(a) OutputanscilirveciubveTr
@cquired4d48yom Ref

2421 Thr es hol dt harneds hSoul bd

The tohrdesvhol tage is the minimum gate volta
charge carriers at the OSC/insulator inter
source an4dp .t hlen dgeaner al |, it is hoped that t
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possi bl e
of thresh
threshol d
acquired
the absci
transfee
parameter

from on t

The uni t

requir eme

2422The

The on/ of

condition.

perfor man
transfer
switched

perf or man

so thatcawedravemahd waktag transi
old has been &Gnygyedupdht éod sby o@iclelp
v ol t atgeer ntianne du sfuraolm ya bter adnesf er cu
by drawing a tangeno @ ivemé ufer am t h
ssa. The intercept pbiype tsanbesvta
thresholt && V& uubet hirGe sehladhwdtt h20 | mpor

, which can weigh the speed of cu

o off. ®BPe equation for this is |
3 AwTQl 1)C (1)
of S is mV/ dec; a small er val ue

nt andamaeamhe geiviolbie§o Hilvi @ m h

on/ of f rati o

f ratamsiasgttairat | p b sib vaéheeid & h e

It i's also a significant par ami
ce under a given gate bias and car
curveg, &n FbBgupbeBteahgbstor is s
of f at the Ilinear r egu ohn dédereé¢o

ce evaluation, it i's hoped that t
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indi cateal ubabftha on and off current i s s
turned off. Figure 2.25 (b) also il lustrat

magnitude is affected to some degree, alth

2423Char ge mablirliietry

The key factor that characteri z8s dhasge

parameter reflects hole and el ecffenemobili

electric fields. Figure 2. 201 whd)c hi § na rcelaasse:
with an increase in gate bias. The output
saturation regi me. As such, Imobalreéeyi eam K\

Hor ow8]t, z ItVh(ec u rvroelntta g e ) expressi obagdedi ved

transistor in the Iinear and satlhlreation re

organic transistors. The expression in the
0O —'0w o (2)

I n the saturation regime, the formula i s:
0 —6n (3)
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wherfCeis the current bet ween source and dr ai
and width of t he ecihsantnted , chhaersppeectavel gr r

capacitd ascéhe gatwe iwoltthege harerdhold voltage

25The OrganiCheli eat r olr ans
( OECT)

The application of rcioanljsu giast endo tp olliynmetre dc tnoa
l evel. Depending on the results of synthes

conductivity can exhibit different ranges,

251Materials and properties

Duri ng otnlde hsad f of the 1980s, scientists at
Ger many devel oped a new polythiophen
ethyl enedioxythiophene) , S5hiheT ehieant ech| ast P EI

of materi al I's shown in Figure 2.25 bel ow.
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@] (@) 0O 0]
s A\ 1 s 7\ \
\ |/ S \ / S
S S
(a) (b)

Figurdgad. Z'th.e chemi c al-etshtyrluecnteudrieo xoyft hpiod pyh(e
(PEDOT) (b) The oxidation status of P
https:// en. wi ki peetdhiyal.eonregd iwa xkyi t/ hPiod pyh( e3n, e4)

I n the early synthesis stage, PEDOT was a

EDT monomer, with a higlh. clotndiuctdlvangct(e8r0i0:

transparent film and the abil i[bg§p3bdl have a
as such, it quickly attracted the attentio
terms of itisnalpubiclaittiwynwag tstill a major d

was overcome by blendsaoabubltédathbhacgadki dadp ar
pol yelectrolyte, poly(styrene sulfonate ac

been 111l usea r2at2e6ed henl oFw.gur
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SO,H SO, SOH SOH

Figur elrhz. Zth.emi cal structure of poly(styre
from5Bgf |

So they could combine to yi &lldDa pol ymeric

LUEQUQAL

n
SO; SO,H SO,H SOH sSO; SOH

Fi gur efrhz. 2h.emi c al structure of blending
(acquiredlf)rom Ref |

This kind of polymerization method for EDT
at Bayx¥ratc 11, 12)]. This polyelectrolyte

high conductivity (10 S/ cm) andf dirami nvg si bl
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ability and excellrenitbedla miihenti ndtealisltii ny @rs

drying, the film becomes i5fdsolTuhbilse pionl yarey
mat er ibelenhasmpl oyed in several di f5®rent ar
and |ight e,fi.tting diodes |

There are severabasedhmbgomer Upd IngD®BiSz atsi
anxidative agent i's one of t he most cComm
compl exing with different oxidative soluti
exhibit di fferent properties. For-p-instanc
toluena®d!/(4d) to fo+OMsPEBO&ANoOther option tF
by De Le&Bwaed devpEl op=l. blyhrBoawgeh tAKG § dev
the maximum conductivity exceeds 1000 S/ cm.
pol ymers have exhibited amdtralcltiio eprnt dparmoiee
et al . hamei coelmprehudi ed the relationship
oxidati on l eveloDofand haemeanatceime HI)f je[aT b e
PEDOT/ PSS conductivity could be enhanced ©b
gro6p foumnmket PBDOT: PSS film whmeaesh iirsclohhlbé
after treat ment with ethylene gl ycol (EG) ,
barrier for charge hopping among t he PEL
concentration i n t he PEDOT: PSS film by
electrochemiycalf dadhti PEDOT: PSS film in NacCl
100According to the type of dopant ypreutr al

materi al using a r eéeuycpeer .P EADhTh eann de tc oanl f.i rdnoe
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unstabl e, eeéeg-odkyygam ee xetnrvé Bn, o ntnheunstt yja& i ng n

PEDOT/ PSS hard to use.

252The Field Effect Transi sto

Based on these excellent behaviour s, PEDO
applications, I n particulargnl afmfbge &reasbh
[5p created a humidity semdhemi base PEODOTARS
transistor, where because of iits water sol
W& plastic foil and ordinary paper rat he
Touwsl|l agédt @tesafgned and successpfodlylnyerf abr
integrated circuits by patterning PEDOT/ PS¢
broke thrgudgh ptrhiemit iiparkgd windi ng a good direct
organic material s as-acebeactifriekdd!| eo el eat ¢
fabrilcmttobem. medi cal profeéepksemml,oydcet, BEBORIRP
pol-Yyac-tmde col i de) (PLGA) and el ectrolyte
el ectrochemical transistor as a prototype i
recording device. | n -cthheemiccaasle torfa naghi sarogra n(i
ECG sensor, the recordingsoexposedwyPBRBDORB.CH
channel directly on the skin, which repl ac:¢
rhythm. This state of the art remsruganiha ghl

bi oel ectric int ekersfcaacfefsolodns iwimp Icahn tweobull ed baild o
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signals from muscular or nervous tissue to
Al | of these examples clearly show that PE

appl isc adtuieont o its superior behaviour.

26TheCof seakif ect
26.1TheCofse@eimfect phenomenon

Thé of-$ ewe Nf ect i's a very common phenomeno
overnight csahna pfeodr ns taairn ncgausedpbyThhe usder
not only for coffee dropl exsl atuitl eal sml wtld s
on a solid surface, al | o fl ivkhei cdhe pooan tli @av
interesting phenomenon wask fby sDepaqadinygz ed i
of the main proposas sf darnm hdfs doeappoesri twiaosn tchoat
and contr olwheddth e nmatmartd eof the | iquid, sol
woul d need arbehbef eht owf hgdconditions: that

has a contact cangdliene tihsatpitnhnee dc conrnt at he subs
can evapor atrei.ng ns etth eupc opf rf cecee s s, the conta
role. The angle can be determined by the i
and the ambwheincth mesdiGigtuads ycamr bg¢ seen in
Depending upon the degree of the <contact

substrate and reaahes anhseqgaiuirler iwuinl chan

t hande9Orfeewsn( the substrate surface for the
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contrast, i f the valuemnids igtr evaitlelr bteh ahny d9r0o p

Pinned line

FigureA dr2a&.l dtophi bhi bysubstrate surf

When it is hydrophilic, the contact | ine c
which has a fl at surface. I n such a case, t
equilibrium statuset Aepanpoeasi oh, sewsshl &€hd

has been clearly @sclkmnbthe bfyi Matmpat agé, [ di
mol ecul ar motionf atclee ofa@ouwmr oph et hegus ekl y
di ffuses into the aidmbhegadi ndetbegihenicogtt
At the same time, the droplet height al so
ta certain |l evel, the contact | ine begins

the contact angl e rrogprmeaitn ssifziex eschrwhiklse (tThe

in a stumbling way. In the finalamsglage, b
decrease sharply. However, on a highly hydr
do not, in facttaeki st nbewassal trbadgopi nn
surface, and whenvobohetil gusdl obaet pansi abas
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iCoff eggometry is formed by the aggregati or
of a drop wheanutt. heAddaorudidngdrticesDeegan, t he
reason that particles finally were pushed
l ine. The Na&oPayyanmaigerdouphe[ mechanics of thi
par tiinc|det ai l

The capillary force Glooat idamgd fohe 1t wvido, p afrd rsg e
where the former is related to particle we
thickness of the part6R,hebugmamebeser vd&nioem
geometry of the edge of the ring, found t

ficof-$teii 9 not homogene@u steori bsudipdreatelseasr. dimhe

specific sequence of this 1id sSlgeardi pacdé&er
packing. Figure 2.30 clearly demonstrates t
stage, the vel dchietrymaolf mohtei omo liesc uslleosw, me an

sufficient time to arrange onhhemslelfwesn tamr «
structure, while at the final phase, there

their position and form a disordered struc:
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Jodd esror der partials arrangement
(acqbroem@pRef

Figur €l hz.

Anot her interesting phenomenon during the

surface engenders a temperature gradient.

vertical pl ace from t he i suortvheedr nsaulr fsaoclei db esc
this is the farthest distance between them
surface tension. I n addition, the dropl et

of the different evaporCatmbomi mat ¢ hems et hevod
Marangonip filsoweher ated 6. tTtei ss efslsaw ec amr op
smal | c onipoern statd olni qui d evaporation from t
di spersed particles with an assisted fl ow
fl ow, meanwid ¢ ferf,ieddido remnkde tolfe eI powati cancfan b

seen in Figure 2.31 bel ow.
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Capillary flow

FigureTh2 3@Warticles move forward to the ed
capillary flow at the enfcooffieeegapor at
geometr

262ThieCof feeefstactih i n applicat

Transparent conducting electrodes are esse
fabrication processes, s’Uch toouuchpPagpedriee ns gl
organic |ight emivrBti mMmbedtodesen{ ObEBEBE) e[ ect
via photolibveagr dghyh,ogormapbky, however, eacl
' i mitations, such as requiring an expensi v
t he commearcieafbslzoak ar ge area el ectrode depos
nowol atile or <coll oidal parti cl-leisgafiilrdu x can
cont act Il i ne-aasnambflienaddeg tsel Eonvective f|
evaporatiorsompmerosaessenti sts take advantage
sever al i nexpensive oouteeedt onmdared i abt sitmiurc

areas.
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2621 Patterning nanoparticle wire

The fl ow coating t eocnhnwiqgtuhe ,f uunscetdi oinna | ci oznejdu nr
i deal -afsosrenmsbdlyf and gener at7fioon Tohfe ffulnocw i cwmaal
equinpgmec®o nasfikni fe bl ade which i s positioned

certain distance and angl e, as shown i n Fi

solution

substrate

Figurefrhz. 31.ow coating apparatu/rsh)component

| t depe iAcdosf-fdeoedtfheect mec hamifsmoratzotnhealstaage
the solution can be | oaded and trapped bet

t he sol vent e waoploartaitiees ,s otlhuetsees nnoingr at e and

contact |l ine by convaeaconttiewemiftitoew.t Bsyt acgoen tsrtool
shi ft di satcaenrctea i mnn dveerl oci t vy, s e e-e fFfi ggautriev e2 . ¢
technique coallidgned dmatoe rwied!ll geometry.
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moving

-
()]

Velocity (mm/s)
o

:stopping: Time

Figurerhz. 32 .age intermittent moving and s
(acquiredbdHrom Ref [

I n 2010et .Callo srbegeported the spontaneous, con:
patternshascsfedCdaeomaretril¢ylieny smubegtrate by t
met hod. I n his work, one kind of materi al

firsttheéehpart of nanoparticl el i(MNKkPegd Ibyad\ds
irradiation to emhamde sthheer wdiesger,e et hoefs es twii rpee
di ssol ved on t he second wi r e p ébtatseerdn i n g

nanoparticle with different |l igands was t
successfully either pferrpsetn dpiactutlearrn,o rwi ptahroault
or deformation at the junction point on th
the grid structure c@amtodctbhep raicnhtiienvge d( GGP)
deformation of PDMS dumiim@. {he addobhdom,| mi
mentioned that this cfaabblrei ctaot i soonmemeotthhoedr whaast
Au nanoparticles, PMMA, and even polydi me
ordered stripes geometry with dé&f fgeroaurpt sp
[7YV published the capadvsemhlies( OSA)coinvet abr

ordered -cemgieomendecti ve nanapgpaebusl| sasmpenesi
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of nin"8 gol d col | epiadtst SoEFRE U bt r avbes. The r el
result of their experiment was that the ori
98aut omatical l y, duanagign g hfer emypaakcluébhrt 6o
mo vimegni ,sjcwbsy controlling the substrate te
orientation changes due to the temperature
and that phenomenon al so revelalgyddéepands her
the substrate temperature. Wi th the | ower
adequate energy and move slowly to the men
the dropl et is slow as wel/. Al i qauiicdons equ
interface and are not pinned to the substr
the meniscus. When the density reached the
the substrate, and the tip tohfe tnmeeh imsicrues pr o
forming a new orient adii omo\waduitehaeb lwa rcer iaertaa
wire array fabrication methdéevprceviagesi aah:
The flow coating techniquéd ogecdamsw tloa rpgeo va rde
el ectrodesin degoisitooen; the space between e
controll ed c¢omp aartedadantiot htohger ai pnipilce nmeanstk . Thi ¢
able to benefit those electrianal tdecihc sx,r e
which need transparent ckhindacyeangs el ceénr,od
Chet [7&hl i nt aoduwuceessfully fabricated flexib
grid electcodesngi byftdowectly patterning s

During the patterning wit-hoOdmgfmlhrenttbhel wt
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Il i nes obviously i ncreases wi t h hi gher co
characterization measurement, the wires a
5mg/ mve hao conductive due to wire discont |
decreased as the concentration omgAgqNPs i n
some of the unwanted clusters are formed in

exper,i mentcoul d conclude that the solution

that has to be considered in patterning pr
26.22The | i mi t at ficoonfsf e edfe$ f BE D i n
application

Act ualid o/f-§ eaeidnf ect i s a ubi QoQuwirt bug epr @dhéscel
can often be a nuisance, or indeed a bott]
mi croel e/@Bt, r-joenikcp7Pntainng basFlagsr gason for
that fontetea@enometry is formed, all materi al
heterogeneous pattern. This materia] ring
in particul gretwhperni nutsiinngg fioork i nt egrated cir
materi al s, such as organic pol ymer semico
el ectrodes, thereby dramatical lwi d8jsve[ri ng t
I n receny eyeapars nting has been widely wused
HoweveftpffbhReefdtexitn seri ously affects the pr

addition, for organic | i ght tensihtntiiguge , ditood eo
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smooth and uniform film is paramount for a
bi oassay and chemistry, t-hinpaetf featt ors. allts
seen that the act of cadamme nwirlalt i mgs wlatmpil e
di stribution. This would cause huge probl e

majority of the concentration area could n

For all o f t hese rieafsomas, moiutl Wp hresdss ed sadd
avoided. Based on this consideration, sevel
coll e8Buasdpd et hanol into droplets to in

driloet to prevent particles moving forward
uni formly on the substr@8BedeBohsmaat ead dh &
coffee ring effect can be eli mBhatbepg!l bgdt e
an AC voltage -Wwetttwieregy drno pelletctamd t he |1 TO
the AC frequency magnitude to keep the <cor
piemadn the substrate. Al of t hetsaei mMmed &ro dise

el i minat edsbygsdlteti .dglotpehepr obl esinnoft ha&ddi ma i c

may potentially affect the properties of t|
El ectrowetting is a simple, common and dir
hydrophobic [8Belnamenag itchatayaenmr additi onal | ay
el ectrodes have hydrophilic behaviour. Whe:
it or not i's a qu8epbs tpromv.e dT hteh avto ddh agmr giurpg [t
suspended particles insiddécdfhfeedd fdtpaien €t an

showsaya by which @svegythatpaeticlearing th
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Il n short, there are many who are trying to
best possible result. However, i f we Treve
potieanltl y be mani puluasteddialn oi dl@a swhmied i wigl | k

Chap4.er
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Chapter 3

The experimental instruments and

technigues

31l ntroducti on

Due to the devel opment of equi pment fabr
manufacturing | nd@luesdtrr ersi,c tdempsoinzeentsf i s n
compared to 50 years ago. As of 2016, t he
world, Intel, has placed airiowrmd g7.TRhibsi | | i
astoni sehvennge natc hhias necessitated a series o

some of which wil!/ be examined in this cha,
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32Cl eanroom fabricati on f a

All el ectronic component fabrication must
contami naxamml e fdust dropping, which might
process. Depending on the requirements, a
cleanliness and equipment. The cleanroom a:
321 The optical | 1Tt hography

Optical l ithography or photolithography 1is
semiconductor I ndustry. Engineers are con
transistors as possible on a small <chip so
speedfoflera higher resolution in the expo:c
this technology has gradually i mproved ove

|l ast year exposulr0ednsm zteo wedmtm.f rTovm <Kwehby par a
t hel gquwp of phhyo,t onlaintehl oyg rt ehpe aahnidg mtu mea v eclad n qatple
( NA) . I n most cases the common | ight sour

bet ween the resolution and these two par am

#$ E — (4)
where CD is the <critical di mensEon,s mamel )\
coefficient. As such, talNA madolout Thheries aprec
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to enhance the resolution, whi cahs eartehet o ¢
numeri cal aperture. Thus, extreme wultravio
il luminati on.

There are three different types of optical

be seen in Figure 3.1 bel ow.

Light
illumination

& Optical system &1 1 l l’ l 1 1 l
photoresist
substrate

Fi gurTehr3eel o pgtriacpahly Imotdhecs : (a) contact mode
proj ectiacm uma ®eal[f X[r om

Optical system

(©

The cont act mod e i s | i abl e t o scrub t he

unexpected pattern defaot. h@dme phosi prioypl B

printing resolution is | ower than the cont
bet ween the mask and photoresi st |l ayer. B ¢
probl em, t hat i s, exposaotarangai hdmstayj] on

ved pisgalnd egr ati on (-tViLlsd ) o mtiircauli tl, i tomaegr aph

enough. The projection mode has been widel.y
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it can cover the whol sswafaer bemdamiirsd etdh astt

process whi ish eipgpeknown as

Research institutions tend to choose the coc
efficient type is suitable for sample fabr
hasesalVv steps: wafer substrate preparation
devel opment , dry etching (i f neces$béry), h
All of these steps have [b3eemc ccoornpirred etnos itvhed
geometry requirement, there are two types
|l ead to diametrically opposite results.
Negative
L wbsee

UV illumination /

(D

] I Task
photoresist

™

\ Positive

ey
Figurehes.®2pti cal |l ithography results are d
fullyedobg a photoresist with a mask on it
mask covered area is made to vanish by the
(111) the mask uncovered area is made to V.
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Il n mypyeei ment , it was most convenient to wu
transistor channel struct-tB&@3GZhdeeoemmpec.i

319 was used. Thiegurdeseddot8.i s shown in F

channel : / Photoresist
\\. =
) -
/substrate
Figur ®p BB3i. 8a l l it hagrpomhyt ive phiongresi st tc

structure

322 Ther mal evaporation
Ther mal evaporation is one of the key fab
met hod, met al materials can be vaporized I

eventcwaldleynwse on the substrate to form a th
guality of the thin film depends upon the
source material. Compared to molecul ar bear
in thal tdeampmor at or chamber ipst tretataveéy 1k
oi |l pump has evacuated for onéehomonitodohedt

using a quartz crystal with a matactat, int
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entered into the computere Thergraweht wb f

fil m. One is the materi al hol der, where it
substrate if a filament wused for evaporat:.
wire is that the shapelIdiimigt;s tthhee od meuntr eaf:
the current has been applied for a | ong ti

probwieimk nadtisdem pgpwaapor ati on boat and crucib
Anot her factor ief tthlree imdtre misalcs .prReferd gt or
relatively high temperature melting point
growth because, as the temperature increas
and even decrmadepodietaidounngwfidorc iicial st inmamo u s .
The deposition rate can be controlled by a

order toquwelti tay htilgihn f il m, the rate al so he

323 Pl asma etching

Pl asma etcli nogf idsr ya ekicmi ng met hodol ogy wl
eliminating impurities and contaminations
technique can ensure that the substrate i
deposition procees.fUhlyg| 8phsor glelaedsiab, t he
is created by wusing high frequency voltage:
a | ow pressure gas to create mixed chemical

[ 3ln a ehwesmanment, the atoms in the gas at
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to a high state in which photon emission of
igl o®Mepending on the puwmpose,eda gxaisreg!| earga su
plasma and their colours differ, with the
bl ue. As mentioned in Section 3.2.1, after
photoresist dots stmdlthe ckntiontaei expof ed
damage the structure. Thus, dry etching us
removing such organic cont arhifnasttieopn,. tteh ermr

el ectrodes wi ll prob&hbhlgyurikee 3pdeli ¢d uct fr ath e s

Figur@ol3d 4el ectrodesofpfeesdteepoff in tF

Pl asma etching is not only efficient in te
to many manufacturing pr octelsisresf iwlhm cdhe wiscee

el ectronics, displlafjnotheeétatkhbdngpptocassyp
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must ensure the material which is etched ati
volatil e comphlhiundwayntgniavoid new compou
materi aTablue f Acei spl ays some commonly wused

their materials and corresponding compound:

Elements Fluorides Boiling Chlorides Boiling Bromides Boiling Hydrides, Boiling
temperature (°C)| temperature (°C) temperature (°C) trimethyls temperature (°C)

Al AlF; 1297 (subl.) AICI; 178 (subl.) AlBr, 263
As AsF; -63 AsCl, 1302 AsBr; 221 AsH; —55

AsFs =53 AsBrs
c CF, 128 cel, 77 CBr, 189 CH, —164
cr C1F, >1300 €r0,Cl, 117 CrBr, 842
Cu CuF 1100 (subl.) CuCl 1490 CuBr 1345

CuF, 950 CuCl, 993 CuH 55-60
Ga GaF; 1000 GaCly 2013 GaBr; 2788 Gal(CH;); 134
Ge GeF, —37 (subl) GeCly 84 GeBry 186.5 GeH, —88.5
In InF, >1200 InCl, 300 (subl) In(CH;); 55.7
Mo MoFs 213.6 MoCls 268

MoFs 35 MoOCl3 100 (subl.)

MoO,F, 270 (subl.)

MoOF, 180
P PF, —1015 PCl; 75 PBr; 172.9 PH, -87.7

PF; =75 PCl; 162 (subl) PBr; 106
si SiF, —386 sicl, 57.6 SiBry 154 SiH 1118
Ta TaFs 2295 TaCls 242 TaBr; 3488
Ti TiF, 284 (subl.) TiCly 1364 TiBry 230
w WEF; 175 WCl, 346.7

WOF, 187.5 WCls 275.6 WBr; 333

WOCI, 2275 WOB1y 327

Tabl.e Clommon el ements and raide riaichaely 5 mewiht h
compound @oduaiti éeditdylr on R

Therefore, choosing the right gas to achie
Once aohanil e product is produced in the e
t hiinl m on the materi al surface. This unwant

etching resul't
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FigurTehed3 .pol asma equi pment

324 Gl ove boxes

A glove box is a sefaillelde dc oinn earintd egaa swiotwh ma i fs
l evel c o Ptbd)n,t p(roviding the best environn
sampl e fabr i cattiyopne, seesnpieccoinad ulcyt of-coxrgngnear i al s
and water vapour environment, organic poly
are carried Bulmsmabthgyis also carried ol

oxidation when the crystallization occurs.
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FigurTehed3 .l ove box

33Conventional transi stor

In traditional OS transistor fabrication, all of the equipment previously desdrasetb

be employed. Prior to this, one important step which has to be carefully done is substrate
preparation. After &8 E ISi wafer is cut into pieces (15mmx15mm), some particles,

oil stains, and fibers always stuck on the surface. In the essentiningestep, some
chemicals can help to resolve and remove these contaminations. Usually, these
substrates are initially cleaned ultrasonically in surfactant (RBS) liquid, before being
cleaned by acetone and isopropanol (IPA), with deionized (DI) wateg lnsied to

rinse between each step. Finally, drying using nitrogen blow and soft baking on the

hotplate ensure that all water is evaporated from the substrate surface.

The following step is that of optical lithography, which produties transistor

geomety on the 3 E /Si substrate. Spinoating at th@ppropriatesetting time (usually
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30 seconds) and speed (3080olutions peminute) forms a photoresist of aboutin
thickness. At this stage, the proximity mode is chosen. In the exposure and developing
stages, time control is very important in order to avoid damaging the transistor structure.
The specific parameters have been detailed iAgpendix and the opticéthography

and developing steps are demonstratefigure 3.7. Following this/ plasma is

used to slightly dry clean the substratélsiwe canguarantee that the metal materials

can be properly deposited in order to form a channetraelectiodes.

(a)
(b)
Figure 3.7 Optical lithography and developing stefs) 3 E /Si substrate(b) spin

coating photoresist (red) on substrét® Mask covered on photoresi@d) Result after
exposure and development

(©)
(d)

Generally speaking, to achieve metal evaped depositionast r ansi st or 6s el e

the best choice ia good work function and an air stable metal, suchhyad. While,
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gold cannot adhere firmly to the silicon dioxide layer, chromium (Cr) or Titanium (Ti)
can. Therefore, the solutiont@initially deposit a very thin filnfabout 10hmthickness)

of Cr or Ti as a seed layer, on the substrate, as showigume 3.8.

Figure 3.8 10nm Ti deposition om substrate

Slowly, a uniform gold layer of about 30n is grown. Doing it in this way raas that

the gold film is firmly stuck to the electrodes, as showRigure 3.9.
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Figure 3.9 Gold electrode deposition

In order to form the transistor channel, -bff is a crucial step after the metal
evaporation. This invohaeputting the sample to acetone for some time, until the
photoresist is totally dissolved, and then using ultrasound to gently peel off the

unwanted portionsAfter thiswe thenfinally achieve the transistor structure.

The polymer semiconductor is prepared in a glove boxy spincoating and baking
alsocarried out insid&. Depending on the different materials, the baking temperature
and baking time differ. When these steps are finished, a dielectric material-is spin
coated oto the active layer. The final step is gate agfion on top of the dielectric
layer, again in the evaporator, by using a shadow mask. The gate maggiatrally

Aluminum (Al), because it has a low mielg point and is very cheap.
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All of the techniques concerning the organic semiconductor figddtefansistor have
now been introduced. The order in which they are done can be flexible according to the

different structures.

34 Characteri zati on Techni

341 Atomi c force microscopy
3411 Wor king principle

At omic force microscopye¢CARMyue st lmatsuc & mca

higlesolution surface nanostructure | mage.

the force on a sharp tip (whether insulati.
the surface of the sampl e@at HBhiconfsarama il £ vk
feedback me&lchhnssmdvanced tool has been en
areas, such as semiconductor science and t
Figure 3.10 sdowgramswhmip¢h fdedai |l s each co
principle of AFM. During the surface char a
on the sample stage by a carbon sticker. T
AFM cantil ever ,h| etche Iloing htth eb epahno t roedfet ect or .
sample surface, the height wvariation bet w
cantilever. This interaction results in the

guadr ant phouodsel gctchimngomnmginFinally, t he

positions is captured by the photodiodes oI
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signal s. The signal intensity is deter min

cantil ever.

4 quadrant
photo detector

Cantilever
- deflection

Laser measurement

FN ca\'\‘-‘\e\'e‘
X

Figurechelmntic diagram of AFM
(@cquiredt Pbs om/ commons. wi ki medi a. org/ wi ki .

3412 Wor ki ng modes

According tot bfeoerodveatr emacoinom(foed weiegquraé o3ns
the AFM can work according to three modes:
contact .

Contacits moellen the sharp tip touches the sam
of the str tobeasger bbye ains iaregf meerctt i oom tdhes pphot o
caused by the cantilever defl ection. Since

in contact during the scanning moti on, t h
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https://commons.wikimedia.org/wiki/File%3AAFMsetup.jpg

repul sive force. The 't hel stiognnaoli snee aasnudr edmei nft
that 1t is common to use a relatively high
t hmisniemihze ef f ect earfd tithioosse hdsiegn @lr si nt ensi ty
advantage of this tmoodne due htiog ht h enatgiep rheesion g
surface, although the downside is that it i
and tip.

Noxwontact s mwden therefricssrhe i pamglparsatuir bace,
speci men sueflepgt and the atrtractive force r
cantilever oscillates at a given frequency,
(100Hz ~ 400Hz)s maaldl weameplei tiude a(si .ae. a few
ti p appreo sahngisghetdhi s tbhaen svbBnemfa mdn,1 @ he strong
der Waals force attracts the tip to a posi
frequency or ampli-sudkaceaes@pagat  hah Hdhet &n
Theefdback contr ol system tracks the variat
frequency and amplitude constant by adjust|
on the photodetector is not caused by cant
resonant frequency or oscillation amplitud.
I ntermittental sontsaaotet moadpsp i knhgo weo dgessi t e a po
mode because it combitnhpy evheuatdyameage®net
Similar <tontdaded, nmohe cantil ever oscill ates:s
frequency but has a | arge ampn)i taundde k(eferposm ts

space between the tip and the sample surf a:
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with the speicnamee ns tseufrdfcage es.epSar ati on di st an:¢

mi ddl e of the whole system, the force of i
or mol ecules is alternately, attractive ar
sampl e, t heciclalnatiilenw eampalsi tt udiermaoddgibneguncat e
surface. Eventually, the feedback control ¢
to keep the amplitude constant. The tappin:
i mage fdgmraufgai sampl es, whil e the scanni

contact mode.

Repulsive .
Force Intermittent
Contact
-,
| il _‘ Distance
(tip-ta-sample separation)

Attractive ) -

Force ‘ Non-Contact ‘

Figure Bhdli ho weed wwiecieonft haenatMiddpbéa mpl e sur f ace
as a functiondi st aonfc(facqudi re from

http://www. nanophys. kth. sse/amdmaptkyes/ faci | il
hel p/ Content/ SPM%2/ 0ATtrcanninci %h290%200rCGcuel 612 0 Mi cr os ¢c
M) / At omi ¢c %20Force%20Mi)croscopy%20( AFM) . htm

114


http://www.nanophys.kth.se/nanophys/facilities/nfl/afm/fast-scan/bruker-help/Content/SPM%20Training%20Guide/Atomic%20Force%20Microscopy%20(AFM)/Atomic%20Force%20Microscopy%20(AFM).htm)
http://www.nanophys.kth.se/nanophys/facilities/nfl/afm/fast-scan/bruker-help/Content/SPM%20Training%20Guide/Atomic%20Force%20Microscopy%20(AFM)/Atomic%20Force%20Microscopy%20(AFM).htm)
http://www.nanophys.kth.se/nanophys/facilities/nfl/afm/fast-scan/bruker-help/Content/SPM%20Training%20Guide/Atomic%20Force%20Microscopy%20(AFM)/Atomic%20Force%20Microscopy%20(AFM).htm)

342 Scanning electron microsc:

The scanning electron microsenge gySEM)ecu g @s

to generate a varietyl iodf ssp@&onnaphesn sodn ttoh eA FsM,

the SEM is more attractive because it can r
but can also magnify the 3D i mage. The 1 m
col umn, which consists edfecdm oml d ethrsers @und
For acquiring a high resolution i mages, S
brightness and | ifetime, combethruaflouaad f ect

SEMs il lustraft®&d in figure 3.12
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high-voltage
cable

filament
anode ,
electron beam g kel s —
condensor lens Y
spray
apertures
scanning coils adjustable
— aperture
objective lens
backscattered .
energy dispersive electron .
x-ray detector detectors '
:
J
secondary Y
electron _
detector sample infrared
chamber camera
Stage
L B B B N J .) .
T :
.
.
.
.
A4
to pumps

Figure S8SchHe&matic diagram of the electro
(@acquired 8&]Jr)om Ref

I n ol der SEMs, the electron beam is genera
a | anthanum heXx" )borwidteh chriygsitlaie (tLékage ¢ hies e &
gun. Only when the filament iIs heated to a
it produce abundant electrons, which are e
These electrons are accel ergattehde blye ntsh es yeslt
Eventually, they arrive in the sample vacu
|l ocat ed on the stage. During the beam <cu

continues at an exThemefgr &j ghhhee sk eamekoetye
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point of reliability in electron beam gene.]
is also a cruci al point in el ectthremageour ce
guality. Lant hanun" BHexhaabsora deemdclirhyasst aa i k(elLnag
|l ifetime with a | ower work function electr
(@b obutt o Inloj)hteibmeesght ness compared to tungst el

Il n ordbrewiegha qual ity i mage, ceosne audomlmnae dt

fiemd ssi on gun (FEG), have been empl oyed i
Electrode
m} v _ - ?
; t i ; W filament LaBs FEG
(a) (b) c)

'\| 4 or

Figurd@dhB8Be&3kinds of convent iwintal teHeeicrt r on
di f fer e(naq udifhregipietsp :-/ / | i 155
94. members. |l inode. com/ mysco)pe/ sem/ pract

The shape of these electhh gurlotBrids8sclaea&r pt
the FEG tip is the sshmarkpesti tofe aaslilero ff otrh eem
from the source. The field emission gun ha:
t her mal (thermally assisted) Schottky fiel

which compare diff @anesmptl d3aybeletitlhon sources al

117


http://li155-94.members.linode.com/myscope/sem/practice/principles/gun.php
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Source Brightness

I TAT OO ( h) (nm)
Tungsten pTm 4400 O pm pTm
La pm 200000 U pPTT PT

Field emission

Cold cathpde >1000

Ther mal apmi st ed >1000

Schottky pm >1000 -30

TableCdmparison of differeneKelectron s
(a c g ufi rr @m[B])

From this tabl e, it can be seen that the f
bri ght nesesr, lhiafsetai meonags well as a small er s
source size means that a better electron pr
gaining a good resolution in the SEM. I n m
field eum shsasonbegen used to observe and mea
el ectron emission and acde¢Brddi. ofhehebdeygt:i
are produced by a |ImnmOdenaAiecbet waknfibakdt.
first 6anod®&hd v acldteatgwee edni ftflreea esnecord) anode

determines the accel[e&@lati on of the electro
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Figur&cBemmdatic diagram ofacaowudi nf@edg 9d e mi ssi

As mentioned abowe,elteltd wbmhec dhhemwerg dbdfy tFlEG,
two or three | ens f ondadsleys faonrdnsd eanma genliefcit craotni
1 nm diameter, with its culr9lefhi s mprirolge nguc
rasver bhe sample region generatseecseear al
interaction, which are capable of carrying
topographycalecaslurffiame texture and thickne
bywecondary electrons (SE) [d®Md backscattere
The secondary el ectrwhischarree csgpiexwae memo ted e ck i
from the electron beam. With inelianethi c col
atom with energiesVi nThédeerigowel odt Oond® &I0€
and accelerated by a detector which iIs conn
conversion to display an i mage mnr al icognparn e
pri mary beam raster scans on the sample su
the incident beam and sample determines t he

escape and be captured by the dedszscand, t |
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resolution. Secondary electrons are the ma
S E M.

Different to secomeha@&rygyelbacksecmasterled kieglh
the electron beams directclay.t efTleewhedakret rehf
emanate from the speci melnasdtnitecirmtrdti oent ivoog su

with specimen atoms. The i ntenstihtey soad mBISe.s

Usual |l vy, h e(awiyt he lae meingts at omi ¢ number) b ac
strongly than | ight el ements (with a | ow a
this mode is clearer than in the hSeE mode.
di stribution of elements in the sampl e.

Figure 3.15 provi dseesc taino ne xoafmptlhee osfa nap |cer owshsi
deposition of two kinds of materi al on a s

and the second |MMATri § sarP MMAs. ulSdtnacre Mmat er i a

beam focuses on the sampl e, the monitor C
movement on the surface, and there is no
conditions, the simp(e®& fdewosanomet efs)a dfhi
|l ayer material, such dabeAsamphbhe B8l fexedis

sticker onto a spediidlt saamgplee hmldd & hr (cautg ha |

of the angle of thketetectoousionishifsnateég.
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https://en.wikipedia.org/wiki/Elastic_scattering

The 2" |ayer

The 15t layer

AccV Spot Magn Det WD Exp F———— 2um
500kV 8.0 9216x TLD 49 1

Figure R .-slébotsison of a sample i mage by SEM.
and the second | ayer i s PMMA.

35 Measurement Technigues

3551 Probe station

Aprobe station is quiatefuoenf @al seoni caoaguict ol
it is also popular in academic research on
|t usually contains three or four very fi

semi conductor anal yzetrakilmg tthhee tTeGT G ntgr apnrsc
example, the sample is fixed on the stage
carefully pierce the dielectric | ayer to r

another needed is pl aicduare t3hel 6g ébted.owlL hi s
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gate

\.. Z

Figuré@&rangbstor connection with a pr

source

Depending on the type of semiconductor, p o
on the gate, source andt hkcegunr eimect s odéebe
st atican also be refitted and connected to
environment, providindgvacgoonckasnovemenimentF

il lustrates the traditional whole probe st
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Figuré@h®8. probe station

352 Semi cothnadru anal yzer

I n my exspetrhiemeprtobe station is connected to
4516C) which can measure the device par ame

bet ween the source, drain anddganet hEhecdaet
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Figur@ah®&. A§i |l ent semiconductor parameter

36 Summary

I n this chapter, al | the experiment al I nst
met hod have been introducedn. pTlheetsrsacdintdi ¢ @
al so have been introduced.
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Chapter 4

Patterned organic material wires

41 1 ntroducti on

I n this chapter, the detatlenoprepgnanat coma
techniques wil/l be introduced. The organic
insul ators. The pattern techniicpuydte®& nsed h

effect that mostrssarentl whysahdyengi heeavoli
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42 Organi c materials sol ut.i

Il n my experiments, six organic materials art
t hese smatsetihal r own proper twied g,hts lmonhd a0 | cuddl
etc. As | have mentioned above, solubility
in comparison with traditional semiconduct
di ssolve those solutes andl makbngi sheer yorr

for device fabrication.

4210r gani c semiconductor ma

preparati on

First of all, I would I|Iike to introduce thi
my wor k. Pbe yWtgda3edecyl quat e- 2 hpiod pyHh( €n, €9) (
di oct ydcfaluorheinoep henepol( F8fTiIRP@EZaynldd-bdL-cy | §

napht hal en e-#2 j-déi aalbligNf 2 b2 jeni ophenel2]( P[.NDIl 2 OD
t hGhap2 en he histoeotgrastdicBaof them have bee
PQI2, a kind of,camraniredbglddiebbdblbovettebyen

(CHC)H (DBC). The chemical strucgure &4flthis
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Cl

Cl
(a) (b)

Figur®Bhd.dhemi caldstchlorobenafene
(a) The structur al formula (b) the
(acquir exd tfprsom / en. wi kDiipcend ecaroeng/ wi ki / 1,

The high Dboil iNnbg opfoitriti,s ahbod wtenlt8Oneans t hat
very slow. This feature is of -clheant @ fnigt. fTdre
PQIL2 is relatively difficul tert o wbi snsactlevre ail
Even when totally dissolved by solvent, t h
room temperature envir ennmentng TphruodcZE sise f otrhe
solution has tpol abtetl haetait5e0di © ntbraxrbampasr entr eldi

The F8T2, also call ed asl i2ked 8pPg | yimera k& midc a

and its correspon@hegn.g SEdgwiehed 4i. 2 Toell wen e (

CH,

(a)
Figur&hd.@hemical structure of Tol u
(a) The structural formula (b) the

(acqbrtmend ps: // en. wikipedia.org/ wi ki/
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https://en.wikipedia.org/wiki/1,2-Dichlorobenzene
https://en.wikipedia.org/wiki/Toluene

The F8T2 can be dissolveg aalpighty Yglltdwst «
sol vatti onoom temperature and pressure.

The | ast polymgpemarganakc, BlamD IochD@.ucTloe , i
sol vent for t his dar k bl ueP QBIu2l ,k 1tédAet er i al
di chl orobenzene.

For ydsthwdt he organic small molecule crystal
materi al recrystallization, the materi al I
The solvent for t hCKG@)Inahtee rcihaelmiicsal c ksltaruaft arr

in figure 4.3 bel ow.

H
I

C’-'r
-\ "Cl
Cl \CI

(a) (L
Figur®hd.8hemical structure of <chl o
(a) The structural formula (b) the m

(acquir ehd tfprsom / en. wi ki pe)ydi a. or g/ wi ki /

Al | of the semiconductor solution preparat
i sol ate uwaadaed paewvent dhegpratiteraer resendes.

with the saltutoinomnc ocnamrcodn twi | | be i ntroduced
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https://en.wikipedia.org/wiki/Chloroform

4220r gani c insulation materi a

I n the OFET fabrication, the quality of th
because the roughness of iderl|l amovement agpar
interface between these two | ayers. Theref
sufficiently to increase the scuoraftaicneg sfnmooont
solution can reduce the electron trapping
Therst materiati nyl maeneadl po( FYRB). This whi't
be easily dissolved in isopropyl al cohol

formul ae ar e Fidgeunroen sdt.rda.t ed i n

OH

A

H3C™ CHs

OH

(a) (b)
Fi gurE®h&hemi c al structure for both of
(&Pol wimh4l phenol) (b) I'sopropyl al

(Both images are acquired from
http://www. sigmaaldrich.com/catalog/ substa
|l ang=en&ra&md on=GB
http:// www. mpbio.com/ produc,t .rpehsppyedc tdi=v0e2 1 9

The second materi al i GOHB)R(I ByM Ne)t ,h yd | snoe t khnraacw r
acrylic glass material. The monomer of P M
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http://www.sigmaaldrich.com/catalog/substance/poly4vinylphenol123452497970211?lang=en&region=GB
http://www.sigmaaldrich.com/catalog/substance/poly4vinylphenol123452497970211?lang=en&region=GB
http://www.mpbio.com/product.php?pid=02194006&country=222

andet hanbéemacThe® GerWialnheclhne MRusdtios pdiv &1 ¢ d i tgh e

pol ymeri zation process that turns methyl m
i n 1INo/wagys, this kind of materi al i's used i
due to its good i mpact strength, | ight wei

Il n my experiment, tGHaOpsol Benhh ofs bheyé¢ arced

chemal structurFRRguareedi blLustrated in

CHs

2 O\ /\/\)’k

CH
: HiC 0" “CHs

— -n
(a)

Figur®ha&ahemi cal structure for two Kkino
(a) Poly (methyl met hacryl at e) (b)

(Bot h odr eqgmaigneesdn
http://www. sigmaaldrich.com/ catalog/ subst a
4711?11l ang=ema&degi on=GB
http://www. sigmaaldrich.com/ catalog/ subst a
&regignx@Bpectivel y)

The third organic materi all ytshtaytr élh euiseRIS i en €
of the most widely used materials in plast
was first discover ed ,i nanl 8a3p9o tbhye BEadruyauréde oSm nB
of the poor isolation whilihtiysy onffatexy @eén cam
in organic electronic deviuse df shmuidyat hen pal

theory. The solvent for polystyrene is eit!@
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https://en.wikipedia.org/wiki/Methanol
https://en.wikipedia.org/wiki/Wilhelm_Rudolph_Fittig
http://www.sigmaaldrich.com/catalog/substance/polymethylmethacrylate12345901114711?lang=en&region=GB
http://www.sigmaaldrich.com/catalog/substance/polymethylmethacrylate12345901114711?lang=en&region=GB
http://www.sigmaaldrich.com/catalog/substance/butylacetate1161612386411?lang=en&region=GB
http://www.sigmaaldrich.com/catalog/substance/butylacetate1161612386411?lang=en&region=GB

pol ystyreneFogamebel.6een i n

Figur®hd. éhemical structure of poly
(accquired from
http://www. sigmaaldrich.com/ cata)og/ produ

I n the organic pattern experiments, al | 0"
PMMA have been i nvod vfeabriinc atliexcrt.r omS$ cardd VR \

study the features of materi al pattern geo

43 The PDMS templ ate prepart

The features ofaraermet hReDMSi nsptoarnipaes off acit on 1
patterni ngprfoare ssalsbtei amaseli abn wafer. The
template is made by the photo lataondraphy
sepasaloif jdedsn/ End,2 6m/ 29, a8 fne/ 8on a phot omask.
PDMS rubber stamp is then duplicated by p
(SIl'ygar d @184, Dow Corni#hghnkfeul iy @t ilor dd mw

to the structurerde sttlaenpanreenpll iann ¢,b @Bigd col | ¢
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http://www.sigmaaldrich.com/catalog/product/sial/00926?lang=en&region=GB

on as ufrlffatcea period of time until the air b
The purpose is avoiding defects producing

anneal i ng N anedstnse fadr 70 houmbeehhidempmsed e du

i Rigure 4. 7.

{

Figur®Bhd.diell acomener annealing on a ho

From this image, we can see the four struct
of a contai netromart hc cslill aicdigheTnierl psgtd cepent e
experiment s, | determined that the best am
form about 5 mm thickness stamps which <can
Under this <conf ipnaetdt egena megt rpyr,ociens st,het he so

sl owly and finally |l eave a structure which
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44 The theory and results ¢
materi al s

Liquid f-iodwudegi mg ge deipoons/istuisopne nfsri mm 9 &l uft
observed in our daily lives. For instance,
deposition of sediments along fl ooded riverl
agriculture since anciammn cintielriezai ngnsi n;

archaé¢pBlogyAs was Chaptcesstd ime drying of a

on a solid surfacel iokKe eqnoll etaevy ede mo dietnisen al
whi ch i s Konofwnt @i sno Tehfiefse cetf.f ect can be used
features that normally require digital dep

properties of both the depo4iStfed sol uti on

441Patterning met hod

Patterning of the pobpmeral wasgsfapernt ke asmesd e
cl amping alolodwedvhprcdiper sampl e/ templ ate ali

controll ed pressuwreda.l | THsg WMsaBaeidnlienss t ool
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Figur®Bh#&t 8i.nl ess steel c¢clamping to:

This whole patterning Fpgoceddr 8erh @chceabtpeedh y 5
film was gently brought-we tntt @d ctoeatbmladtt ewi ft d
5seconds and was subsequently dried at roo
applied DpMRas)surki fally, the template was r
pol ymer on Tthhee isdwehas torfatteh.i s wor k-pii :a nmanign | vy
of a contact |l ine theoretically proposed
grooved @guldstrmtmy [ work the grooves are fa
objective which can effectomethegsubbstt bee

reusabl e.
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7

@

(e) %)

Figur®hd.p®Procedure of pattern process o0
(a) Well cleaned Silicon substrate
(b) Material -degtoisngi on by spin

(c) PDMS stamp grsempalrlatdrommp (adf sol v
(e) Stamp presses on the thin film
(fveaée | iemdefst rorsnol vent evaporati or

During the pattern prtoac¢esi og, at gebmanagt eht

best pattern results, sever al experiments
paramet eGhapt Eronm, we have known that sol ut
gual itthyei rod, therefore, I preparntednas werihes
di fferent concentrations (0.6 mg/ ml, 10 mg/
all of them by using identical FIPPWMSe s4.alnp,s .
from which we can easily observe athan 1{bke

i ncreased; when t he s dlowtdi omg/ond n ¢ ean tsreaptai roant
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array was very difficult to obtain. Furthe
mg/ ml) with varied groove sizes im)the PDI

have also been patterned and &ldurd 4 .hkl.r e:

iy

(a) (b)

(©

Figurerhe. d.f ferent concentration of PS sol
(a) 0.6 mg/ ml (b) 10 mg/ ml (c) 30 mg

(d)
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(c) | (d)

Figur efh&ei X2d concentration of PS solution

stamp snmz ¢ binm )Xl 4@ )MmM 120

I n order to ensure the experimental accur act
solution with variabl engédomhcem®Or angi/ onhs apd. &
t hat were then also used in patterning proc
were quite Higmirlear. 12e detltlbav. The fi xed conc¢
variable groove size Bhkampsehdvé3bdemodashe:

patterning results.
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(b)

(©) (b)
Figurefhe. Wd2.fferent concentration of PVP de
wires on silicon substrate

(a) 0.6 mg/ ml (b) 10 mg/ ml (c) 50 mg.
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(a) (b)
(© (d)

Figurerhde. ¥f3.gptdradvphon of PVP solution patt
stamp groovmn ¢ ibdne X @¢m )Z @)mb1l 2 0

Finally, the concentr aati o, nodg/ mlo |iutth eornd ehra st
thickness of film belspwn2G@®ererd; atnlde tp area wet
revolutions per minute and 3 -masttedspnteshp
mi cgtoructured PDMS stamp surfacelAW8th cont

Fi gur e 4. 14aldaerngoen satrreaat eosf PVP pattern.
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Figur eThé&eptit4cal i-maga VPl wrges array pa
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442 The theory of patterning

I n order to understand t he woreisryif p lpeag tefr nti
experi ment wiheirmmhed esexihgegmead | cFag Uiy e i BilgluSrteamad e d
4. 16, respectivel y. I n the first experi men
flexi bisermctupbped templ ate aatd an sabpsrtapartie:

temperatur e.

PDMS templet
7

Contact line

Capillary bridge
Solute

Figur el hde. sc.hemat i ¢ -fdrieaeg roafm poaft tseprancienrg

As solvent evaporation progresses, the solL
surface migrates towards tbkel stdewallss pat:t
into |liquid bridges held between the subst
t empl atwee titwse the lolr gani ¢ solvent, a tiny amou
groove corners (im®ddcabed Imegrlgkeacknaor owg [
Thus, the contact | ine between the |iquid

groove, becauise altwawmed Ibetl wmereindgtelse atnedmp
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substrate wheamcae etde mpl aat eweits sautbst rate. The

the solvent evaporates, eventually touchini
second condition is when a spacehFowwsrappl i e
4. 15. As theteasl faurtt hevapdrhe capillary ©br
towards the groove, whereas the -piodrueade i s
cont act l i ne. - mMAcspmeter whehghltubcan be dir e

templ ate surthfeageapt dded owetemolt hte t empl ate and

PDMS templet

/ / spacer

Capillary bridge
Solute
Substrate

Fi gur el hde. sec.hemat i ¢ -adpipalgireadn boeft wsepeanc etre mp | at «

Fabr i dwitdidomrfisi t bBaus pacer were performed here
two caspaammsbaeid raefrrocceonf i gur ati ons, respe
experiments have been des Figoguwerde t4o. 1p7r osvheo wst
resulfispatemexperi ment -d&sonogy kpdlitiytdPied®@hene)
(F8T23dtypa pemicondumtedr fpolmy neGB psaotltuetri on .

confirm the role of I|liquid bridges, I perf
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|l ayer of patterned | ines acted as a space
patterned | inedviamel cRERY lefdr bmv pBAtyh @l staimen
process as used for the F8T2 polymer, and
to further patteDE€BpsbystyoaeneF{B8)y ef dom8
consisting of per penkPdS cluilnaersl,y wohriicehn twienrge Po\el
at cross points. Both types of |l ines had
similar formation mechani sms. Such multil a

patterns from diffseuemta $hudntadtréeaoadanil oytmaotne rsitarl

Figure 4.17.
The SEM i mage of patterned F8T2 | ines
structure

443 Li guid drying mechanics

To investigate t-Betdrmiogopcopeswasnuseaed t
the pattern formation. Both transmissive ar
clamped in transparent plastic boxes with

observe thd oRF8Maz ipat tuesriimg t he transmissive
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used, whereas Si substrates were selected

reflective mode. The schHhegmati d. dRPagram i s |

Microscope

hole

| | 7
stamp

heater /\/\/\/\/\

Fi gu.rle9 .4
Thechematic diagram of dry processing ob:¢

Taking advantage of the yell ow fgaloeowre of F
pi nomeghani sm was evident when the drying
with trlangmti ttEeidgure 4.20 shows an i mage t
@b@utmin after the moment of sampflreeel oadi n
configuration on a gl ass -sspulbistttriantge ,ancd enmairg r

the newdyl fgumd/ air interface towards the ¢

a black arrow).
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PVP  F8T2

Figur elhde. 2.t i cal i mage of patterning

A similar event -applnededonhi-paebepaee vR¥¢R
|l ines wetrle uspacears for the F8T2 patterning
underneath the ridges of the tempphtedocc!l
configuration (rFeduaerdw2i0n .t Ireésgiutmeeidmadle s |
t aken farnmoem stahfepgser eas4. 20 at a | ater stage of
sample | oading), revealing fine 2008P | i nc¢

grooves.
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Figur elTh4e. 2la.ttern result of F8T2 wir

Tefigr oov e 0ips ntnhlemgoneahami sm needed to achi eve
although the substrate itself aldignocwetrib
pinoahg one side®G ofi caget eimp| Abset, the pinn

substr aftse /comltadtcotmel iinse not sufficiently stro

solution is dragged into the space under t
merges with the | iquid that is pinned by t
was occasi omalmyy eoxbpseearivneednti and was | i kely

def ormati on of the PDMS template resulting

by optimizing both the mechani csaulchpracsper:t
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adjusting the mitheursda |l iaone kébwebmer oand

enhancing the annealing temmdar d&thwer a etsa gma ko
experiment al system. Figure 4.22 shows the
as the spacer on the Si substrate.

PVP F8T2

Figur e&©nde. 2. t he sidewall depinning duri:
Fine polymer |l ines formed before the onset
by a red arrow), indinondtced etdge Hdbposapi bl

brged was the dominant mechanism for solute
pattern formation arises because of sol ut.i
pinning |ines, solute deposition wil!/ not

l'ines wil/l be seen. Compared withhilqgiuguwdi d d
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bridge i sr alhodree ffoaavosol ute transfer to the
evaporation from the top surface B® restri
carry all of the dissolved material to the

For the template (12 mmli12 mm with 10 mmil

normally we cannot observe obvious traces
external envirommaemrtr dur ionpgt idr@ayi Ny cr oscop
mi grated air and air trapped in the PDMS

extrakft.i owhgn a PDMS template, which is cu
direction perpendicul ar to the grooves, i
environment can be seen with refleeted |ig
inletting process, PS was dried from a DCB
t hpaderree aprdppdpeaeacderconfi gurati oAasn.d efFitguwmge

into the templ ate gr oo vaepsp |ld uerdi ncgo ndfriygiunrga twio
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ridge groove

FigurelThde-i2zn3l.Letting into the templ ate
Bot hif r B@itns et 40.f23Fi fpuweoaeft hdhe mi xed regi on h
concave shapes and move into the sample fr
the rear of the bright stripe is the region

formati omrbreogww nisndiiacnrat es the rear of a mixe

/& gure 4.23). Although the air inlet and

from those observed using the FFguResample).y

the obht aenpadtterns were similar.
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Side view

Rear Front

Figur el hde. 54 el avnidew oopf sol uti on movement i

Figure 4.24 shows a schematic il lustration
templ ate groove. The di dgehapadofi aquird mave
i n the eswi dpeanel . The -wihaawl eda mmale ac omr d hpon dp
stripe observed under the optical mi cr os cc

direction of both the fUmdhder aamndd o pmtairc alf rmih
with reflected |ight the air/liquid interf
brighter.

The r esislptafcoeppatt her ni ng PS eaxmp dreiameaurrte vgii tzhe
been sHhogwn eDu4 i 21i5. t hev & &Edbo foundasset of secondary

patterns with very high resolutioalfout50 nm feature size) decorated on the walls of

the lines generated above (i.e., the primary pattern). Figure 4. Z8cqand4.27 show

these nanaized stripe patterns on tiRS and F8T2 wires generated with the spacer

free configuration.
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Figure 4.25.The SEM image of PS line

400nm

Figure 4.26.The nanesized stripes in PS wire
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Figure 4.27.The nanesized stripes in F8T2 wire

The nanestripes only appear on the sidewadlst face the template ridges when

patterning is conducted with the spafree configuration. | explain this feature as

resultingfroma epeat e-depi nning event during the | a
t he templgatse r each tnhye asmobusnttr aotfe saonldu ta otni b e
i n a -avmealpged space between a sidewall of a g
primary polymer | ine. THigumpe 0£e38. hhlse bfeea
of thet miapes was twdeosdtat seof t magnthat pr

for-aseslefmbl ed -smizcerdo metrruect ur es f olrldp@d fr om d
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PDMS template

Moving trace of contact line

Secondary pattern A\\
Primary line L

Contact line

>

i
—— Solution

Figur elhe. Z&.condary pattern formation on b
i ne

There is some similarity between the secon
from a drying sol utiicbahll abnsuntdades wetemé slpih
was confined hameda sweadcgee, andi stha&ncoebtwaamiee
gradulall.l yCdr ef ul |l y esxtarmipne sn gr etvheeasl rteadin pteh a t

di stance varied wninfnorim ¢yr ewmetnht abbectunte e t w

stripes in théi PbBreas.t23 nbelSew. t he
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(b)

100 L
00

(Vo)
(%3]
T

O
N
T

Interband distance A (nm)

(0.0]
(¢ 0]
T

00
-
-
-
-
-

Stripes number

Figur elhde. Z%A.r i ad$t anpse fanicret ewri t h stripe n

Thke gure 4. 30 shows -sae ¢StEiMo n mafg ea off a lar ice atsesd

t he morphology was strongly disturbed duri

si dewal | can stil/l be seen.
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Figurelfhde. dEBlge |l oheRB&8Icods ®n

I have alsspafcuéemeed htolde tPd N@DA {ZtDPn na si | i con
substrate, Figure 4. 31 srmmwfsedthwer g aditze nur

SEM observation.

Figur el he. ZIEM PmEDEZ220D ne
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444 Sol vent exXxtraction at var i

I have chosen DCB amyk xIpRA iarse ntt lse-bbsaadlawreget sa
poi nt sol vent all ows for sufficient I mpl e
sampl es atempleewadtued or using a solvent Wi
patterning can be achieved i Aupa tnhiinsutper,o crees
This fast pattern formation results from e
obtain mateonhnfbout sol vent -seixttu aicntvieosnt,i gat
at various temperatures, in which PS was dr
with t He espacen i gairriaegd omf. sampl es at di ffe
examilmedsured the advdadmowintg astp evead i cofu st h ee ngp
confirmed that the -fardovnatn cdiindg nsopte edde poefn dt hoen
its constant regardless of its | ocation on
advancing s¢geod sodfetgride afioor exampl e, the ori
di spl dahkelde i .

From this table, theflriom¢adi sel actiemenlhetawd e
t hat -ftchret aadvanced wit hgrao odvdensst aretl ag pe@ead hi
been 11l ugur atadd 3b2enl oFfw. The ANdavnadiNcheng s peec

als®een examined and data are displayed in t
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DistanqO0|7|142128354249566370849198 11|12 14(

Ti me 0[{2|5]9(121518212427303336 39 42| 45| 48

Tabl®ehe&.advanci ngf rspretd@ datof4 @ he air

Distand O (1428 36.37.

Ti me 0|2 |5|10| 25

TablT®hel.advanci ngf rspretd datof5a he air

Di stang O 42

Ti me(] O 3

Tabl @hB. advanct mgf mdogpmetyd datof6 0

lgoring the measurtehm&stpeedic gi ngml b eimpleir@at ur

an exponenti al relationship:

» WwA@ZbP0jQY (5)

wheQankare the activation energy and Boltz
constant speed observed at a giving temper e

speed offr otnhte sahiorul d have sl owed whee of wa:

158



the sample i f the solvent extraction was ¢
experivViientr alfe gune 4. 32 ( If pa)bwa vteh, etqghuracdu gohn c al c
the acti vQx5.0m64%1d® r gynd ent hal phye osfdEl waepnotr i z
=NaQ=36000 (J/ mol) wekK.esdAvagabmed anwheldi s
is in good agreement with the chemical dat
drying was controlled by the enerrogny trheequi r
|l iquid surface rather than by diffusion. I

be extracted once it | eaves the | iquid sur-

160
@ _ (b)
—_ ) i
g g 120
2 -
5 Z 80
= &
= 40 t
o
O 1 '} 'l 0 I i
0 10 20 30 40 10 30 50 70
Time(s) Temperature (°C)

Figurgad. 3r 2. me dependencfer it dinsp€ larcedneatt o
(b9moot h i ntienrep)o laedtviaionimcei (nlg -fsrpaeretd aftf a
measur emendisf f(edroetnst) taetmper at ur es
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445 Patterning PVP wire by pol

I n the previous experiments, all the mater
patternihhge meitrheedgeometry was confined by t
to obtain the opposite structur e, the pla
i nevitablty eiotfoasskmaiseat i on. Another kind of
i ntroduceaerdt i nandhia pattern transfer of the

it. The specific procée&isguimag h.aks3.been demon:
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PDMS
PET
(b)
PET
(c)

Figurdh&é. PDMS struct ur eglpuaet tnmeart re rtiraa n sofne rP EtT
(a) Depaoawei onUWVEJ!| substrate (UV gl ue:
(b) UV Cure under PDMS
(c) Peel off PDMS

The full name of NEA 123L i s Nosrilnagnide EI| e
component adhesive that cures otlayanke rf rwéhee ni n
exposed to dlhter spiecli dti cl ipamta.met er s and pro

be fodrmke s@ppwleibsri t-gl udhsolU¥Yti on was drop
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cleaned PET s5ubsmjatehéeélOmmckne®m. ofThehe fi
a certain pressure wasn dihwe o resptadr mepd @PhDEMSIp |
the &t @ampoves were embeddédndemttiohe hdV mlait g@h
mat erial cured quickly. The fi nadppdseipt evas
structure on the PET substrate. The PVP | i

this new template. ThegPVP Lempbapat aeendd

i Rigure 4. 34.

Figurefhe., PP | ine ar-glagenpthat er o@edabgi USub
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Compared to the previous patterning met hooct
materi al to fabricate the groove structure
i magehPeViP | i ne array, we @&mamayeies tthiere gaamet
wiresweliabh i caPDM& By asnpowdnltoti lmaatt t er what ki
materi al is used to make a stamp, as |l ong
formed and the edge ofogglhovienitsheigadi éwyn

the wire array can be easily acquired.

46 Summary

Al l of the organic semiconductor materi al ¢
introduced in this chapter. I n tBBISpatterr
templ ate preparation and optimization of t
obt ai niomgleweld!| beauti f ul or ganfic o f-$ntmaier i al \
phenomenfempafcréehenfd p aacpep beéepler i ment s have beel
reveal the mechanism of the wire formation

we can understand that the core mechanism

figr ooveolpfi nnengwant to acquire t heoribdkegeas resul

must be pinned firmly; |l osing one of side
PDMS stamp fatigue is another factor that c
will age if it is used fortheledgethamse.aTbe
def ormation or defects before cl amping, t !
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PDMA stamp technageeowdbiegdesesrgange mater i
patterning compared to the fldowtcwatiumegsme:

once were thought to be difficult to achi e
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Chapter 5

Organic transistor fabrication and

measurement

511 ntroducti on

I n the previous chapter, the principle and
have been introduced and the related result
the detail results of differentwitype HFET

the device performance will be presented.
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52 Organic field effect tr
and measur ement resul ts

When these organic polymer semiconductor w

task is transistorsteabr ihaatei cdre.enThentg paaicf
Compared to the conventional fabrication m
a polymer wire array instead of thin fil ms.
and -lpaokitng ti me,t harteh ei dceomtviecnali owia | met hod.

521 The shadow mask preparatic

Because the acti veasmedamlliyaldse phoasviet ebde eonn steh &
the patterning process, the electrode fabri
mas Kk . For tbé& ephagawami on, I chose a piec

template due to its softnesse mMmByddclua tommgt h

alumi num board, oXh@m cdananiehteenr fgioxl ds ewierreasl on
area. Mandpahedow mask is completed. The wh
demonstrated in Figure 5. 1.
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(b)

(©)

Figur®&hé.Handmade shadow mask
(a) An aluminum board
(b) Cutting out a rectangl e
(c) Fixing gold wires on the

Anot her kind of

speci al shadow mask was al

be dteeoadson both ends of each wire as show

designing this mask is to measure the sing!

FigurBh&.2hadow mask for the wire e

The |l ast part is the phodmtmaskuarMdéi st i sctaur

mi ddl e of a bl ack

glass substrate as shown
169



t hi

I n

e mp

exp

s photomask will be introduced in the f

Figur®hé.pBghathoography mask of hol es

brief, talsrkese hkaivred sb ecefn memonstrated her
|l oyed for di fferent pur poses. The det a

eri ment s.

522 Organi c field effect tre

(OFET) and resul't

the device fabtionsi ecsoraetackdp({ G0 rymme/r Sis o |
strate. Before material patterning, the
ure there is not any contamination on t
acetone and Glbtrrddomi caltley.clA¢aeedcl|l ean
eatedly with isopropyl al cohol for 2 mi

er for 5 minutes. Af ter been bl own with
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were finalNlgn da ikdtrmlBatdqd® nut es t o evaporate
water and t hen used i mmedi at el y. The pol

transformed to the wires through the patt el

The first devicegadt & afbintdrledmtseefdftescats (& EfTT9 p mad
array of -TRONMi 2@ (about 700 nm width) <cre
substrate. We can see from Figure 5.4 that
i mage was taken before nhthegadkRramredelctanaa,

el ectrodes deposi2t@moh ewag$ hf ior i osnh esdurbashtdr faat rem

Figur®&hé.dpticaigait mad®eé-NDJ 2t0Dp e se fafrercaty f i el
transi @0mrofwicthhannel | ength

These wires weCefanndahedraN abrtrernOodmyinug ea

Then -comitred poly (methyl met hacryl at e) ( PN
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( 3Om) / Cr (10 nm) and Al (30 nm) by shadow
source/drain and gate el ectrodes. Because
firmlyrethareg®0onm thick Chromium | ayer was
firstly as a seed | ayer for the Au el ectro
ot her devices fabrication. The device was
was -anmypmansi stor, in the testing process, t
range of gate volQ ayel wast @i ¥@nvdlrtosn. The
transfer curve has been acquired and demor
valafe the threshold voltage <cannot be eas
expressed the result | ogarithmically and o
been displayed in Figure 5.6. From which v
switimheden O voltage was applied on it and
voltage was 30 volts. The on/ off current r
device wpman@pwprtAiTBO respectively, which
t he weael webs ai ned using a deki)cda hdlaTnhtfea il rm g
out put curves have been demonstrated Figur

begins to work at 0 volt.
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12.0n —

10.0n

8.0n 4

6.0n -
Va=30V

Drain current (A)

4.0n

2.0n 4

0.0 T I L I T I T I T ' T l T I T
-5 0 5 10 15 20 25 30 35
Gate voltage (V)

Figur®Bhé.ttransfer cluz)v-gtadoped P{ N®OI @ O®f fect t

10°

1 0-10 -

Drain current (A)

10711 -

107 | L L A I S N A B

-5 0 5 10 15 20 25 30 35
Gate Voltage (V)

Fi gur®Bhé&.l6ogarithmic tr alnds figap edrivieelod &f( N
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transi stor

6.0n T T v T r T

y J P Vg=30V

5.0n

4.0n

3.0n 4

Drain current (A)

2.0n

1.0n

0.0 : T - . g .
Drain voltage (V)

Figur®Bhé.dut put s culr2v)egtadfpe & ( NiDé 2dDDef f ect t

Figure 5.8 shows the f-gbtré cOFE® N ma/dec € s ® mc
pol yd8d®decyl quat elr2t)h iwiprheesn.e )ALn2 Pa@riTrr aeys omi t Fh(
80Mmwi d twhass created HyYy dryiftmga PRQCB sol ut
3E(300n#®)/ sbsttra the annle2alwinrge sstvedpr,e tdhrei d
for 10 minutNesof oBOomedutild®. Au (30 nm)/ Cr
el ectrodes were finally deposited by therm

this devicet,hgst ewatecseddas Because the mat

and silicon dioxide, the gajtlestf albbsed ad i cbinan
cutter to scratch the silicon dioxide area
siliconsevh.s Telxkegpodevi ce optikEagluriemaédge .has be
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PQT-12
< Au/Cr

/T\

(a) (b) (c)

Figur®&hé.Babricatiogapedlc2RQSETof bottom
(&S)ubstrate preparation
(b) Semiconductor wires creation
(c) Source and dnain electrode de

Figur®Bhé&.®ptical -ganaegep-doifd@@dagd wvlimuaterthio
(PQT2) -dfifeddt transistor

The bgatemOFET original transfer curve Wwi
transfer curvB garmre digpeageddlj nrespecti vel
active |l ayer material -tiymet birgadeci ce mwa®ne

device should work when at hgeagat e inectivhoebtd age
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testing pr ocesvsol Mmahdea &8 awmage r o M -5%@ tveod Ittss. tTch e
drain volt-agevowklHyguget mmatll, we can understa
voltage (threshfmbdheotdé¢eaigedy oads b aingathe Owas
fiobwhen the gate -B@lotlage ITehaec wend odtf curren
pmm. The hole mobility opvtphme Aid7eé @i c&havas f
out puts with ddifsf e erpitl gadyreeeti@ j md r oamgahi ch we

that the mini mum ceamrrtelnd gvaatse gwmletrad e dw avh

mat ch dxcell ent

-25.0n ——

-20.0n

-15.0n

Ve=-30V
-10.0n

Drain current (A)

-5.0n

0.0

-éol-ziol-éo'-zlo'-;ol 0'10l20
Gate Voltage (V)

Figurerhe. T0.ansfer -divdovcceoy!| puwdtydl@t)lBi ophen
topated field effect transistor
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10°® -

107

Drain current (A)

T S S S A E E—— e S B A B
60 -50 -40 -30 -20 -10 0 10 20 30

Gate Voltage (V)

Figureéeh®. 1Io.gar it hnoifc ptorddyn(ssf ks c yclog watnen t h
(PQAT2) gtaded field effect transi stc

-10.0n r T T T T T
0V
—_-10V
-8.0nH | —
< S
é -6.0n
=
O
=
'@ -4.0n
()]
-2.0n =20V -
-10V
oV
0.0 T T ' T T T T T T T T
0 -5 -10 -15 -20 -25 -30

Drain Voltage (V)

Figur el hke. DAt put s cdiirdreed edy Ippd ayt( Ar2t3h itoopph e n e
gated field effect transistor
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So far-gatbkbeandatbet®©OB®T fabrication by util
polmer semi conductor have been presented.

changed from thin film to wires, t herefor
modi fied from the originglc,tiwmi c2h 4h &2s 3hedr

experiment omen

[ (6)

whereaeandare the width and period of the p
respectively; W and L are the channel widt|
- ¢d anéare the relative permittivity, t hick
permittivity,Onmes mndtrievedglhye, dammd n current,

threshold voltage, respectiveype -tayhpde pl ect
OFET are calculated through this equation,
I n the polystyrene wire array patterning,

OFET cham®meAmgsree5. 13, through optical mi C |
seetthratrS wire size was al most equal and tF
by wires are cl ean. Based on t-Gpatsteyfpgeat ur e

OFET has been fabricated.
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<« 2um

Figur el hke. bPp.ti cal i mage of patternincg
(1 50 on silicon dioxides substr a

This whole fabric&tguwme pF.okessThes B3 owinr é g
on BE&&ubstrate surface at first. Di fferen
deposited by t hertnhael peovlaypnoerra tsieomnmi cboenfdourcet o r
PS wires arasodivesnatd vifendisabagipi hg a vemy fine,
channel for the transistor. The &iuguwreess of

5.15. Fi-ngpeyF8TBe PMMA and Al were used a

the dielectric | ayer and the gate, respect
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RN
\\

(a)

vV

(ZEZ/

(c)

(b)

—y iy f—
iy iy i—

L V

(d)

Figur el he.-gtatpe @ BEET fabrication proce
(a) Pattern PS wires on silicon
(b) Au/ Cr deposition by shadow |
(c) Dissolve P®Sfwi)res by DCB (I |
(d) Deposition F8T2 semiconduct

Figur elrhe. ISEM i mage of the final transistor
el ectrodes depbsstepn and | i ft
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Figures 5.16 and 5.17 display the device o
transfer curhe,aeagepemht eel gl -tiywpd haorsg areivd
semi conductor as well, & fteRRL2e®EEBRg met h
drain bia¥%0 wasl tsetamd t he range of gate bi e
60 vol tisgurFe o5n. #¢@é, t wat c & hedodbavti @ae ouwidt h v o
anifowvhengahe vol6t0agwo Iwass. So the on/off c L
pmand the hols pmmoliifé atsy cias cul ated by the o
carrier mobility formulChawhech2ha3hbedevian
curves with corresponding Fggadeeht 18§at i v
with pervious dbéaeioetpeaestbegi nasobt ppi ht w
abobt voltthser ann voltage adhiake a@fdgisn mermaqp t he
injeicgmoa difficult situati on. The reason
pol ymer <crystal lofz emdatoenr itahle, tgwool dt yapneds s i | i ¢

As we known, t hseéhadiifffferr emtt | reasstridcaliceed¢ aenn earfgf e

the polymer crystallization orientation an:i
di fferent. Aet walelryg,y tohfe ssidrifcaocn di oxi de i
mol ecul e crystallization process, mol ecul
dielectric material surface, while tiling L

to keep t hanadreirae mtlatciroms tafl | t bAaut iaonnd csao nl siicsotr
surd$daucree ng t he awmhieah i mgspltoseiss the contac:
Furthermore, it also i ncridreos dds et ta adisfifsitcoul

The edlsattudy about organic molecule crystal
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i Bhapter 6.

-3.0p

-2.5u -
-2.0u -

-1.5u Ve=-30V 7

Drain current (A)

-1.0p -

-500.0n .

0.0 ' ‘ : . ‘ =
-60 -40 -20 0 20
Gate voltage (V)

Figur elhe. T 6&.ansdaelry-ddgrédtey |dfibtu @ he m@h&T2))
topated field effect transistor

10° 4 3

10° 4 3

10° - 1

10° 3

Drain Current (A)

] Ve=-30V

107" - N

10" —% r & ¢ & ¢ .2 & % & vt 2 19
70 60 -50 40 -30 20 -10 0 10 20 30
Gate Voltage (V)

Fi gur efThke. 1 d.gar i tuhrnvi@co btirdadqadft yrl-dd tuor ene
bithi olph@&MX)atteodp fi el d effect transi
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-4.0x107 T T T T T T T T T T T T

-3.5x107 — —-10V |
- — 20V
_ -3.0x107 - —-30V 1
< 1 |——-40V
*GC-J‘ -2.5x107 1 — 50V .
8 -2.0x107 - .
£ T
O _1.5x107 1 .
(| ]
-1.0x107 30 .
J -oUVv
-5.0x10 - .
| -20v
0.0 T T T T T T T T T T T
0 -5 -10 -15 -20 -25 -30

Drain Voltage (V)

Figur €l he. o8t puptosl yduorqoudd yd-H Hotu @ he mn@h&T2))
topated field effect transistor

53 Organi ¢c -CBleenc cladbansi st o
( OECfTgbricati on

| €hapter 2, the previous achi eshementbse elmny o
revi deedurther demonstrate the potential o
devices with individually el ercitalic.al Pyl yawd3,
ethyl enedi @ytylisd yh nPeDDOITEbAIS®tde )el ect rocher
transistors wer e chosen because PEDOT: PS
photolithography process, and such a dev

electolbppiysal 2lr,recordi ng |
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5331 Thin fil m ochbemicakl ecansi

PEDOT: PSSufkiulam$ yame i |l i zed as a hole inject.i
devi3dce Different from other organic semico
wathearsed solution. Whiemoathed PEDMOAd: P8Bst 6atg
film transfers to the solid as the water i
water, the whole materi al film can be peel
proved that once t he -IPIEDkOETd PtSHSr anag e rd mn e & Isi
be dissolved by water again. Therefore, thi
was unsuitable for PEDOT: PSS bechBlise of t
PEDOT: PSS (-0 @W)i-bwa®eir s wape msiceen ved from F
company. To enhance the conductivity, the

by adding 20% et hyl ene -Alldrciodh)(rtexei med o\
conductivity. By this method, e@debyomaruet i
than two ordedf s Addmwhaigh hadIlodlet (@B grmac h) was

added to reduce the surface tension and to
Nowadays-batslkeel BEDsensor has attracted grea
and convert tiooleolge cctarlisdsagy addn eopoi PEIDOT: PS
extremely robust and water solwubility <char
biotransducer device fabricatievearld Ngompmaasl | vy,
one of theiwmhemi ebkecbros@ahebr sefMbbs kI so coc
el ectrodes; the @dstrraiacntsuirset ors. allhneo sPtE DsGaTmeP S S
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el echemi cal transistor fabricatgiadre @Fr8aes s
transistor. But, t haerreed awmieg httweoh &d8iffafpet rreanncse ss
The substrate used here is glass (received
materi al i s replaced by PBS buffer sol uti

demonsth gtueacd i5n 19.

/PEDOT:PSS
// \\

Source

(b) (c) (d)

Figur elhe. e remroal transistor fabricat
(a) Gold electrodes deposition
( PEDOT: PSS anposainne&l| ok )( 140
(c) Attaching plastic ring
(d) ngi I hi PBS solution

The full name of PBS is phosphat acelulf fer s
culture solution. The malicn praixei tpiuw e ois@en oif n
t his solution wil.l be expltaimetdholdathas b én

preseitgegudr @ n5. 20.
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Figur elhe. 2@8kemiroal transistor measur emen

During the measurement, t hfer gdmee/viiceeu $ ed d wir are
Through analdedies ,mi theeatsetuwtaldbee Na i ons wer e f
injected into the PEDOT: @33whehn na fpdsm tainvde «
bias was applied. T IFieg ucroen c%e.p@ d [d ish gpi rgersceend *£9

decreases the conductivity of the active |
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Doped PEDOT:PSS De-Doped PEDOT:PSS

Omo O/ \O o/ '\0 Omo O/ "\O O/’ '\0
Jiﬁgs\mgs [ Mo //\rgs D 5s, 7
s"I\/ § \/|*® I\ s /]S
+
(O o] o) (o] o] o] O
_/ N ] —/ Al
E;[g +Na* [2[[2
x y x y
o:$=o 0=5=0 0=8=0 0=8=0
o OH Na*o OH
Highly conductive Less conductive
|
1] ‘
$
Na+ Cl-
Na+ Cl Cct - Ct
cl cl- Na+
Na+
[,

| |

Figur el he-ddlp.i ng process of PEDOT: PSS t

The device transtconuwdruwd 2 nckee apnrée dairRtRaud ai)n ar

respectivel y.

0.4 0 04 08 12
0.0E+00 ' ' L 0.0E+00
2.0E-04 A 2.0E03
o |
g HOR04 e 4.0E-03
o -6.0E-04 - %
= Vd=0.1V - -6.0E-03
= -8.0E-04 -
1 0E03 4 -8.0E-03
-1.2E-03 1.0E02
Vi (volt) V,4(volt)
(a) (b)

Fi gur elT he. PEDOT: PSSc lhbamiedalel tecdamsi st or pet
(a) Transconductance curve; (b) The current output under different voltages

From t Ise trvweos udd waint abgeé inf it end. On ed eikmicley a
small ivolhegeéed etd his device; t dhhei gdtl hye r [

sensitive i on detecti oyt.heBatehpodbrietnkeendase oa d v ¢
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devi ce.

532 Gerani um wi roens bfyabpataer

transfer technique

We have developed another patterning techt

array fabrication. Preliminary experiments
our idea. First, a 100 wam teRipolne¢ s oh guel
silicon substrate by t htelrimak RS afpiolarh evllaosn . s |
onto the germanium fil m, and the PS I|line s

met hod. -eAfctheirngdreynt i r el yfi hmot#tu&gminagghma g etr ma n
area which was uncamvemewedby TRhS wWiS ewi rwes

equivalent to a mask here. The PS was remo
ger mawi uens wer e | eft on tFhegeu s5u.b2s4t rsahtoew tFhieg u

i mages of the Ge nanowires.
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Figur elhke. Z2ZM i mage of a single Ge v

Figur elhe. M i mage of a Ge wires ar

The success of this geometry patterning tr

PEDOT: RIS 3 rbaansse st or manufactur e.
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533 The PEDOT: PSS wires array

I n the device fabrication process, t he f i
utilizing the above technique. The PEDOT: P
transfepamftemtloi PEDOT: PSS film using the g
through a process similar to thatnmsed for
thick PEDOT: PSS fi-tmawas3gEf/o3@n@ dnm)y/ Sipi subs
and subsaeagqgeatmtiing4Dor 1 hauPS At 6P wmas

coated over the PEDOT: PSS fil m, and PS |
met hod. After plasma e#&hanHg( lusli)n g tah eg assa my
was rinsed with P&l uemesto Them®PE®DOThESS w
created successfully. This whole materi al

il lustFirgaarea 5 n25.
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(a)

(b)

(©

Figur elrhe. 2at eri al structure transfer
(a) Subsrtartaitoen pr epa
(b) -cSopatni ng PEDOT: PSS and anneal.]

(c) cSopaitni ng PS on PEDOT: PSS thin
(d) Small droplet of solvent on
(e) Patterning PS lines

(f) PS lines array formation

(g) Plasma etching of PEDOT: PSS
(h) Removing PS Ilines

Figure 5.26 below demonstwiarteess ar rpaay t of th
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Figur elhke. ZEM i mag8Sowi PEDHOdr Pay

Under SEM observati on, t he wimdt hneafr| § & @ah
mi crometer. The array of thegdOTePBSngvi t ean
technique from array of PS lines was a s

expenrent .

534 The Organi-cheibi eat r oPEDOT:

field effect transistor f &

Continuing the previous wor k, tahnarfaolInl owi n
el ectrodes by wusing a mask aligned on the
l ighaphy-odrdd IFifgture 5.27 displays the wire

i mage.
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Figur elhe. PEDOT: PSS wires array with two go
A silver conduklt Na€l wageeans €Sollutieon wer
el ectrode and electrolyte, respecti+vel vy, d
sized PDMS frame was physically attached
el ectrolyte. I n the measurement V)wass mal |
appd ioen the transistor. The device transcon

showh giur e Bi.g2u8r eantd. 29, respectively.
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Figurerhe. 28.ansconductance curve of PEDOT:
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Figurefrhke. 2D garithmamé¢éetcanseoaduEDOT: PSS
transistor
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From both figures, we can noticeffbat di f
transistorsthlradaat er icarirent decreased as t
workinghevi dbpllewhem @&amogesitive bias was a
el ecsomde t he negatd3walsy bal amiced PEROT: PSS

wi rkesr.t her mor e, comparedd etcd thaeangobymer t h
transi stsar sjmadtl Ihveowwdlh ge, t bedriitvenaaddictobindm
the controsnvasgtmeohghi adjustingi mhe conce
solution, also different with traditional

gate bias varFigtred®.i s shown in

Figur el he. 0.t put curves of PEDOT: PSS wir

From this figure, It i s clear that the cur
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