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Abstract : Theeffects of molecular weight and the
solvents used for gate diel ectric deposition on output
and transfer characteristicsof OFET deviceswith bot-
tom gate contact have been studied. Polyvinyla cohol
(PVA) with mol ecul ar wei ghts 30000 and 145000 g/
mol (PVA1and PVA2, respectively) wasused asgate
didectric and deionized-water and dimethyl sulfoxide
(DM S0) assolvents. Thisstudy demonstrated that both
themol ecular wei ght and sol vent affect the output and
transfer characteristics of the OFET devices. Consider-

INTRODUCTION

Organicfidd-effect trangstors(OFETS) arenot only
essentid building blocksfor the production of high-per-
formance organic based circuits, but OFETsal so pro-
videanimportant insght into therelevant mechanism of
conductioninz- conjugated systems. Interestsin OFETs
comefromtheir great potentia for useinlow-cost, fast
fabrication and flexibledevicesinlow-end e ectronics,

ableimprovement in threshold voltage hasbeen achieved
for each molecular weight inthe caseof DM SO used as
solvent. The observed clockwise hysteresisfrom the
Vgs-l « curvesand their sol vent dependenceimpliesthat
the presence of the polar groupsinsdethegatediel ec-
tric can control devicecharacterigtics.
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K eywor ds: Threshold voltage; OFET; Hysteress;
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such asdisplays*? radiofrequency identification tags?,
microe ectroniclogic, someother smal-scdeintegrated
circuitd¥ and gas sensorl>8l, For practical applications
of the OFETsin ana og circuits, it isimportant to sudy
thelimits of device performance and theorigin of the
limits. For decades, transfer characteristicshasbeena
good indicator to evaluate the performance limits of
OFETS, becausethey determine hysteres sbehavior that
leadsto ashift in the threshold voltage depending on
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the sweeping direction of the gate-source voltage and
can resultinan unpredictablecircuit operation.

Although the performance of organic semiconduc-
tor based FETshasimprovedinthelast 20 yearsenor-
mously!”, high leakage current density and stability is-
suessuch ashysteresistill exist asseriousobstaclesto
thecommercia use of the OFETswith polymeric gate
insulatorg®Y. Reports of adependence of the OFET
performanceson thedielectric constant of thegatedi-
eectricd? illugtrate clearly theimportance of selecting
theright gatedidectric materid. Amongtherather vari-
ousorganic gatedie ectricssuch as, poly(4-vinyl phenol)
(PVP)9 | poly(methylmethacrylate) (PMMA )13 and
polystyrene (PS)*4, poly(vinyl dcohal) (PVA) hasbeen
considered asone of themost potentia organic dielec-
tric for various el ectronic applications such as OFET
because of itsgood sol ution processability™®, excellent
chemica and thermal resistance’® anditsfavorabledi-
electric and el ectrical properties”*8. Dielectric prop-
ertiessuch as, charging and discharging, of PVA films
have been studied in some detail by various work-
ers%29, However, little previouswork has been per-
formed on the effect of molecular weight and solvent
used for PVA deposition on OFET’s transfer charac-
teristics. Hydroxyl influence on device characteristics
of ambipolar OFET isinvestigated by comparinginsu-
lating polymers with and without hydroxyl by H.
Kawaguchi et.al .. They used PVA for theinsulaing
polymer with hydroxyl and poly(cyanoethylacrylate)
(PCA) whichisdeve oped by replacing the hydroxyl of
PVA with the cyanoethyl group without hydroxyl. More
than 10-fold higher mobility and alargethreshold volt-
agewereobserved inthe OFET with PCA. Parashokov
et al . reported astrong correl ation between the di-
el ectric constant of theinsulator andthe organic field-
effect mobility. They used polyvinylphenol (PVP), PVA,
and cyanoethylpullulan (CY EPL) asdi€l ectric materi-
asand, poly(3-butylthiophene) asthe semiconductor.
Inthe case of the CY EPL dielectric, carrier mobilities
aslargeas0.04 cm? V-1 stwere obtained.

Thiswork reportsthe effects of molecular weight
of gatedid ectric and solventsused for gate dielectric
deposition on output and transfer characteristics, op-
erational stability (hysteresisbehavior) of OFETs by
comparing two PV P based gate diel ectricswith differ-
ent molecul ar wei ght and sol vent. Thefabricated OFETS

were based on regioregular poly(3-hexylthiophene)
(RR-P3HT), oneof themost promisingand widely in-
vestigated organic semiconductors.

EXPERIMENTAL

The substrates used to prepare the OFETs were
Indium Tin Oxide (ITO) coated glassdideswith sheet
resistivityinthe8-12 Q cmrange. Thel TO substrates
were carefully cleaned using severa roundsof ultra-
sonicrinsingin ethyl acohol, deionized water, and ac-
etone. After drying in aflow of argon gas, dielectric
layer was deposited on the ITO coated substrates.
Polyvinyl acohol (PVA) with two different molecular
weight (30000 (PVA 1), and 145000 (PVA2) was used
asgatedielectric. Inorder to investigate the effect of
the solvent on the OFETs stability, PVAsweredissolved
intwo different solvents(De onized-water (DI-water)
and dimethylsulfoxide(DM SO)). Thinfilmsof thePVAS
were deposited onto apreviously well-cleaned ITO
coated glass substrate by spinning asmall volume of
the spreading solution at 2500 rpm. After drying the
PVA filmat 65°Cfor 48 hinafully automated glowbox
(Jacomex), asolution of activelayer (rr-P3HT, from
Aldrich) indiclorobenzenwith aconcentration of 35mg/
ml, was spun on top of the PVA film rotating at 1500
rpm. Thedeposited filmswerethen driedintheglowbox
at 110°Cfor 15 minto allow complete evaporation of
solvent and surface moisture. On top of therr-P3HT
layer, slver (Ag) wasvacuum evaporated (bel ow 5x10
¢ mbar) through a patterned shadow mask to make
source/drain contact. The channd length and width of
the OFETswere 80 um and 4 mm, respectively. The
electrical characteristics of the OFETswere obtained
at room temperature under ambient condition using
Keithley 4200 SCS. Thethicknessesof the PVA films
weremeasured by aK LA-Tencor P-6 Surface Profiler.
The capacitancevauesof thedieectricfilmswerede-
termined by an HP 4194A Impedance analyser, by
empl oying asandwich structure of thefilmwith ITO
and evaporated Ag el ectrodes.

RESULTSAND DISCUSSION

Toinvestigatethe effect of the solvent used for the
gatedielectric deposition, theoutput (I -V ) and trans-
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fer characteristics of the produced OFETswere mea-
sured asfunction of gatevoltage and drain-sourcevolt-
age, respectively. Figure 1 comparestheeffect of the
solvents on the output characteristicsfor OFET with
PVA2 whereDI-water (a) and DM SO (b) were used
as solvents. Figure 1 showsthat the solvent used for
thedeposition of thedie ectriclayer hasastrong effect
on the output characteristics of the OFET. Thelinear
and saturation regions are clear with the increase of
drain-sourcevoltagein the case of the DM SO used as
solvent but not for DI-water as solvent. The operating
voltage of the OFETs determined from the measure-
mentsarefound to beastrongly depend on the solvent
used. Thevalues of the operating voltagewerefound
tobeas17V and 2V for DI-water and DM SO, re-
spectively. Thisdiscrepancy between thesetwo output
characteristics of the OFET and thereductionin oper-

ating voltage might beattri buted to thesol ubility of PVA
invarioussolvents. It iswel | established that the output
characteristic of an OFET device dependsstrongly on
themolecular ordering, controlling thefilm morphol ogy
of thegatedielectric and activelayer.

It iswell known that the stacking arrangement,
interplanar spacing of polymer unitsand morphology of
anorganicdidectricor semiconducting maerid depends
on the processing conditions such as solvents and an-
nealing steps?®24. |t isalso well known that the de-
greesof hydrolysisand polymerization affect the solu-
bility in water?. It has been shown that PVA grades
with high degrees of hydrolysishavelow solubility in
water'?, Asaresult, severa factors associated with
PVA may explain the effects of the solvent shownin
Figure 1. Thedissolution of PVA dependson the na-
ture of the solvent, temperature and the extent of hy-
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Figurel:Plotsof |  versusV atvariousgatevoltagevaluesfor OFETsusing PVA2in water (a) and DM SO (b).
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Figure2: Theeffect of the solventson thetransfer characteristicsof the OFETswith DI-Water (a) and DM SO (b).

drolysisinthe polymer. In aqueous solutions, thereis
inter- and intra.chain bonding between the polar hy-
droxyl groupsinthe PVA molecules. In addition, hy-
drogen bonding between the PVA chainsand thewater
moleculesisa so established after dissolution?”. Hence,
after dissolution, themolecules of semi-crystdline PVA
are not completely dispersed and microgel particles
containing paracrystallineregionsand amorphous do-
mains may remain. Kawaguchi et al. showed that the
presence of the hydroxyl inthepolymer insulating film
had alargeinfluencenot only ontheinterfacia electron
trapping but a so onthemorphol ogy of theorganic semi-
conductor layer and themagnitude of themohbility could
be controlled by the presence of the hydroxyl in the
gate-insulating filmi2. Thereforethe observed behav-

ior can beattributed to thedifferent solubility proper-
tiesof PVA in DI-water and DM SO. Thetransfer char-
acterigticsof the OFETsat different fixed V _areshown
in Figure 2. Although the hysteresis behavior of the
OFET devicewith DM SO hasbeenimproved ascom-
pared with DI-water, both deviceswereexhibited hys-
teresis upon sweeping of the gate biasin theforward
and reversescans. Similar hysteresiseffectswerere-
cently reported for various gate diel ectric such as, poly
(4-vinyl phenol ), cross-linked high-k cyanoethylated
pul lulan polymer? and PVA Polyvinyl acohaol (PVA,
Mol. Weight: 100 00013, Theorigin of the hysteresis
behavior inthetransfer characteristicswereinvestigated
by Hwang et al.B% in some detail. They conclude that
theorigin of thehhysteresisbehavior isgeneraly based
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on three mechanisms. Accordingto Hwanget a., i.)
trapsin channe/did ectricinterface or semiconductor,
ii.) chargesinjected from the gate el ectrode and then
trapped insdethedieectricand, iii.) resdual dipoleor
mobileionsarethetree sources of the observed hys-
teresiseffect. Casei.) isoften associated withthe elec-
tronstragpped inthefunctiona groupsat channel/dielec-
tricinterfaceand giveriseto an anticlockwise hyster-
essintransfer characteristics. Anti-clockwise hyster-
esiscan al so beresulted from the charge trapping on
grain boundaries, andimpuritiesing dethe semiconduc-
tor®l. Theinjection or g ection of chargecarriersinthe
gatedidectricwill lead toaclockwisehyseress. It was
a so pointed out that hysteresiswith polymer gateinsu-
lator wasbulk related rether thaninterfacerelated, which

ORIGINAL ARTICLE

wasquitedifferent from SO, diglectric®. Whenalarge
negative gate biasisapplied, theinjected carriersare
trapped intheinterface, leading to thebuilt in eectric
field aong thedirection oppositeto the applied field.
Thisbuiltineectricfield screenstheexternd fidd, re-
sulting in more negative gate bias needed to turn the
transistors on. Polar group isbelieved to be respon-
siblefor the observed clockwise hysteresisin our case.
Polar groupsins dethediel ectric canreorient under the
applied eectricfiedld and makethedrain current lap the
bias sweep, resultinginaclockwisehysteresis.

For further analysis of the effect of the molecular
weight of PVA, output characteristisof the OFETswith
PVAL, in which DI-water (a) and DM SO (b) were
used assolvents, areshownin Figure 3. From theplots,
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Figure3: Output characteristicsOFETsusingPVAlin DI-water (a) and DM SO (b).
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Figured: Theeffect of thesolventson thetransfer char acteristicsof the PVA 1 based OFETswith DI-water (a) and DM SO (b).

thelinear and saturation regions can clearly be seen
withtheincrease of drain-source voltagefor both de-
vices. At low drain-source voltages, the drain-source
current followsOhm’s law, and is proportional to drain-
source voltage. Asthe drain-sourcevoltageincreased,
thevoltage, measured rel ativeto the source, dongthe
channel increasesfrom0toV . Thusthe voltage be-
tween the gate and pointsa ong the channel decreases
fromV atthesourceendtoV -V atthedrainend.
Sincethechannd isnolonger of uniform depth; rather,
the channel take the tempered form being deepest at
the source end and shallowest a thedrianend. AsV
isincreased more, the channd becomesmoretempered
and itsresistanceincreases correspondingly. Thus, the
output characteristic (1 -V . plot) doesnot continue as

astraight line. Thissituation isknown aspinch-off of
theconductive channel of thetransistor.

Thereforeit can be said that the observed satura-
tioninl  isdueto pinch-off of thechannel. Figure 3
also showsthat the drain-source current iseffectively
modulated by gatevoltage and the drain current of both
the OFETsincreaseswith gatevoltages. Itisa so no-
ticed that thedrain-source current improved Sgnificantly
inthe case of DM SO.

For comparison, thetransfer characteristicsof the
PVA1 based OFETs at fixed V  voltage of —10 V is
giveninFigure4. Itisclear that thetransfer character-
isticsof the PVA1 based OFETsaresmilar to PVA2
based devices. From theseinvestigations, threshold
voltage and on/off current ratio of thedevicesare2.7
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V, 0.7V and 1.8x10?, 0.5x10%for the deviceswhere
PVA1 dissolvedin DI-water and DM SO, respectively.

CONCLUSION

The influence of the molecular weight of
polyvinyla cohol, used asgatedidlectriclayer, and sol-
ventsused for gate diel ectric deposition on operational
stability of the organic field-effect transistors using
regioregular poly (3- hexylthiophene) astheactivelayer
wasinvestigated. Dueto the considerableimprovement
inthreshold voltagefor each molecular weight of PVA,
DM SO might be aconvenient solvent for PVA based
devices. Theresultsof the PVAsbased OFET studies
reveal ed that the number of the polar groupsinsidethe
PVA hasastrong effect on the device characteristics.
The selection of the gate dielectric with aproper mo-
lecular weight and its sol vent isvery important in ob-
taining high performance OFET devices.
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