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An Organic Field-Effect-Transistor Based on 
Langmuir-Blodgett Films of a New 

Asymmetrically Substituted Phthalocyanine, 
1,8-Naphthairnide-I'ri-Tert-Butylphthalocyanine 

WENPING HU, YUNQI LIU, YU XU, SHENGGAO LIU, 
SHUQI ZHOU and DAOBEN ZHU 

Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080, China 

The Langmuir-Blodgett films of 1.8-naphthaimide-tri-tert-butylphthalocyanine were pre- 
pared, which can be used as the semiconductor thin layers of organic field-effect transistor 
(FET), functioned as a p-channel accumulation device with carriers mobility about 2 . 0 5 ~  
I O - ~ C ~ ~ V - ~ S - ' .  

Krvwords: Phthalocyanine; Langmuir-Blodgett films; Field-effect transistor 

INTRODUCTION 

Recently. thcrc has been increased interest in  organic and polymeric thin film ticld- 

cffcct transistors (FETs) due to thcir potential application in  lo\v-cost inemor? cards 

and smart pricc tags and Iabcls"' Phthalocyanincs (Pcs) and tnetalloplitlinloc~nniii~s 

(MPcs) have been attracted particular attention in this field because of tlictr tlicrmal 

and chemical stability"'. Former works mainly concern about symmetrical 

phthalocyantnes. little about as? tnmotrical phthaloq aiiines because o f  the 

difficultics i n  synthcsis'". In this papcr. we will rcport thc fabrication of Laiigniiiir- 

Blodgett (LB) films of a ncn asynimctrical phthalocyantnc. I .X-tiapiitliainiidc-trt- 

tcrt-butylplitlialalocy~iiiic (NaBuPc). and its application of in FETs. 

EXPERIMENTS 

The chemical structure of NaBuPc is shonn i n  Figurcl(a). tlic synthesis of i t  was 

reportcd bcforc'4' The LB films of NaBuPc ncrc fabricated on KSV-5000 
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instrument (Finland). A chloroforni solution of NaBuPc (V-150 pl. C=IO'M) \\as 

spread onto pure water at 2050.5 'T. At a constant surface pressure (22 mN in.'). the 

monolayers on the subphasc nore transferred onto the interdigital electrodes o f  FET 

at a spccd of 20 nim min" 

The organic FET of NaBuPc was fabncattd on a glass substrate. A gold 

stripe ( X x 1 2  mm') \\'as deposited onto glass substntc as thc sate electrode. Thc 

insulating layer. polynethylmcthac~latc (PMMA). \\as cast by spin coating from its 

C ' H X N  solution. thc thickness \\as about 200 nni deterniiiicd b! a Dektak .3030 

surface protilinctcr. Two gold interdigital electrodes werc cvaporatd upon PMMA 

to form thc source (S) and drain (D). Finally. 5-layer NaBuPc LB f i lms \\ere covcrcd 

onto the interdigital electrodes. The conduction clianncl o f  this FET is about 0.75 

nini long. Y5,') i i i i n  wide All clectricnl iiicasiircinciits i n  this stud! ncrc pcrfornicd 

at room temperaturc and i n  air. A HP-414OB picoamnictcr/dc voltage source u a s  

used to determinc tlic current-voltage characteristics o f  NaBuPc FE?'s 

RESIJLTS AND DISCUSSIONS 

Figurc I(b) shons the surface pressure-arca isothcmi of NaBuPc Thc stccpl) 

inclining part corrcsponding to the formation of the solid monola!cr and tlic high 

surface pressure o f  the collapse point of the monola!cr indicating thc good film- 

forming bcliabior of this Pc compound From the surface pressure-area isotherm 

! 
1-11u 0 20 30 60 80 1011 120 

Area per molecule 4 

(3) (b) 

FIGURE I (a) The C'licmical structure of NaBuPc. (b) n-A isotherm of  NnBuPc 
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LB FILMS ORGANIC FIELD EFFECT TRANSISTORS s13 
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Field-effect mobility (p,.,.,) o f  NnBuPc caii be calculated from its I-V 

cliaractcristics when the drain and gate are conncctcd'"' The determination o f  the 

pi I of the NaBuPc LB filiiis is depicted i n  Figure -3. \\liere the sqwrc root of thc 

drain current (corrcctcd for the ohmic current) at VI~,=V,,, is plotted versus the gate 

~ol tagc  for the same FET Tlie slope of the line gncs  the mobility o f 2  O i x  IO-'cin'V 

' s  I. and its extrapolation to the V, ,  axis gi\es the threshold voltage V ,  about -1) 7XV. 

the limiting area per molecule is estimated to be 70A’. This value IS useful for 

estimating the configuration of phthaloc!.aninc molecules at the air-\\atcr interface 

The current-voltage characteristics of the FET of N~BLIPc LB films arc 

shown in Figurc: 2 As IS cvidcnt i n  Figutc 2. docs not saturate cwii at high V,,, 

but tends to increase in proportional to VL,5. Although thc saturated 3rca docs not 

observe. the field effect IS still obvious. the conductivit! of NaBuPc incrcascs with 

increasing negative gate bias. This maybe due to the existence of parallel 

conductance \\hich can not be controllable in the present primitive FET’”. As well 

k n o n n .  FETs based on phthalocyanines. their conduction channels arc formed by tlic 

injection of majority carriers in a11 accumulation layer NaBuPc IS a p-typc 

semiconductor thus the forming transistor is  a p-typc transistor and is \\orking i n  an 

accumulation iiiodc under applied iicgativc bias V,;s Increasing tlic sate 

voltngcs(V, ,s)  results i n  the in.jection of majority carriers into the sciiiicoiiductor 

NaBuPc layer 
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FIGURE 3 The rclationship ~ f l ~ , ~ '  ' versus Vl,s at voltage V,,, = V,,h 

which implies that the FET IS a normally-off type t ransis t~$~' .  Thc mobilit! of the 

studied LB films of NaBuPc is still not large enough because of thc l i m i t  of thc 

material itself properties. it is our next aim to develop ncv molecular niatcrials and 

devices with high carrier inobilit! 

In summary. NaBuPc possesscs not oiil!. good solubility i n  common organic 

solvcnts but also ideal LB films characteristics at room teiiipcraturc Its thin LB 
films can be used as the seiiiicoiidiictor thin la!crs of organic field-cWcct transistors 

and exhibit obviously field effect 
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