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在有機薄膜電晶體低溫製程下利用常壓式電漿技

術沉積閘極二氧化矽 

               

研究生: 吳永茂                        指導教授: 張國明 博士 

 

 

國立交通大學電機學院產業研發碩士班 

 

摘要 

 

   我們已經成功地利用大氣壓電漿技術在有機薄膜電晶體低溫製程下沉積閘極

矽氧化物，大氣壓電漿技術的優點是可以在一般正常氣壓下沉積矽氧化物，並且

也可以應用在低溫製程下適合軟性電子製程條件，在這次研究中，我們的有機薄

膜電晶體操作電壓小於-5 伏特，利用 MIM 的結構量出絕緣層在 0.5 MV/cm 的崩潰

電場下漏電流大約在 9×10-8 A/cm2，在可携式的電子產品上低的操作電壓與低的漏

電流是必要的條件，對於沒有定義有機半導體的主動成區域比有定義有機半導體

的主動層區域的漏電流特性大，而且對於有沉積 HMDS 的元件比沒有沉積 HMDS 的

元件的漏電流特性大。 
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Low Temperature Processes of Organic Thin- 

Film Transistor with Gate Dielectric of Silicon 

Dioxide Deposited by Scanning Atmospheric 

-Pressure Plasma Technology 
 
 

Student: Yung-Mao Wu          Advisor: Dr. Kow-Ming Chang 

 

Industrial Technology R & D Master Program of  

Electrical and Computer Engineering College 

National Chiao Tung University 

 

ABSTRACT 

 

We have successfully fabricated pentacene-based organic thin film transistor at a 

low temperature process with silicon oxide as a gate dielectric deposited by 

atmospheric-pressure plasma technology (APPT). The major merit of scanning 

atmospheric-pressure plasma technology was low deposition temperature at one 

standard atmosphere which was suitable for the application of flexible electrons. The 

organic thin film transistor demonstrated in this study could operate at the voltage less 

than -5V and the leakage current of silicon oxide dielectric with MIM structure is about 

9×10-8A/cm2 
at 0.5 MV/cm. The low operation voltage and low leakage current 

properties are required in portable applications. Leakage current of not define pentacene 

region is higher than define pentacene region. And leakage current of have HMDS is 

higher than not have HMDS. 
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Chapter 1 

Introduction 
 

1.1 Application and Motivation of Organic Thin Film Transistor ( OTFT ) 
I n  t h e  p as t  d e cad e ,  o rg an i c  t h in - f i lm  t r a n s i s to r  (OTF T)  h as  been  

s t u d i ed  ex t en s iv e l y.  No w,  t e ch n i c a l  p ro d uc t  g r ad u a l l y  mo r e  a n d  mo r e  

p ro g r e s s ,  f r o m l a rg e  to  s ma l l  an d  f ro m w e i gh t  to  l ig h t ,  p eop le ' s  l i f e  i s  

mo r e  a n d  mo r e  co n v en i en t  i n  e mp h a s i ze s  h i g h  e ff i c i en cy  c en t u r y.  

A long  w i t h  t he  l ow  co s t  and  t he  mass iv e ly  ma n u fac tu re s  t e chno logy,  

t h e  e l ec t r o n i c  p r o d u c t s  ma r k e t  s t a r t s  t o  e mp h a s i s ,  o rg an i c  t h i n  f i l m  

t r an s i s to r s  start to become the research the tidal current. No matter industry or academia 

energetically investment research. 

Ex c ep t  con v en t io n a l  t e ch no log y  o f  d i sp l ay  o n  g l a s s  su b s t r a t e ,  

t e chn o lo gy  o f  d i sp l ay  o n  f l ex ib l e  sub s t r a t e  a l r e a dy  be co me s  n o t i c eab l e  

t e chn o l o gy  on  n ex t  g en e ra t i on .  O rga n i c  th i n  f i l m t r a n s i s t o r s  h av e  

a l r eady  ma n u fa c tu r ed  o n  f l e x ib l e  sub s t r a t e  fo r  l o w  c o s t  and  low 

t e mp e r a tu re  p ro c es s .  I n  a t  p r e s en t ,  so me  man y  f l ex ib l e  su b s t r a t e s  a r e  

r e s ea r ch ed  an d  d eve lo p ed ,  sho w  f ig u re 1 -1 .  

Po ly ( e thy l en e  t e r eph tha l a t e )  (  PET )  and  po ly ( e thy l ene  naph th a -  

l a t e )  (  PEN  )  we r e  o f t en  u sed  fo r  O TFT su b s t r a t e s .  B e cau se ,  t h ey  h av e  

v e r y  l i t t l e  e f f e c t  o n  t h e  me l t i n g  p o i n t  ( T m) ,  w h ich  in c re a s e s  b y  o n l y  a  

f ew  d eg r ee s  b u t  a  su b s t an t i a l  e f f e c t  o n  t h e  g l a s s  t r an s i t i o n  t e mp er a t u r e  

( Tg ) .  M o r eo v e r,  c ho o s e s  t h e  su i t ab l e  ma t e r i a l  o f  s u b - s t r a t e  i s  

i mp o r t an t ,  v i ew  t ab l e  1 -1 .  We  w i l l  s e t  e xp e r i me n t a l  p r oc e s s  

t e mp e r a tu re  l e s s  t h an  3 0 0 .  ℃  

H o w eve r,  o rg an i c  t h in  f i l m  t r an s i s to r s  h av e  mo r e  p o t en t i a l  t ha n  

c on v en t ion a l  t r an s i s to r s .  Org an i c  t h in  f i lm  t r an s i s to r s  h ave  b een  

p ro po s ed  f o r  u s e  i n  v a r i ou s  app l i c a t i on s  i n  d i sp l ay s  and  f l e x i b l e  

e l e c t r o n i c  d ev i c es .  S u ch  a s  a c t iv e - ma t r i x  emi s s i v e  a n d  r e f l e c t i v e  

d i sp l ay s ,  ch e mi c a l  and  me c h an i c a l  s enso r s ,  l ow -co s t  f l ex ib l e  
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i n t eg ra t ed  c i r cu i t s ,  r a d io - f r eq u en cy  id en t i f i c a t i on  (R FI D) ,  

l i gh t -we igh t  l a rg e - sc r een  d i sp l ay s ,  l ow  p o w e r  con su mp t i o n ,  l o w  

t e mp e r a tu re  ma n u f ac t u r i n g ,  l i q u id -c r y s t a l  f l a t  p a n e l  d i s p l ay s ,  

b io ch e mi c a l  s en so r s  an d  l a rg e - a r e a  se n so r  a r r ay s  and  so  o n .  

T h e  o rg an i c  ma t e r i a l  may  ca r ry  o n  t h e  l a rg e  a re a  u s in g  th e  so l u t io n  

t o  sp in - co a t i ng ,  o r  s emi condu c to r  t h in  f i l m l ay e r s  w ere  depo s i t ed  by  

v acu u m e v ap o r a t i o n ,  d o wn  t o  r ed u c e s  t h e  m an u fa c t u r e  p r o c es s  th e  c o s t .  

T h e r e fo r e ,  i mp r o v es  t h e  o rg a n i c  t h i n  f i l m  t r an s i s t o r  t h e  man u fa c t u r e  

p ro ce s s  to  enh an ce  t h e  ma n u fa c t u r e  p r o c e ss  e ff i c i en cy.  Su ch  a s  d i p  

c o a t ing ,  i n k j e t  p r in t i ng  and  co n t a c t  coa t ing .  Nev er th e l e s s ,  t h e s e  a l l  a r e  

s u i t ab l e  on  p l a s t i c  s u b s t r a t e ,  O rg an i c  t h in  f i l m t r an s i s to r s  w i l l  d ev e lo p  

r o l l  t o  r o l l  ma n u f ac tu r e  p ro ce s s  r ega r d ing  th e  fu tu r e  t o  hav e  t h e  v e ry  

l a rg e  h e l p .  D o w n  t o  a ch i ev e s  ma n u fa c t u r e  t h e  p ro ce s s  s i mp l e  

a s p i r a t io n  an d  d ev i c e s  o f  q u a l i ty  f r i vo lo u s  cha r a c t e r i s t i c .   

O n  th e  o th e r  h an d ,  t h e  o rg an i c  s e mi c on du c to r  ma t e r i a l  i mp ro v e me n t  

cha r ac t e r i s t i c ,  t he  p roces s  en han c es  t h e  t e ch no lo g y  a n d  th e  OTFT 

i mp r o v e m e n t  s t ru c tu re ,  t h e  O T F T a p p l i c a t i o n  g r ad u a l l y  i s  r e a l i ze d  o n  

i n t eg r a t ed  c i r cu i t s .  O T F T d e c i d e s  t he  p e r fo r ma n ce  o f  t h e  t r an s i s to r  b y  

mo b i l i ty  ma g n i tu de .  Ho wev e r,  t h e  h i g h  o p e r a t in g  v o l t a g e  r ema i n s  a  

l i mi t a t i o n  o n  o rg a n i c  t r ans i s t o r s .  On e  o f  t h e  mo s t  c r i t i c a l  p r o b l e ms  

w i th  t r ad i t i ona l  o rgan i c  TFT i s  t he  l a rg e  o p e r a t i n g  v o l t ag e  w h i c h  i s  

o f t en  h i g h e r  t h an  1 0 V.  Th e re fo re ,  a cc o u n t  f o r  t h e  p o w er  co n s u mp t i o n  

o f  t h e  t r an s i s t o r  t o  i n c r e a se  a n d  t h e  p e r f o r ma n c e  o f  th e  t r an s i s t o r  t o  

r ed u c e .  

 
1.2 Issues for fabrication OTFT structures 
 

Ho w eve r,  i n  o rd e r  t o  su cces s fu l l y  i n t eg ra t e  o rg an i c  t h in - f i lm  

t r an s i s t o r s  (OTFTs )  t e chno logy,  construction of o rgan i c  t h in - f i lm  

t r an s i s t o r  v i e w  f ig u r e  1 -2 ,  t h e r e  a r e  a  f e w  i mp o r t an t  i s su e s  t o  b e  

d i s cu s sed ,  a s  be low  seve ra l  t e rms :  
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1.2 .1  Organic  semiconductor mater ia l  
 

T h e  se mi c o nd u c t i ng  ma t e r i a l s  g en er a l ly  d i v i d e  i n t o  t h e  o rgan i c  

ma t e r i a l s  w i th  t h e  i no rg an ic  ma t e r i a l s .  Inorganic, atoms are bonded by strong 

covalent bond, result as the higher carrier mobility. Organic, molecules are bonded by weak 

Van der Waal forces. Lower mobility is due to the localized-states carriers. View table 1-2. 

Th e  i n o rga n i c  s emic o nd u c to r  ma t e r i a l s  u su a l ly  u se  h av e  s ev e ra l  k in d s ,  

su ch  a s  Ⅳ  K in d ,  Ⅱ -Ⅵ  K i n d  a n d  Ⅲ - Ⅴ  K ind .  View  f igu re  1 -3 .  

N ev e r th e l e s s ,  t h e  o rg an i c  ma te r i a l s  g en e r a l l y  d i v ide s  i n to  t h r ee  

k in ds ,  r e s p ec t i v e l y  a r e  S ma l l  mo l e cu l a r  ( mo l e c u l a r  w e i gh t  <  30 0 0  )  ,  

Po ly me r  (mo l e cu l a r  w e ig h t  >  1 00 00  )  and  C o mp lex  (mo le c u l a r  we i g h t  >  

1 00 00  )  .   

T h e  s ma l l  mo l e cu l a r  ma t e r i a l  u su a l l y  u se s  e v ap o r a t i v e  p r o c es s ,  

t h e r e fo re ,  i t  n eed s  t h e  p e r f e c t  v acuu m t h e  env i ro n me n t .  M ak i n g  t h e  

ma n u fac tu re  p ro ces s  t o  b e  r e l a t iv e ly  c o mp lex  mo reo v e r  t h e  co s t  a l so  

r e l a t i ve ly  t o  enhance .  N- type  o f  t h e  sma l l  mo lecu la r  ma t e r i a l  c a r r i e s  

t r an smi s s i on  ch a ra c t e r i s t i c  p oo r ly.  Th e  ma te r i a l  ap p ea r s  ex t r eme ly  

d o e s  n o t  s t ab i l i ze  i n  th e  a i r  env i ro n me n t .  B u t  a l so  h as  o n e  k in d  o f  

s e mi c on du c t in g  o rg an i c  ma te r i a l  t o  b e  ca l l ed  a -n T( Ol igo th io ph e n e ) .  

R e sea r ches  and  dev e lops  t he  i mprovemen t  ma t e r i a l  t h e  s t ab i l i t y  t o  be  

g oo d  and  th e  ch a ra c t e r i s t i c  n i c e  i n  t h e  a i r  en v i ron me n t .  P - ty pe  o f  t h e  

s ma l l  mo l e cu l a r  ma t e r i a l  mo s t  h a s  t h e  r ep r e s en t a t iv e  ma t e r i a l  i s  

p en t a c en e ,  v i e w f i g u r e1 - 4 .  A mo n g  a l l  s emi c o nd u c t i ng  o rg an i c  

ma t e r i a l s  u s ed  t o  f a b r i ca t e  O T F T,  p en t a c en e  i s  t h e  mo s t  p o pu la r l y  u s ed  

o rg an i c  ma t e r i a l  t o  s e rv e  a s  t h e  ac t i v e  l ay e r  b e cau s e  o f  i t s  h i g he r  

c a r r i e r  mob i l i t y  in  OTFTs .  The  p e r fo r man ce  o f  OTFT i s  d e t e r mined  by  

i t s  mob i l i t y,  wh i ch  i n  t u rn  i s  g rea t l y  i n f l u en ced  by  th e  i n t e r f ace  

p ro p e r t i e s  b e t w een  t h e  a c t i v e  l ay e r  and  t he  d i e l ec t r i c  l ay e r.  Pen t a c en e  

( C2 2H 14 )  i s  a  s emi c o n du c t in g  o rg an i c  ma t e r i a l  cu r r en t l y  a t t r ac t in g  

mu c h  in t e r e s t  a mo n g  s c i en t i s t s  and  eng in e e r s  b e cau se  p e n t a c en e  f i l m s  

c a n  b e  u s e d  a s  a  c h ann e l  l ay e r  o f  O T F Ts  wi th  ex cep t io n a l  mo b i l i t y.  
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Pe n ta c en e  t r an s i s to r s  can  b e  u sed  a s  a  s w i t ch ing  d ev i ce  fo r  

a c t iv e - ma t r i x  d i sp lay.  Th e  p en t a cen e  f i l ms  a r e  u su a l l y  p o ly c ry s t a l l i n e  

wh en  th ey  a r e  dep o s i t ed  by  o rg an i c  v a po r  p ha s e  d ep o s i t i on  and  th e r ma l  

e v ap o r a t io n .  O th e r  a l s o  h a v e  so me  s ma l l  m o l e cu la r  s e mi c o n d u c t o r  

o rg an i c  ma t e r i a l s ,  su ch  a s  L in e a r  fu s ed  r i ng  comp o un ds ,  2 - D  fu s ed  r in g  

c o m p o u n d s ,  o l ig o me r s  a n d  3 -D  mo l ec u l e s  and  s o  o n .  

T h e  p o l y me r  c o m p are s  t o  t h e  s ma l l  mo l e cu l a r  h as  th e  h i g h e r  

ma n u f ac t u re  p r o ce s s  s u p e r io r i t y,  B e c au se  o f  t h e  o rg an i c  p o l y mer  

ma n u fac tu re  p ro ce s s  can  a p p ly  t h e  t ech no log y  o f  s o l u t i o n  co a t in g .  

S u ch  a s  s p in - co a t i n g ,  d i p -c o a t i n g  an d  p r i n t i ng  p ro c es s  a n d  s o  o n .  

C o n sequ en t l y,  ma n u fa c t u r e  p ro c e s s  mo r e  i s  ea sy  t o  a p p ly  i n  o n  t h e  

l a rg e  a r ea  d ev i ce .  R eg io reg u l a r  Po ly (3 - a lk y l t h io ph en e )  (  P3H T )  i s  

P - t ype  o f  t h e  o rgan i c  po lyme r  mo s t  ha s  t he  t yp i ca l  ma t e r i a l .  View  

f ig u r e1 -5 .  A t  p r e se n t  may  u t i l i z e  on  th e  ph o to e l e c t r i c  d ev i c e ,  and  th e  

t r an s i s t o r  ha s  supe r io r  ch a rac t e r i s t i c  o f  mo b i l i t y.  

Po ly (b enzo b i s i mi dazo ben zop h en an th ro l i n e )  (B B L)  i s  N- ty p e  o f  t h e  

o rg an i c  po ly mer  mo s t  ha s  t he  t yp i ca l  ma t e r i a l .  H e re in to ,  Po ly  

( 9 ,9 -d io c ty l f l u o r en e co -  b i t h io ph en e )  ( F 8 T2)  i s  o n e  k in d  ma t e r i a l  o f  

Th e r mo t rop i c  l i qu id  c ry s t a l .  I t  may  ap p ly  i n  p r i n t i ng  p ro c es s  a ch i ev -  

e d  l a r g e l y  r ed u c es  t h e  p r o d u c t i o n  cos t .  

T h e  co mpl ex  mo s t  h av e  th e  t y p i c a l  ma t e r i a l s  s u ch  as  Ph t h a lo c -  

y an i n e  C o o r d in a t i o n  C o mp o un d  and  O r g an i c - i no rg an i c  H y b r i d  Ma t e r i a l .  

M o r eo v e r  P h t h a lo cy an i n e  Co o r d in a t io n  C omp o un d  i s  mo s t  e a r ly  

a pp l i ed  o n  t he  s e mi con d u c t o r i ng  o r g an i c  d ev i ce .  

 Organic thin-film transistors (OTFT) based on conjugated polymers, oligomers, or 

other molecules have been envisioned as a viable alternative to more traditional, 

mainstream thin-film transistors (TFT) based on inorganic materials. Because of the 

relatively low mobility of the organic semiconductor layers, OTFT can’t rival the 

performance of field-effect transistors based on single-crystalline inorganic semiconductors, 

such as Si, Ge, GaAs, InP, which have charge carrier mobilities about three orders of 

magnitude higher [21]. 
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1.2 .2  Source /Drain  contact  
 

Th e  pos i t i on  o f  t he  Fe r mi  l eve l  i s  a  qu i t e  i mpo r t an t  con s id e r a t io n  

i n  t h e  s emic o nd u c t o r.  As  a  r e su l t  o f  me t a l l i c  w o r k  f un c t io n  co ns id e r-  

a t io n ,  w he t h e r  fo rms  b a r r i e r  o r  o hmi c  c on t ac t  i n t e r f a c e  b e t w een  me t -  

a l  and  semic o nd u c t o r.  an d  i t  i s  d e c id ed  t o  t h e  f e r mi  l e v e l  po s i t io n .  

Th e rewi th  j udg es  f e r mi  l eve l  t h e  r e l a t iv e  po s i t ion  to  d ec id e  ty pe  o f  

c on d u c t ion  con d i t i on .  I f  s emic o nd u c t o r  f e r mi  l ev e l  ap p r o ach e s  va l e -  

n ce  b an d ,  t r e a t s  a s  b y  t h e  h o l e  c a r r i e s  t o  con v ey.  Th e r e fo re  i s  c a l l ed  

t he  p - ty pe  s e mi c on d u c to r.  A dv e r sa t i v e ,  i f  s emi c o nd u c t o r  f e r mi  l ev e l  

a pp ro a che s  co n du c t io n  b and ,  t r e a t s  a s  b y  th e  e l e c t ron  ca r r i e s  t o  co nv ey.  

Th e re fo r e  i s  c a l l ed  t h e  n - ty p e  s e mic o nd u c to r.  Co n s eq u en t ly,  w e  wi l l  

i mp r o v e  i n t e r f a c e  t o  av o i d  f o r mi n g  S ch o t t k y  b a r r i e r  a n d  c r e a te s  

o v e r s i zed  c on t a c t  r e s i s t an c e  t o  a ff ec t  t h e  d ev i ce  c h a r ac t e r i s t -  

i c s .  

 

1 .2 .3  Hig h  d i e l e c tr i c  co ns ta n t  i nsu la to r  

 

In recent years, the organic thin film transistor (OTFT) has been studied widely on 

flexible electronic circuit for the application such as e-books, e-papers, and RF tags [1-3]. 

The effect of flexible electronic products for human life will grow drastically in the near 

future. A reliable low temperature process becomes more and more important and urgent 

for OTFT fabrication since a critical issue in OTFT fabrication is that the flexible substrate 

cannot suffer high temperature. There are some low temperature methods used to fabricate 

inorganic gate insulator reported in many studies such like sputter, electron-gun, and anodic 

oxidation [4-6]. Although the dielectric could be deposited or grown at low temperature, 

however, in order to reduce gate leakage current for obtaining a good gate dielectric 

property, a high temperature annealing after dielectric deposited is needed. Besides, a good 

gate insulator with high dielectric constant at low-temperature process is urgently 

demanded for the portable application on OTFT now. A low operation voltage for OTFT is 

required to reduce power consumption from flexible electronic circuits. By adopting some 
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high dielectric constant materials such as Al2O3 
[8], TiO2 

[7], HfO2 
[6] and TaO2 

[5] for 

OTFT are a common way to reduce the operation voltage. Increase dielectric constant with 

reduce leakage current for OTFT, phenomenon of leakage current involve defect density 

and charge trap density at low temperature process, 

charge trapped in defects causes a shift in the gate threshold voltage of the OTFT, the 

trapped charge will change with change with time so the threshold voltage will shift with 

time, leading to instability of operating characteristics, and occur increase scatter carriers so 

that low mobility for OTFT performance, hence, influence of dielectric quality is important 

for OTFT research. 

 

1.2 .4  Act ive  region pattern 
 

I n  o rd e r  t o  ob t a in s  t h e  h ig h  e ff i c i en cy  th e  ex p e r ime n t ,  d ev e lo p s  

ma n y  con v en i en ce s  p r oc e ss  t echn o lo gy,  a  v a r i e ty  o f  s t r a t eg i e s  hav e  

b een  u s ed  to  c r e a t e  i n t eg ra t ed  a r r ay s  o f  t r an s i s to r s  i n c lu d in g  

p ho to l i th o g r ap h y,  s t amp i ng ,  an d  s h ad ow  ma s k i n g ,  p h o t o l i t ho g r aph y  

h as  an  e s t ab l i shed  i n f r a s t ruc tu re  t han k s  t o  i t s  ex t en s iv e  u s e  i n  s i l i co n  

f ab r i c a t i on ,  p r in t i ng  p ro ces s  i n  wh ich  t h e  p r in t i ng  su r f ace  i s  ne i t he r  

r a i s ed  no r  e t ch ed  in to  t h e  p l a t e ,  an d  p r i n t i n g  i s  a f f e c t e d  b y  me a n s  o f  a  

c h e mi c a l  p r o ce s s  t h a t  a l l o w s  in k  t o  adh er e  t o  o n l y  t h e  p a r t s  o f  t h e  

s u r f a ce  to  b e  r ep r o d uc ed .  P ho t o l i t ho g r aph ic  p a t t e rn i ng  h as  s e ve r a l  

a d v an t ag e s :  a rb i t r a r y  p a t t e r n s  c an  b e  u s ed  w i th  f i n e  f e a t u r e s ,  a  v a r i e ty  

o f  d ep os i t i o n  t echn iq u es  m ay  b e  u se d ,  and  ph o to l i th og rap hy  c a n  b e  

a pp l i ed  o v e r  l a rge  a r e a s  i n  mu l t i l ay e r  p ro ce s s .  

 

1.2 .5  Pass ivat ion 

 
The degradation of electrical characteristics was observed, show figure 1-7. It is 

supposed, the reason is sheer stress by the viscosity of PVA when it was coated and dried. 

Because of the reason, we developed a novel encapsulation method for OTFTs. OTFTs 

were packaged by novel encapsulation method; the Al film adhered onto the pentacene 
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active layer in a dry nitrogen atmosphere using a proper adhesive. Using this method, we 

observed no degradation, view figure 1-8. No substantial degeneration occurred. The initial 

mobility of no passivation device the characterization was degraded after long terms. Their 

mobility is reduced to 2% of initial mobility value. Hence, a lifetime was defined as the 

time necessary to reduce mobility to 2% of initial mobility value. Through this result, the 

performance and the stability were observed by the novel encapsulation effect[15]. 

 

1.2 .6  Surface  treatment  
 

T h e  d i e l e c t r i c  p o l a r i t y  i s  mo d i f i e d  b y  th e  s e l f - a s s e mb l ed  

mo n o l ay e r  ( SA M )  o n  in o rg an i c  d i e l ec t r i c s .  In o rg an i c  d i e l ec t r i c s  w i t h  

l o w er  s u r fa c e  e n e rg y  p r o f f e r  i mp ro ved  d ev i c e  p e r fo r ma n ce ;  s u ch  

s u r f a c e s  r e d u c e  ma n y  o f  i n t e r f a c e  t r a p s  i n  O T F Ts  [9 , 1 0 ] .  H ow e v e r,  

c o n t r o l l i n g  g a t e  l e a k a g e  i s  a n  e x t r a  d i ff i c u l ty [11 ] .  A s  w e l l  a s  t h e  

i n c r e a s e  i n  c ap a c i t an c e ,  t h e  s u r fa c e  p o l a r i t y  (  h y d ro ph i l i c  o r  

h y d ro ph ob ic  )  o f  t he  g a t e  d i e l e c t r i c  i s  a n  i mp o r t a n t  f a c to r [5 ] .  H o w ev er,  

t he  i n o rga n i c  me t a l  ox ide  d ie l e c t r i c  w i th  h ig h e r  po l a r i za b i l i ty  l ead s  t o  

t he  h igh e r  O-H g ro u p  d en s i t y  o n  t h e  i n t e r f ace  an d  op po s i t e ly  ro ug h  

s u r f a c e  mo r p h o l o g y.  T h e  fo r me d  O - H  g ro u p s  a n d  t h e  r o u g h  s u r f a c e  

f u r th e r  a ff ec t i o n  t h e  u n p ro f i t ab l e  q u a l i t y  o f  d e v i c e  p e r fo r man c es .  B y  

t h i s  r e a son ,  t h e  p o ly mer-c o a t in g  man n e r  app e a r s  t o  be  ab s o l u te ly  

p e rv a s iv e  an d  th us  cou ld  b e  u sed  t o  any  d i e l ec t r i c  su r f a ce  be fo r e  

o rg an i c  s emi co nd uc to r  d epo s i t io n  [1 2 -1 4 ] .  I n  o rd e r  t o  su cces s fu l l y  

i n t eg r a t e  w i th  O T FTs  t e ch n o l o gy,  t h e r e  a re  a  f e w  i m p o r t a n t  i s s u e s  t o  b e  

a dd re s sed ,  i n c lu d in g  d eg r ad a t io n  in  cha n n e l  mo b i l i t y,  ch a rg e  t r app in g ,  

a n d  t h e r ma l  s t a b i l i t y.  

 

1 .2 .7  Device  s tructure   
 

U s u a l l y,  t e s t  s t r u c t u r e s  o f  O T F T a r e  u s u a l l y  f a b r i ca t ed  i n  s ho wn  

f i g u r e1 - 9 .  To p  ga t e  a dv an t ag e s  w er e  s l e f - p a s s iv a t i o n  an d  f i n e  so u r c e  
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/ d r a in  r e s o lu t i o n ,  b u t  d i s ad va n t ag e s  we r e  p o o r  s e mic o nd u c to r /d i e l e c -  

t r i c  i n t e r f a c e  a n d  h igh  con t ac t  r e s i s t a n ce .  

 

1.3 Gate dielectric for organic and inorganic materials 

 
Organic dielectrics can be solution-processed, provide smooth films on transparent 

glass and plastic substrates, are suitable for optic-electronics like photo-responsive OFETs 

due to their high optical transparency, can be thermally stable up to 200  with a relatively ℃

small thermal expansion coefficient, and can posses a rather high dielectric constant up to 

18.  

 

 

Required properties for gate dielectrics. 

1. Good for pentacene growth (for high mobility). 

2. Should have low leakage current (for high on/off ratio). 

3. Good chemical resistance (for high resolution). 

4. Spin on material (for low cost). 

5. High k (for low power). 
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1.4 Introduction of APPT 
 

    The atmospheric-pressure plasma technology (APPT) is useful for treating and 

modifying the surface properties of organic and inorganic materials. The APPT 

apparatus does not require any vacuum systems, produces high density plasma, and 

provides treatment of various substrates at low temperatures while operating open to the 

atmosphere. The plasma system has used for a wide variety of applications including 

treatment of polymer films, paper, wood, and foils; plasma grafting and plasma 

polymerization; ash various materials in the microelectronics industry; barrier layer 

deposition for the packaging industry; and sterilizing biologically contaminated 

materials.  

For polymer films, the technique offers the following advantages: 

• Uniform treatment and No backside treatment. 

• Improved surface energy with concomitant improved wet ability, printability, 

and adhesion. 

• No additional vacuum system and low cost. 

• Continuous fabrication availably and high speed for production. 

• High plasma density.  

As shown in Fig.1-10, we exhibited the atmospheric-pressure plasma system which was 

used in our experiment. 

From the viewpoint of processes, deposition method of SAPPT is more efficient 

than that of E-gun for the OTFT process since SAPPT does not need a vacuum system. 

This takes advantages of reduced process time and cost of the equipment. The electric 

properties of OTFT device fabricated at low temperature processes are demonstrated. 
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1-5 Thesis Organization 

 
In this study, properties of silicon oxide deposited by SAPPT and E-gun system on 

silicon substrate are discussed. In addition, a suitable condition for silicon oxide 

deposited by SAPPT was selected from different temperature biases using MIS and 

MIM test structures.  

 

In chapter 1, we describe application and Motivation of Organic Thin Film 

Transistor. Than acquaint with issues for fabrication OTFT structures, and technique of 

APPT. 

In chapter 2, we adopt a new process, APPT, which can be operated under low 

temperature and atmospheric ambient. And APPT will make use of dielectric layer SiO2 

for our experiment. We use to two different systems deposited silicon oxide as insulator 

dielectric layer which to test insulator quality of handicapper convenient for metal 

insulator semiconductor ( MIS ), metal insulator metal ( MIM ) and amorphous silicon 

metal insulator metal ( a-Si MIM ) structures. 

In chapter 3, we use different structures to experiment with silicon oxide dielectric 

layer quality and leakage current. 

In chapter 4, we will describe the conclusions and the future works. 
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R e f :  Wi l l i a m  A .  M a c D o n a l d “ A d v a n c e d  F l e x i b l e  P o l y m e r  S u b s t r a t e s ” p . 1 6 5  
F i g u r e  1 -1 :  Co mp ar e  w i th  temperature fo r  a  v a r i e ty  o f  f l ex i b l e  

e l e c t r o n i c  s u b s t r a t e s .  
 
 
 
 
 
 

 
R e f  :  M R S  2 0 0 2  F l e x I C s  

 
Ta b l e  1 - 1 :  C o mp a r e  w i t h  characterization fo r  a  v a r i e ty  o f  f l e x ib l e  

e l e c t r o n i c  s u b s t r a t e s .  
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Figure 1-2: Construction of o rgan i c  t h in - f i l m t r a n s i s to r   
 
 
 
 
 
 
 

 
Ta b le  1 -2 :  Characterization of materials for OTFT. 
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Figure 1-3: Classification of semiconductor materials 

 

 
Figure 1-4: Molecular structure of pentacene. 

 

 
 

Figure 1-5: Molecular structures of P3HT and BBL. 
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R e f  :  Synthetic Metals 143 (2004) 21–23 

Figure 1-6: Influence of mobility for OTFT passivation. 
 

 
R e f :  Current Applied Physics 5 (2005) 348–350 

 
Figure 1-7: The electrical characteristics of OTFT encapsulated by the PVA coating 

method. 
 

  
R e f :  Current Applied Physics 5 (2005) 348–350 

 
Figure 1-8: The electrical characteristics of OTFT encapsulated by polyacrylate-based 

adhesive multilayer composed method. 
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Ref: Organic electronics 8 (2007) 450-454. 

Table 1-3: Characterization of contact angle for organic and inorganic materials 
 
 

 
 

 
 

 
Figure 1-9: Schematic of the organic thin film transistors (OTFTs) with (a) Top 

gate/Bottom contact structure (b) Top gate/Top contact structure (c) Top 
contact/Bottom gate structure (d) Bottom contact/Bottom gate structure (e) 
Double gate structures. 
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Table 1-4: Characterization of dielectric materials and process methods for OTFT  
 
 
 
 
 

 
 

Figure 1-10: APPT system of ITRI 
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Chapter 2 

Experiment 
 
2.1 Silicon oxide deposited with E-gun and SAPPT equipments on the 

metal insulator semiconductor ( MIS ) structure 
 

In this scenario, we use to two different systems deposited silicon oxide as insulator 

dielectric layer which to test insulator quality of handicapper convenient for metal 

insulator semiconductor ( MIS ) structure.  

First, the n+-Si wafer was used as the substrate, and was rinsed in the deionization 

water ( DI water ), and was then dipped in dilute HF solution ( HF:DI water = 1:100 ) 

that to remove the native oxide, the wafer was accomplished the RCA Clean procedure 

after, deposition of silicon oxide were electron-beam ( e-gun ) technique and 

atmospheric-pressure plasma technology ( APPT ), respectively.  

In atmospheric-pressure plasma technology aspect, Heats up the Tetraethoxy silane 

( TEOS ) to 180℃ was injected by nitrogen ( 50％ ) and oxygen ( 50％ ) as carrier 

gases which was the deposition source of silicon oxide. The plasma power was 

established around 50 W with an appropriate scanning rate ( sccm /cycle ) to deposit  

silicon oxide on the top of n+-Si substrate at room temperature under an atmospheric- 

pressure. The thickness of silicon oxide was increased with the scanning times 

( cycle/area ) , and we adopted 80 times and flow 1 sccm parameters to compare with 

different silicon oxide dielectrics. 

 In electron-beam technique aspect, the silicon substrate was deposited 60 nm thick 

remained at room temperature ( 25℃ ) that the deposition rate and vacuum pressure 

were 0.05 nm/sec and 4×10-6 Torr, respectively. Finally, all top contact electrodes were 

deposited 300 nm thick aluminum layer defined with shadow mask by thermal coater 

system. The active region pad of all capacitors was diameter 200 µm and all bottom 

contact electrode were deposited 300 nm thick aluminum layer before the bottom n+-Si 

substrate swabs the sponge of dilute HF solution.   

 

2.2 Silicon oxide deposited with effect of substrate temperature  by 

SAPPT on the metal insulator metal ( MIM ) structure 
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    In this scenario, we purpose to deposit silicon oxide dielectric on the bottom 

contact electrode metal by atmospheric-pressure plasma technology. But silicon oxide 

was not deposited on the metal at room temperature. Consequently, we try to find 

solution to heat up to the n+-Si substrate that was able to deposit on the metal. 

First, the n+-Si wafer was used as the substrate, and was rinsed in the deionization 

water ( DI water ), and was then dipped in dilute HF solution ( HF:DI water = 1:100 ) 

that to remove the native oxide, the wafer was accomplished the RCA Clean procedure 

after, deposition of silicon dioxide was thermal kiln grown 500 nm thick on the top of 

n+-Si substrate for isolation purpose. And deposited 300 nm aluminum as the bottom 

electrode. Heats up the Tetraethoxy silane ( TEOS ) to 180℃ was injected by nitrogen 

( 50％ ) and oxygen ( 50％ ) as carrier gases which was the deposition source of 

silicon oxide. The plasma power was established around 50 W with an appropriate 

scanning rate ( sccm /cycle ) to deposit silicon oxide on the top of n+-Si substrate at 

room temperature under an atmospheric-pressure. The thickness of silicon oxide was 

increased with the scanning times ( cycle/area ) , silicon oxide was deposited on the 

aluminum thin film by atmospheric-pressure plasma technology ( APPT ) with varied 

substrate temperature (was treated at 100℃ , 150℃, and 200℃ respectively). Than we 

adopted 60 times and flow 1 sccm parameters to compare with different silicon oxide 

dielectrics.  

    Finally, all top contact electrode were deposited 300 nm thick aluminum layer 

defined with shadow mask by thermal coater system. The active region pad of all 

capacitors was diameter 200 µm . 

 
2.3 Deposition of silicon oxide dielectric under room temperature on 

amorphous silicon metal insulator metal ( a-Si MIM ) structure 
     

    In this scenario, we purpose to deposit silicon oxide dielectric on the bottom 

contact electrode metal by atmospheric-pressure plasma technology. But silicon oxide 

was not deposited on the metal at room temperature. Consequently, we try to find 

solution to deposit amorphous silicon on the bottom electrode metal by electron-beam 

technique that was able to deposit on the metal at room temperature. 

First, the n+-Si wafer was used as the substrate, and was rinsed in the deionization 

water ( DI water ), and was then dipped in dilute HF solution ( HF:DI water = 1:100 ) 



19 
 

that to remove the native oxide, the wafer was accomplished the RCA Clean procedure 

after, deposition of silicon dioxide was thermal kiln grown 500 nm thick on the top of 

n+-Si substrate for isolation purpose. And deposited 300 nm aluminum as the bottom 

electrode. 

    Then, we deposited amorphous silicon thickness of 2 nm by electron-beam 

technique that in order to easeful grow silicon oxide by atmospheric-pressure plasma 

technology at room temperature.  

Heats up the Tetraethoxy silane ( TEOS ) to 180℃ wae injected by nitrogen ( 50

％ ) and oxygen ( 50％ ) as carrier gases which was the deposition source of silicon 

oxide. The plasma power was established around 50 W with an appropriate scanning 

rate ( sccm /cycle ) to deposit silicon oxide on the top of n+-Si substrate at room 

temperature under an atmospheric-pressure. The thickness of silicon oxide was 

increased with the scanning times ( cycle/area ) , silicon oxide was deposited on the 

aluminum thin film by atmospheric-pressure plasma technology ( APPT ) with varied 

scanning times ( at 60, 80, 100, and 120 times respectively). Than we adopted flow 1 

sccm parameter to compare with different silicon oxide dielectrics.  

    Finally, all top contact electrode were deposited 300 nm thick aluminum layer 

defined with shadow mask by thermal coater system. The active region pad of all 

capacitors was diameter 200 µm . 

 

2.4 Fabricated processes of organic thin film transistor ( OTFT ) 
    

     In this scenario, we adopted flow 1 sccm and 60 times parameters to deposit 

insulator as gate dielectric layer on the organic thin film transistor structure by 

atmospheric-pressure plasma technology ( APPT ).  

     First, the n+-Si wafer was used as the substrate, and was rinsed in the deionization 

water ( DI water ), and was then dipped in dilute HF solution ( HF:DI water = 1:100 ) 

that to remove the native oxide, the wafer was accomplished the RCA Clean procedure 

after, deposition of silicon dioxide was thermal kiln grown 500 nm thick on the top of 

n+-Si substrate for isolation purpose. The bottom contact structure was adopted to 

fabricate organic thin film transistor. That the structure of organic thin-film transistor. 

And deposited 50 nm thick aluminum layer as the gate electrode by lift-off method. The 

aluminum layer was deposited by thermal coater and silicon oxide deposited by 
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atmospheric-pressure plasma technology ( APPT ) at 150℃ under an atmospheric 

pressure with scanning 60 times was used as gate insulator. Source/ Drain electrodes 

with 50 nm thick nickel layer were deposited by electron-beam technique. The active 

layer used in this study was pentacene (obtained from Aldrich Co., Ltd.) which was 

evaporated by thermal coater. During deposition of pentacene active layer, the substrate 

was heated to 70℃ at power 17 W in a pressure chamber of around 1x10-6 Torr. 

 

2.5 Characteristic measurement of devices   
 

Capacitance-Voltage (C-V) characteristic diagrams were analyzed at 1MHz by HP 

4284A precision LCR meter parameter and the characteristic curves of Current-Voltage 

(I-V) were measured with semiconductor parameter analyzer by HP 4156. All 

measurements were carried out at room temperature in an air atmosphere.  
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Figure 2-1: Fabrication flow of metal insulator semiconductor ( MIS ). 
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Figure 2-2: Fabrication flow of metal insulator metal ( MIM ). 
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Figure 2-3: Fabrication flow of amorphous silicon metal insulator metal ( a-Si MIM ). 
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Figure 2-4: Fabrication flow of organic thin film transistor ( OTFT ). 
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Chapter 3 

Results and Discussion 
 
3.1 Silicon oxide dielectric layer quality analysis and appraisal 
 
3.1.1 MIS 
 

We use to two different systems deposited silicon oxide as insulator dielectric 

layer which to test insulator quality of handicapper convenient for metal insulator 

semiconductor ( MIS ) structure. Sample A and sample B was APPT and E-Gun 

deposition respectively. 

The C-V characterization of sample A and sample B was shown in Figure 3-1. 

EOT (Equivalent Oxide Thickness) calculated from capacitance of Figure 3-1(a) for 

sample A and sample B was about 8.277 nm and 10.919 nm respectively. The 

expression of EOT is very popular for the high dielectric constant gate insulator of 

CMOS device [16]. Because there are many kinds of insulator materials with different 

dielectric constants, EOT could be considered as a standard for a comparison of the gate 

insulator controllability to channel accumulation. The calculation of EOT is presented at 

equation ( 3-1 ). The circular area of top electrode in this study was diameter 200 µm .  

 

          ( 3-1 ) 
 

The relationship between I-V of sample A and sample B were showed in Figure 

3-1(b). The leakage current of sample B is higher than sample A at 1.5V bias voltage. 

However, because we want to know the effect of silicon oxide deposited by e-gun and 

SAPPT at different physical thickness, we try to make the comparison under the same 

electric field obtained from the voltage divided by the EOT (EEOT= Bias Voltage / EOT). 

When two OTFT devices are biased at the same EEOT, which means the same  

charges were accumulated at both device’s channels. In this case, when the EEOT was 1.5 

MV/cm, leakage current of sample B is higher than sample A. Show figure 3-1 (c ). 

 
 

.  
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3.1.2 MIM 
 

We purpose to deposit silicon oxide dielectric on the bottom contact electrode 

metal by atmospheric-pressure plasma technology. But silicon oxide was not deposited 

on the metal at room temperature. Consequently, we try to find solution to heat up to the 

n+-Si substrate that was able to deposit on the metal. Silicon oxide of sample D ~ F was 

deposited by SAPPT on the bottom electrode surface at different substrate temperature 

at 100℃, 150℃, and 200℃. The horizontal axis and vertical axis of Figure 3-2 

represent the swept voltage set and the value of capacitance respectively. The values of 

EOT calculated from Figure 3-2 (a) of sample D, E, and F were about 20.198 nm, 

23.836 nm, and 28.496 nm respectively, so we could find that the deposition rate was 

increased with the substrate temperature. However, the capacitance value of sample C 

couldn’t be measured due to the high leakage current. The I-V characterization of 

sample C shows almost short circuit current, which implies the deposition rate was 

almost zero when we deposited silicon oxide on the surface of aluminum at room 

temperature. This situation is very different to that by deposited on silicon substrate at 

room temperature. These results revealed that the surface material is a main factor for 

SAPPT method to deposit silicon oxide at room temperature. The leakage current 

density versus electric field was shown in Figure 3-3. The leakage current of sample E 

and sample E-Gun is about 9×10-8 A/cm2 
and 2×10-7 A/cm2 

at 0.5 MV/cm respectively. 

The quality of silicon oxide deposited by SAPPT at 150℃ is better than that deposited 

by e-gun.  

 
3.1.3 a-Si MIM 
 
     We purpose to deposit silicon oxide dielectric on the bottom contact electrode 

metal by atmospheric-pressure plasma technology. But silicon oxide was not deposited 

on the metal at room temperature. Consequently, we try to find solution to deposit 

amorphous silicon on the bottom electrode metal by electron-beam technique that was 

able to deposit on the metal at room temperature. Silicon oxide was deposited on the 

aluminum thin film by atmospheric-pressure plasma technology ( APPT ) with varied 

scanning times at 60, 80, 100, and 120 times respectively. Than we adopted flow 1 sccm 

parameter to compare with different silicon oxide dielectrics. 

The horizontal axis and vertical axis of Figure3-4 represent the swept voltage set 

and the value of capacitance respectively. The values of EOT calculated from Figure3-4 
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(a) of sample 60, 80, 100, and 120 times were about 18.072 nm, 19.715 nm, 24.643 nm 

and 27.108 nm respectively,  

      The leakage current density versus electric field was shown in Figure 3-5. The 

leakage current of sample E-Gun is about 2×10-7 A/cm2 at 0.5 MV/cm respectively. The 

quality of silicon oxide deposited by e-gun is better than that deposited by SAPPT. 

 
3.2 Determination of Threshold voltage and Mobility 

 
    The linear regime field effect mobility can be obtained by the calculation 

described below. At low VD, ID increases linearly with VD (linear regime) and is 

approximately determined by the following equation: 

( )[ ]DDTG
oxn

D VVVV
L
CW

I 22
2

−+=
µ

   ( 3-2 ) 

where L is the channel length, W is the channel width, Cox is the capacitance per unit 

area of the insulating layer, VT is the threshold voltage, and µ is the field effect mobility, 

which can be calculated in the linear regime from the transconductance, 

Gm = Doxn VC
L
Z µ=

∂
∂

G

D

V
I

   ( 3-3 ) 

by plotting ID versus VG at a constant low VD, with –VD <<-(VG - VT), and equating the 

value of the slope of this plot to Gm, then find Gmmax which can gain the value of 

threshold voltage (VT) and linear mobility. For the known values included Cox, VT, and 

W/L, the value of saturation mobility can be obtained from equation (3-4)   

( )2

2
)( TG

oxn
D VV

L
CW

satI +=
µ

   ( 3-4 ) 

 
 
3.3 OTFT electric characteristics analysis and discussion 
 

At this part, SAPPT method was adopted to fabricate the gate insulator of OTFT 

with the parameters of sample E discussed. Process temperature and throughput are the 

two main considerations for this selection. First, most plastic substrates could not 

sustain temperature higher than 200℃. The process condition of sample E (150℃) 

provides a suitable thermal buffer for flexible electronic device fabrication. Secondly, 

the deposition rate is increased with the raised process temperature and the condition of 

sample E has a relatively higher deposition rate than sample D. The condition of sample 
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E is still a low temperature process and can get a better deposition rate for throughput 

and still maintain good quality. The drain current (ID) versus drain-source voltage (VDS) 

at varied gate voltages (VGS) was shown in Figure 3-8(a). The output characteristic of ID 

versus VGS 
was shown in Figure 3-8(b). The carrier mobility was calculated at the 

saturation region with following equation:  

      ( 3-5 )  
Ci is the capacitance per unit area of gate insulator in equation. (3-5). It correspond to a 

device with channel width W = 200 µm and length L = 50 µm. The saturation mobility 

and the threshold voltage of the OTFT were about 0.066 cm2/V-s
 
and - 2 V respectively.  

The OTFT could be operated at the voltage below -5 V due to the EOT of about 14 nm. 

However, the mobility of this device was lower than some other reports [17, 18]. We 

suggested that three possible reasons could explain this phenomenon. First, since we 

fabricated the OTFT device with bottom contact structure [2], the grain size of the 

active layer would be affected by the roughness of the electrodes of source and drain. 

Secondly, the roughness of aluminum gate electrode was about 8.7 nm (the 

corresponding AFM analysis was shown in Figure 3-14(a)), the roughness of the silicon 

oxide deposited by SAPPT on the top of aluminum gate electrode was around 10.8 nm 

(see Figure 3-14(b)). Third, the contact angle of gate insulator with DI water was about 

20 degree and figure 3-15 shows hydrophilic characteristic at the surface of the silicon 

oxide. Roughness and hydrophilic characteristic might be the main factors to influence 

the deposition of pentacene and then decrease the mobility of OTFT devices. [18-20].  

 
3.4 Leakage current characteristic of OTFT discussion in various 

structures 
 
    We can see leakage current 3×10-7 A at drain/source voltage and gate voltage was 

zero and -7 respectively. In figure 3-8(b). Consequently, we to discuss for leakage 

current in the different structure. View from figure 3-9 to figure 3-13. 

    First, we compare with define pentacene region and not define pentacene region in 

figure 3-9. Result in leakage current of not define pentacene region is higher than define 

pentacene region. Because of not define pentacene region have large field that account 

to more leakage current. And we adopt two materials to experiment, we obtain the same 

result. Hence, define pentacene region is important for OTFT divice that can be 
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effective reduce leakage current. 

   We compare with have HMDS and not have HMDS in figure 3-11. Result in leakage 

current of have HMDS is higher than not have HMDS. Because of HMDS can be 

increase pentacene grain size and increase pentacene conductivity. Therefore, we found 

have HMDS not only the increase conductive merit but also increases leakage the 

current shortcoming. In figure 3-12 and figure 3-13, leakage current of not define 

pentacene region is higher than define pentacene region and leakage current of have 

pentacene is higher than not have pentacene.  

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



32 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-1: The electronic characterization of MIS. 

0.5 1.0 1.5 2.0 2.5
0.0

1.0x10-6

2.0x10-6

3.0x10-6

4.0x10-6

5.0x10-6

6.0x10-6

7.0x10-6

8.0x10-6

9.0x10-6

1.0x10-5

1.1x10-5

1.2x10-5

1.3x10-5

1.4x10-5

1.5x10-5

1.6x10-5

1.7x10-5

 

 

Le
ak

ag
e 

 C
ur

re
nt

  D
en

si
ty

 ( 
A/

cm
2  )

Bias ( V )
( b )

    MIS
 Flow 1   80 Times

                          8.277 nm
 E-Gun Evaporation

                         10.919 nm

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
0.0

5.0x10-8

1.0x10-7

1.5x10-7

2.0x10-7

2.5x10-7

3.0x10-7

3.5x10-7

4.0x10-7

4.5x10-7

 

 

C
ap

ac
ita

nc
e 

 D
en

si
ty

 ( 
F/

cm
2  )

Bias ( V )
(a)

    MIS
 Flow 1   80 Times

                          8.277 nm
 E-Gun Evaporation

                         10.919 nm

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
0.0

1.0x10-6

2.0x10-6

3.0x10-6

4.0x10-6

5.0x10-6

6.0x10-6

7.0x10-6

8.0x10-6

9.0x10-6

1.0x10-5

1.1x10-5

1.2x10-5

1.3x10-5

1.4x10-5

1.5x10-5

1.6x10-5

1.7x10-5

 

 

Le
ak

ag
e 

 C
ur

re
nt

  D
en

si
ty

 ( 
A

/c
m

2  )

V/EOT ( MV/cm )
( c )

    MIS
 Flow 1   80 Times

                          8.277 nm
 E-Gun Evaporation

                         10.919 nm



33 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
( a ) 
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Figure 3-2: The electronic characterization of MIM for C-V and I-V. 

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
8.0x10-8

1.0x10-7

1.2x10-7

1.4x10-7

1.6x10-7

1.8x10-7

2.0x10-7

 

 

    MIM   Flow 1 sccm    60 Times
 100 0C                      20.198 nm
 150 0C                      23.836 nm
 200 0C                      28.496 nm
 E-Gun Evaporation  16.183 nm

C
ap

ac
ita

nc
e 

D
en

si
ty

 ( 
F/

cm
2  )

Bias ( V )

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-9.0x10-8

-6.0x10-8

-3.0x10-8

0.0
3.0x10-8

6.0x10-8

9.0x10-8

1.2x10-7

1.5x10-7

1.8x10-7

2.1x10-7

2.4x10-7

2.7x10-7

3.0x10-7

3.3x10-7

 

 

    MIM   Flow 1 sccm    60 Times
 100 0C                      20.198 nm
 150 0C                      23.836 nm
 200 0C                      28.496 nm
 E-Gun Evaporation  16.183 nm

C
ur

re
nt

 D
en

si
ty

 ( 
A

/c
m

2  )

Bias ( V )



34 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                         ( a ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                          ( b ) 
 
Figure 3-3: The electronic characterization of MIM for I-V and I-E. 
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Figure 3-4: The electronic characterization of a-Si MIM for C-V and I-V. 
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Figure 3-5: The electronic characterization of a-Si MIM for I-V and I-E. 
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Figure 3-6: The electronic characterization of MIM, a-Si MIM and E-Gun for C-V and 

I-V. 
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Figure 3-7: The electronic characterization of MIM, a-Si MIM and E-Gun for I-V and 

I-E. 
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Figure 3-8: The electronic characterization of OTFT for Id-Vg and Id-Vd. 
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Figure 3-9: The electronic leakage current characterization of pentacene-HfO2 MIM for 

I-V. 
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Figure 3-10: The electronic leakage current characterization of pentacene-SiO2 MIM 

for I-V. 
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Figure 3-11: The electronic leakage current characterization of pentacene-SiO2 MIM for 

I-V. 
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Figure 3-12: The electronic leakage current characterization of OTFT for HfO2. 
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Figure 3-13: The electronic leakage current characterization of OTFT for SiO2. 
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Figure 3-14:  

( a ) shows the AFM image of aluminum gate insulator with roughness about 
8.7 nm. 

( b ) shows the AFM image silicon oxide deposited at 150  on the aluminum ℃
with the roughness around 10.8 nm. 
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Figure 3-15: 

(a) shows the contact angle image silicon oxide deposited at 150℃ on the 
aluminum with the angle around 20°. 

(b) shows the contact angle image with HMDS the angle around 68.1°. 
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Chapter 4 

Conclusion 
 
4.1 Conclusion 
 

From the experiment 3.1.1 and 3.1.2, we can know that the deposition rate of silicon 

oxide deposited by SAPPT at room temperature depend on the surface material where to 

deposit on. The leakage current of silicon oxide deposited by SAPPT at 150℃ (sample 

E) was about 9×10-8 A at 0.5 MV/cm which is around one order lower than that of the 

control sample G (E-gun deposition). Because sample E has better insulator property 

due to a higher deposition rate and suitable process temperature than other samples 

deposited by E-gun, its process condition was chosen to fabricate OTFT device. OTFT 

with the gate insulator deposited by scanning atmospheric-pressure technology was 

successfully demonstrated in experiment 3.1.3. The highest process temperature in the 

fabrication of OTFT device was 150℃. The operation voltage of this device is reduced 

to -5V due to the smaller EOT of 14 nm. Although the mobility of our device is lower 

than 0.1 cm2/
 
V-s. The reasons for low mobility may be caused by the surface roughness 

of gate electrode and the hydrophilic surface in SAPPT process.  

In summary, we already fabricated successfully OTFT with good dielectric property 

by using SAPPT method and demonstrated that SAPPT is a suitable method to fabricate 

good dielectric for the applications of plastic substrate due to the low temperature 

process under an atmospheric pressure.  
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4.2 Future work 
 

• Improves the organic thin film transistor performance on surface treatment by 

atmospheric pressure plasma technology.  

• Change gate electrode metal from aluminum to nickel , tellingly reduce surface 

roughness enhance organic thin film transistor performance .  

• Because Pentacene OTFT are sensitive to ambient conditions. Protection from 

the environment by encapsulation is critical to the stability of Pentacene OTFT. 

Therefore, using a suitable material as passivation to protect Pentacene film 

from environmental effect is another important topic. 
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