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ABSTRACT

This work presents the study of the effect of gate oxide thickness on the
performance of lightly doped polycrystalline silicon thin-film transistorswith
large grains. It is observed that scaling down of the oxide thickness is an
efficient way to reduce the threshold voltage and hence to improve the poly-
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Si TFT characteristics. A reasonably good fitting between the analytical re-
sults and the experimental data support the validity of this model.
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INTRODUCTION

Themgor tractionsof goplying polycrysdlinesli-
conthin-filmtrangstorg(poly-S TFTS) in active-matrix
liquid crystal displaystAMLCDs) lieinthegrestly im-
proved mohility inpoly-Si film andthe capability toin-
tegrate pand array and periphera drivingcircuit onthe
samesubstrate™3. For these gpplications, scaed-down
poly-S TFTswith high performanceand highrdiability
arerequired?. Polysiliconfilmgenerdly consstsof grains
separated by grain boundaries. Inthisfilm, few trap
statesexistinthegrainswhile many trap statesexist at
theoxide-dliconinterfaceand grain boundaries. Though
the presence of grain boundary traps hasaprofound
effect ontheperformanceof poly-S TFT but their con-
tribution can bereduced by decreasing the number of
grain boundaries. Using modern MILC technique or
excimer laser annealed methods, itispossibleto create

deviceswhereonly asingleor smal number of discrete
grain boundaries exist in the channel of the poly-Si
TFT®7, Different other processtechniqueshave been
investigated to improvethe device performance of the
trang storswith reduced number of grain boundaries
and recently anew device structure called thetriple
gatepoly-S TFT (TG-TFT) hasbeen proposed®, con-
sidering asinglegrain boundary in thechannd of poly-
SiTFT.

Inthismodd itisassumed that theoxide-siliconin-
terfacetrapsareevenly distributed throughout theinter-
faceregionand channd of poly-S TFT containssingle
grain boundary. Based onthisidea, theaim of thispaper
isthereforeto propose an anaytical modd that presents
the effect of gate oxidethicknessonthreshold voltage
and hence on the characteristicsof poly-Si TFTs. The
obta ned resultsindicate an effectiveway toimprovethe
polysiliconthinfilmtrang stor characterigtics.
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THEORY

Thedevicestructure used to developthemodel is
showninfigurel. Thedrain currentinthelinear region
of operation of alargegrain polysilicon TFT can be
adequately described by the rel ation®
|, =(ZD)n, C, V-V, 1)
where Z/D is the channel width to channel length ratio, ., is

the effective carrier mobility, C_ isthe gate oxide capacitance
per unit area, V is the drain voltage and V is the threshold

voltage.

Inorder to cal culate thethreshol d voltage the band
bending at theinterfacein the semiconductor of the
deviceisdetermined by using Poisson’sequation:
d’®/dx?=-ple. ... @)
where @ isthee ectrostatic potentid, € isthedielectric
constant of polysilicon materid and p isthechargeden-
sity which can bewritteninterms of density of states
N.(cm?eV) inthepolysiliconfilm, as

p=-0°N, ... (3
Intermsof electricfield, eq (2) can bewritten as;
EdE/d®=g’N, D/s_... 4

Now integrating fromthebulk toward thesurfaceyidds
Surface Surface

[EdE = (N, /&) foda... (5)
Bulk Bulk

AsE and ® arezerointhe bulk thereforewe get;
E.=q®_(N,/g)*... (6)

where E_ is the surface electric field and ®_ is the surface po-
tential.

Now under the strong inversion condition at thresh-
old* we have

@, =20 =(2kT/q)In(N,/n) 0

where @ i) is the surface potential under inversion condi-
tion, k is Boltzmann’s constant, N,, is acceptor doping density
and n istheintrinsic carrier density of the semiconductor.

Theoxide(insulator) electricfidd, E_, isrelatedto
E, by therelationship

E,=(e/e )E,... (8)

where ¢ isthe dielectric constant for the oxide. At threshold,
thegateoxideelectricfieldis

E iy = (€78, )[(2KT) In (N, /n) (N, /)] ©)
Now thevoltageacrosstheinsulaor, V _,issmply equd
tot E_ wheret_istheoxidethickness. Thethreshold

voltageisthereforegiven by
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Figurel: Sructureof thepoly-Si TFT with oxide-silicon
interface

VT = (I)s(inv.)+vox(inv.) (10)
V., =(2kT/q)in(N,/n)[1+q(t /e )(EeN,)"] (11)
Inpolysilicon TFT, theeffective carrier mobility is
affected by the potentia barrier height v, duetograin
boundaries and number of grains n in the channel,

through theré ationshipi*!:

— Ko (12)
1+[n-DusDgg /Npee D 1exp(q¥B/KT)

where D isaveragegrain size, D isaverage grain boundary
width, p isthe bulk grainmobility and u . isthe mobility inthe
grain boundary. Inthismodel n=2.

Theheight y, of the potentia barrier which exists
at thegrainboundary inanidedized poly-Si filmisgiven
by[lZ]
y,=q n7/8Ne_...
where n is the grain boundary trap-state density.

For an n-channel TFT, onceinversionisreached,
thetotd charged carrier concentration isapproximately
equal tothegate-induced carrier (electron) concentra
tion. Hencethe carrier concentration, N in the strong
inversion channd, intermsof gatevoltageisgiven ag®®

Mert

(13)

N= Cox(VG_VT)/q ts’ (14)
Hence eq (13) becomes
2, 2
g°n;ty
Y. =
® = B85Cor (Vo — V) (19

wheret, isthe polysilicon film thickness.

RESULTSAND DISCUSSION

Thetypical vauesof themode parametersusedin
thecalculationsaregivenin TABLE 1. Figure2 (a) and
(b) showsthe ca culated va ues of threshold voltage as
afunction of trap density and doping concentration for
variousvaluesof gate oxidethickness. Itisseenthat
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Figure2(a): Computed variation of threshold voltageasa
function of trap density for different values gate-oxide
thicknessat roomtemperature
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Figure2(b): Computed variation of threshold voltageasa

function of doping concentration for different valuesgate-

oxidethicknessat room temperature

102E=12

TABLE 1. Parametersused in thestudy

Parameters Symbols Values
Channel length D 10um
Channel width z 10um
Grain boundary width Des 2nm
Drain voltage Vb 0.1 volt
Acceptor density Na 10 cm’®
Polysilicon inversion t anm
layer thickness s
Bulk grain mobility U 203cm?/V-sec
Grain boundary mobility les 0.3cm?/V-sec

with thedecreasein gate oxidethickness, threshold volt-
age decreases asdefects present in the oxide layer de-
creases. It isfurther noted that for aparticul ar value of

Drain current (amperes)
&

%) & Eazerimentsl attox = 500

4 g B 10 12 12 1& 12
Gate voltage (volts)

Figure3: Computed variation of drain current with gate
voltageat variousoxidethicknessvaluesat room temper a-
ture. Dark cir cleshowsthe experimental resultsgiven by
Liand Lin[®

gate oxidethickness, threshold voltageincreaseswith
Increasein doping concentration.

Furthermore, it isal so noticed that the difference
inthethreshold voltagefor threedifferent valuesof gate
oxidethicknessislessin lower doping concentration
side ascompared to high doping concentration side.
Thismay beattributed dueto thefact that at high dop-
ing concentration, thegrainsbecome partidly depleted
and al so the concentration of trap statesislargeand
thesetrgp centersact asvoltage sourceresultinginlarger
scattering of the carriersthereby increasing the poten-
tial barrier acrossthe channel of thedevice.

Figure 3illustratesthe computed variation of drain
current with gate voltagefor different values of oxide
thickness, t . Itisobserved that for al valuesof t_,
drain currentincreasesrapidly with theincreasein gate
voltagewhichisdueto the gate-induced barrier lower-
ing effects. It isa so observed that asgate oxide thick-
ness decreases, drain current increases which may be
dueto thelowering of trap states at the oxide-silicon
interface of thepoly-Si TFT. Moreover for asufficiently
thin gate oxide, themotion of carriersisasoinfluenced
by the mirror image of the zig-zag wall dipolein the
heavily doped gate. When the gate conductor planeis
near the channd , the dipoleis screened and the poten-
tial barrier for thein-planemotion of carriersbecomes
lower. Thiseffect resultsin anincreasein the channel
mobility whichinturnincreasesthedrain current. There-
forescding down of the gate oxidethicknessisan effi-
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cient way to improve the characteristics of apoly-Si
TFT. But the disadvantage of scaling down the gate
oxideistheenhancement of thelegkagecurrent a large
drain biasvoltages. However, researchersreported that
thisundesirableeffect can be effectively suppressed by
using lightly-doped draini*4*, field-induced-draini*¢ or
off-set gated*” structures. Theresults so obtained are
compared with the available experimental dataof Li
andLin™ fort =50nm. Excellent fitting betweenthe
cd culated resultsand the experimenta datasupport the
vdidity of thismodd.

CONCLUSION

Inthispaper, amodel for calculating thethreshold
voltageof polysilicon TFTsincorporating theeffect of
gate oxide thicknessis proposed. In thismodel itis
assumed that the oxide-siliconinterfacetrapsare uni-
formly distributed and the channel of the device con-
tainsonly asinglegrain boundary. Calculationsreved
that for aparticular va ueof gateoxidethickness, thresh-
old voltagedecreaseswith decreaseintrap density and
doping concentration and as gate oxidethicknessde-
creases, threshold voltage decreasesfor giventrap den-
sity and doping concentration. In order to improvethe
poly-Si- TFT characteristics, itisdesirableto decrease
the gate oxide thickness below 30nm. Theanalytica
results are compared with the experimental dataand
areshown to bein satisfactory agreement.
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