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Fabrication of Ta2O -Si System with Low Density of Interfrce States
and Deep Traps by Plasma Enhanced Liquid Source CYD
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and
Sz. Fujita and Sg. Fujita

Depart$ent of Electrical Engineering, Kyoto University, [yoto 606, Japan

Recently considerable anount of work has been done on Ta2O5 high
dlelectric constant DaterlaI , special 1y its grolrth, structural and electrical
properties sre well knovn n,21. Ho$ever, Ta2O5 has not been investigated
so far, in the areaB of interface states and deep traps, to the best of our
knonl edge and therefore ls the aim of the present nork.

Tantalum Benta oxlde was deposited by Blasna-enhanced LS-CYD froD
Ta(OC2Hg)g source and Au/Ta2O5lSi lrlOs structures were fabricated. lde have
estinated the distributlon of lnterface state denslty (Nss) vithin the energy
level correslronding to the bandgap of Si by using TerDan's differentiation
rDethod. The results obtained on^the Tg2Og-p-Si EysteD is Ehorrn in fig. 1, whefe
Nss is as low as 2.5 x 10rr cD-Z. ev-r belov the ferrni level and 7 x LQLL cm-z-
eY-l n€ar the nidgap. It passes through a peak at about 0,4 eY. The origin of
this peak is unknorn, but r{e believe that surface states at the Ta2O5-Si syatem
are caused by the reaction betveen the Ta atoms and Silicon dangling bonds.

In order to investigate deep traps ln Ta2O5, we have 6tudied variatlon
ln the flat band voltage, Yp3 as a result of the electric field applled to the
Au/Ta2o5/Si MdS.diode. In f i'[z-a,b] *e shoi the effect of an applied field on
the C-V curve. A nunber of Banples investigated in both n-Si (not shovn in the
fiSure) and p-Si materials shoved negliglble variation of C-Y curve along the
voltage axis (fig 2-a) and only one saDple resulted in variation along voltage
axis (fiS.2-b). Thts particular saDple belongs to a different batch of Ta2O5groyth. The variation in the total charges as shown in fig (3), is related -to
ionlzetion of the deep traps lying wtthin the band gap of the Ta2OE layer.

Yith increasinS . applied electric fields, the deep traps are ionized
alDost completely. ThiB is because the variatlon in Qss comea to a saturation
with increase in the applied electric field and at E=lott{V/cm, the variation is
almost negl igible. The total variation in the^charges is about 2.37 x tO-7
coulomb/cm2 hrhtch corresponds to 1.48 x 1012 7sp2, equivalent deep trap density.
Here it ia aaguned that the deep tr&ps at the interface and inslde the Ta2O5
layer are unifornily distributed such that the defect density calculated at iha
interface iB expected to be the sane inside the Ta2O6 filn. The other saDple
thich did not show any noticable change in the C-V curve after the appl ication
of electrlc field,- Iesul!s in on order of nagnitude loner equivalent deep trap
density of 2'i4 x 1g1l gp-2.

. Deep traps in the Te2O6 csn be caused by native defects such as
tantalun and oxygien vacancles and foreign inBurities such aa carbon. Thepossibility of deep traps caused by carbon impurities is large due to the factthat the Ta2O5 is grofln from Ta(OC2H5)6, which contains carbon. A proper
identi{ication of defectp in TaZOE has, yet to be done.

Next, we also"investigated the effect of an applied electric fietd on
the interface stat€ den6lty, obtalned by the TerDan Dethod (fig. 4), variation
in the Nss is found to be negliglble in both the samples (A,B). This ts because
our as-groyn C-V characteristics are very nell defined, near ideal and areparallel to ldeal C-V curve.

In conclusion, these results strongly sugg€st lot{ interface state
density and deep level defects in T&ZOE-Si aysten. Hence TaZOE f ilnrs grown by
PE-LS-CVD are of rnuch irnportance aE an oxide capacitors in Le. technology.

l) H. Shinriki and M. Nakata: I BEE Trans. on Electron Devices 38 (1991) 4ES.
2) P.A. Murayala et al; Jpn. J. Appt, Phys. 32, 368-375 (1993).
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Fig.l Distribution of
interface state density in the
Ta2Og-Si system, deternined by
the Terman dl'f f erent i at i on
procedure.
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Fig.3 Variation of total charges in
Ta2Og fi lm due to aPPl ied electric
field.
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Fig.4 Effect of applied electric fields
0n the surface state density of Ta2Og-Si
sys tem.
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