
Extended Abstracts of the lgth conference on solid state Devices and Materials, Tokyo, lgg7, pp. 215-2lg

Highly Reliable TazOs/SiOr Double Dielectric Films on Poly Crystaltine Silicon
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Highly rel iable TarOu,/SLO, double dielectric f ilms on poly-Si , having an
effective film thiokness of 4-5 nm SiOa, are developed. The bottom SiO, is
Sirown by dry oxidation through reactively sputtered TarOu film at temperaiure
higher than SOOt The growth rate of the bottom Si6r-is controlled by the
diffusion of oxydant throug:h TarOu f ilnr, so that tha uniform oxidation is
performed resulting: in high quality bottom Sioa. The TDDB oharacteristics
show that these double dielectric films with thinner bottom Sioz are more
resistant to breakdown. Films with Znm bottom SiO, have more than 4 decades
long:er l if et irne to breakdown than thermal ly Eirown SiOz on s ing:le crystal l ine
Si and have a low leakagle current of 1g-epg cmz at SMfV/crrt

INTRODUCT ION

As the level of integ:ration in VL$I' s
become increas ingly hig:her, the area of
capacitors beoome correspondingly small.

c-3-6

in the application of dielectric film with
largle dielectric constant, such as TarOu.

SAIVIPL.,E PREPARATION

The fabrication process of th;e W-gater/

TarOo,/SiOr/Ooly-Si ca9)acitor invest igated in
this work is shown in Fig. l(a-c). In (a), a

poly-crystalline silicon film is deposited
on a ( 100) n-type Si wafer. The f itrn is then
heavi ly

(b)

Fig, 1 Fabrioation process of
W-gat e/TarOu/Si0z/ poly-Si capac itor.

However, this reduction
reduces capacitance,

in capaoitor area

Ieading: to lower
reliability of memory devices. To overcome

this I imitat ion, three-dimensional device
structures, such as trenched or stacked type
capacitors have been proposed to reduoe

memory oell area (7,2r, At the same time, a

means has already been proposed in which an

oxide of a trans it ion metal having: a

relatively larg:e dielectric constant 1S

theemployed as

capacitor in
the dielectric film in
order to prevent lowering: of

capacitanoe(8).

It is clear that the application of
dielectric f itm with a larg:e dielectric
constant to three dimensional devices is
expected to g:reatly reduce the memory cell
area. However, the dielectric film of three
dimensional devices must be formed on

poly-orystalline silioon (poly-Si) filru
Hence, high reliability must also be ensured

(c)

W-gate

2t5



Next, amorphous TarO6 f i lms rang'inei in
thickness from 2nm to 2onm are deposited by

react ive RF sput ter ing: us ing an Ar/O,

mixture. At the beg:inning of TarOu

deposition, the surface of the poly-Si is

exposed to At,/O, plasma, and extremely thin
SiOz film is 8:rown on the poly-Si film (4).

In (b) , orn€Bling is performed at higih

temperature (80O,850, 9OO, 960, or 1OOOC ) in
dry oxy8ien in order to ensure complete

oxidat ion and induoe SiO2 8:rowth at the

TarOu,/eoly Si interface. In (c), W f ilm f or

the upper electrode is finally deposited

after these dielectrics are formed.

sioz GRowTH AT

Ta,O,/POIJY S i INTERFACE

Fig. 2a and 2b show the cross sect ional
transmission electron micrograph (TEM) of

the TarOu (7, ittrlt.)/SiO2 f i lms and

TarOu(3nm),zSiO, films on poly-Si

respect ively, which were oxid ized in dry

oxygen at 850t. An increment is observed

in the bottom SiO, and the bottom layer is
est imated to be 2.5nm at the

TarOu (7. bnn)/poly-Si interface in ( a), and

4nm at the TarOu(4nrt)/poly-Si interf ace in

Ta2O5 / SiOz TazOs/ SiOz

= 7.5/2.5nm = 3.0 /4.Onm
Fig:. 2 Cross sect ional TEM imaS:e of

TarOu,/SiO, f ilms (scale is l0nm)
(a)TarOu(7.5nm.1/ SiOz af ter dry O, at
85O C f or 3O rnins. iU I TarOu t Anmi,zSiO,
af ter dry O, at 850C f or B0 rnins.
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TazOs THICKNESS ( nm )

f ig. 3 SiOz thickness at TarOu,/Voly Si
interface after dry oxidation as a
function of TarOu thickness with
anneal ingl temperature as a parameter.

(b). This result shows that the increment

in SiO, at the interface between TarOu and

poly-Si, &s well as at the interfaoe between

TarOu and sing:le crystal Si (cry-Si)(5),
depends on the thickness of the TarOu film.

Fie. 3 shows the inf luence of TarOu

thickness on SiOz growth at the TarOu

,/po1y-Si interface and at the TarOu,/cry-Si
interface, with annealing temperature as a
parameter. The thickness of the bottom SiO,

is evaluated by the chang:e in capacitance

bef ore and af ter anneal ing:. As is clear
f rom the f igure, as the thickness of the

TarOu film decreases, the thickness of the

bottom Sioz formed thereunder increase

rapidly. This sug:gests that the g:rowth

mechanism of the bottom SiO2 can be regarded

as diffusion controlled g:rowth, of which the

diffusion coefficient is that of the oxydant

in TarOu f ilm,

DEFECT DENSITY REDUCTION

Fig.4 shows the defect density of

double dielectric films on poly-Si,

oomparing: with thermally grown SiO2 on

cry-Si and on poly-Si. In this paper, the

effective film thickness(ts) and effective

o'rr3;,n | 1ooo"c

-on 
potysi

- - --on (100)Si
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Fig:.4 Def ect density of TarOu,/SiO, f ilms

compared with that of SiOz on poly-Si
and on single silicon.

field(Es) were calculated using: a dielectric
constant of 3.82 for SiOa. Dry oxidation
reduces the defect densities of the double

dielectric films to less than O.2/cm2, from

LOO ,/cmz This defect density of the

double dielectric films is one tenth as

large as that of thermally 8:rown SiOz on

cry-Si and is far less than that for the

thermal Iy g:rown SiOs on po ly-Si in the

region of 4- 5nm effective film thickness.
One of the reasons for such a low defect
density is that at weakspots where the TarOu

thickness is local ly thin, the bottom SiOa

thickness selectively increases on poly-Si
as weII as on cry-Si(5).

TDDB CHARACTERISTICS

Fig:. S shows the results of the time

dependent diolectrio breakdown (TDDB)

charaoterist ics extrapolated to the Iongl

term rel iabil ity of TarOu,/SiO, double

dielectric f ilrns on poly-Si. Fig.5 shows

that electric field dependence of the time

to 50% f ailure for TarOu (7.5,rrmr)/

Sioz(2- 4nm) double dielectric f ilrns on

poly-Si, with the botton SiO, thiokness as a

parameter, compared with thermally g:rown

3.0/4.0 rt=-l
-\th-sioz i

4nm----*-\
on (100)si '

th-5iOz
. on poly Si
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FiS.5 Dependence of TDDB characteristics on
SiO2 thickness at Tar06,/5iOz interface
compared with SiO, on single Si and on
Po I Y-S i.

SiOz (4nrn) on cry-Si. As can

Fig:. 5, the time to 50% f ailure increases as

the thickness of the bottom SiOz decreases

for the same electric field and as the

thickness of the bottom SiOz reaches 4ruru

the time to failure of the f ilrns become the

same as that of 4nm thermally g:rown SiOa on

cry-Si. TarOu ( 3nm),/S iO, ( 4nm) doubl e

dielectric films on poly-Si also exhibit
TDDB characteristics similar to that of 4nm

thermally g:rown SiOs on cry-Si.
The se re suI t s sug'g:e s t s that the

I ifet ime to breakdown of the double

dielectric films is controlled by the

lifetime of the bottom SiOa. In a recent
invest ig:at.ion of the TDDB character ist ics of
extreme Ly thin thermal ly girown SiOz orr

cry-Si(6), it was clarified that as the

thickness of SiOz on cry-Si was reduced to
less than 5ruru the lifetime to breakdown

g:reat 1y increased. Accord ingly, by sett ing
the thickness of the bottom SiO, film to be

thinner within pract ical I imit f or def ect

density, highly reliable dielectric film can

be obtained. When the thiokness of the

bot tom SiOz is f ixed at about 2ruru the

Iifetime to breakdown of double dielectric
film is more than 4 decades longer than that

be seen in
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of thermally g:rown SiO2 on ory-Si in the

4- 5nm effective film thickness region.

CONDUCTION PROPERTIES

FiS.6 shows the J-E charaeteristios of
the double dielectrio films in which the

thicknes.s of the bot tom SiOz is f ixed at
about 2nrru and the effective f ilm thickness
is 3,4 and 5ruu These J-E characteristios
are compared with thernally g:rown 3, 4, and

5run SiO, on cry-Si and the thermally grown

6nm SiO, on poly-Si. This f igure shows that
even in the 4- 6nm ef f ective f ilur thickness
region, a leakag:e ourrent of lO-8 A/am2 can be

obtained at bMV/crw of which current is as

same as the leakag:e current of the double

dielectric films formed on cry-Si. These

results suggest that the qual ity of the

bottom SiO, on poly-Si is not inferior to
the bottom SiOz on formed on ory-Si. As is
well known, the thickness of thermally grown

oxide on poly-Si varies considerably over
the wafer surface due to the difference in
the g:rowth rate of the var ious crys t al
faces. However, the bottom SiOz in

TarOu,/SiO, system is g:rown with d if fus ion
controlled oxidation, as mentioned before, so

that local variations of g:rowth rate seem to
be lost and uniform oxidation occurs. This
uniform oxidation inhibits the generation of
asperit ies.

CONCIJUSION

In the reg:ion of 4- 5nm ef fective f ilm
thickness, TarOu,/SiO, double dielectric
films are shown to have low defect density ,

sufficient TDDB reliability and low leakage

current This double dielectric films with
thinner bottom SiOz is more resistant to
breakdown. These films with about Znnr

bottom SiO, , of which the effective filrn
thickness is 4- 5nm , have more than 4
decades longer I ifet ime to breakdown than
thermal ly g:rown SiO2 on s ing:le crystal l ine
Si and have a leakage current of less than
LO-$ A7cm2 at ]oWV/ctu
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Fie.6 Leakage current of TarOu(4, 10, and
20nm) /SLO' capacitor after 8OOC dry
oxidation for 3O mins, having effective
film thicknesses of 3,4 and 5nm, are
conpared with Sioz(3,4 and 5nm) on
single crystal Si and poly-oxide(6nm).
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