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which the best 5111con oxide films are produced are
" usually carried out by plac1ng s111con in an oxygen ’
20 ambient at temperatures between 800 and’ 1200 C. In many
' s1tuat10ns these temperatures are too hlgh for the
substrate. For instance, in appllcatlons where the
dielectric film to be formed 1s part of a semiconductor
device being fabricated over a glass substrate, lower .
_ 25 process'temperatures are required. Specifically, in thegt‘
N . area of liquid crystal displays, thin film transistors are%.
fabricated over glass substrates having a softening point
of about 650°C. Therefore, to thermally grow an oxide |
onto silicon over glass, the temperature of the substrate
30 in the oxygen amblent is kept at’ about 600°C whlch
requires about 120 hours to grow 60 70 nanometers (nm) of e
silicon oxide. _ ST
Silicon oxide (SlO Y, aluminum oxide, and - o
' 5111con nltrlde can be dep051ted at temperatures below
35 - 600°C by glow dlscharge and other chemical vapor
deposition (CVD) technlques, in a fractlon of the time'
- required for thermal growth, e.g. a few hours or less. ”
However, the dielectric: quallty of the depos1ted f11m is :';




However, the dielectric quality of the deposited filmis -2- poor
conpared.to the thermally grown material .’ Specifically, the transistor turn
on voltage for deposited silicon dioxide filnms is typically unstable. It is
bel i eved that charge traps within the fil mandger at the 5
silicynrdielectric interface cause the filmto accumul ate a charge upon the
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: 15 change at temperatures above 400°C, probably due to a loss
of hydrogen from the film above that point. _
It would be desirable therefore to have a method
of producing a dielectric film at a temperature below
600°C and preferably b«low 400°C wherein the rate of film
20 formation is substantially increased over thermally grown
films in that temperature range without a substantial

sacrifice in dielectric stability.

_ According to the present invention, a process
25 of forming a dielectric film on a silicon body comprises
(a) oxidizing the surface of the silicon body in an
oxygen-containing plasma or thermally to form a first
region of said film comprising silicon oxide; .
(b) reactively sputtering aluminum in an oxygen-containing
3o ambient to form a second region comprising a mixture of
- s8ilicon and aluminum oxides over said first region; and
(c) forming a third region of substantially aluminum
oxide over said second region by continuing reactive
~ sputtering of aluminum.

-

35' : A semiconductor device comprising said three
region dielectric film interposed between an electrode and-*
a semiconductor body has little or no shift in threshold



~sputtering of alum num 35 : ' A sem conductor device conprising
said three region dielectric filminterposed between an el ectrode and a
sem conductor body has little or no Shift in threshold -3- voltage : b
, N substantially less {ine '
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The present method forms a three region
dielectric film_over é_film or substrate of silicon
» (amorphous, polycrystalline,Lgingle{crys;alqwby,qombining
.20 'oxidation_andéggactivé sputtering techniques.. A first
'  region comprising silicbn_oxider(sioinwperein 1<x<2).:
is formed. by either plasma or .thermal oxidation of the.
silicon. The plasma oxidation process .can be carried out
at temperatures between 25°C and 300°C whereas the thermal
25 process car be used where temperatures of 600°C and above
can be tolerated. A second region comprising a mixture of
silicon and aluminum oxides is formed by the reactive N
sputtering of aluminum in an oxygen plasma. Continuation
of the reactive sputtering ultimately provides the third
30 region comprising substantially aluminum. oxide. ,
An;apparatus suitable for carrying out the-
. present process is illustrated in FIGURE 1. The apparatus
10 includes a vacuum chamber 12 which can be a glass bell
jar. In the vacuum chamber 12 is an electrode 14 which.
35 can be a screen, coil or plate of a material that is a
~ good electrical conductor, such as aluminum. The
electrode 14 is connected to a power supply 16, which may'_
‘be DC, AC or RF to produce a voltage potential. Behind



An apparatus sui'table for carrying out the present process is illustrated
in FIGURE 1. The apparatus 10 includes a vacupym chamber 12 which can be a
gl ass bell jar. In the vacuum chamber 12 'is &H el ectrode 14 which. 35 can
be a/§creen coil or plate of a materi‘al that is a good el ectrical
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Atornatively,  RRURES Aot S orith o) ta Rink, Lo  Supienr .5,

pl asma oxi dat i on aasiedsigmad Ummtga:a@yamow cz et al. in'US. Patent No.
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‘havi ng t hereover, S|I|con (anor phous, e or single
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inlet 26. The temperature in the chamber 12 is then
elevated to about 600°C and a desired thickness of SiO; is
grown onto the silicon surface. |
_ Alternatively, the first region can be grown at
20 a lower-temperature by plasma oxidation as described by
Kaganowicz et al. in U.S. Patent No. 4,576,829
issued March 18, 1986. In this process the
substrate 30, being of or having thereover, silicon
_ (amorphous, polycrystalline or single crystal), is placed
'25. in front of the electrode 14. The substrate 30 overlies a
mounting plate 32 and is typically placed about 1 inch
S from the electrode 14. The mounting plate 32 should be of
a material that can act as a heat sink during the plasma
oxidation process to control the temperature of the
30 substrate 30. Such a heat sink arrangement is described

in U.S. Patent 4,361,595 to Kaganowicz et al. The considerati

is that the plasma may tend to heat the substrate 30 well
above 300°C and therefore the substj:'ate temperature should
be maintained below about 300°C. Other conventional means

35 of maintaining the temperature of the substrate 30 can
likewise be utilized.



mounting plate 32 and is typically’ placed about 1 inch fromthe el ectrode
- 14. The nounting plate 32 should be’of a material that can act, as a heat
sink during the plasma oxidation process=Po control the tenperature of the
30 substrate 30. Such a heat sink arrangenent is described in U S..
Patent 4,361,595 to Ka cz et The nsideration is he péaena
may tend to heat the s rar ey abF?bﬁﬁog ﬁériﬁean&VFﬁBP§P§r§ eI
substrat e -t ergiilatyr24 s:lm)tﬁ dopessurat afnablobitl Ow2akboul .Pexr LOCCh&oOrr.

convent i onal NiPayqin cohtdBhhg! ghBEohlCoLERRRLATUIE ThtlBRnINS ikAl® 30

can Ilke\/\nseég1 ed. vacuuntc en evac

t hrough out | & F W%r%sﬁ?€°ﬂg abBft 1plet; 361tg @2 pzespurer of Abodtygen
Fﬁréﬁlggﬁ?ogaﬂewuﬂlmtﬁxrsongpropfi@ﬁdCeﬂy??gffbhﬁaihaﬁgebrééu&@bgggh t he
oxygen- conta?ﬁ?ﬁgﬁgrégﬁ&idgs 8%E$ﬁﬁe§§9%%gﬁ aggrﬂﬁﬁAggﬁxB nGQ$ thus

oxi de and t hdiKeke. Inrpxd@brt@olnntlaaeethheouxgganpﬂhsmaa abloaikt 39®0 to
600 Watts of +13.dafp WL d PPVES, 56 ﬁﬁQ'RPd b ekhifekgﬁg&%g i provi de

an effective power densjty of 10 etmeen out err] and
preferably a@gﬂﬁc 71%15? PEFPLdehan B\fﬁﬁﬁ'—éﬁeop"?’ﬁé' densidyr &F on of

the di etect r uz:@ﬁwédn aibdie prasentsi wyeosjen?i anal peerekavil abeal & t@f an
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of the electrode 14 I s believed :
h mber 1s evacuated and allowed to cool and the
plasma is initiated as described above. If the first
region is grown by the plasma oxidation technique, the
‘plasma is merely maintained. - The formation of. the second .
20 regibn is' by the reactive- sputterlng of the aluminum-from
either the electrode:14 or the- target-20. That.is, the .
okygen_plasma oxidizes .-the aluminum, then sputters the
aluminum oxide off of the electrode 14. It is believed
that at the same time the plasma causes some of the Qrown
25 szllcon oxide from the first region to sputter and

.redep051t in w1th the aluminum oxide being deposited from xu.

the reactive sputtering process. 1In this way the second
region comprises a mixture of silicon and aluminum oxides.
The concentration of silicon oxide decreases with

30 increasing distance from the first region and conversely,
the concentration of aluminum oxide increases with
increasing distance from the first region.
. Once the dielectric film has accumulated to a
thlckness wherein no more. of the silicon oxide of the

35 first region can be sputtered and codeposited back into
the film with the aluminum oxide, the continued sputtering
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that at the sane tinme the plasma causes sofe of the grown 25 silicon
oxide fromthe first region to sputter and redeposit in with the al um num
OXIde bei ng dep05|ted fromthe reactive sputt®ming process. In this . way the
second- region conprises a mxture of silicon and aIun1nun1OX|des The
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regi on conprigi NgbA@3nCabo® 8N¥nd 20 nanometers, if plasma grown, and

can have a greater thickness if thermally grown, such as
about 100 nanometers.

The second region has been generally found to

have a thickness between about 2 and 30 nanometers. _

20 The third region comprising Al,;0; can be any

convenient thickness but is generally kept between about
10 and 100 nanometers. '

The overall thickness of the three region film
can be any desired thickness according to the application

25 involved, for -instance about 100 nanometers has been found

‘suitable for thin film transistors.

e FIGURE 2 illustrates one embodlment of the
present invention; that being a metal-oxide-semiconductor
field effect transistor (MOSFET) 40. It should be noted

30 that any semiconductor device requiring a high quality
thin film dielectric would benefit by the present
invention.

The transistor device 40 is fabricated by means
known in the art. Over a glass substrate 42 is deposited

35 a silicon layer 44. Then a dielectric film 46 of the '
present invention comprising a first region 48, a second
region 50 overlying said first region 48, and a thick
region 52 overlying said second region 50, is deposited _



conveni ent thickness but is generally kept between about 10 and 100
nanoneters. The overall thickness of the three region filmcan be any
desired thickness according to the appl i ca¥fon 25 i nvol ved, for instance
about 100 naroneters has been found suitable for thln f|In1tranS|storS~ .
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15 rate of film formation is. substantially enhanced compared
' to thermal oxidation techniques.

FIGURES 3 and 4 illustrate the stability of
semiconductor devices fabricated according to the present
invention. In each FIGURE, the draln current- I in the -

20 transistor of FIGURE 2, is plotted as a function of the
gate voltage applled to the gate electrode 54 of FIGURE 2.
The solid line represents the current for the initial
application of -5 volts to the source 56 with the drain
58 at 0 volts. The dotted line represents the current for

25 a subsequent application of -5 volts to the source 56
after a +10 volt bias was applied to the gate electrode 54 ku
for 30 minutes at 150°C. :

Specifically, FIGURE 3 illustrates -the improved
stability for a three region dielectric film in a MOSFET

30 wherein the first region was plasma grown providing that
the entire dielectric was formed at about 130°C. While
FIGURE 3 shows about a 2 volt shift for the threshold
voltage in such a device following a +10 volt bias, 150°C,
30 minute test, this is a substantial improvement in |

35 stability over the prior art technigques. '

FIGURE 4 shows the results of another MOSFET
produced in accordance with the present invention. 1In
this case the first region comprised about 6 nanometers of
Si0, which was thermally grown at about 600°C in about 8

40 hours. The second and third regions were deposited at.



to thermal oxidation techniques. FIGURES 3 ‘and 4 illustrate the stability
of sem conductor devices fabricated accordi nqg. o the present invention. In
‘each FIGURE, the drain current | in the 20 transistor of FIGURE 2,, is
"plotted as a function of the gate voltage applied to the gate el ectrode 54
of FI 2. The &bldud: hizoe o dpy abuts 0.1% i Prdvaldime 4 nidtall £ilm

appllcatlon of - t I,C t dr.ai vol Th
dotted |ine represe tiélteﬁ"% 8[]lgera§,r%‘ﬁ d 533g1"¥no§n t%tfsse [h 5586%?“}‘2%’“ o'%}?%f ’5&'
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i nproved stability for ree region dielectriC filmin.a FET
wherein the fP rst¥P &y theEnad lFvanaey i LRYRE thiich owkd jfake about

dielectric was fougedhwuﬁgmsa dﬁﬁg]aﬁNbdoadElGURE 3 shows about a 2 volt
shift for the threshold voltage in such a device followng a +10 volt bias,
[err] 30 mnute test, this is a substantial inprovenent in 35 stability
over the prior art techniques. FIGURE 4 shows the results of another MOSFET
produced in accordance with the present invention. In this case the first
regi on conprised about 6 nanoneters of Si Q2 which was thermally grown at
about 6000C in about 8 40 hours. The second and third regi ons were
deposited at about [err] in about 0.5 hours providing a total film

t hi ckness of about 7.5 nanoneters in 8.5 hours. The shift in threshold
‘voltage is negligible after the +10 volt bias after 30 mnutes at [err]
This stability is conparable 5 to that of a thermally gromn | ayer which
mould t ake about 120 hours to grow at [err]



-9- CLAIMS: 1. A process of formng a dielectric filmon a silicaon body
conpri.simygr—a)—oxi-ti-z-rRg—the surface of the silicon body in an

oxygen-c or thermally to forma first region of said fi Im N
conpri si m ﬂ!"ﬂﬁ&igﬁ’ b) reactively sputtering alumnumin an Ce
oxygen- com to forma second region conprising a mxture--bf :
silicon and aI um num oxi des over sai€9+irst region; and, c) formng a ‘third
regi on of substantially alum num oxi de over said second regi on by
continuing reactive sputtering of alum num 2. The process of claiml
wherein step (a) is carried out in an oxygen-containing pl asma, which -

pl asnme i My .ai ned throughout steps (b) and (c) to provide said reactive
sputtering or arumnum_ 3. The ocess, of clajm 2 wherein the step (a) is
carried out at a tenperhtRFCIRS oEming @ ?%g}fcgnc FhimpPBcass of

claim 2 Widrieich tﬂmyalmi@sn@ﬂ effectlve power density of between about
1 and 15 Watts/[err The pr.ocess wherein ste -
carried out by thel‘-’bal ’E)Jsgjcﬁ:'tri'%nth% sur%% g@é@ %%i%?%l?n#’%‘g%g%‘el n the
thermal @ datyigen-“comtmining gulasma cox e’dpermallhe b HbromtachDrSt 7.

sem cond LT [ mwherein said oxi de
di el ectr :ic%t(%iq%%:@s%) d?C"J"d’{']'g‘ll ’%}1@%?%%&@ ?'{8§ 6§1_[&é -10- 8. A

sem conduct or devi d® i¥RA wgl:a Wt@l@@mb@nmmolnn&tmrl al and an

el ectr odeSRRH-Udift &hfhg ambient to form a second region

comprising a mixture of silicon and aluminum oxides over

said first region; and, | _ \i".
c¢) forming a third region of substantially

aluminum oxide over said second region by continuing

reactive sputtering of aluminum.

2. The process of claim 1 wherein step (a) is
carried out in an oxygen-containing plasma, which plasma
is malntalned throughout steps (b) and (c) to provide
said reactive sputtering of aluminum. '

' 3. The process of claim 2 wherein the step
(a) is carried out at a temperature between 25° and
300%c.

4. The proces's of claim 2 wherein the plasma
has an 'effective power derisity of between about 1 and 15 -
wWatts/ cm2 . : N
5. The process of claim 1 wherein step (a) is
carried out by thermal oxidation.
6. The process of claim 5 wherein the thermal
oxidation is carried out at a temperature of about 600°¢.
7. A éémiconductor device including an oxide
dielectric film wherein said oxide dielectric film is
formed by the process of claim 1.



dielectric film wherein said dielectric filmconprises: a first region
conprising silicon oxide; a second region overlying said first region
conprising a mxture of silicon and al um num oxi des, wherein the,

conceptration of silicon oxide decreases and the concﬁmn i3l gy num
oxi detincreases with increasing distance fromsaid fi fmlﬁ’mmw

t hi rdYkegi on overlying said second regi on_g@Upri sing al urfi ndm 8xi He.* 9.
The device of claim7 wherein said first region has a thickness of between
about 5 and 100 nanoneters. 10. The device of claim8 wherein said first
region is plasma grown and has a thickness between about 5 and 20 :
nanoneters. 11. The device,of clajm7 mherqén sai d_second,re

. i on ha
t hi ckness between about 2 &nd 30 RandPRterR uqurTﬂ%Vﬂﬁﬁi%@cg?gﬁPﬁi%1$°dY
wherein said thigfl syl comdaster tihaténiss amd varnebbotitod® sepatffed by a

Total -oxt de- semiTURMIEYER (LM SyibfelirhgLd SSLICORKIER £08 comprises: |
gﬁerﬁg{ﬁin fg&ﬁ L:{?Loaegion_has a thicknesf'of about 6 nanoneters of
as herei%bgfore describedlgﬁ%ggi%&ﬁe%f? Q?%F%?%%%%QI%g§¥g§ﬁ26%?a%ﬁ2tIalIy
acconpanyi ng drawi ngs. 16.2 /59FRRE sECTIPN { @YRT hYLlRd gFaldcEirsts Fegion
3;’25\; %gts' al l'y ascdifpei #Ded 0s empigeeré begl, s1i i Bon ehnd eatemifunhexadesypanyi ng
: wherein the concentration of silicon oxide decreases and
the concentration of aluminum oxide increases with
\‘} increasing distance from said first region; and
a third region overlying said second region
comprising aluminum oxide.
9. The device of claim 7 wherein said first
region has a thickness of between about 5 and 100
nanometers.
10. The device of claim 8 wherein said first
region is plasma grown and has a thickness between about
5 and 20 nanometers.
11. The device of claim 7 wherein said second
region has a thickness between about 2 and 30 nanometers.
12. The device of claim 7 wherein said third

region has a thickness between about 10 and 100

% nanometers.

13. The device of claim 7 wherein said device
is a metal-oxide-semiconductor field effect transistor.

14. The device of claim 12 wherein said first
region has a thickness of about 6 nanometers of thermally
grown silicon dioxide.

15. A semiconductor device substantially as
hereinbefore described and shown with reference to Fig. 2
of the accompahying drawings.

16. A process for forming a dielectric film
substantially as hereinbefore described, with reference
to the accompanying drawings.




