,1'/‘7 SCO01 137A PROCESS FOR PLUGGE NG DEFECTS IN A DI ELECTRI C LAYER
CF A" SEM CONDUCTOR DEVI CE 5 Field of the Invention The
present invention is generally related to a process for plugging defects in
a dielectric, and nore particularly to a process for plugging defects in a
dielectric layer, such as an 10 oxi de, ofja sem conducé@b dgynce.
Background of the Invention 15 Dielectric layers, such as_ oxides, are
comonly used in sem conductor devices to electrically insulate one
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capaci ty jgForoxides dgfeaseemicdndactorpdevizel. that thin oxi des be of high
quality and essenti al | y free of defects. Achieving a defect-free, thin
oxi de f|_Im|s quite difficult.

Background of the Invention

15 Dielectric layers, such as oxides, are commonly used in
semiconductor devices to electrically insulate one conductive
member or conductive layer from another. For example in a
transistor, a gate oxide is used to separate a gate electrode from
a substrate material. In a non-volatile memory application, a

20 tunneling oxide is used to separate a floating gate electrode from
a substrate material. Oxides are also used frequently as
capacitor dielectrics in semiconductor devices. In transistor,
non-volatile memory, and capacitor applications, the oxide layer
is very thin, typically on the order of 50-200A (5-20 nm). Since

25 the oxide layer is thin, any defects in the oxide will have a
significant impact on the ability of the film to adequately
insulate one conductor from another. Defects which might be
present in an oxide may also alter a device's electrical '
characteristics, including breakdown voltagé, programming

30 voltage, and charge storage capacity. For this reason, it is
important that thin oxides be of high quality and essentially free
of defects.

Achieving a defect-free, thin oxide film is quite difficult.
Defects may be introduced into an oxide film as a result of

35 forming the film on a contaminated surface, fof‘ming the film in a
contaminated reaction chamber, or simply as a result of the
growth process in general. Furthermore, once an oxide film is
formed, existing defects may be made worse and new defects
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3‘D;eféc;_ts may be introduced into an oxide filmas a result of 35 formng the
filmon a contam nated surface, formng the filmin a contam nated reaction
chanber, or sinply as a result of the growth process in general

Furthernore, once an oxide filmis fornmed, existing defects may be nade
worse and new defects -2- may be created as a result of subsequent
processi ng. Process induced damage to an oxi de | ayer may be caused, for
exanpl e, by ion inplantation through the oxide layer or by exposing a
device to a damagi ng pl asna. Defect adversely
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10 nitride film on a thermally grown oxide to form an oxide-nitride
stack is a rather common approach to lowering defectivity.
Furthermore, oxide-nitride stacks are more resistant to process
induced damage in comparison to stand-alone oxides.
Unfortunately, use of an oxide-nitride stack in transistors and
15 capacitors has a significant disadvantage. Nitride films have a
much higher charge trapping density than oxide films, resulting
in a decrease in semiconductor device reliability, particularly as
the nitride thickness increases.
A known alternative to a CVD oxide-nitride stack is a
20 thermal oxy-nitride film formed by the nitridation of an oxide
layer. Rather than being a composite of a nitride layer formed on
an oxide layer, an oxy-nitride film is an oxide film which has
undergone thermal nitridation, resulting in a film having a
composition in the form of SixOyN:. Like oxide-nitride stacks,
25 oxy-nitride films have disadvantages which make the films less
than desirable for use in semiconductor devices. In particular,
processes used to form oxy-nitride fiims are not well suited for
device fabrication. For instance, the thermal reaction required
to form an oxy-nitride film occurs at a high temperature, usually
30 at a temperature above 950°C, although temperatures near 850°C
have been reported. High temperature processing in
semiconductor devices is undesirable, especially if diffused
regions have previously been formed in an underlying substrate
material since the high temperature will modify the diffusion
35 profile in the substrate. Furthermore, the process tolerances for
forming an oxy-nitride film are very small because parameters
must be kept at levels which minimize the amount of nitrogen
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20 ‘thermal oxy-nitride filmfornmed by the nitridation of an oxide | ayer.
"Rat her t han being a conposite of a nitride |ayer forned on an oxi de |ayer,
an oxy-nitride filmis an oxide filmwhich has undergone t her mal
nitridation, resulting in a filmhaving a conposition in the form of

Si XOyNz.- Li ke oxide-nitride stacks, 25 oxy-nitride filnms have
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ongoing gpal Lning SR8 GABTHHARS disadvantages. For this reason a need
exists for an improved method for forming dielectric layers in
semiconductor devices.

15 Summary of the Invention

The disadvantages of existing semiconductor fabrication
process are overcome, and other advantages are achieved, with
the present invention. In one embodiment, a process is taught in

20 which a semiconductor device is fabricated by forming a
dielectric layer over a substrate material. Growth of a
predetermined material is initiated in any defects in the

" dielectric layer, but is terminated prior to forming a continuous
film of the predetermined material across the oxide. '

- 25 These and other features, and advantages, will be more
clearly' understood from the following detailed description taken
in conjunction with the accompanying drawings. It is important
to point out that the figures are not necessarily drawn to scale
and should not be construed as the only method of practicing the

30 invention.

Brief Description of the Drawings

35 FIGs. 1-5 are cross-sectional illustrations of a portion of a
semiconductor device which depict formation of a discontinuous
film in accordance with the present invention.



|nduStry, nanufacturers nust devel op a nethod of producing thin, reliable
"oxide filnms. Each of the previously nmentioned approaches to inproving the
reliability of a thin oxi de has 10 distinct and unfortunate di sadvant ages.
For this reason a need exists for an inproved nethod for formng dielectric
| ayers in sem conductor devices. 15 Sunmary of the

I nvention The di sadvantages of existing sem conductor fabrication process
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met hod of practicing the 30 invention. Brief Description of the Draw ngs
35 FIGs. 1-5 are cross-sectional illustrations of a portion of a
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accordance with the pDetailed Bescription of a Preferred Embodiment

10
As discussed above, producing thin dielectric layers with
high reliability is an essential part of semiconductor fabrication.
As semiconductor devices are made smaller, it is more difficult
to produce reliable thin dielectrics. Previous attempts to

15 overcome the effects of defects which are formed in thin
dielectrics have been moderately successful, but there are
disadvantages associated with each. For example, defectivity in
thin oxide layers have been reduced by depositing a nitride layer
on top of the oxide , forming an oxide-nitride stack. However,

20 oxide-nitride stacks have a high charge trapping density at the
nitride interface, thereby decreasing reliability of the stack. A
process of reacting an oxide layer in a nitrogen ambient to form
an oxy-nitride compound is another known method of controlling
oxide defects; however, such compounds are very difficult to

25 fabricate controllably and many of the fabrication techniques
negatively affect other aspects of the semiconductor device.

The present invention overcomes many of the disadvantages
of the prior art and offsets the effects of defects in dielectric
layers by plugging these defects with another dielectric

30 material. In one form of the invention, an oxide layer is grown or
deposited onto a substrate material. The substrate and oxide
layer then undergo a short nitride deposition using a CVD process
which is terminated prior to the formation of a continuous
nitride film on the oxide layer. In essence, nitride growth is

35 initiated by forming small nitride islands in and above any
defects which might be present in the oxide layer, thereby
plugging the defects. Nitride is formed first in the defects



-4 ‘FIGs. 6 and 7 are graphs which illustrate growth behavior of CVD
*(chemi cal vapor deposition) nitride films, and nore pafticularly which
illustrate nuclei and continuous growmh stages of nitride filnms. 5

FIG 8 is a graph illustrating a decrease in the ability of a nitride film
to resist breakdown as filmthickness inckeases. Detail ed Description of a
Pref erred Enbodi nent 10 As di scussed above, producing thin dielectric
layers with high reliability is an essential part of semi conductor
fabrication. As sem conductqQr devices are
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overlying oxide layer 14. In most semiconductor devices,
substrate 12 is a monocrystalline silicon wafer, although any
substrate material is suitable for use in the present invention.
Oxide layer 14 may either be grown on or deposited over
15 substrate 12 using a known technique. As an example, oxide
layer 14 may be a silicon dioxide (SiO2) layer either thermally
grown on a silicon substrate or deposited on a substrate using
chemical vapor deposition (CVD). While the discussion of FIGs.
1-5 is directed to a semiconductor device having an oxide layer,
20 such as oxide layer 14, the present invention is beneficial to
other dielectric layers in semiconductor devices. As one
example, the invention can be used to plug defects in a nitride
layer. .
Incorporated into oxide layer 14 are defects 16. Defects in
25 dielectric films are an inherent consequence of film formation,
but defect formation is often enhanced as a result of forming the
dielectric on a contaminated substrate surface or with a loosely
controlled process. Defects in dielectric films can take several
forms. The defects illustrated in FIG. 1 are not intended to limit
30 the invention to any particular type of defect which might form,
but are instead intended to represent all types defects. In
addition, the number of defects illustrated is merely
representative, and those defects illustrated are not necessarily
drawn to scale.
35 - Oxide layer 14 is preferably on the order of 300A (30 nm)
or less in order to achieve the most benefit from the present
invention. Oxide thicknesses above 300A (30 nm) do not have the
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10 of silicon nitride (SizsN4) using chemical vapor deposition. In an
initial stage of growth, small SigN4 islands 18 form in defects
16, as illustrated in FIG. 2. Growth of SigN4 begins at defect
regions of oxide layer 14 because surface migration of silicon
atoms and nitrogen atoms results in formation of SigN4 nuclei at
15 the lowest possible energy sites, namely at the defect regions of
oxide layer 14. Continued growth of the nuclei produces islands
18. As growth proceeds, islands 18 become larger, as illustrated
in FIG. 3, and eventually begin to merge together, as illustrated
in FIG. 4. Further progression of nitride growth results in a
20 continuous SigNg4 film 20, illustrated in FIG. 5.

As discussed earlier, continuous nitride films formed on an
oxide increase charge trapping density and are therefore
undesirable for use as gate dielectrics in semiconductor devices.
For this reason, the present invention requires that growth of

25 SigNg4 be terminated prior to the formation of a continuous film.
The onset of continuous growth of a nitride film is readily
detectable by measuring the thickness of nitride at various times
throughout the deposition process. Upon plotting nitride
thickness as a function of deposition time, a distinct change in

30 slope, which corresponds to a change in nitride deposition rate,
is evident. The point where the nitride deposition rate changes
corresponds to the onset of a continuous growth stage.

To illustrate the two stages of nitride growth, namely a
nuclei growth stage and a continuous growth stage, effective

35 nitride thickness as a function of deposition time is plotted in
the graph of FIG. 6. To obtain these data points, an oxide film
having a nominal thickness of 97A (9.7 nm) was thermally grown



’grov'm,on a silicon substrate or deposited on a substrate using chem cal
vapor deposition (CVD). Wile the discussion of FIGs. 1-5 is directed to a
sem conductor device having an oxide |ayer, 20 such as oxide layer 14, the
present invention is beneficial to other dielectric |ayers in sem conductor
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10 layer was measured using capacitance-voltage measurements,
assuming a dielectric constant value equal to that of silicon
dioxide (SiO2). To determine the effective thickness of the
nitride film alone, the thickness of the oxide layer (97A) is
subtracted from the -effective thickness of both layers, which is

15 plotted in FIG. 6.

As evidenced in FIG. 6, the nitride growth process has a low
growth stage below a deposition time of six minutes and a high
growth stage above a deposition time of six minutes. These two
growth stages are more descriptively referred to as "nuclei

20 growth" and "continuous growth," respectively. The term "nuclei
growth" refers to the fact that during this stage in growth, small
islands of nitride nucleate on portions of an underlying oxide
layer, for example, as illustrated in FIG. 2 and FIG. 3. The term
"continuous growth" is attributable to the fact that the small

25 islands of nitride formed initially merge with one another to
form a continuous nitride film, as depicted in FIG. 4 and FIG. 5.

While the graph of FIG. 6 demonstrates the low and high
growth stages as determined from the effective thickness of an
oxide and a nitride film, FIG. 7 confirms that the two distinct

30 growth stages are in fact governed by nitride deposition. The
points plotted in FIG. 7 represent the thickness of a nitride film
deposited on a bare silicon substrate under the previously
described CVD process, unlike FIG. 6 which plots effective
thickness of a combined oxide-nitride stack. Thickness

35 measurements of the individual nitride film deposited on bare
silicon were taken at two, four, six, nine, and twelve minutes of
deposition using an ellipsometer. While the nitride growth rates



i nvéntion may be used in conjunction with any oxide or dielectric 5
'thickness. In other words, the present invention can successfully be

i npl enented on thick dielectrics; however, the benefit in using the

i nvention decreases as dielectric thickness increases. After form ng oxide
| ayer 14, substrate 12 is subjected to anganbient of nitrogen and silicon
gas species to initiate gromh 10 of silicon nitride (Si 3N4) using

chem cal vapor deposition. In an initial stage of growmh, small Si 3N
islands 18 formin defects 16, as_illustrated in FIG_ 2. G ow.h Si 3N4
begi ns at def s tFlGgivoage pleaklyddifierest tbﬂ”bﬁ%%d@%d”‘f‘%’é@tqa\gf‘ai} I%n &f

tSIh Iel fgaegi ons ?gfut}?ﬁe&éedn e QiffereRt l!slléée% trbe ﬁféf&WOO eupiesi Bvh ngunal;msdat 15
e Ol DB Ga i Sreteoh SEnihBlst ol S AL RBRE g

proceedlsI i El alhd&xl%nilmnese | arger, as illustrated in FIG 3, and

event ua y egin t r I G.

progr essi oh of ni t?ﬁ gg @f%\%ﬁﬁﬁi ggu §Zlél’f hﬁ%i\igggﬁphglﬁ?s aé“%&ﬁﬁ‘??ﬁf“z%
i |l ustrated i neEeSsasy tmsreaebuasﬁanéam @oint betwvegsuhei pucled growiy
formed on an %'od‘?:o'nrl’i?ﬁﬁ%%eg‘?&ﬁr‘ﬂgesthbégplsﬂgxdieﬂﬁ\mi% aftbrage deporsiion e

undesirable for use as qétrl cS.| n sem cqonduct or .devi ce For this

reason, the piiga@n@f |§W€’|“Fﬂ"‘éﬁ$sre ragsition RABLIR Bneof %I\Ql'?rﬁg

ter tm nated pridef otsméﬂﬂeprfwergst will 15é¢ dependemtons variows pacametets of
contli nuou

grow,h of a nitride fli bl th
t hi ckness%Q) ?'PPH&Q 3% Q%U?tﬁ?mﬂi? h&aggh ﬂg8§§g’bg‘egg‘gw|%ﬁa;%gggs ©
Upon pl ot t i ngchambele préssines gasdemparatureprans typeafi gasastused, a
di stinct Cha”%‘?’nb gB&h% gpe, whi ch corresponds to a change in nitride

deposition ra evi ent The point where the nitride deposjition rate
changes As discussed abgve it is important in practlc(la the

invention that a nitride deposition process be kept within the

15 nuclei growth stage. Upon reaching a continuous growth stage,
the increase in nitride film thickness degrades the ability of the
dielectric to resist breakdown under charge injection. |
Degradation of a dielectric as nitride thickness increases is
illustrated in the graph of FIG. 8. Charge-to-breakdown

20 measurements of a capacitor having a SigN4 dielectric were
recorded for several different nitride thicknesses.
Measurements were taken under both positive stress (positive
biasing conditions) and negative stress (negative biasing
conditions). Under both stress conditions, a dramatic

25 degradation in the nitride film occurs beyond a thickness of
about 40A (4 nm). The dashed line in FIG. 8 represents a
thickness of about 34A (3.4 nm), which corresponds to a six
minute deposition time with respect to FIG. 7. Accordingly,
nitride thicknesses to the left of the dashed line in FIG. 8 can be

30 considered as nitride grown completely within the nuclei growth
stage, while thicknesses to the right can be considered as nitride
films which have entered a continuous growth stage. From the
data, it is understandable why, in practicing the invention, it is
important to terminate the nitride deposition process prior to

35 significantly entering the continuous growth stage.

Process tolerances for practicing the invention is

reasonably large. Process parameters will vary widely depending



corr'esponds to the onset of a continuous gromh stage. To illustrate the
*two stages of nitride growh, nanely a nuclei growh stage and a conti nuous
growt h stage, effective 35 nitride thickness as a function of deposition
time is plotted in the graph of FIG 6. To obtain these data points, an
oxide film having a nom nal thickness of 97A (9.7 nm was thermally grown
-7- on several undoped silicon substrates. The substrates were then placed
in a CVD nitride deposition chanmber (specifically a Bruce furnace, Mbdel
7355 DDC) and deposition of a nitride filmwas initiated. Process

par anet er s f oupohdhevequigrent usedveAs asrosight guidelise. RHEARGR At a f1 ow

rate of 200 ' : Si ' : chanb
%‘t‘a&?fgf Ipdrgrflﬁdétgdﬁﬁ n%sg&)réviﬁ'e@l‘f" Relvever, ife Mdueet e; chamber

D g cupiLs e s, eof. et o SrostfiRp The SFRATHE 1
rlgsu: ;i 2? Cogﬁﬁgggugggoﬁg'{mﬁ iofadhievedt b'yda:I CVDntechnicue, usuitablgi ng oxi de
diel ectri & oyt rapdorigudf FRmdia (Nfa) e TRPUGRTEA: Snyes Fried ©
dfet er 21 ne t geaayfsuamemasemnmefnisw aseansiliconegas| spegiese, Silana-hi ckness
Ioayers, whi chb?§8§5é8%$%tﬂtn gl gn W?Sf%@e@? é&?&ﬁﬁ?%Vﬁﬂé@%@f &ﬁdg}c t lr)logg
growt h procestichiorasiianegr(Sittlsl-agElaw @iea @e&%i%‘?‘-ﬁﬁetgﬁﬁe%fwgfx
mnutes and ayahgland aré dépaademboncthe deoant typet bfrdeposiiion ni nut es.
These two . . .
10 chamber used. Gas ratios between the nitrogen gas species and
the silicon gas species are dependent upon the exact source gases
chosen, but generally can range from approximately a ratio of 3:1
to 20:1 (nitrogen species : silicon species). Suitable CVD
deposition temperatures typically range from 400-800°C, while
15 pressures may range from 200-800 mtorr. Although deposition
times in accordance with the present invention need to be
determined according to changes in deposition rate of a nitride
film, it is anticipated that most nitride deposition times using
- CVD methods will be less than twenty minutes in duration. CvD
20 techniques, however, are not the only suitable method of
depositing a nitride film to plug oxide defects in accordance with
the invention. Depositions which utilize silicon and nitrogen
containing plasmas may also be used.
While the previous discussion has primarily dealt with
25 using CVD SigN4 to plug defects in a dielectric layer, it is
important to realize that other CVD films may be used in
accordance with the invention. Presence of two distinct film
growth stages, namely a nuclei growth stage and a continuous
growth stage, is evident in other CVD materials. Therefore,
30 other dielectric materials deposited by CVD techniques in the
nuclei growth stage, in accordance with the present invention,
may adequately plug defects without degrading quality or
reliability of the initial dielectric layer. As an example, a CVD
oxide deposition kept within a nuclei growth stage may be used
35 to plug defects in an underlying oxide or nitride layer. Factors
which will determine if a CVD dielectric material is suitable for
plugging defects in an underlying dielectric include the surface



grovit h stages are nore descriptively referred to as "nuclei 20 growth" and
“continuous growth," respectively. The term"nuclei growth" refers to the

fact that during this stage in growh, small islands of nitride nucleate on
portions of an underlying oxide layer, for exanple, as illustrated in FIG

2 and FIG 3. The term "continuous growhjgpis attributable to the fact that
the small 25 islands of nitride fornmed initially -nerge with one another to
forma continuous nitride film as depicted in FIG 4 and FIG 5. Wile the

graph of FIG 6 denonstrates the | ow and high growh stages as determ ned
fromthe eff ediffusdon hratenef sther QMDOQ'@I'@C&& @%Fﬁrt'@'i aéom% N Bhes 7 -

i T do. deps o o e O esont 1 06 i ckness of
| on. e pojnts ed in repr a hi
anitride fil HERHAMPIR o é’rggfgms q%&efggﬁ%t'?a&% E‘ﬁ‘?&?‘w@ %?L‘%‘ﬁ@ glsyo
dersTg_rl bgd C_V(I;]ayeqpmfelablykmdzlwm diklechripl miaterak ést¢hasamisuatedbabf a
conbi ne I de- £ : i ; : e?pent- s~k he i ndividual
nitride ficg(m ggﬁéglet gﬁffg%&ﬁ;rr?{gi ﬁgﬁ?{/\'ﬁrﬁeemlwa tv%fé?{"r(‘)%r, Si X, ni ﬁg,
and twelve m ooeﬁwentd@ommlmme@i ng an ellipsoneter. Wiile the nitride
growth rates '8Th%a“ fﬁkg%oi?\gagﬁbsfdrﬁﬂrdw&hdfmhgntatioh@ ddiRairichs
evidence

St 2t o | oEai: caraS S A ShaB o oo At Bass Hespodiad B g o
of six mnutepredent inventidn.i sln nyarticaltdr, tiv hasibesn rbvealed thabat the
amount ofy 41 MGielectric defects can be filled by islands of material which
nucleate at the defect sites, thereby lowering defect density of
dielectric layer. Use of the invention is particularly beneficial
in fabricating semiconductor devices having dielectric
thicknesses below 300A (30 nm), since thin dielectrics generally
15 have the highest defectivity levels. In addition to improving
dielectric quality, the present invention can be practiced using
conventional CVD deposition equipment and processes.
Furthermore, implementing the invention need not excessively
increase fabrication time of a semiconductor device. If
20 fabrication time is critical, a CVD deposition of a material to
fill defects, in accordance with the present invention, can be
performed in-situ following a CVD deposition of the initial
dielectric layer. Yet another advantage is the invention can be
accomplished at temperatures conventionally considered low
25 (below 800°C), such that diffusion profiles in a substrate
material are not adversely affected.
Thus it is apparent that there has been provided, in
accordance with the invention, a process for plugging defects in
a dielectric layer of a semiconductor device that fully meets the
30 need and advantages set forth previously. Although the invention
has been described and illustrated with reference to specific
embodiments thereof, it is not intended that the invention be
limited to these illustrative embodiments. Those skilled in the
art will recognize that modifications and variations can be made
35 without departing from the spirit of the invention. For example,
a dielectric film formed in accordance with the invention is not
limited to a SiO2 layer, but may be any type of dielectric used in



necessary to reach a transition point between the nuclei growth and
continuous growth stages is not always after a deposition tine of six
mnutes. A transition point in tine of the nitride deposition process wll
be dependent on various paraneters 10 including gas flow rates, size of
the deposition chamber, chanber pressure, {gas tenperature, and type of
gases used, anong others. As discussed above, it is inportant in practicing
the invention that a nitride deposition process be kept within the 15 '

nucl ei growm h stage. Upon reaching a continuous growth _stage, the increase
in nitride fi SAMIGPBRAHEYY deyicasesnchdingi Al2Qs.of azks, JilB2e GOz, @Y esi st

breakdown undegtie ciilas.ge 1n naddition) - thiee Invstalio ®Nisohof IithRedctd i€ Fertiduldr de
t hi ckness increases, i.s_ildlustrated. in the graph Fl 8. .
Charge-to-bre 38r TREing cd-dieleglric, '%é?fgci f@?"ﬂg(h’ ngrowa; axiges,

di el ectri c weoxides aeposifert byeGVB| ahd fathentdielgotridedepositions sesthods
Measur enment s r EEAY 2SS @Rﬁs' i kAS1

condi ti ons an(_jé ;%%%ﬁ@gggggeggqbgeg%é\ﬂet ﬁ%‘g?lﬁé condi [slt g\rég))oghf?ﬁ{de%? Bot h
stress condit hitride dilaw dimited o5 CViBgmethodsn but algo rincludes mlaameccur s
beyond a thic i -@%(4n : & lth NRof

represents a P%P?R%F\tg;snsqgghgb ut 34&4‘?3%@?&)"%&?@% tgoﬁ?gé;gtﬁhﬁstht%o a Six
m nute deposi Pr@seRt iRvehtion isspetiimiled § apy waytai AgEHs Cﬁ'ict Amunt

t hi cknesses t oftfime ¢bt dépositingashertitridendilm) Bué. is8 irrsteake liddited otesi der ed

hi oknessid °t BHE° BRpRsRidn g A Gudlh Fovihoplede’s FFfie WIMER nave
entered a congrowtusstggewis cansjderdd dinet fisstiangl slowes gnaweths stagiabdle why,
in practici ngpifestdydddfORitride fifm growth, as explained above.
Furthermore, the invention is not limited to using nitride as the
defect plugging material. As stated earlier, other dielectric
15 materials also exhibit the two growth stages demonstrated in
" FIGs. 6 and 7, enabling materials other than SigN4 to be used to
plug dielectric defects. As an example, SiO2 may be used to plug
the defects in accordance with the present invention, provided
growth is maintained within a nuclei growth stage. Therefore, it
20 is intended that this invention encompass all such variations and
modifications as fall within the scope of the appended claims.



inportant to termnate the nitride deposition process prior to 35

'si gnl fi caﬂH—y—enLem_ng_t_he_aontl nuous growt h stage. Prdcess tol erances for

practicing t invention is reasonably large. Process paranmeters wll vary
Wi dely depj’ﬂugﬂl"!wmﬂwm ‘the equipnent used. As a rough guideline, a
range of s i s provided; jfiowever, the val ues subsequently
given are not i nténded 1o restrict the i nventlon I-f nitride deposition is
achi eved by a CVD technique, suitable 5 source gases include ammonia (NH3)
as a nitrogen gas species and any sil ane-based chem stry as a silicon gas

speci es. Silane- based gases include siblEMgsi H4), dichlorosilane [err],
and trichlorosilane [err]. Flowrates of the source gases will vary and are

dependent on the gizey g@fﬁééé%eo‘?fplgga tdé?@cﬂé) in “fi‘ad‘iﬁiﬁctkiéeﬁ:ge@aéf i@l oS

bet ween the nitrogen g speci es an ' con gas speci es are dependent

upon the exact sourc@@ﬂmwgérﬂe\ﬂﬁﬁ: gféHBPHﬁMQ c,tEﬁ Sﬁ&;% % om
approxi matgely a ratio o rgv,a,,t, gosgbgfualtéOMeﬁgecm silicon species).

Sui t abl e Ddep05|t|on te ratur i C ge err],
while 15 pressures mayfQ "E@ rffﬁlﬂ#gﬁo %%r ﬁﬁ %ﬁghégg’ﬁg’%%. on tines
in accordance with the presardtemaknti on need to be determ ned according to
changes in deposition r a d fil b ko) Sy | st
nitride deposition time Iﬁgl?ha g&hw tﬁfd‘Ji m?ﬁiétg'rﬁ]l@gé han %&eﬁ@ mﬁﬁut es
in duration. CVD 20 techni go¥s¢gefaatevElg) in dheodielpstri;ilayeti 8861 e net hod
of 10 terminating growth of the predetermined material

prior to forming a continuous film of the

predetermined material across the dielectric

layer.

15 2. A process of plugging defects in a dielectric layer of a
semiconductor device, comprising the steps of:
providing a semiconductor substrate material (12);
forming a dielectric layer (14) on the substrate
material;

20 initiating growth of a predetermined materlal (18) in
any defects (16) in the dielectric layer, the
growth of the predetermined material having an
initial growth rate;

terminating growth of the predetermined material
25 prior to an increase in the initial growth rate.

3. The process of claim 1 or 2 wherein the step of
‘initiating growth of a predetermined material comprises
initiating growth of a predetermined material using

30 ' chemical vapor deposition (CVD).

4. The process of claim 3 wherein the step of initiating
growth of a predetermined material comprises initiating
growth of silicon nitride.

- 35



depasi ti ngW_m—ﬁ—é—Bl ug oxi de defects in accordance with the

i nventi on. ositions which utilize silicon and nitrogen contai ning

pl asmas may _ m\‘ ul e the previous discussion has primarily dealt
wth 25 usiﬂ“\“mm "Bl ug defects in a dielectric layer, it.is

i nportant to lkeakil ze that® other CVD films gmy be used in accordance with
the invention. Presence of two distinct filmgrowh stages, nanely a

nuclei grow h stage and a continuous growth stage, i-s evident in other CVD
materials. Therefore,

30 other dieleciric terjals deposi.ted b D
techni ques in t hednudhePragass ok PAYBYING, deteeisqih& ‘ﬂ?%&'ﬁ'ﬁ aﬂﬁ\és@\/ta
invention, may adequagegthicaldiictoef @evicew ddraptisifeprthdi stepgiadfity or
reliability of the initial ﬁ.el ectri){fJ {ggr ﬁé gE ﬁ@mﬂ e, a CVD oxide
deposition kept within Rrayigiag 8r8 R gg' 9 e éd 35 to plug
defects in an underlyi nfomminge aor axidei lxyera(iet). oveclying thiei snbstrate
determne ¢f a CVD dielectrj f?ﬁﬁ]l al is suitable for plugging defects in
an underlying dielectric include the surface -10- diffusion rate of, the

CVD di el ectric material expesingihenexidediayeyi oy ad amrent Ofsairogen ad  he

sticking coefficient of thegpicahoBeariny Ydke speties i daftieaes growttheof
underlying dielectric |ayer,

chosen such that 5 surfaceadﬁgt?'fggir gﬁ'}')r/g{ e?rg\/q%i(j:qeﬁlfggffrmp e'tffmglst: (S:ki ng
coefficient is nminimzed Togideorlagerng description and illustrations
contai nedm determining a transition point in time which

represents an end of a nuclei growth stage of the

nitride film and a beginning of a continuous

growth stage of the nitride film; and

terminating exposure of the oxide layer to the
15 ambient prior to the transition point in time.

6. The process of claim 5 wherein the step of forming an
oxide layer comprise's forming an oxide layer having a
thickness not greater than 300A (30 nm).
20
' 7. The process of claim 6 wherein the step of forming an
oxide layer comprises forming a gate oxide layer.



her ef n demonstrate many—of—t he advant ages associated with the present

i nventi on, ot r._ it has been revealed that 10 dielectric defects
can be f”ill\ﬂj”@lwﬂﬂ@%utf materi al which nucleate at the defect sites,

t her eby | cl nsity of dielectric layer. Use of the invention
is particularly beneficial in fabricating_sgem conductor devices having
~dielectric thicknesses bel ow 300A (30 nm, since thin dielectrics generally
15 have the highest defectivity levels. In addition to inproving

dielectric quality, the present invention can be practiced using
conventional CVD d&epoé Hresesswippiiggingddpfesiasisea dielectria dayer of a

i mpl ementing the i nvegbhﬂaoﬁéﬁetd?oﬁeqwséb\’fﬁi |

HeihgCifasqehabpi-cation tine
of a sem conductor device. | ts ng Jif 'Pi car, a OVD

f. 20 farlcatlﬁ tﬂ) 33'0“
deposition of a materialPHOYiqing aysiliced subskate,dlce with the present
i nvention, can be perf orfoeching-antoxitde! layemg14) OvD tHepsiicbhosubbtrake,

accompl | snid at t enpet at ur ed8oRRERt 1At PO 4 Joickhess. ol Bafets,
800[err]), such that diffusiteanpB@@AI (30 inm} substrate material are not
adversely affected. Thu lhbidrgS tggpgﬁsgfga{{?&it%megidr%gé%gggar RRoY ded, in

accordance with the inventio pro S ctsin a
di el ectric |ayer of a sem céR8GHPHr Cg'é\w@@r;t hat fully meets the 30 need

and advantages set fortinpogucinglan afhineeid ydshandnuesilamebazeddgas

described. gnd illustrated w. reference to speeific enbodi nents thereof,
it is not t nt ended t hat the”ii'&/éﬁ?i 6%3%%0%%’5@@’% these illustrative

embodi ments. Those ski | Ireactingt tiee ammania gas and tbet silnevbdisédcgas dios and
variations can be made 35 yfitiaeut SR 'dMA hitPRe! MimSRi4] lorPthkMBxide

- invention. For exanple,

layer; and
terminating the reaction of the ammonia gas and the
15 silane-based gas prior to entering a stage of

continuous growth of the nitride film.



a dielectric filmformed in accordance with the invention is not limted to
‘a-SI 2 |ayer, but may be any type of dielectric used in sem conduct or
devices, including [err], [err], Ti2, G2, and the like. In addition, the
invention is not limted to a particular nethod for formng a dielectric

| ayer. Thermally grown oxi des, oxides depgsited by CVD, and ot her
dielectric deposition nmethods 5 are enconpassed by the present invention.
Nor is deposition of a nitride filmlimted to CVD nethods, but al so
includes plasma deposition techniques. It is also inportant to note that

the present invention is not limted in ané wag to amgemflc amount_ of
time for depodf?ROGESSHFORBLUGGINGUDEEECTS dMdA DIELECTBIGOLAYER de
deposition during a nuclei @PVAISEMIQGONDUCTOR DEVICEt h stage is
considered the first and slower growth stage of two stages of nitride film
gr owt h, a?.) expl ai ned above. Furthernore, the invention is not limted to
using nitride as the defect pl i, ng . .matey,i al stated earlier, other
dielectric 15 materials al so eg&%ﬁﬁ%tt H&) BP&&?S% rsetages denonstrated in
FIGs. 6 and 7, enabling materials other than Si3N4 to be used to plug
dielectric defect SpDefécN lﬁxél”mlﬁ d@lé@trl@){aﬁ)& gfed semitoadubtordebeiges in

aocordance W bh WiagBed: . a Blnndy B ar doTusib b TBURA ettt
enconpassi®! | dislebtriawitho oh degradimgli fhiec aeliabilitpsof ¢he devider t e enepe of
the appended Folr% "Bt the invention, a semiconductor device (10) includes an

oxide layer (14) formed on a substrate material (12). Growth of

a nitride layer (18), using CVD techniques, is initiated in any

defects (16) in the oxide layer, but growth is terminated prior to

15 entering a continuous growth stage. By plugging the defects with

nitride without forming a continuous nitride layer, defect

density in thin oxides is reduced without experiencing

disadvantages associated with thick oxide-nitride stacks. The

invention is also applicable to plugging defects in dielectric

20 layers other than oxide. Furthermore, growth of a discontinuous
layer may be achieved with a material other than a nitride using
CVD techniques.

(FIG. 2 accompanies this abstract)



Clains 1. A process of plugging defects in a dielectric layer of a

'sem conduct or device, conprising the steps of: 5 providing a
substrate material (12); formng an dielectric |ayer (14) on the substrate
material; initiating growh of a predeterm ned material (18) in any defects
(16) in the dielectric layer; and 10 termnating growth of the
predetermned nmaterial prior to formng a continuous filmof the
predeterm ned material across the dielectric layer. 15 2. A process

of plugging defects in a dielectric |layer H8 a sem conductor device,
conprising the steps of: providing a sem conductor substrate material (12);
formng a dielectric layer (14) on the substrate material; 20

initiating growh of a predetermined material (18) in any fects (16) in
the dielectric |layer, the gromh of the predeterm ned erial having an
initial growh rate; termnating growh of the predeterm ned material 25
prior to an increase in the initial growh rate. 3. The processldf claimil
or 2 wherein the -t ] pal
conprises initiati\ng g h of a predeteymned nateri al

chem cal vapor deppsivion (CVD). { {
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4. The process of claim3 wherein the step of initiating growh of a
predeterm ned material conprises initiating growmh of silicon nitride. 35
5. A process for plugging defects in a dielectric |layer of a sem conduct or
device, conprising the steps of: providing a substrate material (12);
form ng an oxide |ayer (14) overlying the substrate 5

material ; exposing the oxide |layer to an anbient of nitrogen and silicon
bearing gas species to initiate growh ofggnitride film(18) in any
defects (16) in the oxide layer; 10 determning a transition
point in tinme which represents an end of a nuclei growt dfge of the
nitride filmand a bﬁginning of a contiggous grom h stage of the nitride
film and term nati ng-—exposure of the o 3

ambi ent prior to ‘%»:- poi-r<T Rt | Fo—B——The—pH0 Ehai m 5
wherein the step r conpri ses fde | ayer
havi ng a thicknes§ Not greater an 300K 0 nm . 20 € procesp

claim6 wherein the ¥ ep of form ng anléxide | ayer corfrises fornifig a gate
oxi de | ayer.
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-14-. 8. A process of plugging defects in a dielectric |layer of a

sem conduct or device, conprising the steps of: providing a silicon
substrate (12); form ng an oxide |ayer (14) on the silicon substrate, 5

t he oxide | ayer having a thickness not greater than 300A (30 nn); placing
the substrate wth the oxide layer in a reaction chanber; introducing an
anmoni a gas and a sil ane-based gas 10 : into the reaction
chanber; reacting the amonia gas and thed&1| ane-based gas to initiate
growh of a nitride film(18) on the oxide |ayer; and term nating the

reaction of the ammoni a gas and the 15 si | ane- based gas
prior to entering a st@@e—of—continupus—growh of the nitride film
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