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unavailable at this stage and is still under investigation.

SUMMARY OF THE INVENTION

It is therefore the primary object of the present invention to provide a
process for fabricating capacitor dielectrics of semiconductor memory devices
having low leakage current characteristics.

It is another object of the present invention to provide a process for
fabricating in low pressure environment the capacitor dielectrics of semiconductor
memory devices having low leakage current characteristics.

It is yet another object of the present invention to provide a process
for fabricating at low cost in a manner suitable for mass production the capacitor
dielectrics of semiconductor memory devices having low leakage cumrent
characteristics.

To achieve the above-identified objects, the present invention provides
a process for fabricating Ta;Os films for capacitor dielgctrics of semiconductor
memory devices such as stacked DRAM having low leakage current characteristics.
The process comprises the steps of first preparing a semiconductor silicon
substrate carrying an NH3-nitrided polysilicon electrode layer. A Ta;Os film is
then deposited over the surface of the electrode layer. The deposited Ta;Os film is
then annealed in a furnace in N>O gas at a temperature of about 800 °C for about
30 minutes. The novel post-deposition annealing procedure yields Ta;Os film for
semiconductor memory device capacitor dielectrics having low leakage current,

good reliability, and is particularly suitable for batch processing in conventional

oxidation furnaces.

BRIEF DESCRIPTION OF THE DRAWING
Other objects and features of the present invention are described with

reference to the preferred embodiments exemplified below with the accompanying

drawing in which
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deposition annealing treatments; and
FIG. 3 shows the critical field distribution characteristics of Ta,Os
films after various post-deposition annealing treatments; and
10 FIG. 4 shows a prediction of lifetime expectancy in terms of reliability
for the device fabricated in accordance with the preferred embodiment of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

15 To provide for fabricating capacitor dielectrics of semiconductor
memory devices having low leakage current characteristics, the process of the
present invention is exemplified in a preferred embodiment as described in the
following paragraphs. Note that the dimensions in the FIGS. 1a and 1b are not
drawn to the exact scale as they only schematically depict the cross-sectional views

90  of the device being fabricated.

Step 1

Prepare a semiconductor silicon substrate carrying an electrode layer
as the basis for the fabrication of a high-density memory device utilizing the Ta20s
film as its memory cell capacitor dielectric layer.

95 As is seen in FIG. 1a, the substrate 10 may, for example, be an n* type
silicon (Si) substrate, or an n polysilicon (poly-Si) substrate carrying an electrode
layer 11 made of NHs-nitrided polycrystalline silicon (poly-Si).

Step 2

Deposit a Ta,0s film over the semiconductor silicon substrate.
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FIGS. l1la and | b schematically show cross-sectional views of the

storage dielectrics of the nmenory device together with the el ectrode

t her eof being fabricated in accordance with a preferred enbodi nent of
the present invention as depicted fromthe sel ected process stages
respectively; GHRef0488-US-PAFinal [F| G 2 shofts the | eakage current
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PREFERRED EMBODyMERT 15 To provide for fabricating capacitor
di el ectrics of 'sem conduct or
5 Subject the deposited Ta;Os film to a furnace N;O annealing

procedure.
The thermal annealing procedure of the deposited Ta:0s film 12 may
be conducted in an N>O atmosphere, for example, at about 800 °C for about 30
minutes. The annealing processing in N;O may be conducted in conventional
1¢ oxidation furnaces. This means that the thermal annealing procedure may be
conducted in batch order, allowing the processing of a multiple number of wafers
simultaneously. This is particularly advantageous for commercial mass production.
The above-described procedural steps essentially comprise the process
of the present invention for the making of the low leakage current LPCVD Ta;Os

15  capacitor storage dielectrics in high-density semiconductor memory devices such
as stacked DRAM. It should be noted that, as persons skilled in the art should all
well appreciate, a complete fabricational process for making semiconductor
memory devices such as DRAM would include pre- and post-procedural steps in
addition to those described in the above exemplified embodiment.

20 In order to demonstrate the effects of post-deposition annealing as
outlined in the above step 3 using N>O on the electrical characteristics of LPCVD
Ta;,Os storage dielectrics on NHs-nitrided polysilicon electrodes for stacked
DRAM, samples of LPCVD Ta,Os capacitor storage dielectrics undertaking three
other different post-deposition annealing conditions are investigated. These

25 include (a) rapid thermal O, annealing (RTO), (b) conventional furnace O,
annealing (FO,), and (c) rapid thermal N,;O annealing (RTN20). Results indicate
that T2,0s films with furnace N2O annealing of the present invention have the
lowest leakage current, the best dielectric breakdown field distribution, and the
best reliability.

30 FIG. 2 shows the leakage current characteristics of Ta;Os films on nt

poly Si as a function of effective electric field before and after various post-
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filmovga) t RTGzand@Rddoc6®secsridsi con substrat e.
(b) Fumace O;at 860 °C for 30 minutes.

(c) RTN;O at 800 °C for 60 seconds.

(d) Furnace N;O at 800 °C for 30 minutes.

It is clearly shown in FIG. 2 that the furnace N2O annealing procedure
of the present investion conducted at 800 °C for 30 minutes produces the lowest
leakage current. A plausible mechanism for this leakage reduction by furnace N;O
annealing can be attributed to the reactive atomic oxygen species (0+) generated
by the dissociation of N2O gas at elevated temperature, and the furnace annealing
allows sufficient time to reduce film defects. The reactive atomic oxygen species
generated may contribute to fill the oxygen vacancies that result during the CVD
Ta;0;s deposition procedure as well as reducing the carbon and hydrogen content
in the film. This is the reason why furnace N;O annealing produces a lower
leakage than the rapid thermal N;O annealing. Moreover, this furnace annealing
procedure may be conducted in conventional oxidation furnaces that, as mentioned
above, are perfectly suitable for mass production. In other words, a batch of
wafers typically more than 50 can be processed each batch.

FIG. 3 shows that Furnace N,O annealing procedure of the present
invention possesses a tighter and higher critical field distribution as compared to
three other methods of annealing. The critical field was measured at a current
density of 1 pA/cm? with top electrode biased at positive voltage.

HG. 4 shows a prediction of device life expectancy. When the
inventive process of the present invention is compared to the prior art, better
device lifetime expectancy can be anticipated. As is seen in the drawing, during
the analyzed 10 year lifetime period, the device as fabricated in accordance with
the process of the present invention exhibits higher reliability with its capability to

sustain a higher effective electric field.
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While the present invention has been described by way of example and

10 in terms of preferred embodiments, it is to be understood that the invention need
not be limited to the disclosed embodiments. On the contrary, it is intended to
cover various modifications and similar arrangements included within the spirit and
scope of the appended claims, the scope of which should be accorded the broadest

interpretation so as to encompass all such modifications and similar structures.
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anneal i ng treatnents have their respective conditions _as |isted bel ow
g 1. A process for fabricat?n% Ta0s f?lms or capacitor digectrics of

semiconductor memory devices having low leakage current characteristics, said
5  process comprising the steps of:
preparing a semiconductor stlicon substrate carrying a electrode layer;
depositing a Ta,Os film over said electrode layer; and

furnace annealing said deposited Ta;0s film in N2O gas.

10 2. The process of claim 1, wherein said Ta,Os film is annealed at a

temperature of about 800 °C.

3.  The process of claim 2, wherein said Ta,Os film is annealed for
about 30 minutes.
15
4. The process of claim 3, wherein said semiconductor silicon

substrate is an n* type silicon substrate, or an n* type polysilicon substrate.

5. The process of claim 4, wherein said layer of electrode is formed

20  of NHs-nitrided polycrystalline silicon.

6.  The process of claim 5, wherein said Ta,0Os film has a thickness

of about 8-16 nm.

2 " 7.  The process of claim 6, wherein said Ta;Os film is deposited in a

low-pressure chemical vapor deposition (LPCVD) reactor.

8.  The process of claim 7, wherein said Ta;Os film is annealed in an

oxidation furnace.

30
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depositing a Ta,0s film over said electrode layer; and

10 furnace annealing said deposited Ta;Os film in NO gas at a

temperature of about 800 °C for about 30 minutes.



the anal yzed 10 year lifetinme period, the device as fabricated in
accordarice with 30 the process of the present invention exhibits higher

reliability with its capability to sustain a higher effective
electric field. Ref : 0488- US- PA/ Fi nal 6
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denonstrates that the furnace N err] 0 annealing procedure of the present
invention yields the | owest |eakage current and best reliability
characteristics. 5 Even better is the fact that, as nentioned above, the
furnace N err] O anneal i ng procedure can be perforned in conventiona
oxi dation furnaces by a batch
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pr ocessi ng. This is particularly advantageous for the nmass production
requi rements where the cost can be reduced and the overall efficiency

i ncreased. Wil e the present invention has been descri bed
by way of exanple and 10 in ternms of preferred enbodinents, it is to be
understood that the invention need not be limted to the disclosed
enbodi nents. On the contrary, it is intended to cover various
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1. A process for fabricating Ta[err](Jerr] filns for capacitor
dielectrics of sem conduct or nenory devi ces having | ow | eakage
current characteristics, said 5 process conprising the steps of:
preparing a sem conductor silicon substrate carrying a el ectrode |ayer;
depositing a Ta[err]Jerr] filmover said el ectrode |ayer; and

furnace annealing said deposited Ta[err]gierr] filmin Nerr]O gas. 10

2. The process of claiml1l, wherein said Ta[err](Jerr] filmis anneal ed at
a tenperature of about 800[err]C The
process of claim2, wherein said Ta[er f 1;

about 30 mnutes. 15 fkg(q#JGBJgggzga a|n1 3
wherein said senm conductor silicon substrate is an n[err] type

silicon substrate, or an n[err] type polysilicon substrate.
5. The process of claim4, wherein d | ayeg_of el r ode for meg—20
of NH3-nitrided polycrystalliqﬁj§ilicaég é%; ?g; E?g e:g
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6. The process of claim5, wherein said Ta[err](err] filmhas a

t hi ckness of about 8-16 nm 25 7. The process of
claim6, wherein said Ta[err]Jerr] filmis deposited in a

| ow pressure chem cal vapor deposition (LPCVD) reactor.

8. The process of claim7, wherein said Ta[err](Jerr] filmis annealed in
an oxi dation furnace. 30
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Ref: 0488- US- PA/ Fi nal Fil e: 0488USF. DOC 9. The
process of claim7, wherein said Ta[err](err] filmis annealed in an

oxi dation furnace in a batch manner sinultaneously with other Ta[err]err]
filns contained in different wafers. 5 10. A process
for fabricating Ta[err]Qerr] filns for capacitor dielectrics of

sem conduct or nenory devi ces having | ow | eakage current characteristics,
sai d process conprising the steps of: preparing a
sem conductor silicon substrate carrying a el ect rode | ayer;

depositing a Ta[err](err] filmover said g ectrode |ayer; and 10

furnace annealing said deposited Ta[err]Jerr] film in Nerr]O gas at a
tenperature of about 800 [err]C for about 30 m nutes.
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PROCESS FOR FABRICATING LOW LEAKAGE
CURRENT LPCVD Ta,Os FILMS

ABSTRACT OF THE DISCLOSURE

A process for fabricating Ta,Qs films for capacitor dielectrics of
semiconductor memory devices such as stacked DRAM having low leakage
current characteristics is disclosed. The process comprises the steps of first
preparing a semiconductor silicon substrate carrying an NH3-nitrided polysilicon

1) electrode layer. A Ta,Os film is then deposited over the surface of the electrode
layer. The deposited Ta,Os film is then annealed in a furnace in NyO gas at a
temperature of about 800 °C for about 30 minutes. The novel post-deposition
annealing procedure yields Ta,;0s film for semiconductor memory device capacitor
dielectrics having low leakage current, good reliability, and is particularly suitable

|5  for batch processing in conventional oxidation furnaces.

(Fig. 1b)



