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(57) ABSTRACT

A dielectric structure disposed between a floating gate and a
control gate of a flash memory device includes: a first dielec-
tric layer; a third dielectric layer having a k-dielectric con-
stant substantially the same as that of the first dielectric layer;
and a second dielectric layer disposed between the first
dielectric layer and the third dielectric layer, having a greater
k-dielectric constant than that of the first and third dielectric
layers and formed by alternately and repeatedly stacking a
plurality of aluminum oxide (Al,0;) layers and a plurality of
zirconium oxide (ZrQ,) layers.
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FLASH MEMORY DEVICE WITH STACKED
DIELECTRIC STRUCTURE INCLUDING
ZIRCONIUM OXIDE AND METHOD FOR

FABRICATING THE SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The presentapplication is a divisional of U.S. appli-
cation Ser. No. 11/582,705, filed Oct. 17, 2006, which claims
priority to Korean Application No. KR 2006-0036924, filed
Apr. 24, 2006, which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a method for fabri-
cating a semiconductor device; and more particularly, to a
flash memory device with a dielectric layer having a high
k-dielectric constant and a method for fabricating the same.
[0003] When using a conventional oxide-nitride-oxide
(ONO) structure as a dielectric structure (i.e., an inter-poly
oxide (IPO) layer or an inter-poly dielectric (IPD) layer)
existing between a floating gate (FG) and a control gate (CG),
a distance between devices decreases as the integration scale
of' semiconductor devices improves. Accordingly, it becomes
difficult to perform a gap-filling process and thus, the devices
are often hardly isolated.

[0004] Furthermore, as a size of the device has been
reduced, a property of a capacitor for storing electric charges
may be degraded. Accordingly, a high k-dielectric thin layer
having a small thickness and a high k-dielectric constant is
used as the IPO layer or the IPD layer.

[0005] Recently, a process of using a high k-dielectric thin
layer with an OZO structure, formed by sequentially stacking
an oxide layer, a zirconium oxide (ZrO,) layer and an oxide
layer has been suggested to overcome the aforementioned
limitations.

[0006] FIG. 1 is a cross-sectional view illustrating a con-
ventional flash memory device.

[0007] A tunnel oxide layer 12 is formed over a substrate
11, and a floating gate 13 is formed over the tunnel oxide layer
12. A dielectric structure 14 is formed over the floating gate
13. The dielectric structure 14 is formed by sequentially
stacking a first silicon oxide (SiO,) layer 14A, a zirconium
oxide (ZrO,) layer 14B, and a second silicon oxide (SiO,)
layer 14C. A control gate 15 is formed over the dielectric
structure 14.

[0008] However, in the case of using the ZrO, layer, the
Zr0O, layer may be crystallized at a predetermined thickness
or greater while forming a thin layer. Accordingly, along a
grain boundary, current is likely to leak or a defect may be
generated. As a result, device reliability may be degraded.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides a flash memory
device using a zirconium oxide (ZrO,) layer having a high
k-dielectric constant as a dielectric layer, a low capacitive
equivalent thickness (CET), a low leakage current level, and
improved reliability, and a method for fabricating the same.
[0010] In accordance with one embodiment of the present
invention, there is provided a dielectric structure disposed
between a floating gate and a control gate of a flash memory
device, including: a first dielectric layer; a third dielectric
layer having a k-dielectric constant substantially the same as
that of the first dielectric layer; and a second dielectric layer
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disposed between the first dielectric layer and the third dielec-
tric layer, having a greater k-dielectric constant than that of
the first and third dielectric layers and formed by alternately
and repeatedly stacking a plurality of aluminum oxide
(Al,0;) layers and a plurality of zirconium oxide (ZrO,)
layers.

[0011] In accordance with another embodiment of the
present invention, there is provided a flash memory device,
including: a substrate; a tunnel oxide layer formed over the
substrate; a floating gate formed over the tunnel oxide layer;
a first dielectric layer formed over the floating gate; a second
dielectric layer formed by alternately and repeatedly stacking
aplurality of Al,O; layers and a plurality of ZrO, layers over
the first dielectric layer and having a greater k-dielectric
constant than that of the first dielectric layer; a third dielectric
layer formed over the second dielectric layer and having
substantially the same k-dielectric constant as that of the first
dielectric layer; and a control gate formed over the third
dielectric layer.

[0012] In accordance with a further embodiment of the
present invention, there is provided a method for forming a
dielectric structure disposed between a floating gate and a
control gate of a flash memory device, including: forming a
first dielectric layer; forming a second dielectric layer in a
stack structure that has a greater k-dielectric constant than
that of the first dielectric layer by alternately and repeatedly
stacking a plurality of Al,O; layers and a plurality of ZrO,
layers over the first dielectric layer; and forming a third
dielectric layer that has substantially the same k-dielectric
constant as that of the first dielectric layer over the second
dielectric layer.

[0013] In accordance with still another embodiment of the
present invention, there is provided a method for fabricating a
flash memory device, including: forming a tunnel oxide layer
over a substrate; forming a floating gate over the tunnel oxide
layer; forming a first dielectric layer over the floating gate;
forming a second dielectric layer in a stack structure that has
a greater k-dielectric constant than that of the first dielectric
layer by alternately and repeatedly stacking a plurality of
Al,O; layers and a plurality of ZrO, layers over the first
dielectric layer; forming a third dielectric layer that has sub-
stantially the same k-dielectric constant as that of the first
dielectric layer over the second dielectric layer; and forming
a control gate over the third dielectric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above features of the present invention will
become better understood with respect to the following
description of the exemplary embodiments given in conjunc-
tion with the accompanying drawings, in which:

[0015] FIG. 1 is a cross-sectional view illustrating a con-
ventional flash memory device;

[0016] FIG. 2 is a cross-sectional view illustrating a dielec-
tric structure of a flash memory device in accordance with an
embodiment of the present invention;

[0017] FIG. 3A is a graph of a capacitive equivalent thick-
ness (CET) that varies depending on various stack structures;
[0018] FIG. 3B is a graph of leakage current level that
varies depending on various stack structure;

[0019] FIG. 4 is a simplified diagram illustrating an atomic
layer deposition (ALD) method to form an Al,0;/ZrO,/
Al,0,/7r0,/Al,0; structure in accordance with an embodi-
ment of present invention;
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[0020] FIG. 5 is a cross-sectional view illustrating a flash
memory device using the dielectric structure shown in FI1G. 2;
and

[0021] FIGS. 6A and 6B are Weibull plots illustrating time-
to-breakdown (TBD) distributions in accordance with the
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Hereinafter, detailed descriptions on certain
embodiments of the present invention will be provided with
reference to the accompanying drawings.

[0023] FIG. 2 is a cross-sectional view illustrating a dielec-
tric structure of a flash memory device in accordance with an
embodiment of the present invention.

[0024] The dielectric structure 100 of the flash memory
device includes a first dielectric layer 101; a third dielectric
layer 103 having substantially the same k-dielectric constant
as the first dielectric layer 101; and a second dielectric layer
102 disposed between the first dielectric layer 101 and the
third dielectric layer 103. The second dielectric layer 102 has
a greater k-dielectric constant than the first dielectric layer
101 and the third dielectric layer 103, and is formed by
alternately and repeatedly stacking an aluminum oxide
(AL, O;) layer 102A and a zirconium oxide (ZrO,) layer
102B. The dielectric structure 100 has a stack structure
formed by sequentially stacking the first dielectric layer 101,
the second dielectric layer 102 and the third dielectric layer
103. Particularly, these alternately and repeatedly stacked
Al,0; layer 102A and the ZrO, layer 102B will be denoted as
“AZAZA structure”.

[0025] The first dielectric layer 101 and the third dielectric
layer 103 individually include a silicon oxide (SiO,) layer,
and the second dielectric layer 102 is a stacked AZAZA
structure. Thus, the dielectric structure 100 becomes an
OAZAZAO structure.

[0026] Inmore detail about the second dielectric layer 102,
the Al,O; layer 102A contacts with the first dielectric layer
101 and the third dielectric layer 103 as shown inthe AZAZA
structure to reduce silicon diffusion. Specifically, the Al,O;
layer 102A can prevent silicon from the first dielectric layer
101 and from the third dielectric layer 103 from diffusing to
the corresponding ZrO, layer 102B by being interposed
between the first dielectric layer 101 and the ZrO, layer 102B
and between the third dielectric layer and the ZrO, layer
102B.

[0027] Accordingly, the OAZAZAO structure in this
embodiment of the present invention has a stack structure
which additionally includes the Al,O; layers 102A between
the Si0, layers and the ZAZ structure. In one embodiment of
the present invention, a k-dielectric constant of the ZrO, layer
102B is not decreased due to the additionally formed Al,O;
layers 102A.

[0028] Furthermore, for the number of stacked Al,O; lay-
ers, the OAZAZAO structure includes two more Al,O; layers
than the ZAZ structure and thus, the ZrO, layer 102B can
have substantially the same k-dielectric constant as the ZAZ
structure although the ZrO, layers 102B are thinly formed.
Accordingly, since the ZrO, layers 102B can be thinly
formed, the ZrO, layers 102B is not likely to be crystallized
while forming the ZrO, layers 102B.

[0029] As shown in the OAZAZAOQ structure (or stacked
structure), the ZrO, layer 102B is stacked twice and the Al,O;
layer 102A is stacked three times. It should be appreciated
that stacking more of the Al,O; layers could be undesirable.
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Forinstance, if the A1,0; layer 102 A is stacked four times, the
number of the ZrO, layers 102B to be stacked is decreased to
one. That is, if a proportion of the ZrO, layers 102B is
decreased (i.e., from two layers to one layer) in the stacked
structure, a capacitive equivalent thickness (CET) and a leak-
age current level are increased. Accordingly, a desirable stack
structure to obtain a low CET and a low leakage current level
is the OAZAZAO structure.

[0030] FIG. 3A is a graph of a capacitive equivalent thick-
ness (CET) that varies depending on various stack structures
and FIG. 3B is a graph of leakage current level that varies
depending on various stack structures. The stacked dielectric
structures compared with each other in FIGS. 3A and 3B are
a ZAZ structure, an AZAZA structure, an AZAZAZA struc-
ture and a ZrO, layer.

[0031] As shownin FIG. 3A, the ZrO, layer has the lowest
CET and the ZAZ structure has the highest CET. The AZAZA
structure has a larger CET than the AZAZAZA structure but
a lower CET than the ZAZ structure.

[0032] Asshownin FIG. 3B, the ZrO, layer has the highest
leakage current, and the AZAZA structure has the lowest
leakage current. For reference, the AZAZAZA structure has
higher leakage current than the ZAZ structure.

[0033] From the results shown in FIGS. 3A and 3B, the
AZAZA structure has a larger CET and a lower leakage
current than the AZAZAZA structure and the ZAZ structure.
[0034] The second dielectric layer 102 with the AZAZA
structure shown in FIG. 2 can be formed through an atomic
layer deposition (ALD) method or a chemical vapor deposi-
tion (CVD) method.

[0035] Hereinafter, a deposition method of the AZAZA
structure through the ALD method will be examined.

[0036] FIG. 4 is a diagram briefly illustrating an ALD
method to form an AZAZA structure in accordance with an
embodiment of the present invention.

[0037] The ALD method is generally performed by repeat-
ing a unit cycle until an atomic layer with a desirable thick-
ness is obtained. The unit cycle includes supplying a source
gas to a wafer loaded into a chamber, supplying a purge gas
thereto, supplying a reaction gas thereto, and supplying a
purge gas thereto.

[0038] In more detail of an Al,O; layer deposition, an alu-
minum (Al) source gas is supplied to a chamber where a wafer
is loaded and then, absorbed into a surface of the wafer. The
Al source gas includes Al(CH,);.

[0039] A purge gas is supplied into the chamber to purge
out non-adsorbed parts of the Al source gas remaining inside
the chamber. The purge gas includes an inert gas selected
from a group consisting of argon (Ar), helium (He), nitrogen
(N,), or a combination thereof.

[0040] A reaction gas is supplied into the chamber. The
reaction gas includes one selected from a group consisting of
ozone (0;), oxygen (O, ) plasma, and water (H,O). A reaction
between the Al source gas and the reaction gas is induced to
deposit an Al,O; layer. Accordingly, the Al,O; layer is
formed over the surface of the wafer in an atomic unit.
[0041] A purge gas is supplied into the chamber to purge
out non-reacted parts of the reaction gas and byproducts. The
purge gas includes an inert gas selected from a group consist-
ing of Ar, He, H,, or a combination thereof.

[0042] Asdescribed above, the Al,O; layer with a desirable
thickness can be deposited by repeating the unit cycle includ-
ing supplying the Al source gas, supplying the purge gas,
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supplying the reaction gas, and supply the purge gas. Theses
sequential steps are denoted with reference letters T, T,, T;,
and T, in FIG. 4.

[0043] Depositing a ZrO, layer based on the ALD method
will be examined hereinafter.

[0044] A zirconium (Zr) source gas is supplied to a cham-
ber where a wafer is loaded and then, adsorbed into a surface
of'the wafer. The Zr source gas includes one selected from a
group consisting of Zr(O-tBu),, Zr[N(CH;),],, Zr[N(C,Hs)
(CH3)14, Z1[N(C,Hs), 14, Zr(tmhd),, Zr(OiC;H,);(tmhd) and
Zr(OtBu),. The above listed materials are known as a precur-
sor.

[0045] A purge gas is supplied into the chamber to purge
out non-adsorbed parts of the Zr source gas remaining inside
the chamber. The purge gas includes an inert gas selected
from a group consisting of Ar, He, N,, or a combination
thereof.

[0046] A reaction gas is supplied into the chamber. The
reaction gas includes one selected from a group consisting of
03, O, plasma and H,O. A reaction between the Zr source gas
and the reaction gas is induced to deposit a ZrO, layer.
Accordingly, the ZrO, layer is formed over the surface of the
wafer in an atomic unit.

[0047] A purge gas is supplied into the chamber to purge
out non-reacted parts of the reaction gas and byproducts. The
purge gas includes an inert gas selected from a group consist-
ing of Ar, He, N,, or a combination thereof.

[0048] As described above, the ZrO, layer with a desirable
thickness can be deposited by repeating the unit cycle includ-
ing supplying the Zr source gas, supplying the purge gas,
supplying the reaction gas, and supplying the purge gas.
These sequential steps are denoted with reference letters T |,
T,5 Ti3,and T,, in FIG. 4.

[0049] The Al,O; layers and the ZrO, layers are alternately
deposited through the ALD method to form the AZAZA
structure. Meanwhile, the depositing of the Al,O; layers and
the ZrO, layers uses the same purge gas and reaction gas
except for the source gas. Accordingly, the Al,O; layers and
the ZrO, layers can be alternately deposited only by changing
the source gas at the same ALD chamber.

[0050] FIG. 5 is a cross-sectional view illustrating a flash
memory device using the dielectric structure shown in FIG. 2.
[0051] The flash memory device includes a substrate 201, a
tunnel oxide layer 202 over the substrate 201, a floating gate
FG 203, a first dielectric layer 204 over the floating gate FG
203, a second dielectric layer 205 having a k-dielectric con-
stant greater than the first dielectric layer 204 formed over the
first dielectric layer 204 by alternately and repeatedly stack-
ing an Al,O; layer 205A and a ZrO, layer 205B, a third
dielectric layer 206 formed over the second dielectric layer
205 and having substantially the same k-dielectric constant as
the first dielectric layer 204, and a control gate CG 207 over
the third dielectric layer 206.

[0052] The tunnel oxide layer 202 includes a SiO, layer,
and the floating gate FG 203 and the control gate CG 207
includes a polysilicon layer.

[0053] The first dielectric layer 204 and the third dielectric
layer 206 are SiO, layers, and the second dielectric layer 205
has an AZAZA structure, which is a stack structure of the
AL Oj; layer 205A, the ZrO, layer 205B, the Al,O; layer
205A, the ZrO, layer 205B, and the Al,O; layer 205A.

[0054] A method for fabricating the flash memory device
shown in FIG. 5 will be examined hereinafter.
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[0055] The tunnel oxide layer 202 is formed over the sub-
strate 201 completed with a well formation process and a
channel ion-implantation process and other related processes.
The tunnel oxide layer 202 is formed through one of a thermal
oxidation method and a CVD method.

[0056] The floating gate 203 is formed over the tunnel
oxide layer 202. The floating gate 203 includes the polysili-
con layer.

[0057] The first dielectric layer 204 is formed over the
floating gate 203. The first dielectric layer includes the SiO,
layer formed through an ALD method or a CVD method.
[0058] A dielectric layer having a greater k-dielectric con-
stant than the first dielectric layer 204 is formed over the first
dielectric layer 204. That is, an AZAZA structure is formed
by alternately and repeatedly stacking the Al,O; layer 205A
and the ZrO, layer 205B over the first dielectric layer 204.
When the Al,O; layer 205A and the ZrO, layer 205B are
alternately and repeatedly stacked, the Al,0O; layer 205A con-
tacts with the first dielectric layer 204 or the third dielectric
layer 206. The third dielectric layer 206 is formed over the
second dielectric layer 205. The third dielectric layer 206
includes the SiO, layer as similar to the first dielectric layer
204. Accordingly, the high k-dielectric second dielectric layer
205 formed between the low k-dielectric first dielectric layer
204 and the low k-dielectric third dielectric layer 206 gives
rise to an OAZAZAO structure.

[0059] The control gate 207 is formed over the third dielec-
tric layer 206, and the control gate 207 includes the polysili-
con layer.

[0060] The dielectric structure of the flash memory device
between the floating gate 203 and the control gate 207 is a
stack structure of the first dielectric layer 204, the second
dielectric layer 205, and the third dielectric layer 206, more
particularly, of an OAZAZAO (SiO,/Al,0,/7r0,/Al,O05/
7r0,/A1,0,/810,) structure. The OAZAZAO structure is
formed with a thickness ranging from approximately 50 A to
approximately 200 A.

[0061] Comparing the OAZAZAQ dielectric structure with
the OZAZO dielectric structure, the OAZAZAQO dielectric
structure can prevent silicon from diffusing to the ZrO, layer
205B by interposing repeatedly the Al,O; layer 205A
between the ZrO, layer 205B before depositing the third
electric layer including the SiO, layer. Accordingly, a ZrSiO
layer cannot be formed, and a k-dielectric constant of the
710, layer cannot be reduced.

[0062] Furthermore, in an OZAO structure or an OZO
structure, as impurities such as silicon diffuse into a grain
boundary of the ZrO, layer 205B, a leakage current is likely
to increase and device reliability may be degraded. However,
in the OAZAZAO structure, the above described limitations
can be reduced by repeatedly interposing the Al,O; layer
205A between the ZrO, layers 205B. Thus, the leakage cur-
rent can be decreased and the device reliability can be
improved.

[0063] FIGS. 6A and 6B are Weibull plots illustrating time-
to-breakdown (TBD) distributions in accordance with an
embodiment of the present invention. FIG. 6A shows the
TBD distribution when a positive polarity stress is exerted,
and FIG. 6B shows the TBD distribution when a negative
polarity stress is exerted. Herein, the positive polarity stress
voltage level is approximately +14.5 V and the negative polar-
ity stress voltage level is approximately -14.5 V.

[0064] A ZAZ structure seems to exhibit a TBD distribu-
tion obtained when a bi-modal breakdown process is applied
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under a stress voltage of approximately —14.5 V. The ZAZ
structure seems to have small (with f=approximately 1.25)
and large (with p=approximately 2.0) TBD distribution com-
ponents together.

[0065] Inmore details about FIGS. 6 A and 6B, the AZAZA
dielectric structure has a much longer lifetime than other
dielectric structures. Accordingly, comparing with other
dielectric structures, reliability of the AZAZA dielectric
structure can be improved.

[0066] According to this embodiment of the present inven-
tion, a dielectric structure of a flash memory device uses an
OAZAZAO  (Si0,/A1,04/7r0,/A1,0,/7r0,/A1,0,/Si0,)
structure and thus, it is possible to obtain the flash memory
device having a low CET level and a low leakage current
level.

[0067] Furthermore, impurities such as silicon cannot dif-
fuse into a grain boundary of a ZrO, layer and thus, reliability
can be improved.

[0068] While the present invention has been described with
respect to certain embodiments, it will be apparent to those
skilled in the art that various changes and modifications may
be made without departing from the spirit and scope of the
invention as defined in the following claims.

What is claimed is:

1. A non-volatile memory device, comprising:

a floating gate provide over a substrate;

a control gate provided over the floating gate; and

a dielectric structure provided between the floating gate

and the control gate, the dielectric structure including:

a first dielectric layer;

a second dielectric layer formed over the first dielectric
layer and having a k-dielectric constant greater than
that of the first dielectric layer, the second dielectric
layer including a plurality of aluminum oxide (Al,O;)
layers and a plurality of zirconium oxide (ZrO,) lay-
ers; and

athird dielectric layer formed over the second dielectric
layer.

2. The device of claim 1, wherein a first Al,O, layer and a
last Al,O; layer contact the first dielectric layer and the third
dielectric layer, respectively,

wherein the third dielectric layer has ak-dielectric constant

substantially the same as that of the first dielectric layer.

3. The device of claim 1, wherein a first Al,O, layer and a
third Al,0; layer contact the first dielectric layer and the third
dielectric layer, respectively, and

wherein the second dielectric layer comprises the first

Al Oj layer, a first ZrO, layer, a second Al, O, layer, a

second ZrO, layer, and the third Al,0; layer.
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4. The device of claim 3, wherein the first dielectric layer
and the third dielectric layer comprise a silicon oxide (SiO,)
layer.

5. The device of claim 4, wherein a total thickness of the
dielectric structure from the first dielectric layer to the third
dielectric layer ranges from approximately 50 A to approxi-
mately 200 A.

6. A flash memory device, comprising:

a substrate;

a tunnel oxide layer formed over the substrate;

a floating gate formed over the tunnel oxide layer;

a first dielectric layer formed over the floating gate;

a second dielectric layer over the first dielectric layer and
formed by alternately stacking a aluminum oxide
(Al,0;) layer and a zirconium oxide (ZrO,) layer, so that
the second dielectric layer has at least five different
layers, the second dielectric layer having a greater k-di-
electric constant than that of the first dielectric layer;

a third dielectric layer formed over the second dielectric
layer; and

a control gate formed over the third dielectric layer.

7. The flash memory device of claim 6, wherein the Al,O,
layers and the ZrO, layers of the second dielectric layer are
stacked such that a first Al,O; layer and a third Al,O; layer
contact the first dielectric layer and with the third dielectric
layer, respectively, and

wherein the third dielectric layer having a k-dielectric con-
stant substantially the same as that of the first dielectric
layer.

8. The flash memory device of claim 6, wherein the A1,O,
layers and the ZrO, layers of the second dielectric layer are
stacked such that a first Al,O; layer and a last Al,O, layer
contact the first dielectric layer and with the third dielectric
layer, respectively,

wherein the third dielectric layer having a k-dielectric con-
stant substantially the same as that of the first dielectric
layer, and

wherein the second dielectric layer comprises the first
Al,O; layer, a first ZrO, layer, a second Al,O; layer, a
second ZrO, layer, and the last Al,0O; layer.

9. The flash memory device of claim 8, wherein the first
dielectric layer and the third dielectric layer comprise a SiO,
layer.

10. The flash memory device of claim 9, wherein a total
thickness of the first dielectric layer, the second dielectric
layer, and the third dielectric layer ranges from approxi-
mately 50 A to approximately 200 A.
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