
Method For Forming High-K Charge Storage Device 8 9Background of Invention
101) Field of the Invention 11 12This invention relates generally to the
structure and fabrication of 13semiconductor devices and more particularly
to the fabrication of a dielectric materials for 14memory devices. 15 162)
Description of the Prior Art 17 18A key issue for floating-gate nonvolatile
semiconductor memories 19(NVMs) is the scaling of the tunneling oxide
because the stress-induced leakage current 20(SILC) limits the tunnel oxide
to -8nm. This scaling issue is a formidable challenge 21especially for the
emerging system-on-chip (SOC) integrated circuits designs in which
22programming voltage must be scaled for the NVMs to be compatible with the
low voltage 23logic circuits. Therefore,
silicon-oxide-nitride-oxide-silicon (SONOS) charge-trapping 24 based NVM is
replacing floating-gate NVM due to its advantages of lower programming
25voltage, smaller cell size and better endurance over the floating-gate
devices. However, 26retention and erase speed remain as the major
challenges for conventional SONOS devices 



27as device and voltage further scale in the future. 28  1 2 3The relevant
technical developments in the literature can be are 4described below. 5US
Patent 6,803,275 - Park , et al. - October 12, 2004- NO fabrication
6process for reducing oxygen vacancy content in bottom oxide layer in flash
memory 7devices. 8US 6,680,509 - Wu , et al. -Nitride barrier layer for
protection of ONO 9structure from top oxide loss in fabrication of SONOS
flash memory. 10US 6,790,755 -Jeon - Preparation of stack high-K gate
dielectrics with 11nitrided layer. 12Bunmi Adetutu, Jiankang Bu, Hsing
Tseng, "A Novel Floating Trap 13 NVSM" . 14US 20030194853 A1 - Jeon, Joong
-- Preparation of stack high-K gate 15dielectrics with nitrided layer. 16US
6,764,898B1- En et al. - shows a SONOS device with High k 17layers. 18US
20030219947- Shin, Yoo-Cheol - Memory device and fabrication 



19method thereof. 20US 6,740,605B1- Shirai wa et al. shows a SONOS like
device. 21 22 23  1 2Summary of the Invention 3The embodiments of the
present invention provides a structure and a 4 method of manufacturing a
memory device. 5 6A first embodiment of a method of fabrication of a
floating gate non- 7volatile memory device comprising the following steps:
8forming a bottom tunnel layer over a substrate; the bottom tunnel layer
comprised 9of a lower oxide tunnel layer and a upper hafnium oxide tunnel
10layer; I 1in a tunnel anneal step, annealing the bottom tunnel layer in a
hydrogen containing 12atmosphere; 13forming a charge storage layer over the
bottom tunnel layer; 14in a storage anneal step, annealing charge storage
layer over the bottom tunnel 15layer in a nitrogen containing atmosphere; 



16forming a lower hafnium oxide storage layer over the charge storage
layer; 17in a block anneal step, annealing the top blocking layer in a
nitrogen containing 18atmosphere; 19forming an upper cap oxide storage
layer over the lower hafnium oxide storage 20layer; The lower hafnium oxide
storage layer and an upper 21oxide storage layer form a top blocking layer;
22forming a gate electrode over the top blocking layer; 23patterning the
bottom tunnel layer; the charge storage layer; and top blocking layer 24to
form a gate structure; 25forming source/drain regions in the substrate
adjacent to the gate structure. 26 27A second embodiment of a method of
fabrication of a floating gate non- 28volatile memory device comprising the
following steps:  1forming a bottom tunnel layer over a substrate; 2in a
tunnel anneal step, annealing the bottom tunnel layer in a hydrogen
3containing atmosphere; 4forming a charge storage layer over the bottom
tunnel layer; 5in a storage anneal step, annealing charge storage layer in
a nitrogen containing 6atmosphere; 7forming a top blocking layer over the
charge storage layer; 



8in a block plasma nitridation step, annealing the top blocking layer in a
nitrogen 9containing atmosphere; 10forming a gate electrode over the top
blocking layer; 11patterning the bottom tunnel layer; the charge storage
layer; and top blocking layer 12and the gate electrode to form a gate
structure; 13forming source/drain regions in the substrate adjacent to the
gate structure; 14 15An example first device embodiment of a floating gate
non-volatile 16memory device comprises: 17a bottom tunnel layer over a
substrate; the bottom tunnel layer comprised of a 18lower oxide tunnel
layer and a upper hafnium oxide tunnel 19layer; 20a charge storage layer
over the bottom tunnel layer; 21a lower hafnium oxide storage layer over
the charge storage layer; 22an upper cap oxide storage layer over the lower
hafnium oxide storage layer; the a 23lower hafnium oxide storage layer and
an upper oxide storage 24layer form a top blocking layer; 25a gate
electrode over the top blocking layer; 26source/drain regions in the
substrate adjacent to the gate structure 27An example second device
embodiment of a floating gate non-volatile 28memory device comprises: 



1 2forming a bottom tunnel layer over a substrate; 3a charge storage layer
over the bottom tunnel layer; 4a top blocking layer over the charge storage
layer; 5a gate electrode over the top blocking layer; 6source/drain regions
in the substrate adjacent to the gate electrode. 7 8The claims show other
embodiments of the invention. 9The above and below advantages and features
are of representative 10embodiments only, and are not exhaustive and/or
exclusive. They are presented only to 11assist in understanding the
invention. It should be understood that they are not 12representative of
all the inventions defined by the claims, to be considered limitations on
13the invention as defined by the claims, or limitations on equivalents to
the claims. For 14instance, some of these advantages may be mutually
contradictory, in that they cannot be 15simultaneously present in a single
embodiment. Similarly, some advantages are applicable 16to one aspect of
the invention, and inapplicable to others. Furthermore, certain aspects of
17the claimed invention have not been discussed herein. However, no
inference should be 18drawn regarding those discussed herein relative to
those not discussed herein other than for 19purposes of space and reducing
repetition. Thus, this summary of features and advantages 20should not be
considered dispositive in determining equivalence. Additional features and 



21advantages of the invention will become apparent in the following
description, from the 22drawings, and from the claims. 23 24  1 2Brief
Description of the Drawings 3The features and advantages of a semiconductor
device according to the 4present invention and further details of a process
of fabricating such a semiconductor 5device in accordance with the present
invention will be more clearly understood from the 6following description
taken in conjunction with the accompanying drawings in which like
7reference numerals designate similar or corresponding elements, regions
and portions and 8in which: 9Figure I is a cross sectional view for
illustrating a method for 10manufacturing memory device according to a
first example embodiment of the present IIinvention. 12Figure 2 is a cross
sectional view for illustrating a method for 13manufacturing memory device
according to a second example embodiment of the present 14invention.
15Figure 3 is a flowchart for illustrating a method for manufacturing
16memory device according to the first example embodiment of the present
invention. 



17Figure 4 is a flowchart for illustrating a method for manufacturing
18memory device according to the second example embodiment of the present
invention. 19 20  2Detailed Description of the Preferred Embodiments 3 4
1.overview of example embodiments 5The present invention will be described
in detail with reference to the 6accompanying drawings. The present
invention provides structures and method of forming 7 a memory device. 8 9
Itfirst example embodiment 10The first example embodiment of a memory
structure is depicted in IIFigure 1. It preferably employs a top blocking
layer 40 comprised of Si02/Hf02 38 34, a 12charge storage layer 32
comprised of Ta205, and a bottom tunnel dielectric 28 comprised 13of
Hf02/Si02 26 22. The top and bottom Sift 38 22 are preferably very thin, <
1nm. The 14ultra-thin interfacial SiO2 layers serves to improve the
retention and interfacial quality for 15the bottom Si and gate electrode.
The Hf02layers can improve the erase speed as 16 compared to a conventional
SONOS. The top Hf02layer 34 thickness preferably ranges 17from 5 to 20 nm,
while the bottom Hf02layer 26 thickness preferably ranges from 1 to 6 



18nm. The Ta205 layer 30 preferably thickness ranges from 3 to 8 nm. Using
high-k materials 19allow further device and voltage scaling. They can be
deposited using CVD or PVD 20processes. The gate electrode 44 can be metal
or polysilicon. 21 22A first example embodiment for a method of fabrication
of a floating 23gate non-volatile memory device is described below and
shown in figures 1 and 3. Figure 243 shows a flowchart of the steps.
25A.bottom tunnel layer 26  1Referring to figure I, we provide a
semiconductor substrate 10. The substrate can be any suitable semiconductor
structure, such as a silicon wafer. 3 4Referring to figure 1 and figure 3
(step S100), We form a bottom tunnel 5layer 28 (tunnel insulator) over a
substrate 10. 6 7The bottom tunnel layer 28 is preferably comprised of a
lower oxide 8tunnel layer 22 and an upper hafnium oxide tunnel layer 26.
9The lower oxide tunnel layer 22 is comprised essentially of silicon oxide
10and has a thickness between 0.2 nm and 1 nm and more preferably about 0.5
nm. 11The upper hafnium oxide tunnel layer 26 is preferably comprised 



12essentially of hafnium oxide (Hf02) and has a thickness between 1 and 6
nm and more 13preferably about 2.0 nm. 14B.Bottom layer anneal step
15Referring to figure 3, step S104, in an tunnel anneal step, annealing the
16bottom tunnel layer 28 in a hydrogen containing atmosphere. 17 18The
tunnel anneal step comprises an anneal in a H containing 19atmosphere, such
as NH3 or H2, at a temperature between about 300 and 450 degree C for 20 a
time between 5 and 60 seconds. 21A H containing anneal is employed prior to
the charge trapping layer 22deposition is important to enhance the bottom
layer 28 and interface quality. It is thought 23that the anneal passivates
the Si Dangling bonds at the interface. This in turn improves the
24retention and endurance of the memory device. It is thought that
performing the anneal 25after the deposition of the overlying charge
storage layer is not sufficiently effective due to 26the H blockage by the
charge storage layer. 27  C.charge storage layer 2Referring to figures 1
and 3 (step S108) we form a charge storage layer 332 (charge trapping
layer) over the bottom tunnel layer 28. 4 



5The charge storage layer 32 is comprised of a tantalum oxide layer 30.
6The tantalum oxide layer is comprised essentially of tantalum oxide and
has a thickness 7 between 3 and 8 nm and more preferably about 5 nm.
8D.charge trapping layer anneal step 9Referring to figure 3 (step S112) in
the storage anneal step, we anneal 10the charge storage layer 30 and the
bottom tunnel layer 28 in a nitrogen containing 11atmosphere. 12 13The
charge trapping layer anneal step preferably comprises an anneal 14in a
nitrogen containing atmosphere, such as N or NH3, at a temperature between
about 15300 and 450 degree C for a time between 15 and 60 seconds. It is
thought that the charge 16trapping layer anneal step eliminates defects in
the Ta2O5 layer and improves its trapping 17capability. 18Overall, it is
thought that the first tunnel anneal improves the date 19retentions
capabilities and the second charge trapping layer anneal step improves the
20charge trapping capabilities. 21E.top blocking layer 22Referring to
figure 1 and 3 (steps S116, SI20 and S124) we form a top 23blocking layer
(blocking insulator) 40 over the charge storage layer 32. 24The top
blocking layer 40 is preferably comprised of a lower hafnium 25oxide
(blocking) layer 34 and an upper oxide (blocking) layer 38. An anneal can
be 



26performed between the formation of the lower hafnium oxide layer 34 and
the upper oxide 27layer 38 as shown in figure 3.  The lower hafnium oxide
layer 34 is preferably comprised essentially 2 of hafnium oxide and
preferably has a thickness between 5 and 20 nm. 3 4F.blocking layer anneal
step 5Referring to figure 3, step S120, in the blocking layer anneal step,
we 6anneal the lower hafnium oxide storage layer 34 in a nitrogen
containing atmosphere. 7The block anneal step comprises an anneal in a
nitrogen or ammonia 8containing atmosphere, at a temperature between about
300 and 450 degree C for a time 9between 15 and 60 seconds. 10The blocking
layer anneal step is thought to densify the hafnium oxide 1134 thus
improving it's blocking capability. 12G.upper oxide cap layer 13Referring
to figure 1 and figure 3 (step S124), we form the upper oxide 14cap layer
38. 15The upper oxide cap storage layer 38 is preferably comprised
16essentially of silicon oxide and has a thickness between 0.2 and 1 nm and
more preferably 17about 0.5nm. 18H.a gate electrode 



19Referring to figure 1, we form a gate electrode 44 over the top
20blocking layer 40. The gate electrode 44 is preferably comprised of
polysilicon or metal 21and preferably has thickness between 800 and 2000 A.
22 231.form a gate structure 24Next, as shown in figure 1, we pattern the
bottom tunnel layer 28, the 25charge storage layer 32, and top blocking
layer 40 to form a gate structure 50. 26  J.source/drain regions 2Next, we
form source/drain regions 14 in the substrate 10 adjacent to the 3gate
structure 50. Preferably the source drain regions are formed by an implant
process. 4 5K.non-limiting features of the 1st embodiment 6 7The first
embodiment of the present invention will improve the 8retention and erase
speed over the conventional SONOS, and suitable for further device 9and
voltage scaling. 10The retentions and erase speed are improved because
11(1) band gap engineer - the lower barrier height of hafnium oxide and
12the deep trap energy level of Ta2O5. 



13(2) the three annealing steps - The first anneal improves the interface
14quality. The second anneal step improves the charge trapping capability
by eliminating ht e 15defects in the dielectric . The third anneal step
improves the blocking layer integrity by 16denisfying the hafnium oxide
film. 17 18 III.SECOND EXAMPLE EMBODIMENT 19A second example embodiment is
shown in figure 2 and the flowchart 20in figure 4. Corresponding layers and
process can be carried out as described above in the 21first example
embodiment. 22 23The second example embodiment of a memory structure is
depicted in 24Figure 2. It preferably employs a top blocking layer 240
comprised of Si02, a charge 25storage layer 232 comprised of Ta205, and a
bottom tunnel dielectric 228 comprised of 26Si02. The gate electrode 244
can be metal or polysilicon. 97  A.a bottom tunnel layer 2 3We provide a
substrate. We form a bottom tunnel layer 228 over a 4substrate 210. 5The
bottom tunnel layer 228 is preferably comprised essentially of 



6silicon oxide and has a thickness between 1 and 4 nm and more preferably
about 2 nm. 7B.Bottom layer anneal step 8Referring to figure 4, step 204,
in an optional tunnel nitridation step, 9annealing the bottom tunnel layer
28 in a nitrogen and hydrogen containing atmosphere. 10The tunnel anneal
step preferably comprises an anneal in a nitrogen or 11ammonia containing
atmospheres, at a temperature between about 300 and 450 degree C 12for a
time between 15 and 60 seconds. 13The H in the anneal step will passivate
the interface. The slight 14nitridation will be beneficial to improve
device reliability due to hot carrier effects. 15C.form a charge storage
layer 16Next, we form a charge storage layer 232 over the a bottom tunnel
layer 1728. 18The charge storage layer 232 is preferably comprised of a
tantalum 19oxide layer. The tantalum oxide layer is comprised essentially
of tantalum oxide and has a 20 thickness between 3 and 8 nm and more
preferably about 5 nm. 21D.a charge trapping layer anneal step 22Referring
to figure 4, step S208, in a charge trapping layer anneal step, 23annealing
charge storage layer 232 in a nitrogen containing atmosphere. 24The storage
anneal step preferably comprises an anneal in a nitrogen or 25 ammonia
containing atmosphere, at a temperature between about 300 and 450 degree C
26 for a time between 15 and 60 seconds; the RF power ranges from 100 to
500W (more 
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What is claimed is: 

1.  A method of fabrication of a non-volatile memory device comprising the steps of: 

a) forming a bottom tunnel layer over a substrate; the bottom tunnel layer comprised of 

a lower oxide tunnel layer and an upper hafnium oxide tunnel layer; 

b) forming a charge storage layer over the bottom tunnel layer; said charge storage 

layer is comprised of tantalum oxide; 

b1) in a storage anneal step, annealing the charge storage layer in a nitrogen containing 

atmosphere; 

c) forming a lower hafnium oxide blocking layer over the charge storage layer;  

d) forming an upper cap oxide layer over the lower hafnium oxide blocking layer; the 

lower hafnium oxide blocking layer and the upper cap oxide layer form a top blocking layer;  

e) forming a gate electrode over the top blocking layer;  

f) patterning the bottom tunnel layer, the charge storage layer, the upper cap oxide 

layer, the lower hafnium oxide blocking layer, and the gate electrode to form a gate structure; 

and 

g) forming source/drain regions in the substrate adjacent to the gate structure. 

 

2.  The method of claim 1 which further comprises in a tunnel anneal step performed before 

the formation of the charge storage layer, annealing the bottom tunnel layer in a hydrogen 

containing atmosphere. 

 

3.  The method of claim 1 which further comprises in a tunnel anneal step performed before 

the formation of the charge storage layer, annealing the bottom tunnel layer in a hydrogen 

containing atmosphere comprised of NH3 or H2 at a temperature between about 300 and 450 

degrees C for a time between 5 and 60 seconds. 
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4.  The method of claim 1 wherein the storage anneal step is performed at a temperature 

between about 300 and 450 degrees C for a time between 15 and 60 seconds.  

 

5.  The method of claim 1 which further comprises in a block anneal step performed after the 

formation of the lower hafnium oxide blocking layer and before the formation of the upper cap 

oxide layer, annealing the lower hafnium oxide blocking layer in a nitrogen containing 

atmosphere. 

 

6.  The method of claim 1 which further comprises in a block anneal step performed after the 

formation of the lower hafnium oxide blocking layer and before the formation of the upper cap 

oxide layer, annealing the lower hafnium oxide blocking layer in a nitrogen containing 

atmosphere at a temperature between about 300 and 450 degrees C for a time between 15 and 

60 seconds. 

 

7.  The method of claim 1 wherein the lower oxide tunnel layer consists essentially of silicon 

oxide and has a thickness between 0.2 and 1.0 nm;  

 the upper hafnium oxide tunnel layer consists essentially of hafnium oxide and has a 

thickness between 1 and 6 nm;  

the charge storage layer consists essentially of tantalum oxide and has a thickness 

between 3 and 8 nm; 

the lower hafnium oxide blocking layer consists essentially of hafnium oxide and has a 

thickness between 5 and 20 nm; and 

the upper cap oxide layer consists essentially of silicon oxide and has a thickness 

between 0.2 and 1 nm. 
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8.  The method of claim 1 wherein the upper hafnium oxide tunnel layer is comprised 

essentially of hafnium oxide and has a thickness between 1 and 6 nm. 

 

9.  The method of claim 1 wherein the charge storage layer consists essentially of tantalum 

oxide and has a thickness between 3 and 8 nm. 

 

10.  The method of claim 1 wherein the lower hafnium oxide blocking layer consists 

essentially of hafnium oxide and has a thickness between 5 and 20 nm. 

 

11.  The method of claim 1 wherein  

the lower oxide tunnel layer consists essentially of silicon oxide and has a thickness 

between 0.2 and 1.0 nm: and 

the upper cap oxide layer consists essentially of silicon oxide and has a thickness 

between 0.2 and 1 nm. 

 

12.  A method of fabrication of a non-volatile memory device comprising the steps of: 

a) forming a bottom tunnel layer over and in contact with a substrate; the bottom tunnel 

layer comprised of a lower oxide tunnel layer and an upper hafnium oxide tunnel layer; the 

lower oxide tunnel layer is below and in contact with the upper hafnium oxide tunnel layer; 

b) in a tunnel anneal step, annealing the bottom tunnel layer in a hydrogen containing 

atmosphere; 

c) forming a charge storage layer over and in contact with the bottom tunnel layer; said 

charge storage layer consists essentially of tantalum oxide;  

d) in a storage anneal step, annealing the charge storage layer in a nitrogen containing 

atmosphere; 
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e) forming a lower hafnium oxide blocking layer over and in contact with the charge 

storage layer;  

f) in a block anneal step, annealing the lower hafnium oxide blocking layer in a 

nitrogen containing atmosphere; 

g) forming an upper cap oxide layer over and in contact with the lower hafnium oxide 

blocking layer; the lower hafnium oxide blocking layer and the upper cap oxide layer form a 

top blocking layer;  

h) forming a gate electrode over and in contact with the top blocking layer;  

i) patterning the bottom tunnel layer, the charge storage layer, and the top blocking 

layer and the gate electrode to form a gate structure; and  

j) forming source/drain regions in the substrate adjacent to the gate structure. 

 

13.  The method of claim 12 wherein the lower oxide tunnel layer consists essentially of 

silicon oxide and has a thickness between 0.2 and 1.0 nm; 

the upper hafnium oxide tunnel layer consists essentially of hafnium oxide and has a 

thickness between 1 and 6 nm;  

the charge storage layer consists essentially of tantalum oxide and has a thickness 

between 3 and 8 nm; 

the lower hafnium oxide blocking layer consists essentially of hafnium oxide and has a 

thickness between 5 and 20 nm; and 

the upper cap oxide layer consists essentially of silicon oxide and has a thickness 

between 0.2 and 1 nm. 

 

14.  The method of claim 12 wherein the upper hafnium oxide tunnel layer is comprised 

essentially of hafnium oxide and has a thickness between 1 and 6 nm. 
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15.  The method of claim 12 wherein the tunnel anneal step comprises an anneal in a hydrogen 

containing atmosphere, at a temperature between about 300 and 450 degrees C for a time 

between 5 and 60 seconds. 

 

16.  The method of claim 12 wherein the charge storage layer consists essentially of tantalum 

oxide and has a thickness between 3 and 8 nm. 

 

17.  The method of claim 12 wherein the storage anneal step comprises an anneal in a nitrogen 

or ammonia containing atmosphere, at a temperature between about 300 and 450 degrees C for 

a time between 15 and 60 seconds. 

 

18.  The method of claim 12 wherein the lower hafnium oxide blocking layer consists 

essentially of hafnium oxide and has a thickness between 5 and 20 nm. 

 

19.  The method of claim 12 wherein the block anneal step comprises an anneal in a nitrogen 

or ammonia containing atmosphere, at a temperature between about 300 and 450 degrees C for 

a time between 15 and 60 seconds. 

 

20.  The method of claim 12 wherein the upper cap oxide layer consists essentially of silicon 

oxide and has a thickness between 0.2 and 1 nm. 

21.  The method of claim 12 wherein the tunnel anneal step comprises an anneal in a hydrogen 

containing atmosphere, at a temperature between about 300 and 450 degrees C for a time 

between 5 and 60 seconds;  
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the storage anneal step comprises an anneal in a nitrogen or ammonia containing 

atmosphere, at a temperature between about 300 and 450 degrees C for a time between 15 and 

60 seconds; and 

the block anneal step comprises an anneal in a nitrogen or ammonia containing 

atmosphere, at a temperature between about 300 and 450 degrees C for a time between 15 and 

60 seconds. 

 

22.  The method of claim 12 wherein the tunnel anneal step comprises an anneal in a hydrogen 

containing atmosphere, at a temperature between about 300 and 450 degrees C;  

the storage anneal step comprises an anneal in a nitrogen or ammonia containing 

atmosphere, at a temperature between about 300 and 450 degrees C; and 

the block anneal step comprises an anneal in a nitrogen or ammonia containing 

atmosphere, at a temperature between about 300 and 450 degrees C. 

 

23.  The method of claim 12 wherein the tunnel anneal step comprises an anneal in a hydrogen 

containing atmosphere, at a temperature between about 300 and 450 degrees C for a time 

between 5 and 60 seconds;  

the storage anneal step comprises an anneal in a nitrogen or ammonia containing 

atmosphere, at a temperature between about 300 and 450 degrees C for a time between 15 and 

60 seconds;  

the block anneal step comprises an anneal in a nitrogen or ammonia containing 

atmosphere, at a temperature between about 300 and 450 degrees C for a time between 15 and 

60 seconds; 

the lower oxide tunnel layer consists essentially of silicon oxide and has a thickness 

between 0.2 and 1.0 nm; 
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the upper hafnium oxide tunnel layer is comprised essentially of hafnium oxide and has 

a thickness between 1 and 6 nm;  

the charge storage layer consists essentially of tantalum oxide and has a thickness 

between 3 and 8 nm; 

the lower hafnium oxide blocking layer consists essentially of hafnium oxide and has a 

thickness between 5 and 20 nm; and 

the upper cap oxide layer consists essentially of silicon oxide and has a thickness 

between 0.2 and 1 nm. 

 

24.  The method of claim 1 wherein the charge storage layer consists essentially of tantalum 

oxide. 

 

25.  The method of claim 1 wherein  

the lower oxide tunnel layer is on and in contact with the substrate;  

the upper hafnium oxide tunnel layer is on and in contact with the lower oxide tunnel 

layer; 

the charge storage layer is on and in contact with upper hafnium oxide tunnel layer; 

said charge storage layer consists essentially of tantalum oxide;  

the lower hafnium oxide blocking layer is on and in contact with the charge storage 

layer; and 

the upper cap oxide layer is on in contact with the lower hafnium oxide blocking layer.  

 

26.  The method of claim 1 wherein the lower oxide tunnel layer consists essentially of silicon 

oxide;  
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 the upper hafnium oxide tunnel layer consists essentially of hafnium oxide; the charge 

storage layer consists essentially of tantalum oxide; 

the lower hafnium oxide blocking layer consists essentially of hafnium oxide; and 

the upper cap oxide layer consists essentially of silicon oxide. 

  

27.  The method of claim 1 wherein  

the lower oxide tunnel layer is on and in contact with the substrate;  

the upper hafnium oxide tunnel layer is on and in contact with the lower oxide tunnel 

layer; 

the charge storage layer is on and in contact with the upper hafnium oxide tunnel layer; 

said charge storage layer consists essentially of tantalum oxide;  

the lower hafnium oxide blocking layer is on and in contact with the charge storage 

layer;  

the upper cap oxide layer is on and in contact with the lower hafnium oxide blocking 

layer;  

the lower oxide tunnel layer consists essentially of silicon oxide;  

 the upper hafnium oxide tunnel layer consists essentially of hafnium oxide; the charge 

storage layer consists essentially of tantalum oxide; 

the lower hafnium oxide blocking layer consists essentially of hafnium oxide; and 

the upper cap oxide layer consists essentially of silicon oxide. 

 

28.  A method of fabrication of a non-volatile memory device comprising the steps of: 

a) forming a bottom tunnel layer over a substrate; the bottom tunnel layer comprised of 

a lower oxide tunnel layer and an upper hafnium oxide tunnel layer; 
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b) forming a charge storage layer over the bottom tunnel layer; said charge storage 

layer is comprised of tantalum oxide; 

c) forming a lower hafnium oxide blocking layer over the charge storage layer; 

c1) in a block anneal step, annealing the lower hafnium oxide blocking layer in a 

nitrogen containing atmosphere; 

d) forming an upper cap oxide layer over the lower hafnium oxide blocking layer; the 

lower hafnium oxide blocking layer and the upper cap oxide layer form a top blocking layer;  

e) forming a gate electrode over the top blocking layer;  

f) patterning the bottom tunnel layer, the charge storage layer, the upper cap oxide 

layer, the lower hafnium oxide blocking layer, and the gate electrode to form a gate structure; 

and 

 g) forming source/drain regions in the substrate adjacent to the gate structure. 


