
laL IS Ulalilleu IS. 

1. A method 

steps of : 

of fabrication of a floating gate non-volatile memory device comprising to 

a) forming a bottom tunnel layer over a substrate; the bottom tut 	el layer 

comprised of a lower oxide tunnel layer and an upper 	i nium oxide 

tunnel layer; 

b) forming a charge storage layer over the bottom to nel layer; 

c) forming a lower hafnium oxide storage layer o ,er the charge storage layer; 

d) forming an upper cap oxide storage layer .ver the lower hafnium oxide 

storage layer; the lower hafnium 	ide storage layer and the upper 

oxide storage layer form a top ri ocking layer; 

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

0 patterning the bottom tun • 	layer; the charge storage layer; and top 

blocking layer to f►  m a gate structure; 

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

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

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

hydrogen cont 'ning atmosphere. 

3. The m 	od of claim I which further comprises in a tunnel anneal step performed before 

th- 	ormation of the charge storage layer, annealing the bottom tunnel layer in a 

ydrogen containing atmosphere at a temperature between about 300 and 450 degree C 

for a time between 5 and 60 seconds. 
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. The methodof 	claim 1 which un er comprises in a storage anneal step performed after 

the formation of the charge storage layer and before the formation of the lower hafniui 

oxide storage layer, annealing charge storage layer over the bottom tunnel layer in 

nitrogen containing atmosphere. 

5. The method of claim I which further comprises in a storage anneal step perfo 	ed after 

the formation of the charge storage layer and before the formation of the 1 f wer hafnium 

oxide storage layer, annealing charge storage layer over the bottom to nel layer in a 

nitrogen containing atmosphere at a temperature between about 30 and 450 degree C 

for a time between 15 and 60 seconds. 

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

the formation of the lower hafnium oxide layer and b. ore the formation of the upper 

cap oxide layer, 	annealing the top blocking Jaye • in a nitrogen containing atmosphere. 

7. The method of claim 1 which further comprise • in a block anneal step performed after 

the formation of the lower hafnium oxide l yer and before the formation of the upper 

cap oxide storage layer, 	annealing the el) blocking layer in a nitrogen containing 

atmosphere at a temperature betwee• about 300 and 450 degree C for a time between 

15 and 60 seconds. 

8. The method of claim 1 	h: 'ein the lower oxide tunnel layer is comprised essentially of 

silicon oxide and has a 	ickness between 0.2 and 1.0 nm. 

9. The method of clain 1 wherein the upper hafnium oxide tunnel layer is comprised 

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

10. The method .f claim 1 wherein the charge storage layer is comprised of a tantalum 

oxide lay= ; the tantalum oxide layer is comprised essentially of tantalum oxide and has 

a Chic 	ess between 3 and 8 nm. 

I I. T1 a  method of claim I wherein the lower hafnium oxide storage layer is comprised 

ssentially of hafnium oxide and has a thickness between 5 and 20 nm. 
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I z. ine metnod of claim I wnerein me upper oxicie storage layer is comprised essentially 

of silicon oxide and has a thickness between 0.2 and 1 nm. 

13. A method of fabrication of a floating gate non-volatile memory device col :arising the 

steps of : 

a)  forming a bottom tunnel layer over a substrate; the botti -). tunnel layer 

comprised of a lower oxide tunnel layer and an u ,i, aer hafnium oxide 

tunnel layer; 

b)  in a tunnel anneal step, annealing the bottom t nnel layer in a nitrogen 

containing atmosphere; 

c)  forming a charge storage layer over th 	Bottom tunnel layer; 

d)  in a storage anneal step, annealing c • arge storage layer over the bottom 

tunnel layer in a nitrogen co 	dining atmosphere; 

e)  forming a lower hafnium oxi• 	layer over the charge storage layer; 

0 in a block anneal step, an ealing the lower hafnium oxide layer in a 

nitrogen containin , atmosphere; 

g)  forming an upper ,ap oxide storage layer over the lower hafnium oxide 

storage laye ,, the lower hafnium oxide storage layer and an upper 

oxide St. age layer form a top blocking layer; 

h)  forming . gate electrode over the top blocking layer; 

i)  patter ing the bottom tunnel layer; the charge storage layer; and top 

blocking layer to form a gate structure; 

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

14. The iethod of claim 	14 wherein the lower oxide tunnel layer is comprised essentially 

o silicon oxide and has a thickness between 0.2 and 1.0 nm. 
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15. The method of claim 14 wherein the upper hafnium oxide tunnel layer is comprised 

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

16. The method of claim 14 wherein the tunnel anneal step comprises an anneal in a 

hydrogen containing atmosphere, at a temperature between about 300 and 450 de 

for a time between 5 and 60 seconds. 

17. The method of claim 14 wherein the charge storage layer is comprised of a antalum 

oxide layer; the tantalum oxide layer is comprised essentially of tantalu 	oxide and has 

a thickness between 3 and 8 nm. 

18. The method of claim 14 wherein the storage anneal step compris 	an anneal in a 

nitrogen or ammonia containing atmosphere, at a temperature rietween about 300 and 

450 degree C for a time between 15 and 60 seconds. 

19. The method of claim 14 wherein the lower hafnium o 'de storage layer is comprised 

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

20. The method of claim 14 wherein the block anne, 	step comprises an anneal in a 

nitrogen or ammonia containing atmosphere, 	a temperature between about 300 and 

450 degree C for a time between 15 and 6t seconds. 

21. The method of claim 14 wherein the 	.per oxide layer is comprised essentially of 

silicon oxide and has a thickness be 	een 0.2 and 1 nm. 

22. A method of fabrication of 	floating gate non-volatile memory device comprising the 

steps of : 

a) forming 	oottom tunnel layer over a substrate; 

b) formi f 	a charge storage layer over the bottom tunnel layer; 

c) for 	ing a top blocking layer over the charge storage layer; 

d, 	orrning a gate electrode over the top blocking layer; 

e) patterning the bottom tunnel layer; the charge storage layer; and top 

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

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



L.i. 1 tle metnoo 01 claim 2.1, wnicn turtner inctuces in a tunnel anneal step p-enorineu aitu 

the formation of the bottom tunnel layer and before the formation of the charge stora„ 

layer, annealing the bottom tunnel layer in a hydrogen containing atmosphere. 

24. The method of claim 22 which further includes in a tunnel anneal step perforr ed after 

the formation of the bottom tunnel layer and before the formation of the c Jrge storage 

layer , annealing the bottom tunnel layer in a hydrogen containing atmo •here; 	at a 

temperature between about 700 and 1000 degree C for a time betwer i 15 and 60 

seconds. 

25. The method of claim 22 which further includes in a storage 	nneal step performed after 

the formation of the charge storage layer and before the formation of the top blocking 

layer, annealing charge storage layer in a nitrogen co taming atmosphere. 

26. The method of claim 22 which further includes', a storage anneal step performed after 

the formation of the charge storage layer and D • fore the formation of the top blocking 

layer, annealing charge storage layer in a 	trogen containing atmosphere; at a 

temperature between about 300 and 45t degree C for a time between 15 and 60 

seconds. 

27. The method of claim 22 which 'urther includes in a block plasma nitridation step 

performed after the formati• 	of the top blocking layer, annealing the top blocking layer 

240 in a nitrogen contait ng atmosphere to form a top silicon nitride layer on said top 

blocking layer. 

28. The method of c 	im 22 which further includes in a block plasma nitridation step 

performed aft,  r the formation of the top blocking layer, annealing the top blocking layer 

in a nitro:.• n containing atmosphere at a temperature between about 300 and 500 

degre 	for a time between 20 and 60 seconds. 

29. Tr - method of claim 22 wherein the bottom tunnel layer is comprised essentially of 

.silicon oxide and has a thickness between 1 and 4 nm. 
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iu. I ne metnoa or claim zz wnerem tne cnarge storage layer iu is comprises or a tantalum 

oxide layer 30; the tantalum oxide layer is comprised essentially of tantalum oxide an. 

has a thickness between 3 and 8 nm. 

31. The method of claim 22 wherein the top blocking layer is comprised essentiall 	of  

silicon oxide and has a thickness between 2 and 10 nm. 

32. A method of 

steps of : 

fabrication of a floating gate non-volatile memory d- ice comprising the 

a)  

b)  

c)  

d)  

e)  

forming a bottom tunnel layer over a substrate• 

in a tunnel anneal step, annealing the bott. 	tunnel layer in a hydrogen 

containing atmosphere; 

forming a charge storage layer over 	e bottom tunnel layer; 

in a storage anneal step, annealin: charge storage layer in a nitrogen 

containing atmosphere; 

forming a top blocking lay r over the charge storage layer; 

t) 

f.):.) 

h)  

in a block plasma nitri 	non step, annealing the top blocking layer in a 

nitrogen contain 	g atmosphere; 

forming a gate e -ctrode over the top blocking layer; 

patterning th; sottom tunnel layer; the charge storage layer; and top 

blocki ,  g layer and the gate electrode to form a gate structure; 

i)  formil - source/drain regions in the substrate adjacent to the gate structure. 

33. The met od of claim 32 which further includes the tunnel anneal step comprises an 

annex in a hydrogen containing atmosphere, at a temperature between about 700 and 

Ot ) degree C for a time between 15 and 60 seconds. 
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34. The method of claim 32 which further includes the storage anneal step comprises an 

anneal in a nitrogen or ammonia containing atmosphere, at a temperature between 

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

35. The method of claim 32 which further includes the block plasma nitridation step 

comprises an anneal in a nitrogen or ammonia containing atmosphere, at a to 	perature 

between about 300 and 500 degree C for a time between 20 and 60 second 

36. The method of claim 32 wherein the bottom tunnel layer is comprised 	ssentially of 

silicon oxide and has a thickness between 1 and 4 nm. 

37. The method of claim 32 wherein the charge storage layer is co 	. • sed of a tantalum 

oxide layer; the tantalum oxide layer is comprised essentiall 	of tantalum oxide and has 

a thickness between 3 and 8 nm. 

38. The method of claim 32 wherein the top blocking lay• r is comprised essentially of 

silicon oxide and has a thickness between 2 and 10 	In. 

39. A floating gate non-volatile memos 	device comprising: 

a) a bottom tunnel laye • over a substrate; the bottom tunnel layer comprised 

of a lower oxi e tunnel layer and a upper hafnium oxide tunnel layer; 

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

c) a lower ha 	ium oxide layer over the charge storage layer; 

d) an upp:,  cap oxide layer over the lower hafnium oxide storage layer; the a 

4wer hafnium oxide storage layer and an upper oxide storage layer 

form a top blocking layer; 

) a gate electrode over the top blocking layer; 

1) source/drain regions in the substrate adjacent to the gate electrode. 
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40. 	The floating gate non-volatile memory device of claim 39 wherein the lower oxide 

tunnel layer is comprised essentially of silicon oxide and has a thickness between 0.2 

and 1.0 nm. 

41. The floating gate non-volatile memory device of claim 39 wherein the upper hafn" rn 

oxide tunnel layer is comprised essentially of hafnium oxide 	and 

between I and 6 nm. 

has a thickn 	s 

42. The floating gate non-volatile memory device of claim 39 wherein the 	arge storage 

layer is comprised of a tantalum oxide layer; the tantalum oxide laye • is comprised 

essentially of tantalum oxide and has a thickness between 3 and 8 rn. 

43. The floating gate non-volatile memory device of claim 39 wh; ein the lower hafnium 

oxide storage layer is comprised essentially of hafnium o 

between 5 and 20 nm. 

e and has a thickness 

44. The floating gate non-volatile memory device of ch m 39 wherein the upper oxide 

storage layer is comprised essentially of silicon 	ide and 

and 1 nm. 

has a thickness between 0.2 

45. A floating gate non-volatile memory 	vice comprising: 

a) forming a bottom turn • 	layer over a substrate; 

b) a charge storage la, e • over the bottom tunnel layer; 

c) a top blocking 1, er over the charge storage layer; 

d) a gate electrode over• the top blocking layer; 

e) source/d •' in regions in the substrate adjacent to the gate electrode. 

46. The floating gate ,on-volatile memory device of claim 45 

silicon nitride 1 	er on the top blocking layer. 

which further includes a top 

47. The floatin: gate non-volatile memory device of claim 45 wherein the bottom tunnel 

layer• is 	•mprised essentially of silicon oxide and has a thickness between 1 and 4 nm. 
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48. The floating gate non-volatile memory device of claim 4b wherein the charge storage 

layer is comprised of a tantalum oxide layer; the tantalum oxide layer is comprised 

essentially of tantalum oxide and has a thickness between 3 and 8 nm. 

49. The floating gate non-volatile memory device of claim 45 wherein the top blockii 

layer is comprised essentially of silicon oxide and has a thickness between 2 al 4 10 nm. 
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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. 



20 
 

 

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. 


