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1. A method of fabrication of a floating gate non-volatile memory device comprising t
steps of :

a) forming a bottom tunnel layer over a substrate; the bottom tul layer
comprised of a lower oxide tunnel layer and an upper hafnium oxide
tunnef layer;

b) forming a charge storage layer over the bottom tuphel layer;

¢) forming a lower hafnium oxide storage layer g¥fer the charge storage layer;

d) forming an upper cap oxide storage layer gver the Tower hafnium oxide
storage layer; the lower hafnium p&ide storage layer and the upper
oxide storage layer form a top Jocking layer;

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

f) patterning the bottom tungel layer; the charge storage layer; and top
blocking layer to fpfm a gate structure;

g} forming source/dpatn regions in the substrate adjacent to the gate structure.

2. The method of claim | which further comprises in a tunnel anneal step performed before
the formation of thg“charge storage layer, anneating the bottom tungel layer in a

hydrogen contpfhing atmosphere.

3. The method of claim | which further comprises in a tunnel anneal step performed before
theformation of the charge storage layer, annealing the bottom tunnel layer in a
ydrogen containing atmosphere at & temperature between about 300 and 450 degree C

for a time between 5 and 60 seconds.
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€T COMPpIISEs 10 a Storage anncal step periormed atter
the formation of the charge storage layer and before the formation of the lower hafniur

oxide storage layer, annealing charge storage layer over the bottom tunnel layer in
nifrogen containing atmosphere.

5. The method of claim | which further comprises in a storage anneal step perfopmed after
the formation of the charge storage layer and before the formation of the lgwer hafnium

oxide storage layer, annealing charge storage layer over the bottom tuphel laver in a

nitrogen containing atmosphere at a temperature between about 300/and 450 degree C
for a time between [5 and 60 seconds.

6. The method of claim 1 which further comprises in a blocj/ anneal step performed after
the formation of the lower hafnium oxide layer and bpfore the formation of the upper
cap oxide layer, annealing the top blocking layey/in a nitrogen containing atmosphere.

7. The method of claim 1 which further comprisey/in a block anneal step performed after
the formation of the lower hatnium oxide Iayer and before the formation of the upper

cap oxide storage layer, annealing the yép blocking fayer in a nitrogen containing

atmosphere at a temperature betweegf about 300 and 450 degree C for a time between
15 and 60 seconds.

8. The method of claim | whefein the lower oxide tunnel layer is comprised essentially of

silicon oxide and has athickness between (1.2 and 1.0 nm,

9. The method of clainy’l wherein the upper hafnium oxide tunnel layer is comprised

essentially of haghium oxide and has a thickness between | and 6 nm.
10. The method 4f claim 1 wherein the charge storage layer is comprised of a tantalum
oxide laygf; the tantalum oxide layer is comprised essentially of tantalum oxide and has

a thickAess between 3 and 8 nm.

. Th¢ method of claim { wherein the [ower hafnium oxide storage layer is comprised

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




2. The method of claim [ wherein the Upper OXide SIOTAge fayel 15 comprised essentiaity

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

steps of :

tunnel layer;

b) in a tunnel anneal step, annealing the bottom thnel layer in a nitrogen
containing atinosphere;

¢} forming a charge storage layer over the/bottom tunnel layer;

d) in a storage anneal step, annealing cifarge storage layer over the bottom
tunnel layer in a nitrogen conféining atmosphere;

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

f) in a block anneal step, anpealing the lower hafnium oxide layer in a
nitrogen containing/atmosphere;

g) forming an upper 4p oxide storage layer over the lower hafnium oxide

h) forming A gate electrode over the top blocking layer;
1) pattersing the bottom tunnel layer; the charge storage layer; and top
blocking layer to form a gate structure;

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

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

ofsilicon oxide and has a thickness between 0.2 and 1.0 nm.




IS5 The method of claim 14 wheretn the upper hainium oxide tunnel layer 1s comprised
essentially of hafnium oxide and has a thickness between I 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 afantalum
oxide layer; the tantalum oxide layer is comprised essentially of tantalurnyoxide and has
a thickness between 3 and 8 nm.

18. The method of claim 14 wherein the storage anneal step comprisg§ an anneal in a
nitrogen or ammonia containing atmosphere, at a temperature petween about 300 and
450 degree C for a time between 15 and 60 seconds,

19. The method of claim [4 wherein the lower hafnium ox{de storage layer is comprised
essentially of hafnium oxide and has a thickness betwéen 5 and 20 nm.

20. The method of claim 14 wherein the block annep 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 6§ seconds.

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

silicon oxide and has a thickness bepveen 0.2 and | nm.

22. A method of fabrication of gfloating gate non-volatile memory device comprising the
steps of :

a) forming g/bottom tunnel layer over a substrate;

d)forming 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;

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




23. The method of claim 22 which Turlher includes in a tunnel anneal Step pertormed ater

the formation of the bottom tunnel fayer and before the formation of the charge stora
layer, annealing the bottom tunnel fayer in a hydrogen containing atmosphere.
24. The method of claim 22 which further incfudes in a tunnel anneal step perforpfed after
the formation of the bottom tunnel laver and before the formation of the chdrge storage
layer , annealing the bottom tunnel layer in a hydrogen containing atmogphere; ata
temperature between about 700 and 1000 degree C for a time betwegh 135 and 60
seconds.
25. The methed of claim 22 which further includes in a storage ghineal step performed after
the formation of the charge storage layer and before the fgmation of the top blocking
layer, annealing charge storage layer in a nitrogen coMiaining atmosphere.
26. The method of ¢laim 22 which further includes iva storage anneal step performed after
the formation of the charge storage layer and héfore the formation of the top blocking
layer, annealing charge storage layer in a pdtrogen containing atmosphere; at a
temperature between about 300 and 459 degree C for a time between 15 and 60
seconds.
27. The method of claim 22 which further includes in a block plasma nitridation step
performed after the formation of the top blocking layer, annealing the top blocking fayer
240 in a nitrogen contaiping atmosphere to form a top silicon nitride layer on said top
blocking layer.
28. The method of cdim 22 which further includes in a block plasma nitridation step
performed aftef the formation of the top blocking layer, annealing the top blocking layer
in a nitrogen containing atmosphere at a temperature between about 300 and 500
degreg/AC for a time between 20 and 60 seconds.
29. TH€ method of claim 22 wherein the bottom tunnel layer is comprised essentially of

41licon oxide and has a thickness between | and 4 nm.
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JUTThe method of Claim £2 Whereln he charge siorage layer JU1s comprised of a fantalum

oxide fayer 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 essentially’of

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

32. A method of fabrication of a floating gate non-volatile memory defice comprising the

steps of

a) forming a bottom tunnel layer over a substrate;

b) in atunnel anneal step, annealing the bottofMm tunnel layer in a hydrogen
containing atmosphere;

¢) forming a charge storage layer over fhe bottom tunne! layer;

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

e) forming a top blocking laygr over the charge storage layer;

f) in a block plasma nitrigtion step, annealing the top blocking layer in a
nitrogen containig atmosphere;

g) forming a gate ejéctrode over the top blocking layer;

h) patterning thg’bottom tunnel layer; the charge storage layer; and top

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

annea)/in a hydrogen containing atmosphere, at a temperature between about 700 and

1000 degree C for a time between |5 and 60 seconds.




34. The methed of claim 32 which further includes the storage anneal step comprises an

anneal in a nitrogen or ammeonia containing atmosphere, at a temperature between
about 300 and 450 degree C for a time between [5 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 tepdperature
between about 300 and 500 degree C for a time between 20 and 60 secondy/

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 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.

38. The method of claim 32 wherein the top blocking layer is comprised essentially of

silicon oxide and has a thickness between 2 and 10

39. A floating gate non-volatile memory/device comprising:
a) a bottom tunnel layey/over a substrate; the bottom tunnel layer comprised
of a lower oxige tunnel fayer and a upper hafnium oxide tunnel layer;

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

wer hafnium oxide storage layer and an upper oxide storage layer
form a top blocking layer;
) a gate electrode over the top blocking layer;

f) source/drain regions in the substrate adjacent to the gate electrode.




- The Tloating gate non-volal EImory dovice 0l claim 39 wherein 1ie lower oxide
tunnel layer is comprised essentially of silicon oxide and has a thickness between ).2
and 1.0 nm.

41. The floating gate non-volatile memory device of claim 39 wherein the upper hafnfim
oxide tunnel layer is comprised essentially of hafnium oxide and has a thickngés
between | and 6 nm.

42. The floating gate non-volatile memory device of claim 39 wherein the gharge storage
layer is comprised of a tantalum oxide layer; the tantalum oxide layeyls comprised
essentially of tantalum oxide and has a thickness between 3 and 8 #im.

43, The floating gate non-volatile memory device of claim 39 whefein the lower hafnium
oxide storage layer is comprised essentially of hafnium oxig and has a thickness
between 5 and 20 nm.

44. The floating gate non-volatile memory device of clgfin 39 wherein the upper oxide
storage layer is comprised essentially of silicon g&ide and has a thickness between 0.2

and 1 nm.

45. A floating gate non-volatile memory dévice comprising:
a) forming a bottom tunng layer over a substrate;
b) a charge storage layer over the bottom tunnel layer;
c) a top blocking lgyer over the charge storage layer;
d) a gate electrgide over the top blocking layer;
e) source/didin regions in the substrate adjacent to the gate electrode.
46. The floating gate pOn-volatile memory device of claim 45 which further includes a top
silicon nitride I&er on the top blocking layer.
47. The floating gate non-volatile memory device of claim 45 wherein the bottom tunnel

laver is gomprised essentially of silicon oxide and has a thickness between | and 4 nm.




48. The floating gate non-volatile memory device of claim 45 wherein the charge storage
layer is comprised of a tantalum oxide Jayer; 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 blockiy

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




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;

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

atmosphere;

¢) 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:

) 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;

¢) 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

i) 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

Oor 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;

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

cl) 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;

) 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.
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