Met hod For Form ng Hi gh-K Charge Storage Device 8 9Background of I|nvention
101) Field of the Invention 11 12This invention relates generally to the
structure and fabrication of 13sem conductor devices and nore particularly
to the fabrication of a dielectric materials for 14menory devices. 15 162)
Description of the Prior Art 17 18A key issue for floating-gate nonvolatile
sem conduct or nenories 19(NVMs) is the scaling of the tunneling oxide
because the stress-induced | eakage current 20(SILC) limts the tunnel oxide
to -8nm This scaling issue is a form dable chall enge 2lespecially for the
energi ng systemon-chip (SOC) integrated circuits designs in which
22programm ng vol tage nust be scaled for the NVMs to be conpatible with the
| ow voltage 23logic circuits. Therefore,
silicon-oxide-nitride-oxide-silicon (SONOS) charge-trapping 24 based NVMis
replacing floating-gate NVM due to its advantages of | ower programm ng
25vol tage, smaller cell size and better endurance over the floating-gate
devi ces.; However, 26retention and erase speed remain as the ngjor

chal | enges for conventional SONOCS devi ces
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Background of Invention

10 1) Field of the Invention

11

2 This invention relates generally to the structure and fabrication of

I3 semiconductor devices and more particularly to the fabrication of a dielectric materials for

4 memory devices.

15

16 2) Description of the Prior Art

17

18 A key issue for floating—gate nonvolatile semiconductor memories

19  (NVMs) is the scaling of the tunneling oxide because the stress-induced leakage current
20 (SILQC) limits the tunnel oxide to ~8nm. This scaling issue is a formidable challenge

21 especially for the emerging system-on-chip (SOC) integrated circuits designs in which

22 programming voltage must be scaled for the NVMs to be compatible with the low voltage
23 logic 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
25  voltage, smaller cell size and better endurance over the floating-gate devices. However,
26 retention and erase speed remain as the major challenges for conventional SONOS devices
27 as device and voltage further scale in the future.

28




27as device and voltage further scale in the future.
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The relevant technical developments in the literature can be are
described below.

US Patent 6,803,275 - Park , et al. - October 12, 2004 - NO fabrication
process for reducing oxygen vacancy content in bottom oxide layer in flash memory
devices.

US 6,680,509 - Wu , et al. -Nitride barrier layer for protection of ONO
structure from top oxide loss in fabrication of SONOS flash memory.

US 6,790,755 -leon - Preparation of stack high-K gate dielectrics with
nitrided layer.

Bunmi Adetutu, Jiankang Bu, Hsing Tseng, “ A Novel Floating Trap
NVSM”.

US 20030194853 Al - Jeon, Joong -- Preparation of stack high-K gate
dielectrics with nitrided layer.

US 6,764,898B 1- En et al. - shows a SONOS device with High k
layers.

US 20030219947 - Shin, Yoo-Cheol - Memory device and fabrication
method thereof.

US 6,740,605B 1- Shiraiwa et al. shows a SONOS like device.
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19net hod t hereof. 20US 6, 740, 605B1- Shirai wa et al. shows a SONCS |ike
device. 21 22 23 1 2Summary of the Invention 3The enbodi nents of the
present invention provides a structure and a 4 nethod of manufacturing a
menory device. 5 6A first enbodi nent of a nethod of fabrication of a

fl oating gate non- 7volatile nenory device conprising the follow ng steps:
8form ng a bottomtunnel |ayer over a substrate; the bottom tunnel |ayer
conprised 9of a | ower oxide tunnel |layer and a upper hafni um oxi de tunnel
10l ayer; | 1lin a tunnel anneal step, annealing the bottomtunnel layer in a
hydr ogen contai ni ng 12at nosphere; 13form ng a charge storage | ayer over the
bottom tunnel layer; 14in a storage anneal step, annealing charge storage

| ayer over the bottomtunnel 15l ayer in a nitrogen containing atnosphere;

|

2 Summary of the Invention
3 The embodiments of the present invention provides a structure and a
4 method of manufacturing a memory device.
5
6 A first embodiment of a method of fabrication of a floating gate non-
7 volatile memory device comprising the following steps:
8 forming a bottom tunnel tayer over a substrate; the bottom tunnel layer comprised
9 of a lower oxide tunnel layer and a upper hafnium oxide tunnel
10 layer;
H in a tunnel anneal step, annealing the bottom tunnel layer in a hydrogen containing
12 atmosphere;
[3 forming a charge storage layer over the bottom tunnel layer;
14 in a storage anneal step, annealing charge storage layer over the bottom tunnel
15 fayer in a nitrogen containing atmosphere;
16 forming a lower hafnium oxide storage layer over the charge storage layer;
17 in a block anneal step, annealing the top blocking layer in a nitrogen containing
18 atmosphere;
19 forming an upper cap oxide storage layer over the lower hafnium oxide storage
20 layer; The lower hafnium oxide storage iayer and an upper
21 oxide storage layer form a top blocking layer;
22 forming a gate electrode over the top blocking layer;
23 patterning the bottom tunnel layer; the charge storage layer; and top blocking layer
24 to form a gate structure;
25 forming source/drain regions in the substrate adjacent to the gate structure,
26
27 A second embodiment of a method of fabrication of a floating gate non-

28  volatile memory device comprising the following steps:




16form ng a | ower hafnium oxi de storage | ayer over the charge storage

| ayer; 17in a bl ock anneal step, annealing the top blocking |ayer in a
nitrogen containi ng 18at nosphere; 19form ng an upper cap oxi de storage

| ayer over the | ower hafnium oxide storage 20l ayer; The | ower hafni um oxi de
storage | ayer and an upper 2loxide storage |ayer forma top bl ocking | ayer;
22form ng a gate el ectrode over the top blocking | ayer; 23patterning the
bottom tunnel |ayer; the charge storage |ayer; and top bl ocking |ayer 24to
forma gate structure; 25form ng source/drain regions in the substrate

adj acent to the gate structure. 26 27A second enbodi nent of a method of
fabrication of a floating gate non- 28vol atile nenory device conprising the
followi ng steps: 1formng a bottomtunnel |ayer over a substrate; 2in a

tunnel anneal stﬁgwhgqn§ﬁ¥%qguéﬂgwpgﬁggnM£HQQeI | ayer in a hydrogen
spherse; ormng a

3contai ning atno

arge storage |layer over the bottom

tunnel | &er; 5|nuansmmfagaﬂawnemh&$n$@€bqhme@hmﬁgwghapgﬁkgﬁnrage | ayer in

a nitrog

cont ai ni ng 6atno§%mgﬁ%@ﬁz&gﬁﬂagg a top bl ocking | ayer over the

charge storage |ayer;
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forming a charge storage layer over the bottom tunnel layer;

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

forming a top blocking Iayer over the charge storage layer;

in a block plasma nitridation step, annealing the top blocking layer in a nitrogen
containing atmosphere;

forming a gate electrode over the top blocking layer;

patterning the bottom tunnel layer; the charge storage layer; and top blocking layer
and the gate electrode to form a gate structure;

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

An example first device embodiment of a floating gate non-volatile
memory device comprises:

a bottom tunnel layer over a substrate; the bottom tunnel layer comprised of a
lower oxide tunnel layer and a upper hafnium oxide tunnel
layer;

a charge storage layer over the bottom tunnel layer;

a lower hafnium oxide storage layer over the charge storage layer;

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

a gate electrode over the top blocking layer;

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

An example second device embodiment of a floating gate non-volatile

memory device comprises:



8in a block plasma nitridation step, annealing the top blocking layer in a
ni trogen 9contai ni ng at nosphere; 10form ng a gate el ectrode over the top
bl ocki ng | ayer; 1l1llpatterning the bottomtunnel |ayer; the charge storage

| ayer; and top bl ocking |ayer 12and the gate electrode to forma gate
structure; 13form ng source/drain regions in the substrate adjacent to the
gate structure; 14 15An exanple first device enbodi nent of a floating gate
non-vol atile 16nmenory device conprises: 17a bottomtunnel |ayer over a
substrate; the bottomtunnel |ayer conprised of a 18l ower oxide tunnel

| ayer and a upper hafni um oxide tunnel 19l ayer; 20a charge storage |ayer
over the bottomtunnel |ayer; 2la | ower hafnium oxide storage |ayer over
the charge storage | ayer; 22an upper cap oxide storage |ayer over the | ower
haf ni um oxi de storage | ayer; the a 23l ower hafnium oxi de storage | ayer and
an upper oxide staorage 24l ayer forma top blocking |ayer; 25a gate

el ectrotle over PHENEHPOIIHERIChGYF QY& SUDBKur ce/ drain regions in the

substrate adj acehrgt Sotab@lagat SeShE UEkdH Rindel AeiXanpl e second device

enbodi nent of a floating gate non-vol atile 28nmenory device conpri ses:
4 a top blocking layer over the charge storage layer;

a gate electrode over the top Mocking layer;

5
6 source/drain regions in the substrate adjacent to the gate electrode.
7
8

The claims show other embodiments of the invention.

9 The above and below advantages and features are of representative
10 embodiments only, and are not exhaustive and/or exclusive. They are presented only to
Il assist in understanding the invention. It should be understood that they are not
12 representative of all the inventions defined by the claims, to be considered limitations on
13 the invention as defined by the claims, or limitations on equivalents to the claims. For
14 instance, some of these advantages may be mutually contradictory, in that they cannot be
15 simultaneously present in a single embodiment. Similarly, some advantages are applicable
16 to one aspect of the invention, and inapplicable to others. Furthermore, certain aspects of
17 the claimed invention have not been discussed herein. However, no inference should be
18  drawn regarding those discussed herein relative to those not discussed herein other than for
19 purposes of space and reducing repetition. Thus, this suminary of features and advantages
20 should not be considered dispositive in determining equivalence. Additional features and
21 advantages of the invention will become apparent in the following description, from the
22 drawings, and from the claims,
23
24



1 2formng a bottomtunnel |ayer over a substrate; 3a charge storage | ayer
over the bottomtunnel |ayer; 4a top blocking |ayer over the charge storage
| ayer; 5a gate el ectrode over the top bl ocking |ayer; 6source/drain regions
in the substrate adjacent to the gate electrode. 7 8The clains show ot her
enbodi nents of the invention. 9The above and bel ow advant ages and features
are of representative 1l0enbodi nents only, and are not exhaustive and/ or
exclusive. They are presented only to llassist in understanding the
invention. It should be understood that they are not 12representative of

all the inventions defined by the clains, to be considered |limtations on
13the invention as defined by the clains, or limtations on equivalents to
the clains. For 14instance, sone of these advantages may be nutually
contradictory, in that they cannot be 15sinmultaneously present in a single
enbodi ment. Simlarly, some advantages are applicable 16to one aspect of
the invertion, and inapplicabﬁ%ﬂﬂbﬁ%ﬂﬁ@ﬂ§fﬂPJﬂPW&EﬁDre, certain aspects of
17the cla med inventi OnTB@%%‘EuF&%an_%@Eht&EﬁGﬂﬁs%ﬁﬂohcﬁfc@r BeviddQWRYhg 101k

i nference shoul d be 18drawn regardi ng those discussed herein relative to

t hose not4 dimeasdegnterasd furdendiails REhPPEES ATPUIICAHESECTOT Seare8euciiid r educi ng
repetitiofn. [LOMSin LB SUTTRMY pREcrh BREMIA SR BImBA\RAY AGRSrs2B8 AOMI k. not  be

considered dispositive in determ ning equival ence. Additional features and
6  following description taken in conjunction with the accompanying drawings in which like

7 reference numerals designate similar or corresponding elements, regions and portions and
8  in which:
9 Figure I is a cross sectional view for illustrating a method for

10 manufacturing memory device according to a first example embodiment of the present

Il invention.

12 Figure 2 is a cross sectional view for illustrating a method for

13 manufacturing memory device according to a second example embodiment of the present
14 invention.

15 Figure 3 is a flowchart for illustrating a method for manufacturing

16 memory device according to the first example embodiment of the present invention,

17 Figure 4 is a flowchart for illustrating a method for manufacturing

18 memory device according to the second example embodiment of the present invention.



2ladvant ages of the invention will becone apparent in the foll ow ng
description, fromthe 22drawi ngs, and fromthe clains. 23 24 1 2Bri ef
Description of the Drawi ngs 3The features and advantages of a sem conduct or
devi ce according to the 4present invention and further details of a process
of fabricating such a sem conductor 5device in accordance with the present
invention will be nore clearly understood fromthe 6foll ow ng description
taken in conjunction with the acconpanying drawi ngs in which |ike
7reference nuneral s designate simlar or corresponding el enents, regions
and portions and 8in which: 9Figure | is a cross sectional view for
illustrating a nmethod for 10manufacturing nenory device according to a
first exanple enbodi nent of the present Ilinvention. 12Figure 2 is a cross
sectiondal view for iIIustrating a nethod for 13manufacturing nmenory device
accordi to a second enbod nt o sent 14i nventi on.

15Fi gur gg?, is afl owch’gégt ?@ﬁesf"'?tﬂ’é‘t “ll?{ﬁ eéi”ﬂ&irﬁtﬁ’g"f"&ts manuf act uri ng
16nenory device according to the first exanple enbodi nent of the present

i nvention.

4 L overview of example embodiments

The present invention will be described in detail with reference to the

5
6 accompanying drawings. The present invention provides structures and method of forming
7 a memory device.

8

9 IL first example embodiment

10 The first example embodiment of a memory structure is depicted in

Il TFigure I. It preferably employs a top blocking layer 40 comprised of SiO/HfO: 38 34, a
12 charge storage layer 32 comprised of Ta:0s, and a bottom tunnel dielectric 28 comprised
13 of HfOx/Si10:26 22. The top and bottom Si10: 38 22 are preferably very thin, < Inm. The
14 ultra-thin interfacial SiO:layers serves to improve the retention and interfacial quality for
15  the bottom Si and gate electrode. The HfO:layers can improve the erase speed as

16 compared to a conventional SONOS. The top HfO: layer 34 thickness preferably ranges

17 from 5 to 20 nm, while the bottom HfO: layer 26 thickness preferably ranges from [ to 6
18 am. The Ta:0s layer 30 preferably thickness ranges from 3 to 8 nm. Using high-k materials
19 allow further device and voltage scaling. They can be deposited using CVD or PVD

200 processes. The gate electrode 44 can be metal or polysilicon.

21

22 A first example embodiment for a method of fabrication of a floating

23 gate non-volatile memory device is described below and shown in figures { and 3. Figure

24 3 shows a flowchart of the steps.

25 A. bottom tunnel layer

26




17Figure 4 is a flowhart for illustrating a nmethod for manufacturing
18nmenory device according to the second exanpl e enbodi nent of the present
invention. 19 20 2Detailed Description of the Preferred Enbodi nents 3 4
1. overvi ew of exanpl e enbodi nents 5The present invention will be described
in detail with reference to the 6acconpanyi ng drawi ngs. The present

i nvention provides structures and nethod of formng 7 a nenory device. 8 9
Itfirst exanple enbodi nent 10The first exanpl e enbodi nent of a nmenory
structure is depicted in IlFigure 1. It preferably enploys a top bl ocking
| ayer 40 conprised of Si02/Hf 02 38 34, a 12charge storage |ayer 32
conprised of Ta205, and a bottomtunnel dielectric 28 conprised 13of

Hf 02/ Si 02 26 22. The top and bottom Sift 38 22 are preferably very thin, <
Inm The f4ultra-thin i r!icﬁahﬁaaggb@lgmsi:me biayige 5 séEondtietdraubsope aUeTHehe

retention_and interfacial g lity for 15the boh% om Si. and gate el ectrode.
The Hf 021 Ay eFEsEREFAN ApFHLVEIR %“ﬁ?ﬁ@ L SBFIE S4B B ARSI RE o a conventi onal
SONCS. The top Hf 02l ayer 34 thickness preferably ranges 17from5 to 20 nm
while t he4 bott om Hf 02] a%ieferr%?g tE) ?1Iggrlérlleaﬁ§ fi urrg L srtag)bi’! I%O)r %}?qur?n I lgo(%t@mltum%l

5 layer 28 (tunnel insulator) over a substrate 10.

6

7 The bottom tunnel layer 28 is preferably comprised of a lower oxide

8  tunnel layer 22 and an upper hafnium oxide tunnel layer 26.

9 The lower oxide tunnel layer 22 is comprised essentially of silicon oxide

10 and has a thickness between 0.2 nm and | nm and more preferably about 0.5 nm.

11 The upper hafnium oxide tunnel layer 26 is preferably comprised

12 essentially of hafnium oxide (HfO2) and has a thickness between | and 6 nm and more

13 preferably about 2.0 nm.

4 B. Bottom layer anneal step

15 Referring to figure 3, step S104, in an tunnel anneal step, annealing the

16 bottom tunnel layer 28 in a hydrogen containing atmosphere.

18 The tunnel anneal step comprises an anneal in a H containing

19 atmosphere, such as NH; or Hp, at a temperature between about 300 and 450 degree C for
2(  atime between 5 and 60 seconds.

21 A H containing anneal is employed prior to the charge trapping layer
22 deposition is important to enhance the bottom layer 28 and interface quality. It is thought
23 that the anneal passivates the Si Dangling bonds at the interface. This in turn improves the
24 retention and endurance of the memory device. It is thought that performing the anneal

25 after the deposition of the overlying charge storage layer is not sufficiently effective due to

26  the H blockage by the charge storage layer. .



18nm The Ta205 | ayer 30 preferably thickness ranges from3 to 8 nm Using
hi gh-k materials 19all ow further device and voltage scaling. They can be
deposited using CVD or PVD 20processes. The gate el ectrode 44 can be netal
or polysilicon. 21 22A first exanpl e enbodi nent for a nethod of fabrication
of a floating 23gate non-vol atile nenory device is described bel ow and
shown in figures 1 and 3. Figure 243 shows a flowhart of the steps.

25A. bottom tunnel |ayer 26 1Referring to figure I, we provide a

sem conductor substrate 10. The substrate can be any suitabl e sem conductor
structure, such as a silicon wafer. 3 4Referring to figure 1 and figure 3
(step S100), We forma bottomtunnel 5layer 28 (tunnel insulator) over a
substrate 10. 6 7The bottom tunnel |ayer 28 is preferably conprised of a

| ower oxide 8tugnel | aygs gétanfhedqyétorer haf ni um oxide tunnel |ayer 26.
9The | ower oxide tunnel layer 22 is conprised essentially of silicon oxide
10and ha&s a thickness Retmiaem Bgi2esnmnadAdstdp SWH8 awel fomar echpreekeragblayerabout 0. 5

nm11The upper, hatnbum o) de. LMnDSl. ANET 1,55 S Preferably comprised
4
5 The charge storage layer 32 is comprised of a tantalum oxide layer 30.
6 The tantalum oxide fayer is comprised essentially of tantalum oxide and has a thickness
7

between 3 and 8 nm and more preferably about 5 nm.

oo

D. charge trapping layer anneal step

9 Referring to figure 3 (step S112) in the storage anneal step, we anneal
[ the charge storage layer 30 and the bottom tunnel layer 28 in a nitrogen containing
[l atmosphere.
12
13 The charge trapping layer anneal step preferably comprises an anneal
14 inanitrogen containing atmosphere, such as N or NH;, at a temperature between about
I5 300 and 450 degree C for a time between 15 and 60 seconds. It is thought that the charge
16 trapping layer anneal step eliminates defects in the Ta,0s layer and improves its trapping
17 capability.
18 Overall, it is thought that the first tunnel anneal improves the date
19 retentions capabilities and the second charge trapping fayer anneal step improves the

20 charge trapping capabilities.

21 E. top blocking layer

22 Referring to figure 1 and 3 (steps S116, S120 and S124) we form a top
23 blocking layer (blocking insulator) 40 over the charge storage layer 32.

24 The top blocking layer 40 is preferably comprised of a lower hafnium
25 oxide (blocking) tayer 34 and an upper oxide (blocking) layer 38. An anneal can be

26  performed between the formation of the lower hafnium oxide layer 34 and the upper oxide

27 layer 38 as shown in figure 3.




12essentially of hafnium oxide (H 02) and has a thickness between 1 and 6
nm and nore 13preferably about 2.0 nm 14B.Bottom | ayer anneal step
15Referring to figure 3, step S104, in an tunnel anneal step, annealing the
16bottom tunnel layer 28 in a hydrogen containing atnosphere. 17 18The
tunnel anneal step conprises an anneal in a H containing 19at nosphere, such
as NH3 or H2, at a tenperature between about 300 and 450 degree C for 20 a
time between 5 and 60 seconds. 21A H containing anneal is enployed prior to
t he charge trapping | ayer 22deposition is inportant to enhance the bottom

| ayer 28 and interface quality. It is thought 23that the anneal passivates
the Si Dangling bonds at the interface. This in turn inproves the
24retention and endurance of the menory device. It is thought that
performng the anneal 25afi&ler DG ACHAR hiPB4 gfpmtfa@ozg\e@{nbmeagssemnge
storage |layer is not sufficiently effective due to 26the H bl ockage by the
char ge stbra@émﬁ@y@ﬂﬁdQﬂﬂP@ﬁﬁﬁérééﬂ§b@k%@§mP&Véﬁﬂ@F@?@Ffing to figures 1
and 3 (step S108) we forma charge storage |ayer 332 (charge trapping

| ayer) over the bottomtunnel |ayer 28. 4

4 F. blocking layer anneal step

5 Referring to figure 3, step S120, in the blocking layer anneal step, we
6 anneal the lower hafnium oxide storage layer 34 in a nitrogen containing atmosphere.

7 The block anneal step comprises an anneal in a nitrogen or ammonia
8  containing atmosphere, at a temperature between about 300 and 450 degree C for a time
9  between 15 and 60 seconds.

10 The blocking layer anneal step is thought to densify the hafnium oxide

11 34 thus improving it’s blocking capability.

12 G. upper oxide cap layer

13 Referring to figure | and figure 3 (step S124), we form the upper oxide
I4  cap layer 38.

{5 The upper oxide cap storage layer 38 is preferably comprised

16  essentially of silicon oxide and has a thickness between (1.2 and | nm and more preferably

7 about O0.5nm.

18 H. a gate electrode
19 Referring to figure I, we form a gate electrode 44 over the top

20 blocking layer 40. The gate electrode 44 is preferably comprised of polysilicon or metal
21 and preferably has thickness between 800 and 2000 A.

22
23 I form a gate structure
24 Next, as shown in figure I, we pattern the bottom tunnel layer 28, the

25  charge storage fayer 32, and top blocking layer 40 to form a gate structure 50,

26
10



5The charge storage layer 32 is conprised of a tantal um oxide |ayer 30.
6The tantal um oxide |layer is conprised essentially of tantalum oxide and
has a thickness 7 between 3 and 8 nm and nore preferably about 5 nm

8D. charge trapping | ayer anneal step 9Referring to figure 3 (step S112) in
t he storage anneal step, we anneal 10the charge storage |ayer 30 and the
bottom tunnel layer 28 in a nitrogen containing llatnosphere. 12 13The
charge trapping | ayer anneal step preferably conprises an anneal 14in a

ni trogen containi ng atnosphere, such as N or NH3, at a tenperature between
about 15300 and 450 degree C for a tinme between 15 and 60 seconds. It is

t hought that the charge 16trapping | ayer anneal step elimnates defects in
the Ta2Cb | ayer and inproves its trapping 17capability. 18Cverall, it is

t hought it hat the, first shupnedrapniRddnd Mproves the date 19retentions
capabilities and the second charge trapping | ayer anneal step inproves the
20char g& t r appi ng capabieki t¢ &sm s@drke/droip rédiosk it ngthe superat® ARef@emtitnget o
figure and. 3 te 6 20 and, $124) we for top. 23bl ocki ng | ayer
(bilocki g TsarafBR0 BrESu e ARG R el B L E BB RabRE o

bl ocki ngt | ayer 40 is preferably conprised of a | ower hafnium 250xi de

(bl ocking) layer 34 and an upper oxide (blocking) |layer 38. An anneal can

be 5 K non-limiting features of the 1°' embodiment
6
7 The first embodiment of the present invention will improve the
8  retention and erase speed over the conventional SONOS, and suitable for further device
9  and voltage scaling.
10 The retentions and erase speed are improved because
11 (1) band gap engineer — the lower barrier height of hafnium oxide and

12 the deep trap energy level of Ta:0s,

13 (2) the three annealing steps — The first anneal improves the interface

14 quality. The second anneal step improves the charge trapping capability by eliminating ht e
15 defects in the dielectric . The third anneal step improves the blocking layer integrity by

16 denisfying the hafnium oxide film.

17
18 ML SECOND EXAMPLE EMBODIMENT
19 A second example embodiment is shown in figure 2 and the flowchart

20 in figure 4, Corresponding layers and process can be carried out as described above in the
21 first example embodiment.

22

23 The second example embodiment of a memory structure is depicted in
24 Figure 2. It preferably employs a top blocking layer 240 comprised of SiQO:, a charge

25  storage layer 232 comprised of Ta:0s, and a bottom tunnel dielectric 228 comprised of

26 Si0:. The gate electrode 244 can be metal or polysilicon.

I




26perfornmed between the formation of the | ower hafnium oxide |ayer 34 and
t he upper oxide 27l ayer 38 as shown in figure 3. The |ower hafnium oxide
| ayer 34 is preferably conprised essentially 2 of hafnium oxide and
preferably has a thickness between 5 and 20 nm 3 4F. bl ocki ng | ayer anneal
step 5Referring to figure 3, step S120, in the blocking | ayer anneal step,
we 6anneal the | ower hafnium oxide storage layer 34 in a nitrogen
cont ai ni ng at nosphere. 7The bl ock anneal step conprises an anneal in a
ni trogen or anmoni a 8cont ai ni ng at nosphere, at a tenperature between about
300 and 450 degree C for a tine 9between 15 and 60 seconds. 10The bl ocki ng
| ayer anneal step is thought to densify the hafnium oxide 1134 thus
inproving it's blocking capability. 12G upper oxide cap |ayer 13Referring
to figure;1 and fagure 3, p5460 taARé)iayeye formthe upper oxide ldcap |ayer
38. 15The upper oxide cap storage layer 38 is preferably conprised
l6essentially of silicon oxide and has a thickness between 0.2 and 1 nm and
more pref §” ably 17about \9’3 grrc])mde gi%'flb'stafatgaévee f(?rlme Y éorttgﬁj'lefunnei layer 228 over a

4 substrate 210,

5 The bottom tunnel layer 228 is preferably comprised essentially of

6  silicon oxide and has a thickness between 1 and 4 nin and more preferably about 2 nin.

7 B. Bottom layer anneal step

8 Referring to figure 4, step 204, in an optional tunnel nitridation step,

9 annealing the bottom tunnel layer 28 in a nitrogen and hydrogen containing atmosphere.
10 The tunnel anneal step preferably comprises an anneal in a nitrogen or
11 ammonia containing atmospheres, at a temperature between about 300 and 450 degree C
12 for atime between 15 and 60 seconds.

3 The H in the anneal step will passivate the interface. The slight

14 nitridation will be beneficial to improve device reliability due to hot carrier effects.

i5 C. form a charge storage layer

16 Next, we form a charge storage layer 232 over the a bottom tunnel layer
17 28

18 The charge storage layer 232 is preferably comprised of a tantalum

19 oxide layer. The tantalum oxide layer is comprised essentially of tantalum oxide and has a

20 thickness between 3 and & nm and mote preferably about 5 nm.

21 D. a charge trapping layer anneal step

22 Referring to figure 4, step S208, in a charge trapping layer anneal step,
23 annealing charge storage layer 232 in a nitrogen containing atmosphere.

24 The 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 atime between [5 and 60 seconds; the RF power ranges from 100 to 500 W (more

12



19Referring to figure 1, we forma gate el ectrode 44 over the top

20bl ocki ng |l ayer 40. The gate el ectrode 44 is preferably conprised of
polysilicon or nmetal 2land preferably has thickness between 800 and 2000 A
22 231.forma gate structure 24Next, as shown in figure 1, we pattern the
bottom tunnel [ayer 28, the 25charge storage |ayer 32, and top bl ocking

| ayer 40 to forma gate structure 50. 26 J.source/drain regions 2Next, we
formsource/drain regions 14 in the substrate 10 adjacent to the 3gate
structure 50. Preferably the source drain regions are forned by an inpl ant
process. 4 5K.non-limting features of the 1st enbodinent 6 7The first
enbodi nent of the present invention will inprove the 8retention and erase
speed over the conventional SONCS, and suitable for further device 9and
vol t age [ScakdfBigbly 4OTRS00VRL AN tHePRS s RO 8 3§ %%@dma&%na Im{eqa\fgglms@c ause
11(1) band gap engineer - the |lower barrier height of hafnium oxide and
12t he débnggéd éﬁ@?gy | evel of Ta20b.

The effects of the anneal are similar as describe above in the first

4  embodiment.

5 E. top blocking layer
6 Next, we form a top blocking layer 240 over the charge storage layer
7 232, The top blocking layer 240 is preferably comprised essentially of silicon oxide and
8  has a thickness between 2 and [( nm.
9 F. a plasma nitridation step

10 Referring to figure 4, (step S212, a block nitridation) ina plasma

{1 nitridation step, we nitridate the top blocking layer 240 in a nitrogen containing

12 atmosphere. A preferably thin top silicon nitride layer 241 is formed on the surface of the

13 top blocking layer 40.

14 The top silicon nitride layer 241 is most likely an atomic thickness.

5 The block nitridation step preferably comprises an anneal in a nitrogen

16 or ammonia containing atmosphere, at a temperature between about 300 and 500 degree C
17 and more preferably about 350 C; for a time between 20 and 60 seconds.

18 The plasma nitridation step serves to add a thin layer of silicon nitride

19 on the top the Si0O, . This improves the blocking capitilites.

20
21 G. gate electrode
22 We form a gate electrode 244 over the top blocking layer 240. The gate

23 electrode is preferably comprised of polysilicon and preferably has a thickness between

24 800 and 2000 A.




13(2) the three annealing steps - The first anneal inproves the interface
l4quality. The second anneal step inproves the charge trapping capability
by elimnating ht e 15defects in the dielectric . The third anneal step

i nproves the blocking layer integrity by 16deni sfying the hafni um oxi de
film 17 18 111.SECOND EXAMPLE EMBODI MENT 19A second exanpl e enbodi nent is
shown in figure 2 and the flowhart 20in figure 4. Corresponding | ayers and
process can be carried out as described above in the 21first exanple
enbodi ment. 22 23The second exanpl e enbodi nent of a nenory structure is
depicted in 24Figure 2. It preferably enploys a top bl ocking | ayer 240
conprised of Si02, a charge 25storage | ayer 232 conprised of Ta205, and a
bottom tunnel dielectric 228 conprised of 26Si 02. The gate el ectrode 244
can be nmetal or pplysiligeyddiurd @ bottom tunnel |ayer 2 3We provide a
substrate. W forma boftomtunnel |ayer 228 over a 4substrate 210. 5The
bott om tunnel | ayer 228 Aisshgvehgizabl2ywe papri thebbtessentel aydry2@fthe charge

3 storage layer 232, and top blocking layer 240 and the gate electrode 244 to form a gate

4 structure 250,

5 l source/drain regions

6 As shown in figure 2, we form source/drain regions 214 in the substrate

7 10 adjacent to the gate structure 250. This completes the memory device.

8 J. Features of the second embodiment

9
10 The second embodiment of the present invention will improve the
11 retention and erase speed over the conventional SONOS, and suitable for further device
12 and voltage scaling.
13 The embodiments improve retention because :
14 1) Increase trap density and deep level traps in Ta,Os .
IS 2) The anneal between the Ta;Os and bottom layers help to passivate the Si dangling
16 bonds at the interface. The slight nitrdation also improve reliability and hardness.

7 3) The second anneal after Ta502 improve the film quality and improve the stability.
18  4) The last anneal adds nitrided layer to improve the blocking capability to reduce over

19 erase issues.

20

21

22 K. non-limiting embodiments

23

24 In the above description numerous specific details are set forth such as

25  flow rates, pressure settings, thicknesses, etc., in order to provide a more thorough

26 understanding of the present invention. Those skilled in the art will realize that power

14



6silicon oxide and has a thickness between 1 and 4 nm and nore preferably
about 2 nm 7B.Bottom | ayer anneal step 8Referring to figure 4, step 204,
in an optional tunnel nitridation step, 9annealing the bottomtunnel |ayer
28 in a nitrogen and hydrogen contai ning at nosphere. 10The tunnel anneal
step preferably conprises an anneal in a nitrogen or l1llanmonia contai ning
at nospheres, at a tenperature between about 300 and 450 degree C 12for a
time between 15 and 60 seconds. 13The Hin the anneal step will passivate
the interface. The slight 14nitridation will be beneficial to inprove
device reliability due to hot carrier effects. 15C form a charge storage

| ayer 16Next, we forma charge storage | ayer 232 over the a bottom tunnel

| ayer 1728. 18The charge storage |ayer 232 is preferably conprised of a
tant al um 19exhee rdsYRE imENGad AR RhdIM QX higRehYRIrid Ad GATPRE 884 gssenti al Iy

of tantal um oxide and has a 20 thickness between 3 and 8 nm and nore

pref er alfl y AHER eqipignt rmedere hak yil Rerhpisinborage ko agnded gilkgprabaRef erri ng
to figure 4pe $Ethe RRORion iy Be pRAKGE WithARRIO et AY Ol ANPERInGL &Ry 23anneal i ng
charge storage layer 232 inh a nitrogen containing atnosphere. 24The storage
anneal <t epgpyapErebhyvecghinen dessribed mmfgiehin ofds @ naf tmegsesiribrobsBiretheroni a

cont ai nisng RLEMSPRGHG. at a tenperature between about 300 and 450 degree C

26 for a time between 15 and 60 seconds; the RF power ranges from 100 to
500W ( nor e Unless explicitly stated otherwise, each numerical value and range

7 should be interpreted as being approximate as if the word about or approximately

8  preceded the value of the value or range.

9 Given the variety of embodiments of the present invention just
10 described, the above description and illustrations show not be taken as limiting the scope
Il of the present invention defined by the claims.
12 While the invention has been particularly shown and described with
13 reference to the preferred embodiments thereof, it will be understood by those skilled in
14 the art that various changes in form and details may be made without departing from the
15 spirit and scope of the invention. It is intended to cover various modifications and similar
16 arrangements and procedures, and the scope of the appended claims therefore should be
17 accorded the broadest interpretation so as to encompass all such modifications and similar

18  arrangements and procedures.




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 Hz 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;

1) 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;

21



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;

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;

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.
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