WO 2005/088727 PCT/SG2004/000050 1 MEMORY GATE STACK
STRUCTURE FIELD OF INVENTION The present invention relates
broadly to a memory gate stack structure, 5 and to a method of

wiahsisasagga memory gate stack structure. The present inveatissGreidkoecsso
described herein with reference to a gate stack for a-memory transistor
structure, however, it will be appreciated that the present invention does
have broader applications. For example it may be applied in capacitor
memory structures (ERAREBRAYES TATtoRTRCTURE ™
electronics have resulted in a demand for nonvolatile memories that are
densely integrated, fast, and consume little power. The
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beyond a specified point, it will result in more positive charges in the

silicon nitride (Si3N4) storage layer, resulting in over-erase. 25 A need
exiFRAGEPRROUNE provide a memory gate stack structure in which
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2005/088727 PCT/SG2004/000050 2 a charge'storage layer formed on

the Qg}yﬁgp%&m&i’r}g-@aﬁm@%ow as the charges are stored in spatiaily isolated

desp-level traps. Hence, a single defect in the tunnel oxide will generally not cause

W
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the discharge of the memory cell.

20 In MONOS device operation, electrons are involved in the program operation
while both electrons and holes are involved in the erase operation. Hence threshold
voitage control after erasing is difficult. If the electrical erase continues beyond a
specified point, it will result in more positive charges in the silicon nitride (SigN,)
storage layer, resulting in over-erase.

25 A need exists, therefore, to provide a memory gate stack structure in which
over-erase effects are reduced, while maintaining acceptable charge retention. In at
least preferred embodiment, the present invention addresses that need,

SUMMARY OF THE INVENTION
30 In accordance with a first aspeét of the present invention there is provided a
memory gate stack structure comprising: -
a substrate layer comprising a silicon-based materiéf,
a tunnel layer formed on the substrate layer,



hafnium-aluminium-oxide-based material, a blocking layer formed on the

charge storage layer, and a gate layer formed on the blocking layer. 5

The charge storage layer may comprise (HfO2),(Al203)i.. , with X in a
wiangps/ogmy about 0.4 to 0.95. In one embodiment, x is abowd@:8cTle/c06050

tunnel layer and/or the blocking layeramay comprise silica-based

materials. In one embodiment, the tunnel layer comprises a silicon oxide

formed by, &ﬂg@gdsmﬁégéam}eﬂaaﬁﬂe@f e silicamkhased Satptabehfitsing a

substrate Is%er._ he gate Iall%/er may comprise a metal, metal nitride,
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a silicon-hased material, 20 forming a tunnel layer on the substrate layer,

formmangﬁharge storage layer on the tunnel layer and comprising a
hafnium-diueneigmbodiceniadeel ivrnetilaygosameriaasi seiifieprmpeidsrieraed by
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material may comprise HfN. 35 The gate layer may be formed
utilﬁﬁ’ﬁﬁutter deposition techniques. WO 2005/088727
PCT/SG2peR08BuBstrate layer comprising a silicon-based material,

20 - forming a tunnel layer on the substrate layer,
forming a charge storage layer on the tunnel layer and comprising a
hafnium-aluminium-oxide-based material,
forming a blocking layer on the charge storage layer, and
forming a gate layer on the blocking layer.
25 The charge storage layer may comprise (HfO2){(AlOs)., with x in a range
from about 0.4 to 0.95. In one embodiment, x is about 0.9.
The tunnel layer andfor the blocking layer may comprise silica-based
materials,
In one embodiment, the tunnel layer comprises a silicon oxide formed by
30 rapid thermal oxidation of the silicon-based material of the substrate layer.
The blocking layer may comprise (Si{OCyHs)s). The blocking layer may be
formed ufilising low-pressure chemical-vapor-deposition (CVD}).
The gate layer may comprise a metal, metal nitride, silicide or polysilicon
materials. In one embodiment, the metal material may comprise HfN.
35 The gate tayer may be formed utilising sputter deposition techniques.



The method may further comprise the step of forming a capping layer on

the gate layer. In one embodiment, the capping layer may comprise TaN.

The capping layer may be formed utilising sputter deposition techniques.
wih2aewossince with a third aspect of the present invention there/$€2804/006050

provided a memory gate stack structurse comprising: a substrate layer
comprising a silicon-based material, a tunnel layer formed on the

Substrate W@Fﬂ&l’ﬁﬂﬁ% m%&%&@m@e&%‘ﬁ%‘h@rﬁﬁﬂ%ﬁ @fgﬁ']g layer on the
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apparent to one of ordinary s rofn the following written

Bgescriptio! BYSREROFeWMHpR BahinessshRiidiewiesratdnuemipn ithere is

whiptovided ldsveetiahib o dtibricrathe; se otienalyigateostagesRustiuns reenpasity the
stag&égl&;ure. WO 2005/088727 PCT/SG2004/000050 4 Fig. 2(a)
shows capacitance versus charging time (C-t) curves at a charging

voltage ofRSOV A% URRFS G AU SR RHRIRE Reslivnisbigheg waterial.

forming a tunnet layer on the substrate layer,

20 forming a charge storage layer on the funnel iayer,

forming a blocking layer on the charge storage layer, and

forming a gate layer on the blocking layer,

wherein the charge storage layer comprises an amorphous material
exhibiting a larger valence band offset with respect to the silicon-based material

25  compared to SizN4, and exhibiting a smaller conduction band offset with respect

30

to the silicon-based material compared to Al,Os.

BRIEF DESCRIPTION OF THE DRAWINGS.

Embodimenis of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description,
by way of example only, in conjunction with the drawings, in which:

Fig. 1 is a schematic cross-sectional view of a general memory gate
stack structure.



present invention and in comparison with other memory gate stack
structures. Fig. 2(b) shows normalised discharge C-t curves during
discharging at a 5 gate bias of -1.45V, for a memory gate stack structure

wenloedssnzy the present invention and in comparison with oH{BYIGeME#)0050
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gate stack structures. Fig. 3(a) shows g£apacitance versus voltage curves
for a memory gate stack structure embodying the present invention. Fig.

3(b) Showﬁﬁﬁﬁﬁit%#&%%&%%‘? GLIYES BRAMIBHRETOY dilves at a

gate stack s re for comparison. Fig. 3(c) shows capacitance versus
Vv
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Fig. 6 shows a flow-chart 600 illustrating a method of fabricating a memory
gate stack structure in an embodiment of the present invention
DETAILED DESCRIPTION

The preferred embodiment described provides a memory gate stack
structure for use in a memory transistor having both an acceptable over-erase
characteristic, and an acceptable charge retention capability.

In order to obtain comparafive data on the function of gate stack
structures for a memory transistor, four different memory gate stack structures
were fabricated and analysed. Figure 1 is a schematic cross sectional view of
the general memory gate stack structure 100, consisting of a substrate 102, a
tunnel layer 104, a charge storage layer 106, a blocking layer 108, a gate layer
110, and a capping layer 112.

For each device, the processing conditions were the same except for the

35 formation of the charge storage layer 106, that is, SizN, for a conventional MONOS



embodying the present invention, and A1203 for another comparative
device. Details of the structures used in conjunction with an example
embodiment of the invention were as follows. The substrate 102 used
wwasod4B8s02¢m (100) p-type 5 silicon. The 25 A thick tunnel xitieGOd4 a0
grown by rapid thermal oxidation at 10§0C. After tunnel oxide formation,
Si3N4 (60 A) was deposited by low-pressure chemical-vapor-deposition
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25 ompbarackédsive) 200bM088FR e Gy FeRDOHMGD0 66V for 80 s, at a constant
discharge gate bias of -1.45 V with respect to the initial flatband voltage of the
charged device, Figure 2(b) shows the normalized discharge C-t, or C({)/C{i=0),
curves. From Fig. 2(b) it can be seen that HfAIO (curve 210) has comparabie charge
retention performance to SigNy (curve 212). Al,O; (curve 214) has the best retention
30  characteristics while HfO, (curve 216) has the worst retention. From the results
shown in Fig. 2, it was discovered that there is a fradeoff between programming
speed and charge retention. It was recognised that as deposited HfO, is already
crystallized while HfAIO is still amorphous even after annealing at 700°C, 60s. From
Fig. 2(b), the amorphous films, which are SisN4, Al.O3 and HFAIO (curves 212, 214
35 and 210 respectively), show significantly better retention performance compared to



crystallized HfO2 (curve 216). Polycrystallization of thin films may

generate grain boundaries, which may act as current leakage paths. The
charge storage performance of memory devices with good retention
wohasaotsristics, namely those with A1203, HfAIO or Si3N4 &€ TH2004/000650
respective charge 5 storage layers (cgrves 214, 210 and 212
respectively), was further investigated by measuring the hysteresis in the
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drain region 506 are 35 formed, for example through appropriate dopln
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program/erase) characteristics and programming speed of the various structures

(9]

may be explained by differences in the bandgap, valence and conduction band
offsets of the various films with respect o silicon. The valence band offset of SizN,
with respect to Siis the smallest, at 2eV, compared o 3.3eV for HIAIO and 4.9¢V for
30  ALOs; The conduction band offset between HFAIO and Si is the smallest, at 1.6eV,
as compared fo 2eV for SizNg and 2.8eV for Al,Og.

Figure § is a schematic cross-seclional drawing of a memory transistor
structure 500. The memory fransistor structure 500 comprises a silicon-based
substrate layer 502, in which a source region 504 and a drain region 506 are
35 formed, for example through appropriate doping in the respective areas. A tunnei



7 layer 508 is formed on the substrate layer 502, and extends over the
substrate region 510 between the source and drain regions 504 and 506
respectively. The tunnel layer also extends over portions of the source
warndodisgrregions 504, 506 respectively. 5 A charge storagedape2@u@00050
comprising a hafnium-aluminium-oxidg-based material is formed on the
tunnel layer 508. A blocking layer 512 is formed on the charge storage

layesyel Boang dqaate lanehe ldindasnedanste hingkintladebrdine substrate

co in emory transistor structyre 590 in an example .
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embodiments described. In other embodiments, the thickness of the
R e, FoP R fible 6 PirtioPa i B r R Slo S AR on he
abduedidng 1apeA, the charge storage layer thickness may be in the range
from, but is not limited to, about 30 to 200A, and the blocking layer
thickness maﬁ befin the range from, but is not limited to, E]boutéao 30 to
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For example, it will be appreciated by the person skilled in the art that the
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present invention is not limited to the deposition techniques and/or dimensioning
25 of the memory gate stack structure of the embodiments described. In other

embodiments, the thickness of the tunnel layer may, for example, be in the

range from, but is not limited to, about 10 to 100A, the charge storage layer

thickness may be in the range from, but is not limited to, about 30 to 200A, and

the blocking layer thickness may be in the range from, but is not limited to, about
30 30 to 200A.

Also, the gate layer may be made from a different material including, for
example, one or more of metal, metal nitride, silicide or polysilicon materials. Also,
the charge storage layer may be formed from different hafnium-aluminium-oxide-
based materials, including e.g. (HfO2){Al0s)1x with x in the range from about 0.4 to

35 095



8 CLAIMS 1. A memory gate stack structure comprising: a substrate layer
comprising a silicon-based material, 5 a tunnel layer formed on the
substrate layer, a charge storage layer formed on the tunnel layer and
WORMSM8RTg7a hafnium-aluminium-oxide-based material, a bRSGKHEG184/640050
formed on the charge storage layer, agd a gate layer formed on the
blocking layer. 10 2. The memory gate stack structure as claimed in claim
1, whesqifs the charge storage layer comprises (HfO2),(A]203)11, with x
in a range from about 0.4 to 0.95. 3. The memory gate stack structure as
claimed in claim 2, wherein x is about 0.9. 15 4. The memory gate stack
structure ds clairhgugmanygate siéthestpaioeedingeisings, wherein the

tunnel |ayars%gfﬁﬁtg‘l%ﬁp&lﬁiﬂﬂriéi}‘x%ré?%ﬂﬁﬁa%@@ A4 silica-based
C Sth %tu,re as claimed in claim 4,

materials. 5, The. memary gate st u
wherein tﬁé%%Z%Y%éﬁ%% ?&%lea? d ?cB%eogﬁgl%rformed by rapid
thermal oxideligdfatesag® dles rfdsassd onatbeciupheliclaysrsande dageprising a

6. ThEREMMERieSEGdeSHALEY R Asaimed in claims 4 or 5, wherein
the blocking laygr camprises (S|(OC2Hs)4). 7. The memory gate stack
structure z?go i?axlghng(;i i %rr?)c/) rgﬁedgﬂcri\%ee %%(325%% %8 rg%?i?ev%%}éin the gate
layer comprasis gerdprmse o g iopking leyriprising a metal, metal

1onitride, siligide armh@eh&iieandartetar. Srubhgengsnasngtasiasin 1, wherein
strugtur lay i im herej material.comprise
S RS AR T ot R Oy R T8 o about
prefeting-8ims, wherein the memory gate stack structure further
comprisessa 30 TappHaghisyayatn dheigsiadayerad dlahedieaniry Yalterein x is
sta%gﬁg%gre as claimed in claim 9, wherein the capping layer
comprises TaN. 11. The memory gate stack structure as claimed in any

15one of clafins 1 td"EONGRERI9RR Sskisitialyertdsipined Dprgne of the
regprocadiagiciaimegdrersifCHz00bra8Byar A4n/dr 86 Heekiog M0 cBmprise one

or more silica-based materials,

431

5. The memory gate stack structure as claimed in claim 4, wherein
the tunnel layer comprises a silicon oxide formed by rapid thermal oxidation of the
20 silicon-based material of the substrate layer.
6. The hemory gate stack structure as claimed in claims 4 or 5,
wherein the blocking layer comprises (Si{OC;Hs)s).
7. The memory gate stack structure as claimed in any one of the
preceding claims, wherein the gate layer comprises one or more of a group
25  comprising a msetal, metal nitride, silicide and polysilicon materials.
8. The memory gate stack structure as claimed in claim 7, wherein
the metal material comprises HN.
9, The memory gate stack structure as claimed in any one of the
preceding claims, wherein the memory gate stack siructure further comprises a
30  capping layer on the gate layer.
10.  The memory gate stack structure as claimed in claim 9, wherein
the capping layer comprises TaN.
1. The memory gate stack structure as claimed in any one of claims 1 to
10, wherein the substrate layer comprises a source region and a drain region.



12. A method of fabricating a memory gate stack structure, comprising
the steps of: providing a substrate layer comprising a silicon-based
material, forming a tunnel layer on the substrate layer, 5 forming a charge
wetorEgsdayer on the tunnel layer and comprising a PCT/5G2004/006050
hafnium-aluminium-oxide-based material, forming a blocking layer on the
charge storage layer, and forming a gate layer on the blocking layer. 13.
The methpgl as alaiaddpd fonhere)athRreleyapbiciagk fyetuld) comprising
comprises (Hf02),(AlI203)1_., with x in arrange from about 0.4 to 0.95. 14.
Th'R &R hat as claimed in claim 13, wherein xis about 0.9. 15, The
method aproishinacpirubsraledafesianmerising 4 s1gprsharaf atRIRY layer
and/or thadptamig RonmyRY ReRSiIsthenreisstiermgdica-based materials.
16. The method as claimed | i whergi 1 s
5 comprisgiogrgﬁ'l%oar‘l Sﬁﬁcfg?o?%ﬁ%g;}%g%ﬁdgt}ﬁe@gz}ng%glt%‘zyjr% %%?ta#eéompnsmg 2
silidainberedminienmefmbasesnaiiBlyer. 17. The method as claimed

in claims drfingta BIbekrig tasbckisghaner sioragedap(SHBIC2H5)4).

18. The meth s clal | ims.12 to claim 17, 20

wherein Tkt%ﬁogg%n%%%ﬁ’(ﬁﬁggﬂggﬁgﬁ% ressyre I

chemical-J&por- e S B3, §ABRR Ao agvé&%% ghgrensigrage layer
10 ClaigampAses I BrOMEAGID Mg votie lapemogenipeisabordat mB&5of a group

comprisinga mefgl, MEAHidSs shibida Adpalvsllisaarerpiasialiod 20
The method as claimed in claim 19, wherein the metal mat r'atlc QSH“ riasr%% the

HN. 21. THe melhEdRes 2R Famesi NSy BPS0! WRGREINThe ghte ayer

is fourmediayiising/eptittes|deing iyer tehprige ese 2z e piisarbasgd materials.

claimed inygny oRgOfAlABY 1 Qe aieiihe 13) mAdiem futithainnel layer

comprises the step of forming a capping layer on the gate layer, 23, Ihe
15meFRIEPHSSS AnTEGR B4AR %ﬂﬁﬁg&iﬁg%%gﬁc]gﬁnﬂﬁnpgo ayeé{?mioo‘r%né)lﬁesgéﬁ 5 balsed

TaNngtdridllné threshbsiratediyiened in claims 22 or 23, wherein the capping

layer is forpped UiilisingeiRuleileBRAEID M teriMisg uesor 16, wherein the blocking
PCT/SGZOO4/OOO?§i?08%?iyed 09 January 2006
203504

o

jayer comprises
18.  The method as claimed in any one of claims 12 to claim 17,
20 wherein the blocking layer is formed ulilising low-pressure chemical-vapor-
deposifion.

19,  The method as claimed in any one of claims 12 to 18, wherein the
gate layer comprises one or more of & group comprising & metal, metal nitride,
silicide and polysilicon materials.

25 20. The method as claimed in claim 19, wherein the metal material
comprises HN.

21.  The method as claimed in claims 19 or 20, wherein the gate layer
is formed utilising sputter deposition techniques.

29 The method as claimed in any one of claims 12 to 21, wherein the

30 method further comprises the step of forming a capping layer on the gate layer.

23, The method as claimed in claim 22, whersin the capping layer
comprises TaN.

24. The method as claimed in claims 22 or 23, wherein the capping
layer is formed utilising sputter deposition fechniques.



10 25. The method as claimed in any one of claims 12 to 24, furthef,C 1SG2004/000050
comprising the step of forming a source region and a drain. reﬂg&w 89 January 2006
. Substrate layer. 26. A memory gate stack structure comprising: a S

substrate layer comprising a silicon-based material, a tunnel layer formed

on the substrate layer, a charge storage yer formed on the tunnel layer,

a blockin%éayer%%(med on the charge storage layer, and a gate layer _

formed orfthe bldekmethayers vikinteiiiheeh laver, comprises . .

an &mWmmi%uw%mﬁéﬁggﬁéﬂéﬁ:%%?%gfm er comprising

respect tg,ghe sﬂqgn';rt\)ased material compar_%% 1'%} ,béﬁﬂt%ﬁm’ﬁming a

smaller conduction band SHeS{Rith SUupEEe rerangsiion-based material

than AI203SSEIRG B Pomrivtmtingieompanen matgistack structure,

comprisirgyititeebtaps Mnﬁéeﬁgimgl%gqg{@}w%yer comprising a

silicon-baseg-raates ming a tunnel layer on’the substrate layer,

farming a QQQES,E g{ﬁ?ég%%é%gﬁ}?ﬁeofhm&mﬂ?yﬁfrming a blocking
layer on the charge Xor R en thaahtoemiigragedtsdayeion the
blocking fagele gher&xmiad chéngdistaiagalayer comprises an amorphous
material \enbiingna laggagpyal and, offset with respect to the
siliganphased qg?égfi%l-lgomp Eg%%iéﬁl{?faﬁarwﬁﬁﬁir%a SRimdous  material
conduction band o fSet Wi %‘b‘é&fﬁﬁtﬁ'@t%iﬁ@@ﬁﬁﬁaked?maﬁwmi-mﬂd material
AIZB3F3E PinEirAgatediiios trustuatos dontERBBRY AR P RRRIR: with respect 1o
deferigiapmvitasediersadsl tadhagogompanying drawings. 29. A method. 6F
fabricating a mg| k structure, substantially as herein o .
de&g?pgg with rggg&r?cik?o%ﬁﬁcggggr% PEAYRTY SREGHIRGS. hocrmenmpyising the
transistor structure comprising a memory gate structure, - substantially as
herein de5efifise wrnbeferelnetedhpRacgMRABYNSLALAMIRNS; Amended
Sheet -IRIBAYL tunhel layer on the substrate layer, :

. forming a charge storage'tayerlon the tunnel !ayér.

| forming a blocking layer on the charge storage layer, a'nd
forrning a gate layer on the blocking layer,

N wherein the charge storage layer comprises an 'amorphous material :
exhtblntinga larger valence band . offset with respect to the silicon-based material
compared to SisNg, and exhibiting a smalier conducﬁon ban . o

. the silicon-based material than A0,
28. A memory g_ate stack structure subs
reference to the accompanying drawings.
29,

d offset with respect to

tantially as herein descﬁbed‘With '

A method. of fabricating a memory gate stack

: . . structure, "substanﬁat! ‘
as herein described with reference fo the accompanying drawings | | y
30. ‘ g ’

' A memory transistor structure comprising a memory géte structure,
substantially as herein described with reference to the accompanying drawings |
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