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present invention relates broadly to a nenory gate
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menory gate stack structure. The present invention

will be described herein with reference to a gate
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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 aspedt of the present invention there is provided a
memory gate stack structure comprising: -
a substrate layer comprising a silicon-based materie?l,
a tunnel layer formed on the substrate layer,
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and/ or the bl ocking | ayer may conprise silica-based
materials. In one enbodi nent, the tunnel Iayer

conprises a silicon oxide forrred b%@ra pi d the mal
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enbodi nEig blogkiag fayaneamprispdSi(OGai)ses a silicon oxi de
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material of the substrate |ayer. ocklnglay
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the capfarming apec lﬁQy’gWrﬁﬂ theeharge stero<'a¥sh QY1 ayer
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The charge storage layer may comprise (HfO,)(Al203)+.x, With X in a range
from about 0.4 to 0.95. In one embodiment, x is about 0.9.
The tunnel layer and/or the blocking layer may comprise silica-based
materials.
In one embodiment, the tunnel layer comprises a silicon oxide formed by
rapid thermal oxidation of the silicon-based material of the substrate layer.
The blocking layer may comprise (Si(OC.Hs)s). The blocking layer may be
formed utilising 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 HiN.
The gate layer may be formed utilising sputter deposition techniques.



In accordance with a third aspect of the present
invention there is provided a nenory gate stack
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exhibiting a larger valence band offset with respect to the silicon-based material

compared to SisN4, and exhibiting a smaller conduction band offset with respect
to the silicon-based material compared to Al,Os.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments 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.



invention and in conparison with other nmenory gate
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4- Btriémre fokA¥e -4 YRSmory transistor having both an acceptable over-erase
characteristic, and an acceptable charge retention capability.
In order to obtain comparative data on the function of gate stack
structures for a memory transistor, four different memory gate stack structures
30 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 108, 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, SisN4 for a conventional MONOS
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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



characteristics, nanely those with Al 203, H Al O or

Si 3N4 as the respective charge storage | ayers (curves
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Figure 5 is a schematic cross-sectional drawing of a memory transistor

structure 500. The memory transistor 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 tunnel



tunnel |ayer also extends over portions of the source

and drain regions 504, 506 respectively. A charge
wat@sags2t ayer 510 conprising a PCT/SG2004/000050

haf ni um al um ni um oxi de- based, material is formed on

the tunnel |ayer 508. A blocking |layer 512 is forned

on the charge storage |ayer 510, and a gate |ayer 514
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exa le, it w appr eci at person skilled
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the nmenory gate stack structure of the enbodi nents
descri bed. In other enbodi ments, the thickness of the

tunnel |mpyies fﬁﬁégmrfgo‘meﬁ?h@ﬂpbeméh@oryngét@esfaéﬁgﬁrﬁdt&’ﬂé\ for e.g. a
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25 { pof I PR e STk, Shriotare 107 the. SBRBENENSOsBgied In other
0. dmbodithdifts, Anel filickhess Af TRETLNMNEIGe S hREK 16F EXEMBIE be in the

Corrgpr)]bgsgmlﬂ 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. (HfO,),(Al,03)1, With x in the range from about 0.4 to

35 0.95.



a substrate | ayer conprising a silicon-based materi al,

a tunnel layer fornmed on the substrate |ayer, a charge
wat@sags2t ayer formed on the tunnel |ayer and PCT/SG2004/000050
conpri sing a hafni um al um ni oxi de-based material, a
bl ocking | ayer forned on the charge storage | ayer, and

a gate | ayer forned on the bl ocking layer. 2. The

me M$at e stack structure as claimed in claimi1,
wherein the charge storage |ayer conprises
(HF2)c(Al2g 3)1-x, with x in a range from about 0.4
to 0.951.3. Phmemanoatapiack sturiWestonuising as cl ai med

in clai 'g‘s%bsi’?’gfaerlﬁ rh;?ns@#q)él%ullgoﬁ "baled quﬁl'@m)ry gate
stack structure a al med 1n any one o
Spr oceedﬁﬁgnmuﬁimfomm@d en the sibstrgimiayer,ayer and/ or the
bl ocki ng él?%ﬁéT%BFﬁ eP'?@rn?éd Sl Ele tdﬂn%fﬂ%eéhd comprising a

mat eri al' s gate stac ructure as
cl aafmdmaluroirwmwamdanh@s@i matenial, t unnel | ayer conpri ses

| f
The si 1 AEISEIEIEY Of fitheBin @R clial RS ERIGeHSTET ©F
The memérgatelaver farmeid en thedlegkingalayer. ai rred in clai rrs 4
10Or S, V"Qer ei ﬁ'h%h‘ﬁemo gb{égsﬂaEN%ErUEﬁ@%%sﬁéin{ﬁﬁ' ﬁq’%ﬁ#f wherein
)4). clal me

The menory stack structure as
an%emlaarge storegp ﬂmmmgor@eau(ﬁﬁ)z)&%i@sm -« Withe igeet eange from about
| ayef oGPdEPr i ses one or nmore of a group conprising a
metal, metal nitride, suicide and polysilicon
mat er i aBs. 8Th¢heememegte glack sttuciyle ag elaimagkip claim 2, wherein x is
cl ahgmpen claim?7, wherein the netal naterial
conprises HfN. 9. The nenory gate stack structure as
15 ¢l ai med4in afﬁheomerrmtgaée ﬁta@ge%tru@urel as elim@gdnedny one of the

th rdE:égB Wh%?éﬁn?ﬁé {4 Eé’lrlé‘yefr%ﬁ&‘aﬁ_ghe &MH & eracompnse one

cappl ng at e a er
st QERO $ILQ&bﬁs@daEaf@ﬂdﬁned inclaim9, V\,herel n the

cappi ngsg| aye“l‘h%"rﬁ@ﬁioﬁ?ﬁafga&ack structlipé a@PtHQi dgif|:’1t aalm 4, wherein

stack structure as clained 1n any one of
10theseneli layarreomniisss eailison Hyiske feaned by é%P'@ ﬂsefmabemdatlon of the

20 " CShiEh-BA A albALIL BRI lafbrTet hod of fabri cati ng
a nmenory gate stack structure,” conprising the steps
of : 6. The memory gate stack structure as claimed in claims 4 or 5,
wherein the blocking layer comprises (Si(OC;Hs)a).
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 metal, metal nitride, silicide and polysilicon materials.
8. The memory gate stack structure as claimed in claim 7, wherein
the metal material comprises HfN.
9. The memory gate stack structure as claimed in any one of the
preceding claims, wherein the memory gate stack structure 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.
11. 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.



providing a substrate |ayer conprising a silicon-based
material, formng a tunnel |ayer on the substrate

wo ays08872Dr mi ng a charge storage | ayer on the PCmee004/000050
| ayer and conprising a hafni gmal um ni um oxi de- based
material, formng a blocking |layer on the charge

storagelayer andform?%agatelaye h -
bl ocki n¥g-| ay@rmet_hlgd ofrfabriggting fgmeanqty g@[:ﬁegtap sirgs:ture, comprising

wh d e charge storage |ayer conprises
(Fe3

Al 20a) 1- X vmthxmarrange{ ?
o 95. mrov'ﬂlng astheimtetayer somprigingeisiticen: % ?ﬂu'I‘é‘ srial,
wher ei nfo?fmin‘g &Rl Qxy%r oft the Sl LIRS 9Er, aS cl ai rfed I n

any one_ of ains 12°to 14, Wherelntgl Iu
5 and/ or fonaing gcqzheﬂgeﬁig;@gecl@mrr padthg,inge rﬂ%eé an compnsmg a

S hifhRphaRANT-8idcBLIaseltnarkhe, method as clained in

clarm15, wherein the tunnel I|ayer g@grlsesaalllcon

oxi de ffarming aplackingdayeramie A OBPe AV el an
sili Confo%%dag%erayé} or?fhetﬂﬂéclﬁh@ eat e Iayer 17 The

met hod as claimed 1 n cl 6, where
bl ocki n§3 athednﬁwmsa,ﬁscl@@%mﬂ@) w}\ereﬂg theﬂ?@arpeq Riogage layer

as D/ 16 0.95.
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as clai gBd i FhafyetPB8 ARfcishRdTR ahy dne dF&laikerzeion 4, herein the

gate | ayer conprises one or nore of a rou ris
2 onal yarandlor e Piogking ByPIARPTEAQNBOY JEIT U basd Mierias

\fl‘\fhm er | ahtéh 2%;:?&@ fé@dclaﬁnéd an r@gind nsclvanéreimxhe tunnel layer
erein the netal material conpri
15 nepmgn%@ eIsiicrpPXide farmpedy 1Pt %%¢é|% ?P@eg%l'f“é’“ based
c n?rﬁgimg@ggstkgﬁé hdygtr Egdsput t Ier dep03| tion
. e nethod as ¢la one
cI ai ms 12- t o T9e, MgHMadedsh claimedi ﬁ%ﬂ“?uﬁﬂ%ﬁgclﬁwﬁﬁ'gég‘e blocking
th@aygpgd}mgﬁsegggf@%g‘})cappl ng layer on the gate |ayer.

laimed in claim?22,

cappi ng 'Payert h@o??ﬁtl%%§s1%\ﬂ‘“e§4'“ TG ohet Hoparte Hatgregiam 17

201 NHeREIAB 2 Blbcking 1MRT & MoridRl GAgIhG Jlolvayressurs chemical-vapor-
formed utilising sputter deposition techniques.25. The

nmetdBBRFIES. cl ai med in any one of claims 12 to 24,
furt her 19o0nPriing MetHodeassigina mfanymrregofaclaumu {2ta ¢g)jwinerein the

and a drain region in the substrate ayer metal. metal nitride,
gate layer comprises one or more of a group co prising a
silicide and polysilicon materials.
25 20. The method as claimed in claim 19, wherein the metal material
comprises HfN.
21.  The method as claimed in claims 19 or 20, wherein the gate layer
is formed utilising sputter deposition techniques.
22.  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, wherein the capping layer
comprises TaN.
24. The method as claimed in claims 22 or 23, wherein the capping

layer is formed utilising sputter deposition techniques.



26. A nenory gate stack structure conprising: a

substrate | ayer conprising a silicon-based material, a
wo vsess7kayer formed on the substrate | ayer, aPChaez®4/000050

storage | ayer forned on the tynnel |ayer, a bl ocking

| ayer fornmed on the charge storage |ayer, and a gate

| ayer fornmed on the bl ocking |ayer, wherein the charge

- st or age 3BayerTheomsithase @s aglaimedr iphatyg angt ek iclims 12 to 24, further
ex iRtk r C f e
X Eighéllﬂg_tﬁe E@E% f(c)imrrb§% &uf’éég%lgrpf?)gr A ?\g\'éélf? éi@?lpgﬁ%he substrate

to I con- base eria
exHdysting a small er conduction band offset with

respect éftpﬁgﬁ'ﬁ%f?ﬁ%@e‘%’ésmt% é’émblri’élﬂ Al 203, 27.

A net ho a menory gate st ac%'_structure,
Sconpri siangphsrats laype campriging @isilloeg-hesed iratetale | ayer

COMDI i Siginfefil b RAMBABAIhIBEIAL 1ayefr T NG @ t unnel

| ayer on the su € layer, tormng a charge storage
| ayer ore eharge stavage layge formedran thg tunngl dayerng | ayer on

the Char{ﬁoéﬁiﬁ%ﬁ%r‘f& a ot dHal 'Ql%ré’gséglé & 'aﬂ}ﬁer on

t he bl ocking erein the charge stofage [ayer

conpr i seéxsgaia layayfomaed onthecblogkinglayebi t i ng a | ar ger

val ence \band: 0 | | lj.cans :
mmat eri al co%%qaﬁie;%{hg\%sél %msagﬁ%)t’%iﬁ?@,aﬁ ?%ég derl' %@aﬁ@‘?ﬁ material

corexbibitingha laiger wileses band pifselgyjticiespect:thdhe silicon-based material

si ldot 03888, FBt Sid é&hibﬁ\ﬁglaﬁénﬁ%ﬁ c%ﬁduéyg@g%}‘lf o Wﬁ\{iw respect

stack 'structure substantia s herein
r eftethengiicanybasrd materighthan NeCdr awi ngs. 29. A met hod

of fabrigati I Y O S r
FAtl g %ﬁ?@éi }r%f d%?@??t[,r@ﬁ ke\WI %e‘t‘ﬁé Qate stack structure,

substantially as reference to
15t hecomrisingaihgistepsiefawi ngs. 30. A nenory transi stor

fte; :‘r:teﬁrégo\t/igh‘l?ﬁie é‘tﬁal%:ég%]té ¥a Fc&ﬁgﬁéiﬁ? desidoheW hiterial,
forming a tunnel Iayr/rgraonytlhggsubrs’?ater}g;ér,
forming a charge storage layer on the tunnel layer,
forming a blocking layer on the charge storage layer, and
20 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
compared to SizN4, and exhibiting a smaller conduction band offset with respect
to the silicon-based material than Al,Os.
25 28. A memory gate stack structure substantially as herein described
with reference to the accompanying drawings.
29. A method of fabricating a memory gate stack structure,
substantially as herein described with reference to the accompanying drawings.
30. A memory transistor structure, substantially as herein described

30  with reference to the accompanying drawings.



