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| NVENTI ON [ 0001] This invention relates to

m cr oel ectronmechani cal systens devices. In particul ar

it relates to thin filmstructures in
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generally considered to be too weak in the macroscopic world to be harnessed, are strong

enough in the microscopic world of MEMS devices to activate these devices, often at

high speeds and with low power consumption.

[0004] Materials used in MEMS devices are generally selected based on their
inherent properties in the optical, electrical, and mechanical domains and the

characteristic response to input, such as for example, a driving or actuation voltage.

[0005] One problem affecting the fabrication of MEMS devices is that in some
cases, a material having a highly desirable response to input, for example an optical
response to incident light, may also have an undesirable response to input, for example,
an electromechanical response to an actuation or driving voltage. To overcome, or at
least reduce, the undesirable response, new materials have to be found or developed

often at great expense.
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2; [0009] Figure 4 shows one enbodinment of a thin film

BRIEE DESTCREPNIOW Ol YHEDRAWINGSor dance with one
enbodi nent of the invention; [0010] Figure 5 shows a

hysteresis curve for a . device jnaluding the thin
00T " Eieare s oy PGk iaradt of S e ite n Sgtnpemiated,
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or a MEMS devi ce; 0012] Figure 7 shows a hysteresis

curve for a MEMS device including the thin film
[0008] Figure 3 shows a chart of the actuation and release voltages for the MEMS

device of Figures 1 and 2;

[0009] Figure 4 shows one embodiment of a thin film stack for a MEMS device, in

accordance with one embodiment of the invention;

[0010] Figure 5 shows a hysteresis curve for a MEMS device including the thin film
stack shown in Figure 4 of the drawings;

[0011]  Figure 6 shows another embodiment of a thin film stack for a MEMS device;

[0012]  Figure 7 shows a hysteresis curve for a MEMS device including the thin film
stack of Figure 6 of the drawings;

[0013] Figure 8a shows a block diagram of an electrostatic fluid flow system within

a MEMS device in accordance with one embodiment of the invention;
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stack of Figure 6 of the drawi ngs; [0013] Figure 8a

shows a bl ock diagramof an electrostatic fluid now
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enbodi nent of the invention; 2 WO 2004/ 026757

PCT/ US2003/ 030016 [0014] Figure 8b shows a schematic

drawi ng, of the fluid flow systemaof Fi. e 8a .
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i ncludes a transparent |layer 12 and a reflective |ayer
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el ectr tic displacenent of reflective |ayer
Figure 1 shows the reflective layer 14 in an undriven
[0618]undiThp MEORY dexterdli @ ineladesvhrusparentipyrirld andgeflectivp dayer 14

wféjgﬁ lbsiesfp%cléq\élefréfﬁ éﬁz“e: g%ﬁsgl(z:t{]elng lg%lj fﬁelyy & ai{:j ézﬂ)oiéaoﬁge transparent layer 14
is supported on posts 18 and is electrostatically displaceable towards the transparent
layer 12 thereby to close the air gap 16. An electrode 20 which is connected to a driving
mechanism 22 is used to cause the electrostatic displacement of reflective layer 14.
Figure 1 shows the reflective layer 14 in an undriven or undisplaced condition, whereas
Figure 2 shows the reflective layer 14 in a driven or displaced condition. The reflective
layer 14 is generally selected to produce a desired optical response to incident light when
it is brought into contact with the transparent layer 12. In one IMOD design, the
transparent layer 12 may comprise SiO,. The electrode 20 and the transparent layer 12
are formed on a substrate 24. The substrate 24, the electrode 20, and the transparent

layer 12 thereon will be referred to as a “thin film stack.”



| ayer 14 is generally selected to produce a desired
optical response to incident |light when it is brought
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| MOD design, the transparent |ayer 12 nmay conprise
Si 02. The el ectrode 20 and the transparent |ayer 12
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reflective display to keep the reflective layers 14 of each respective ]MOD device 10

within the reflective display in its driven condition. The reason for this is that each
IMOD 10 within the reflective display may have slight variations, for example,
variations in a thickness of the layers 12, 14, etc., which, in practice, result in a different
release voltage, V rejease, for each IMOD 10. Further, due to line resistance, there will be
variations in the actual voltage applied to each IMOD 10, based on its position within the
display. This makes it very difficult, if not impossible, to select a value for V ;s that
will keep the reflective layer 14 of each respective IMOD 10 within the reflective display
in its driven condition. This is explained with reference to Figure 3 of the drawings,
which shows the observed hysteresis behavior of the reflective layer 14 of an IMOD 10,

in which the transparent layer 12 comprised SiO;.
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reflective display to keep the reflective |ayers 14 of
each respective MDD device 10 within the reflective
wale@plozsysin its driven condition. The reason fBCT/UR2083/030016
is that each IMOD 10 within the reflective display
may have slight variations, for exanple, variations
in_a thickness of thelayers 12, 14, etc, ich,.in
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l'ayer returns to its undriven condition when the

appl i ed voltage falls to below 12.5 volts
lomle ase, loguddrdo scde® albiis that iprsyfficieniéo k@pltb‘tteifkv@twedwr 14 of

o PP EDMGH RIS §p Gl Sl 4 RAPAon i
netBRuSTfoF €achiréfléchie la@rfai L6 despshicepd HMOIBdév&?duIIOC\aiﬂad the
using |I1VIOD devices 10, each conprisin

refleiivs ghspiavtio (dgyepstise somg drgrestyhysprssts, ¢ &ingg g gmgzero
| ect val ue for V bias. For exanple,
dl?f%@éﬁ%%g?éﬁgéﬁe 181°R V "D&°12.5 volts, because of
variations wthin the II\/DD devices 10 in the
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thE R @t/ RerCangdi WPk thé BledBikallplostiié oftthe @aispﬁtentaayér 12. In
bias that is sufficient to keep the reflective | ayer
onepagticular IMOD device design, the transparent layer 12 comprises SiO; which gives

a desired optical response when the reflective layer 14 is brought into contact therewith.
However, the transparent layer 12 comprising SiO; has a certain electrical characteristic
or property (the SiO; traps negative charge) that affects the hysteresis behavior of the
reflective layer 14. Thus, the transparent layer 12 has a desired optical response but an
undesirable electromechanical response to a driving or actuation voltage which affects

the hysteresis behavior of the reflective layer 14.

[0025] In accordance with embodiments of the present invention, the

electromechanical behavior of the transparent layer 12 is altered by adding a further layer
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a respective I MDD device 10 within a reflective

display inits driven condition, it is necessary for
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of the reflective layer 14. Thus, the transparent
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for the effe of transparent layer 12 on the
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transParent layer 12. This results_ in a thin film

the feflaetivodiselay fbikndi yeneogdifien.ainpt further ergbogdimpgicof the invention,
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ective
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[0028] Figure 7 of the drawings shows a hysteresis curve 80 for a transparent
layer 14 of an IMOD device 10 having the thin film stack 60 shown in Figure 6 of the
drawings. As will be seen, the hysteresis window is now wider, i.e., 4.5 volts, being the

difference between Vctuation (9 Volts) and Vigjease (4.5 volts).

[0029] However, other materials that have a high charge trapping density may
be used. These materials include AlOy, which is the off-stoichiometric version of Al,O3,
silicon nitride (SisNy), its off-stoichiornetrie version (SiNy), and tantalum pentoxide
(Ta;05) and its off-stoichiometric version (TaO x). All of these materials have several

orders of magnitude higher charge trapping densities than SiO; and tend to trap charge of
6
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version (TaO x). AII of these materials have several
[0082fer s of Insagrei embobdinhingd e imimqrog&tidnrcffpmmig, id ¢hesformed thin

than Si 02 and tend to tra 004/ 026757
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of rmterl al s that have a high charge trapping density
[0083] ude According to another embodiment of the invention, an IMOD device 10

includes a chemical barrier layer deposited over the reflective layer 12 in order to protect
the reflective layer 12 from damage or degradation due to exposure to chemical etchants
in the microfabrication process. For example, in one embodiment, the transparent layer
12 which comprises SiO;, is protected by an overlying layer comprising Al,O3, which
acts as a chemical barrier to etchants, for example, XeF,. In such embodiments, it has
been found that when the transparent SiO; layer 12 is protected from the etchants,
nonuniformities in the SiO2 are eliminated along with attendant nonuniformities in
electromechanical behavior, thus causing the transparent layer 14 within each IMOD

device 10 to display hysteresis.



the rare earth netal oxides (e.g., hafniumoxide), and

polyneric materials. Further, sem conductor materials
walope2d767 trap ei ther negative or positive chaPgBUREY3/030016

be used to formthe further |ayer above, and

optionally below the Si 02 transparent [ayer 12. [0031]
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ink uﬁgs{) i 1gnerq§)a rbg o\f“a 1r %?atg-iacf mc%dis ?%R;é@@tfor example becauae of its

onechani cal Havi or
cleligitnd HREBaA]}cal ptropémieS dohadinphs) tise mhlenalnﬁ-gr popatieudaly wear-
of metals, in the formaof thin ers or aggr.egat.es,
reﬁtﬁf@m aed ay damenstiete liie ﬁaw@%op&we?% 2 I Wikl the

fti Ilg gtle hahel %lg@ﬂﬁwﬁé!%ﬂ mﬁ?ﬂi]?%r 9f8'vtf}{ﬂ:ﬂ 3 s@le%r 15, charge-

tructurin ost by producing voi
trappingy wrapértics, as wak baexplaine:ﬂ inpredterdietiithelom its materi al
characteristics may also be used to alter the charge

(OBR0G: nen GRSt in Pt o oo PREDS g pigs S dectiaes
100rldudesviaciese rgu@aivegaéﬂerg%ect 18 ¥ eliselRilitetnelt GPeBhrge Harticles

reflective layer 12 in order to protect the
within|agifuid ethe & @mell% mrtbm@mgenﬁpat%@y theatronnl Wuia Figyre 8b
oﬁﬁ@&&%ﬁgs %8H§£ﬂ18$dlm%£tc Ha%%?er n@% - b ‘&a& &{a%eaiﬁrtﬁ&ﬁﬁlh?&reby
0cess.“ For di

totpra\nde giregtet coranod bf ﬂﬂlﬂ flolw wtthmcth@ syssams 1. O, anbther embodiment,
protected by ap overlying |ayer conprisin

thghaver08 Hey &ren eharee Fupienid ShafRate pr toaeew&ﬁlg(ﬁf@gesweéteﬁs

exanpl e, XeF2. In such enbodinents, it has been found

[oosAt whe nR&fEﬁmtngﬁQﬁtB@igtﬁE 9%f O drﬁ%ﬁ{gs 1a¥1oth%r gﬁlﬁfcﬁﬁ&?@f using a

fromthe etch ants, nonuniformties in the 02 are
chatgerfirappineiagdrdo gltenithhrelactramethanical debaviorfm stiuetre within a

Mﬂl\g% g% ggegﬁt% ﬁg]vlgé:/gtn ]ﬁ’%@r\% e F]ef%‘elté u unil% 2B%e£erglly Ebhctates a motor
cotsidinya foystieR &diich is Gxially aligned and spaced from a stator of 124. As can
be seen, the stator 124 is formed on a substrate 126 and includes electrodes 128, which,
in use, are energized by a driving mechanism (not shown). The rotor 122 includes a
cylindrical portion 130 which is fast with a spindle 132. The rotor 122 may be of a
material that may be selected for its mechanical properties, including resistance to wear,
but may have undesirable electrical properties in response to input, such as when the
electrodes 128 are energized in order to cause rotation of the rotor 122. In order to
compensate for these undesirable electrical properties, layers 134 and 136 are deposited
on the rotor 122 in order to effectively act as a charge trapping layer to alter the

electromechanical behavior of the rotor 122.



WD 2004/ 026757 PCT/ US2003/ 030016 [0034] Figures 8a

and 8b show anot her application within a MEMS devi ce
wok@r®e2415a charged trapping layer is used to cPOI/ISL003/030016

the el ectromagneti c behavior of a structure within

the MEMS devi ce. [0035] Referring to Figure 8a,

reference nuneral generally indicates a portion

[0938le| ect rdkhonshdhg mrﬁssealt mvshia kas been deseripgdawith a%fﬁraflvecto
O IS LU B P bl

chahgasroah b8 dnadk te thestesmizndlimente |w1ﬂhayledep9161ngffrom fheﬂmbader spirit of

mat er |, al h.i.s selected, for ex ecaus

the fryentipnag %?5? orth {8 theHHmS: ﬂcc@%@ﬁ%gm 8?0% F‘%fmgs are

totﬂé%egm&ﬁh% iMBYralfe RAES faBidr Man)in We&rictiveSbieant , and
may denonstrate little degradation due to the flow a
fluid within the channel. The channel 94 al so
i ncludes an outer |ayer 98 which is selected for its
charge- trapping properties, as will be explained in
greater detail below [0036] The electrostatic fluid
fl ow system 90 al so includes pairs of electrodes 100
and 102 which are selectively energized to cause
di spl acenent of charge particles wthin a fluid in
the channel 94 in the direction indicated by the arrow
104 in Figure 8b of the drawings. In one enbodi nent,
the outer layer 98 traps charge in the fluid thereby
to provide greater control of fluid floww thin the
system 101. I n another enbodinent, the |ayer 98 may
trap charge in order to elimnate or to reduce
hysteresis effects. [0037] Referring nowto Figure 9
of the draw ngs, another application of using a
charge-trapping layer to alter the el ectromechani ca
behavi or of a structure within a MM device is
shown. In Figure 9, reference nuneral 120 generally
indicates a notor conprising a rotor 122 which is
axially aligned and spaced froma stator of 124. As
can be seen, the stator 124 is formed on a substrate
126 and includes el ectrodes 128, which, 1in use, are
energi zed by a driving nechani sm (not shown). The
rotor 122 includes a cylindrical portion 130 which is
fast with a spindle 132. The rotor 122 nay be of a
material that may be selected for its nechanica
properties, including resistance to wear, but may
have undesirable electrical properties in response to
i nput, such as when the



el ectrodes 128 are energized in order to cause
rotation of the rotor 122. In order to conpensate for
wo b@gmaratlesi rabl e el ectrical properties, | ayePGI/lIS2003/030016
and 136 are deposited on the rotor 122 in order to
effectively act as a charge trapping layer to alter
the electronmechani cal behavior of the rotor 122. 8 WO
IR G0 @AVIVISPCT/ US2003/ 030016 [0038] Al t hough the
present 1 nvention has been described with reference to
speci fic exenplary enbodi nents, it wll be evident
Itaglpimede vari ous nodificati on and changes can be made
to these enbodi ments without departing fromthe
Lpr oademetheil oy fabricating e migasiaciremeelianical systamsfaviees he
|aj tdingly, the specification and draw ngs
ﬂ%ﬁgaﬂ§qu§§%%gg%rgeé in an Pllustrative sense rathgr
t han fatticatings fiest tdyiev eorimtisigg at9eddCod00 RAGTDHA characteristic
PCT/ US2003/030016 IN THE CLAIMS: It is claimed; 1. A
clggirorperhapalragponses Rt charagteristic optiea! erpepsenagiem the
¥ & Ggﬁéa‘i Cosporldds a@sﬁﬁaﬂ]@ ah@ MY dhatadih 'stfi(ﬁa%t?cﬂﬁédﬂgmeal
I rst Tayer conBr|S|ng at least one f|Ph1 aving a
resparsads wrdesitabte; ard ect r omechani cal response, and a

charact.eri stic . optical. response, wherein th
char BoHdyRgthectgfelEitic PEORE D e Tegionstpidhe et fayer by at
cSRNRe &fatg%t‘duﬂdgﬁ gfetdof MmN Ak EAkion bEERUMER eledtromechanical
undesirable; and nodifying the characteristic
systeses deyimschani cal response of the first |ayer by at
controlling charge buildup thereon during activation
of the mcroel ectromechani cal systens device. 2. The
2et hgHe fkthol aif Blaim 1\MvBERInconabllinglchingg bahdumeontises Bbricating

conpri ses fabricatiga_ at - | east one second | ayer_ on or
atdlggsh enmiccopblayerran on agiasent theErst layers the sgpad lppgrigingrofa

RS i diahadsbaps charge.

3. The method of claim 2, wherein fabricating the at least one second layer
comprises fabricating two second layers such that the first layer is sandwiched between

the two second layers.

4, The method of claim 1, wherein the first layer comprises SiO, and the second

layer comprises Al,Os.

5. The method of claim 1, further comprising fabricating a displaceable layer which
is electrostatically displaceable from an undriven condition in which it is spaced from the
first layer by a gap to a driven condition in which the gap is at least partially reduced,
wherein an activation voltage required to displace the displaceable layer to its driven
condition is greater than a bias voltage required to keep the displaceable layer in its

driven condition.

6. A microelectromechanical systems device, comprising:
10



3. The nethod of claim2, wherein fabricating the at

| east one second | ayer conprises fabricating two
wa@ewafneb75ayers such that the first layer is sapdmsivesio3ooie

between the two second layers. 4. The nethod of claim

1, wherein the first layer conprises Si02 and the

second | ayer conprises Al1203 5. The nethod of claim

1, fafirhiéyeséRprising fabricating a di spl aceabl e | ayer

Wi Chy 10dsP ofed %I‘&{)ﬁc?ﬁs’étn dn\‘l:\ﬂjl Jg ac?zitlt%ﬂé AfsE Pd?flglg v&ff]{eggr?ri]ﬁ t@%g second layer

undriven con on-i 'S spa
isfdfrashatérial daviny aaxhaap ttappiag densityrio owmgivldte pharge bildup on the first
the gap is at least partially reduced, wherein an
laye% i vati on vol tage required to displace the

di spl aceable layer to its driven condition is greater

than a bias voltage required to keep the di spl aceabl e

7] ay efThé mi¢roelectchmechanicdsyisteme devies oficlaim 6 wherein the charge

m croel ectronmechani cgl syste vice, C ri.sing;...1
5 B GO 6 B IR RIRY0 S TBOER 1 ot P b 1y fgd reduce
chdrgd BARupQAChSBRPNGet. ayer on or adjacent the first

| ayer, erein each second layer is of a materi al

having a _charge trappi ng density to ni pul at e, char ge
8pui | afg@)nlém@lﬁfgtrqrmcb&%cadgyﬁﬁms deviqqaf claim &, comprising twd second
1:%&'&1%%'0?%1!0%@‘%8 Qﬁﬂkﬁégﬂ the ¥ods ?;ifgr ARYdvehvath. cl aim 6

erern e charge rappi ng "density of each second
| ayer is such that it acts as a charge trap to at

| east_ reduc charge buil du n.the.firsg layer.. 8

Ihe. HheREEPEEEFONEEARARCIHeEs dPUREoRRILS wreran fhs figt laver
c gﬂé'e!s %'i@}tlalﬂvlﬁe %GQ@filyells%ﬁﬁoﬁséjAﬁz@.sed so as to '
sand he first

W ch | ayer therebetween. 9. The
m croel ect ronechani cal systens device of claim6,

erein the first lLayer, conprises Si nd t e
1Py eree abar e haoRiCa SR RnEF oLt Tl (RERR e
s&bhal RiYersdRYihe 8 fiin stdcki Ad%he Wheéeiufthé®niprisesd a di’placeable layer

second | ayers define a_ filmstack, and the device . .
wihigh ip electeenigiicrly displageabl tiema 4B uadriygpegondition, in which it is spaced

from the film stack by a gap, to a driven condition in which the gap is at least partially
reduced, wherein an actuation voltage required to displace the displaceable layer to its
driven condition is greater than a bias voltage required to keep the displaceable layer in

its driven condition.

11.  The microelectromechanical systems device of claim 10, wherein the film stack

and the displaceable layer define components within a interference modulator.

12.  The microelectromechanical sytems device of claim 6, wherein the at least one

second layer acts as a barrier to protect the first layer from damage due to etchants.

13. A microelectomechanical systems device comprising:
a layer including SiO,, and

at least one layer comprising Al,O3 on or adjacent the layer comprising SiO»,

11



which is electrostatically displaceable from an

undriven condition, in which it is spaced fromthe

wo doaiosd7ark by a gap, to a driven condition i nP@IUSIV03/030016
the gap is at least partially reduced, wherein an
actuation voltage required to displace the

di spl aceable layer to its driven condition is greater
than a bias voltage required to keep the displ aceabl e

1hayefnd ﬁncrb&l%ct{ch é’cﬁQmE&l@ étEI'nQ Hev1ée10f cliy g} 13, comp: r1s18g two layers

m cr oel ect romechani cal stens devi ce

ofvAkOeidisposed sbiak ho &tndwkch thenthyethef SiOsﬂiembetmdea | ayer
define conponents within a interference nodul ator. 12.
The m croel ectromechani cal sytens device of claim6,

13her Al fickdiectonleBRificad B tenS RIS cbﬁ%avsmgct s as a
ro

barrier to protect the first |ayer m damage due to
et chaptusality 8f elAlmiltﬁr ench having Aeeomannad |tha§ issaleaimosigticallye

%gﬂ%a'bfé MWeenaan |nc (g n81% NG at |east one

er conprisi n ace ?he | ayer

conpra dilvivgs lﬁb&%msnilfb dﬁ@y%%ﬁﬁﬁﬁﬂ SaltdYe 6 Uepheh &R @9 digplace its
14. The mcr oeI ectronechani cal . systens, device of claim

regpectiye Gpmpanend fromoity updaiven coaditionstg ats giriy g senditien., g8d foppply a
bW él‘éqo Lis él@rﬁ@ﬂt 10k e?' 1&%6%{)'3@6\532{5)}9@%%@11t il Phe (ﬁ’lven condltlon

i cr o0&l ectronechani cal syst e conpri sing

whkreirathe tytuatfiorevatage issgresartharhihe ibieg valtagaponent t h at i's
el ectrostatically displaceable between an undriven
and a driven condition; and a driving nechanismto

18pp! rh@ﬁn&s&wa}drﬂ&hmu@ ﬁe&?d@ﬁé‘é‘oi@dlﬁﬁ?ﬁ wikrdth sRhdF the
its respectlve conponen fromits undrlven condition

clements soniptisesra lostetésis windowied at loash BpYydedined aaibV il 8 Yevtcase. ] X

ement {0 tive co one
106 3t Sireeonin b st EprbRaer BRE G SBRE G pigdne
displaggabRi1eyertrb@thstib &s Rhddveri@bbdigien. 16. The
m croel ect romechani cal systens device of claim 15,

wherei n each of the elenents conprises a hysteresis

i nd _ . ,
B e e
elenlehiagach dﬁﬁileunéhteﬁ‘etendsanadlﬂabeqma‘tﬂé tonfeiledt ligheof a certaln
wavgjglageable | ayer returns to its undriven condition.

18. A microelectromechanical systems device comprising:

a plurality of interference modulators, each comprising a reflective layer and a
transparent layer which is normally spaced from the reflective layer by a gap
corresponding to an undriven condition of the interference modulator, the reflective
layer being electrostatically drivable towards the transparent layer to at least reduce a
height of the gap, corresponding to a driven condition of the interference modulator; and

a driving mechanism to drive each interference modulator to its driven condition
wherein an actuation voltage required to drive each transparent layer to its driven
condition is greater than a bias voltage required to keep each transparent layer in its

driven condition.

12



17. The m croel ectronechani cal systens device of claim
15, wherein the plurality of elenents each define an

wo paoe0t@sence nodul at or operable to reflect |iptt/usfoozo3o016
certain wavel ength. 18. A mcroel ectronechanica
systens device conprising: a plurality of interference
nodul at ors, each conprising a_reflective |ayer and a

1. r anBhsamigael Mv&wm% Sysée%qiemq qf claimcld Whersif ¢ash

A LR ep BRI o g

umsﬁhemnmﬁ&eﬂ&mwehwbalng el ectrostatically dr|vable
towards the transparent |ayer to at |east reduce a

hei ght of the gap, corresponding to a driven condition
20 TR M&@élé&fo%%ﬁarﬁ@ﬂ YR deviiib il 14, RBeFREORRAT SM
to drive each interference nodulator to its driven
lntemcfdrmcc)modwh@lr eompases awo gharge trapwihg fayersrdisposedosd asdo sandwich
tdr| e..each t arent | ayer to its driven condition
hF§ﬁ%?8§? "W5F%s voltage required to keep each
transparent Iayer inits driven condition. 12 WO

2004/ 026757 PCT/ US2003/ 030016 19. The )
2hi cr Bleg wéarfesense madulaier of plaia s, wheteiethe frapsparent lager comprises
) I @tor conprises a
Sl\eﬂarggﬂ%tcf%g%% traBB {ng lé%E g%g%%ggﬁbé ween t he

transparent and reflectlve | ayers. 20. The mcro

el ectronechani cal systens device of claim 18, wherein
each intereference nodul ator conprises two charge
trapping | ayers di sposed so as to sandwi ch the
reflective | ayer therebetween. 21. The interference
nodul ator of claim 18, wherein the transparent |ayer
conprises Si02 and the charge trapping |ayer

conprises A1203 . 13
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