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FI ELD OF THE | NVENTI ON [0001] This invention relates to

m cr oel ect moveivedsral systens devices. In  particul ar perieiiseholso thin
filmstructures in mcroel etronechani cal systens devices and to

el ectronmechani cal and optical responses of such thin filmstructures.
BACKGROUND OF THE | NVENTI ON [ 0002] To i de vari ety of

i or 06l 6ct r omecha ONIRAIaNE LA O AMEE M BRAAVIOR 08¢ e usi ng

m crof abri cat SPRUCHURES WEFHIN AMICRORLHC'¥RO iCeesTIHNisude motors,
punps, valves, switches, sensors, pixels, etc. [0003] Oten these MEMS

devi ces harness principles and phenoREYACE: om different domains such as the
optical, electrical and nmechanical domains. Such principles and phenonena,
while seemingly difficult to harness in the macroscopic world, can becone
extrenel y HELD OF THEENNMENTIOMNpi c world of MEMS devices, where such
phenonena becone magni fied. For exanple, electrostatic forces which are

general |y gaggj der edria iﬁ%nﬁﬁ?l;@#?&?:lfo E&r&éf&tﬁ&%ﬁl&ﬁfcﬁp%ygte%ghkﬁﬁfgpggsi ces to

har nessed, "aré”strong  é&noug he m croscopic wWor
activat e t hpegienkiei rdatss todhindfimatructives in mpeebttromechanicahsysiems devieds and

consunption. [0004]. Material s. used in %) %ﬁ%’i es, are generally sel ected
based on tH‘éF’]%"m?"P#‘fB?Dé‘??? aﬁ‘f‘%‘%@ ﬁe%n?eﬁl‘\’/gﬂ'@h ;ﬁirgpfrucgﬁlrggt rical, and
mechani cal domains and the characteristic response to input, such as for

exanpl e, a BACKGROUNDZOF (IHE OINVENTIGYe. [0005] One problem affecting the
fabrication of MEMS devices is that in sone cases, a nmaterial having a

hi ghly desi e res ﬁ]@,ea ' 8,5 ' ponse to
I nci dent | i[g‘?ﬁa"!l may g?s ‘g@gwglﬁa%%f eshe%?ém% es pg?\l%g;t%%gm]%@ for exanpl e,
devices may be fabricated using microfabrication techniques. Examples of these MEMS

devices include motors, pumps, valves, switches, sensors, pixels, etc.

[0003] Often these MEMS devices harness principles and phenomena from
different domains such as the optical, electrical and mechanical domains. Such
principles and phenomena, while seemingly difficult to harness in the macroscopic
world, can become extremely useful in the microscopic world of MEMS devices, where
such phenomena become magnified. For example, electrostatic forces which are
generally considered to be too weak in the macroscopic world to be hamessed, are strong
enough in the microscopic world of MEMS devices to activate these devices, often at

high speeds and with low power consumption.

[0o004] 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 voliage.

[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.



an el ectronechani cal response to an actuation or driving voltage. To
overcone, or at |east reduce, the undesirable response, new nateri lﬁARhﬁWa
to be found or devel oped often at great expense. 1 2 0 MAR 2007

2004/ 02675 WweEabins2903/ 030016 [ 0006] Anot her probl em wi elTissnokadaviscat i on of
MEMS devices is that sonetines, a material selected for its characteristic
response nay becone damaged due to exposure to chem cal agents used during
a particul L,crofafri catio rocess..,.Ihi s he material to

denonst r at 2{0P s of M&fﬁ%@ﬁ@&w&g%é&wgﬂ?&m&?@%ﬁ&ﬁ@ SUMVARY OF
THE | NVENTI doMetifties) Aenadrad 16686 for 1t81chatdaicEiRtid 1@shopsmbpiBsomeMainagd duer
fabricating a mcroe] ectronechanical syste devi ce., The net hod_conpri ses

fabri cati ngo&<pIsPisto Fhgiral ageniphscd drgne pAfoRias migofabeictaPreqersn FBiSi ng a
char act er i Stahges AleSfitEr TR Db Rhte 1RS HONRS SharachiBires s 86 inphi. C 0Pt i cal
response, wherein the characteristic optical response 1s deSirable and the
characteristic el ectronechani cal response is undesirable; and nodifying the
char act er i SYYMMARYQOB HHELEXVENTIO® ponse of the first layer by mani pul ating
charge build up thereon during activation of the mcro el ectromechanical
syst ens devinGfe cRRbdEReRESC RV e FnBRNGS 0807 Figures 1 and 2
show a bl ock diagram of " a MEMs device in an unactuated, and an actuated
stat e respewicrogtectiompchanig)] systerns devices Hdpmethod isarmpriess faivisating afust layerand

I I . ' ' o I ' 4
Shows. one. eAEaERing Hath e sbehlied A i ek e o B cChan APl 007 0 e
with one endndchichemttendtictoptical nasporiseomherdif Git@Chakctgristie optiei oespome s/ st er esi s

,f lﬁrevgr ;\?\n-r ngxge!g/l%alt\é%e aql%\ﬁlec S:lalrar(]:gelnlégcla agcutorﬂ:%c a%crf}l IfBISIlOrITl]SG %tugggskgﬂg;vgqnd In:rtlod@yglér e 4 of

the characteristic electromechanical response of the first layer by manipulating charge

build up thereon during activation of the microelectromechanical systems device.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  Figures 1 and 2 show a block diagram of a MEMS device in an unactuated,

and an actuated state respectively;

[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;

2



[ 0011] Figure 6 shows another enbodinent of a thin filmstack for a MEMS
device; [0012] Figure 7 shows a hysteresis curve for a MEMS devi ce?: AR 70
including the thin film stack of Figure 6 of the draw ngs; [0013] P&Bg ﬂ%a
shows a bl oed2a@uagrsym of an el ectrostatic fluid flow systemsyostioge 2 MENS
device in accordance with one enbodi nent of the invention; 2 2 0 MAR 2007
WO 2004/ 026757 PCTI US2003/ 030016 [0014] Figure 8b shows a schematic draw ng

of the flui ow Syst f Figure 8a, iJlustrati its pringciple of

oper ati on; [ﬂﬂf{i‘ll[oo‘%‘fm%?a N %W%ﬁ%ﬁ@?&@%ﬁﬁﬁ%ﬁi’ﬂ%gﬁ adevi ce in
accor dance imghﬁﬁngprﬂﬂ@m@@f@amﬁaﬁmLED DESCRI PTI ON [ 0016] A particul ar
structure or layer wwthin a mcroel ectronechani cal systens (MEMS) device

may be desi e far its _optical re nse to.i t.in the form of, i nci dent
light, but Ih@%at e 9 3HaWs podhos suBbGmep o |95 VisP LraCepRiaRas Atifhc o
response t Qhé #Redtionl N the formof an actuation or driving voltage. The
present invention discloses techniques to manipulate or control the

el ectromechani cal_response of the structure or |ayer, thus at | east
reduci ng t HETLAHED DERRIAEAON nechani cal response. [0017] As an
illustrative, but a non-limting exanple of a MEMS device, consider the

i nt er f er enqgoxgpdul ApartichlbMilkiursleMbre wifinsd ikl detrbingstaRical Qftelfe drawi ngs.
Referring to Fiqure 1, it will be seen that | MDD device 10 has_been greatly
si npl i fi ed QMEIMS) daviss traytble desipablofesitsontisal sesparse te Bwybindhe Brmeincidsntof t he

resent in [ ' 65 s | ayer 12
gnd a refI@f’@%ﬁ%@ﬁgﬁéc%@?g%%g@ﬁ?%m th#e tr%}]}seg reﬁtﬁ) yer {2 by
an air gap inée foimeof ancactptiomot drivingevoliage. The peespidnventiondisglossss 18 and i s
el ectrostat,jgcal | i.spl e fransparen .12 thereby to
cl ose the a{ﬂec?]%l u%s t%ég &ﬂ’aﬁl&%?g]lc%rn %@éﬁég@%%eﬁﬁ@%%%%%ﬁ 8%&1? ég%fmg? PVi ng Y

layer, thus at least reducing the undesirable electomechanical response.

[0017]  As an illustrative, but a non-limiting example of a MEMS device, consider
the interference modulator (IMODY]) device 10 shown in Figure 1 of the drawings.
Referring to Figure 1, it will be seen that IMOD device 10 has been greatly simplified for

illustrative purposes so as not to obscure aspects of the present invention.

[0018]  The IMOD device 10 includes a transparent layer 12 and a reflective layer 14
which is spaced from the transparent layer 12 by an air gap 16. The 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 SiOz. 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.”



mechani sm 22 is used to cause the electrostatic displacenent of reflective

| ayer 14. Figure 1 shows the reflective layer 14 in an undriven o&
undi spl aced condition, whereas Figure 2 shows the reflective |aye Uﬂﬂﬁtmia
driven or dvemlaemdsscondition. The reflective |ayer 14be/ll?ﬁ)ﬂﬂ63% 6

selected to produce a desired optical response to incident [ight it is
brought into contact with the transparent layer 12. In one | MDD deS|gn t he

transparent y conpr.ise S 2. The_el ectrode 20 and t he transparent

| ayer JP@% or n@’&l ¥, Rlpg ity of MOy devings 14 gieabricpied jma largscarmay se 65 ode 20,
and the tra@m s wiiah 8lrefletil Gk 58 wuhltlsamﬁh%em%ga Ao n film
stack." 3 0 R 2007 WO 2004/0 57 PCT/ US2003/ 03001 U019] Typically, a
plurality @PWPWW’J‘HEéeﬂ@S apixe} which bag aceharagtesisticoniiealaespaysesvhensn to form
pi xel s wit éwut@n ispl ay, each

| MOD devi Eﬁ 2§¥§ﬁria§f‘?yﬂé§?ﬁ%§ Oﬁﬁ%#ieg?&gmﬁ%ggn {?aségﬁ‘?: \aér?aaé(::itr@ir‘%l stic

opti cal resltansps:emt/\lamr lizrandttﬁaesizsnmcﬂlthe\ﬂé!rgaptlémbarsdeate&kmﬂ:atcﬂnéMCﬂD| c optical

response whe dr| state rans d t he size of
the air gadm‘%glﬁﬁ{/e %’3? erﬂa%’ifﬂf‘g d, gi‘il ‘\ihghﬁvﬁ ’ﬂéher i ve

di spl ay rra)&tatﬁnﬂ@nﬁyabﬁﬂbh@hmendﬁﬂ@rdgeéhmtg_ht when in the undriven state
and nmay absorb light when in the driven state. [0020] It will be appreciated

that durin of the.r ti.ve di .pI a th | devi ces 10 are

rapidly gngw&gg @3Eﬂ§bwpﬁwﬁl‘§§“¢%%§w t°§@ dﬁﬁ@‘@t}“’%l%l% i on. When

ener gi zed, MUD d&fides ¢0 breQapidliherkfred fand de-thdekzd Din t‘lér@@cdlﬁ'

el ectrostatically driven towards the transparent eéljlofl and when the | MOD
m Ryig

10 is de efePgration, Whes epageizedihsssliectiye flayauls of ag) edfurn to its
undriven Ste?ctcﬁ stdtﬁﬂﬂﬂﬁen&&narﬁ@ﬁ@tﬁﬂ@a%ﬂel f‘éftlﬁ"a%&)\ﬁ%g'the]iﬂdd)]g lbfl 2 riven

condi tion las voltage Is applied't vice 1 21] If an
actuati on voérgieh theveflestive tayer Heis allewkdds refumdd ltagadrn@q fatee dn buler to
el ectrost ag(lee? atggt’eﬂ% i06Gayel $4 kS aerﬁftehtonctn?&ﬁeé bibd vElagl s ek f%YLce to 1ts

driven con
TMOD device 10.

[0021]  If an actuation voltage, Vacuation, defined as a voltage required to
electrostatically drive the reflective layer 14 of an IMOD device to its driven condition,
as showed in Figure 2 of the drawings, is equal to a release voltage, V elease, defined as
the voltage at which the reflective layer 14 returns to its undisplaced condition, as is .
shown in Figure 1 of the drawings, then it becomes extremely difficult to select an
appropriate bias voltage, V piss, that can be applied to all of the IMOD’s 10 within the
reflective display to keep the reflective layers 14 of each respective IMOD 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 praciice, result in a different
release voltage, V retense, 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 yy, 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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as showed in Figure 2 of the drawings, is equal to a rel ease voltage,
V.tea.e, defined as the voltage at which the reflective |ayer 14 returns to
its undi splaced condition, as is shown in Figure 1 of the draw ngs?0$MABAL U|7t
becones extvmmu/yzﬁds#ficult to select an appropriate bpagpiflosadtes V DI,
that can be applied to all of the IMOD s 10 wwthin the reflective display
to keep the reflective layers 14 of each respective | MOD device 10 within

the reflectj di spl |n its.dri en con The ason f his is that
each | MDI %ﬁ\]\n thin ﬁ: é‘cﬂff‘?pfda ﬁW I’I‘g’r‘/@‘éw?@l’ﬁ eaé(Prtﬁei ons, for
exanpl e,  \(@rvokk) d'ﬂtﬁeX%@s hdin Bﬁlﬁﬁl RbponfembaaMed $n thé voltdon Bk Y-axidrch, in

practice, result in a different release vol tage, V release, for each | MOD

10. Furt hertt IMQD {1Qcqmprisinecatransparent layeref¥iOni A cibe seamiaguplionsofithe t he act-ual
vol'tage applfigdyd ﬁy@rq%chm ut DESRAA. '\ta%ﬂatpog §c¥1falsoﬁ N Jifa] dhd di spl ay.

This makes i1t ver ficult, if not I ossr o select a value for V
bi as that reflactivi 1t4rretum§ft¢ geundriven ery:@rtlomvlm tmﬂphhecb@tagﬁ falletd MOD 10

wi thin the | ay Vi Th| | s, expl ai ned
with refer eb%@y ffé ko"l%m esg’e’é“f"’ ?dr%lglsérgaﬂg%sms #e e\/v%y?r 11:(‘)?’PSer ved
hysteresis IMﬂD.ﬂdmiﬁe Iﬂfmt\ﬂﬁclrihé trewsparest lhwywmﬂxﬁembnlgmﬂ)d\/ﬂ&&ﬁtratesm whi ch the

transparen ed _Si 007 04/ 026757

PO 1 b 2003 HoHEeE i’%%%%ggQéﬁ%?#%eﬂﬁpﬁy&#g@te%éw%#&g’g86"1?% %Srﬁﬂx‘i{h‘. whi ch
plots appl icgpMshd aeensphieht Mﬁirﬂ&haﬂﬁ% bl Si@zaXﬂ ﬁoul@ﬁ@hﬁlﬁissﬁ]létté §edet L esponse
measured in the volts_on the Y-axis rising a transparent

| ayer of Sivahe iV wanFerexampls, i éfdiatiaﬁ‘?l%ﬁﬁeddf’ bﬁ’ H%s VPB%I"@%%“FQ/@' Vapslins 14 occurs
at about 125y @k TSIOD d&ices YOS RE r&ﬁb‘@eﬁhmi‘o\f% %ﬁst sﬁﬂf] tg M lective

| ayer 14 returns to its undriven conditi e appli tage falls to
bel ow 12.5 dmb@ssw & Vayias 0f\1 2r5ctodta svonlddfaili tol keet theFeflastive layd@hidoof thdseIMOD ect i ve

| ayer 14 i eyi which the transparent |ayer conprises onIy
Si 2 denonstra sels%%r;l)g% fgﬁgé]gdgﬁs}l Therefore, if the reflective display is
fabricated using | MOD devices 10, each conprising a transparent |ayer 12
‘havi ng onl o@3p2, i t Inwndérdolselectapbg.sihbl ie sufficisat te &bepethe reflective layer 14 of

a respective IMOD device 10 within a reflective display in its driven condition, it is

necessary for each reflective layer 14 of a respective IMOD device 10 within the
reflective display to demonstrate some degree of hysteresis, defined as a non-zero

diffel'ence betwee:n the Vacmatim alld Vre]&asg .

[0024] It will be appreciated that the electromechanical response of the reflective

layer 14 of each IMOD device 10 is determined by the electromechanical properties of

the reflective layer 14 as well as the electrical properties of the transparent layer 12. In

one particular IMOD device design, the transparent layer 12 comprises Si0O; which gives '

a desired optical response when the reflective layer 14 is brought into contact therewith.
However, the transparent layer 12 comprising §i0; 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 r
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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value for V bias. For exanple, if V bias is selected to be 12.5 volts,
because of variations wthin the MO devices 10 in the reflective&ﬁ&{ﬁﬁ
for at | east sone of the IMOD devices 10, a V bias of 12.5 volts 1
to keep theve shiestive | ayer 14 of those MOD devices 1 ven
condition. [0023] In order to select a V bias that is Sg?'¥/:i}(s:ff02ﬁ?ﬁ3ti1g keep the
reflective layer 14 of a respective | MDD device 10 within a reflective
display in.its driven condition, it is necessary for each reflective |ayer

14 of ar eéaé@ttméihnwdwﬁ@erthfolawrtamqastmﬁéquré@mpwatas foptheefied
denonstr at ro difference
bet ween t hg) V a mauonﬁgr}g {}Wélﬁ}gﬁfg%is[%g%@o? éﬁ caggﬁgpplr%em ated that the

el ectronmechani cal response of the reflective |ayer 14 of each | MOD device
10 is deterli2®d by Ihencsmbodingmbeffhninyention bp&ptheeleyercomprisesrAliOect i ve

|ayer 14 asytl b aBhliE s BSREMGAONERRR BRI L BOsRar ot aver 12

In one partlcu ar devi ce eS| rans ayer 12 conprises
Si @2 whi ch ighspeeent yeleldi Mr@hsmal%éﬂm@twk%lb&hoﬁhenﬁ@u&e@bﬁhe | ayer 14 is

brought intpo contact there t a

corrpri si ng “SPEREH SYRIIRE § ¥ ﬁ"%?é{?'?. 3?6‘1@#@ $§2I gﬁ‘?" Vewelyﬁ%rc?b‘éta?y (the
Si @2 traps AlsQ#thyerds efhidhRniciiong bs SfHafRtep plhgldw;st eresi s behavior of the
reflective |ayer 14. Thus, the transparent [ayer 12 has a desired optical

b d ,ect ha |
ey 1 B AR A R R R ST
llayer 14. [10Q3Rpritiflg BRERIIAAGECMID.NASWRRHoWBleRsRIcuivd80he Xends pigigent i on,

the el ectronechani caI behavi or of _t he transg@ﬂlent | ayer 12 is altered by
addi ng a f @PplirdrvoltagednVolts, swhereggmihe Xowss plgieop mmsmmis/ 1382003/ 030016 to

the thin f 'f}érgﬂﬁ%hg e 50 5FovksH ﬁﬁfesis%%dov&%f 3, ﬁ@&L d@'iﬂécf@sztﬂé%l regogypensat es

for the ef transparent” | ayer on t eresis avior of the
refl ecti ve tetmeen Vidao] ((026]lts} andovieeFdbdilisk nVhef tht: iralividmed VO3 1@ he furt her

layer conp ithfr a ﬁe%l%gtgve display each have a respective reflective layer 14 which demonstrates

hysteresis in accordance with the hysteresis curve 50, it will be seen that it is possible to
choose a value for the Vyies between 5 volts and 7.8 volis which will effectively perform
the function of keeping the reflective layer 14 of each respective IMOD device 10 within
the reflective display in its driven condition. In a further embodiment of the invention,
the thin film stack may be further modified to include an Al;O3 layer above, as well as
below, the reflective layer 12. This embodiment is shown in Figure 6 of the drawings,
where it will be seen that the thin film stack 60 includes a substrate 62, an electrode 64, a
first Al,O5 layer 66, an SiQO; transparent layer 68 and a second Al,O; layer 70.

[0028] Figure 7 of the drawings shows & 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 Vactuation (9 volts) and Vigease (4.5 volts).

[0029] However, other materials that have a high charge trapping density may
be used. These materials include AlQOy, which is the off-stoichiometric version of Al,Os,
silicon nitride (SizNy), its off—stoichiometrié version (SiNy), and tantalum pentoxide
(Ta;0s) and its off-stoichiometric version (TaO ). All of these materials have several

orders of magnitude higher charge trapping densities than Si0; and tend to trap charge of
6 :



which is deposited, in accordance with known deposition techniques, over the
transparent layer 12. This results in a thin filmstack 40 as shown in
Figure 4 of the draw ngs, conprising a substrate 42, an el ectrode 28MARIROT
Si @2 refl ewio2eu/d2eer 46 and an A1203 | ayer 48 whi ch f pg b Rtsaie @ charge
trapping layer. [0027] Figure 5 of the draw ngs shows a hysteresis curve 50
for an IMOD device 10 conprising the thin filmstack 40. As with the
hysteresis gurve 30, the X-axis plot applied voltage inVolts, whereas the

Y-axis pl of&g prlenty. Besayss fasse maierjals have aigh choyesnteappag depsin k150 shows a
hysteresis rél&ﬂ%@%a@} t@ge@cﬁ@éé:ﬁto%ﬁ bﬂtecﬁ‘ thte iaridhs| ds QbR g%d t@ﬁbé‘%ﬁlgchvac""at I on

(78vo|ts}1 and V [ts). When the individu within a
reflectivebgis Waﬁ}la@ampmgéer&ﬂy anshass an afinity fordrapping negafive chargeilyh
denonstrates hysteresis in accordance with the hysteresis curve 50, it wll

be seen th IS p | Wegleo Volts
and 7.8 voﬁogb%| ch % *@a?l gégtofgleﬂ%ﬂ%él?a ggﬁlﬁ%&@&@ﬁ%}{g OFP%GDI ng t he
refl ecti ve theaymgreaniy mstal exides (eqs pelnimexidoandipalymeriaMatstial Furthene refl-ective
di splay in enb he i.nventi on,
the thin f|s org{uc O?Hlai:%gﬁd%’héz{}ﬁhjagﬁ%lcﬁrﬁl%gg?%rgoﬁgﬁ g@gﬁmﬂéﬁgseflggler above
as well as fomﬂhemnhbhhyeﬂbbmamd/@ﬂoaaa@rbekﬂv thé 18I, temibeadnt®aver 123 shown in

i gure of the draw ngs, ere it w e seen that the thin filmstac

Fi 6 of the d i wh [ i1l b h h hin fil k 60

i ncl udes a trat 2, an el ectrode t A1203 | 66, .an Si Q2
transparenl“ﬁﬁgi e“g ot age‘g%:g%eféi%p}ﬂ&%&%ﬁ g fﬁé@i‘a@“’f of2 t he

dr awi ngs SMEIMS@eﬁh‘éhﬁrtﬁsn 8escrifedewBdeith @harge biiRIp PAha the MEMS devide Bf an | MOD
devi ce 10 havi ng E)hethlnfllmstack 0 shown in Figure 6 of the  draw ngs.

As will beSSEmHed by thedise phs eherge WPRRS RYFEWH mi@shchar%eﬁammgi@wys bei ng

the diffepeaeeerPRisB®B udGitet thahd ﬁv&ﬁioh%avme Ysd 61286 chdt éuwﬁg%yer[ 0029]
However, other naterials that have a_ hi gh char t rappi ng denS|t be

used. Thes #igr ex¢azfral ﬁhﬂéleeia@nm@,lqal Rehayior pga %flm%etr@wmesmfttﬁ/q Qhangr s. on

f A1203, f

ohd tant ol SgAf Bl HeRGC Syt d pic¥orp SORELLDERE ik oRERL RBe 681 T 0
Al of t hehghnlmvemr medivinaharges Gropping densutmﬁlsbeaﬁctam@hy whale:ldvitginechanieak ge
trappi ng d%c%s'v}o'r or Jﬂﬁﬂxsséeme 1sri§je1ﬁges%gghto trap charge of

[0032] In some embodiments the incorporation of metals, in the form of thin
layers or aggregates, provide yet another mechanism for manipulating the charge
trapping density of a host film in a MEMS device. Structuring the host film by producing.
voids or creating a variation or periodicity in its material characteristics may also be used

to alter the charge trapping characteristics..

[0033] 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 Si0,, 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.



6 2 0 MAR 2007 WD 2004/026757 PCT/ US2003/ 030016 either polarity, Because
these materials have a high charge trapping density, it is relativel eas%/
to get charge into and out of these materials, as conpared to Si 22 Arc 0
has a | ow wioaoggbrsappi ng density and has an affinity feerf&aRRiREs NEYati ve
charge only. [0030] O her exanples of materials that have a high charge
trapping density include the rare earth netal oxides (e.g., hafinium

oxi de), and &ol ynmeric materials. Further, semiconductor materials doped to

trap eithel00i8hat i veligurep8amd pshey apefberappligation within sMEMY devidee f ur t her
| ayer abovgheriifth GiatdcaRabhikg RSN LIS il iHe ARG SR 1 i [0031] Thus
far, a technique f_o_rg man#3 u%gd?i_ngut heoel ectrgnechan?%{gflbgéeqﬁgl\#éfr'aof a MEMS
devi ce has stecdire gy thp MEMBMevied. n charge buil dup within the MEMS device is
controlled by the use of a charge trapping | ayer which has a high charge

trappi ng degysjy. Fﬁxﬁffﬁgg?l; <%al Rt BREA! OPLLbDAL idihids NBRON COVers

the use of "any charge tra ayer to ter
el ect r onec hfn dedirostatiea flitidrflopf systemEBe glevirastatic dyid Gove systant inchdechar ge

trapping d LIy obhereof,.. Natural,l iC f a e.trapping I.ayer
whet her it&%%&%t% 92“” A W,’l‘#‘\lavtvl,g“%"‘rd "“)r/%eﬂ%‘gﬁ’( @%E‘P%% °$F‘H’r?b$%gf%e‘ﬂ‘§ﬁ@% 'l be

di ct ﬁt ed[ byncivdas ateinﬂa'tlﬁﬁg‘gﬁ gﬂmﬁmainateﬁdhﬂﬁbmis séledted) fcbfc‘a‘is@;f ghyb@eude%fh@Lngf
sought. [0032]. I.n so e i ments_the incorporation of netals, in the form
of thin !aﬁﬁlgﬂaﬁ gﬁ"&%ﬁf@@%%fﬂra Tgple, Ui et w&?amﬂscﬁiaﬂww- |

mani pul at i Rgistag a6l Y BembrisARIRIIE E2RRhion RE B IRW £ il vithiPlVEMS devi ce.
Structuring the host tilm by producing voids or creating a variation or

peri odi ci t yhaunel; {Ihe ghanael 94 alsoripgludas ap Puter laxer P8 whichsis selecteds fon its elaprgg-t er t he
charge trappj e idef el t o anot her enbodi nent of
t he invent ?g%#a%’ggeWcﬁeece%Blan{en%?%%@c%%ﬂ%%al barrier |ayer

deposited over the reflective layer 12 in order to protect the reflective

layer 12 f {#dfHanmageThselersgstatiriliid fowimster 98 5o nnludes paitsafielegtipdest chants i n
: P Sn ;”p g; g‘;?&l’) gxildgiﬁdz%ﬁ{ 6 §85ctivBIY en &S BIPloTande Wi R BRI LHEDS paridls
within a fluid in the channel 94 in the direction indicated by the arrow 104 in Figure 8b

of the drawings. In one embodiment, the outer layer 98 traps charge in the fluid thereby

to provide greater control of fluid flow within the system 101. In another embodiment,
the layer 98 may trap charge in order to eliminate or o reduce hysteresis effects.

[0037] Referring now to Figure 9 of the drawings, another application of using a
charge-trapping layer to alter the electromechanical behavior of a structure within a
MEMS device is shown. In Figure 9, reference numeral 120 generally indicates a motor
comprising a rotor 122 which is axially aligned and spaced from a stator of 124. Ascan
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 spindie 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,
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12 which conprises SiQ2, is protected by an overlying |layer conprising
A1203, which acts as a chemcal barrier to etchants, for exanple, XeF2. In
such enbodi nents, it has been found that when the transparent SlCEUW%&é%?lZ
~i's prot ectyasladoleigrizhe etchants, nonuniformties in thecpuyShodbMol | M nat ed
along with attendant nonunifornities in el ectronechani cal behavi or, thus
causing the transparent layer 14 within each IMOD device 10 to dlsplay
hysteresis. 7 2 0 MAR 2007 WD 20041026757 PCTI US2003/ 030016 [ 0034] Figures
8a and 8b 9838l anot Hethonghihe presend Fvigntion has heaurpestibed with refafsasetPn a char ged
trappi ng |%¥ﬁﬁc Exen mm% BodiRiahis Ot whhs‘e &h&ﬁ%ﬁ,m%duglﬁaam!ﬁ&{mﬁf a

structure Int devi ce. 35] Referring to Figure 8a, reference

nurrer al QGmgaﬁﬁpaihymthDé@fQGMme@WﬂﬁEmhmﬁﬂqwﬂﬂﬁi@@nﬂ@@ﬂ@ﬁht%ﬁmuﬁd flom%
\?\%?Eﬁn: sTP%?ﬁlélg&%négééﬁéﬁimﬁéa apeg“ﬁ% gg)f {hg%b&%!ﬁe anna?“t,"ﬁ%E greﬁczzl \t,JMdtesl gn

i nner | ayetbb%egafdeduimﬂms&myesamraﬂtuﬂianusametﬁeﬁvmnsei or exanpl e, because
of its chem cal and nechanical properties, for exanple, the material my be
particularly wear- resistant, and may denonstrate little degradation due to
the flowa fluid within the channel. The channel 94 al so includes an outer

| ayer 98 which is selected for its charge- trapping properties, as will be
explained in greater detail below [0036] The electrostatic fluid flow
system 90 al so includes pairs of electrodes 100 and 102 which are

sel ectively energized to cause di splacenent 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 ment, the outer |ayer 98 traps
charge in the fluid thereby to provide greater control of fluid flow w thin
the system 101. I n another enbodinent, the layer 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 cal behavior of a structure
within a MM device is shown. In Figure 9, reference nuneral 123[gﬁ@f5ﬁﬂly
indicates a notor conprising a rotor 122 which is axially aligne

spaced froma stator of 124. As can be seen, the stator 124 is forned on a
substrate 126 and includes el ectrodes 128, which, in use, are energized by
a driving nmechani 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

mat er indirgi @l AfRs, be sel ected for its mechanical properties, including

resi stance to wear, but may have undesirable electrical properties in
response to input, such as when the electrodes 128 are energi zed in order

t o catiseclaimedit i on of the rotor 122. In order to conpensate for these
undesirabl e electrical properties, layers 134 and 136 are deposited on the
-rotor 122 in order to effectively act as a charge trapping layer to alter

t he electmoneqhﬂ%i kusp {s@fg: of the rotor 122. 8 2 0 MAR 2007 WD

2004/ 026757 PCT/ US2003/ 030016 [0038] Al though the present invention has been
described with refe@sHedraey specific exenplary enbodinents, it will be
evident that the varj Wl i : e to these
embodi ment's wi t hout g%%?ﬁ?%g%$%gﬁ??E%agggégggﬁg%??%?m% %gﬁﬁ% i nvention as
set forth in the cl anndditidua dayer, wdieyein thh addifiewil 1ayenisilantdndedthavelegedare to

be regarded in an il r.at i ense rafhe han in a. restrjictiye nse. 9 2
0 MR 7007 1N THE RATHESATEY TarBt aTmareibtie e DAIeS ST i oted e afond! o

substrate; an el ectrode, [@4ggrein the electrode is |ocated over the

substrat e; ) ) ) ) . ]
an air gap, wherein the air gap is located adjacent the etch barrier layer; and

a displaceable layer, wherein the displaceable layer is reflective to incident

light.

2. The apparatus of claim 1, wherein the additional layer comprises SiO,.

3. The apparatus of claim 1, wherein the etch barrier layer is resistant to XeF,.

4. The apparatus of claim 1, wherein the etch barrier layer comprises Al,05.

5. The apparatus of claim 1, wherein the additional layer is transparent.

6. The apparatus of claim 1, wherein the apparatus is an interferometric modulator.

7. A method of making a MEMS device, comprising:
forming an electrode layer over a substrate;
forming an additional layer over the electrode layer;
forming an etch barrier Iay(;r over the additional layer; and
exposing the etch barrier layer to a chemical etchant, wherein the etch barrier

layer s resistant to the chemical etchant.

8. The method of claim 7, wherein the additional layer comprises SiOs.
9. The method of claim 7, wherein the additional layer is transparent.
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an additional |ayer, wherein the additional l|ayer is |ocated over the

el ectrode; an etch barrier layer, wherein the etch barrier layer is |ocated
over the additional layer; an air gap, wherein the air gap is | o2dtMR 7007
adj acent the etch barrier layer; and a displaceable |ayer, wherein the

di spl aceable layer is reflective to incident Ilight. 2. The apparatus of
claim1, wherein the additional |ayer conprises Si02. 3. The apparatus of
claim1l1, wherein the etch barrier layer is resistant to XeF2. 4. The
apparatus of claim1, wherein the etch barrier |ayer conprises A1203. 5.
The apparatus of claim 1, wherein the additional |ayer is transparent. 6.
The apparatus of claiml1l, wherein the apparatus is an interferonetric
nodul ator. 7. A method of making a MEMS device, conprising: formng an

el ectrode flpayeThe vigthodl cFehsthraivBerefnahobion badieARgétdoptpaked Ay0Y. Oover the
el ectrode layer; formng an etch barrier |ayer over the additional |ayer;

and exposing the etch barrier layer to a chemcal etchant, wherein the etch
barrier |ldyer The mathidsifgiim7o whirsindhe phicarital etcbirtsempgsesPkad2net hod of clai m
7, wherein the additional |ayer conprises Si02. 4. The nethod of claim?7,

wherein t addh ti I [ kS n rent. . 2. 0 R.2007 .10. The.
met hod of hl?l ai %h% ,ng)%oedr %ﬁ%\iﬁ%‘é aéi%ﬂéﬁn%l rcrol%1 rrisfn%Fm%lgr%‘p%F%%cse g‘l{iﬁ?’f‘}i‘.emﬂe
met hod of thd dispiucéableit@celstepdisted Ron thatick bafiankhy@dyRiniakg@mpXeF2. 12. The

met hod of claim 7, additionally conprising formng a displaceable |ayer,

wherein the displaceable |ayer is separated fromthe etch barrier |ayer by
an air gap3- 13 .Themethaskof slpigf7, whetein the MEM? device itan yrtprieramgiricanodylaier.
interferonetric nodulator. 14. A mcroel ectromechanical systens device

conprisi N94. A microelectromechanical systems device comprising:

a substrate;

a displaceable layer;

an electrode, wherein the electrode is located over the substrate;

an air gap, wherein said air gap is located between the electrode and the
displaceable layer;

a charge-trapping layer formed over the electrode, wherein the charge-trapping
layer comprises a material capable of trapping both positive and negative charge; and

a transparent layer formed between the charge-trapping layer and the electrode.

15.  The device of claim 14, wherein the charge-trapping layer comprises a material selected
from the group of: AlOy (non-stoichiometric), SizN4, SiNy (non-stoichiometric), Ta;0s, and

TaO, (non-stoichiometric).
16.  The device of claim 14, wherein the transparent layer comprises SiOs.

17.  The device of claim 14, additionally comprising a second charge-trapping layer formed

between the transparent layer and the electrode.
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a substrate; a displaceable |layer; an electrode, wherein the electrode is

| ocated over the substrate; an air gap, wherein said air gap is |ocated
between the el ectrode and the displaceable |ayer; a charge-trappihg MABRyY
formed over the el ectrode, wherein the charge-trapping |ayer conprises a
mat eri al capable of trapping both positive and negative charge; and a
transparent |ayer fornmed between the charge-trapping | ayer and the

el ectrode. 15. The device of claim 14, wherein the charge-trapping |ayer
conprises a material selected fromthe group of: AIQ (non-stoichionetric),
Si 3N4, Si NX (non-stoichionetric), Ta205s, and TaO. (non-stoichionetric). 16.
The device of claim 14, wherein the transparent |ayer conprises Si02. 17.

The devi ce of aim 14, di ti.gnall.y conprising a second charge-trappin
Faver forrds  DRRVR: pEoRr J3p Bodilo Ry Habiiithel ISEF 2ompidos A0S Eutl s
2007 18. bEheceflehd shspirest! iafemaddithe @dirddeonal |y conprising a | ayer conpri sing
Al23 | ocated between the transparent |ayer and the el ectrode. 19. The
device of claim 14, wherein the device is an interferometric nodulator. 20.
A net hod o naKihggedicfmaigeld, vdereinivs deeirsiy anfigerferametiic repdidatplode | ayer
over a substrate; formng a transparent |ayer over the el ectrode |ayer;

formng a ghar eqt ARk AR-BYVERKSlevl S AigRAT ent |ayer, wherein the
g ises a

char ge-trappin ayer conp mat et i1 al* capabl e of trapping both
posi tive and ndgaiihyen eleer@le;lay@ndvdrarsobsngtea di spl aceabl e | ayer, wherein the

di spl aceabl e | gyer, is separated fromth charge-trapping layer by an air
gap. 21. The n&g‘ﬁ’&ﬁg BfrapsParaH I%@?r QMAEE S th?fgalﬁ%& ge-trappi ng | ayer conprises
a material forming a charge-trapping layer over the transparent layer, wherein the charge-trapping
layer comprises a material capable of trapping both positive and negative charge; and
forming a displaceable layer, wherein the displaceable layer is separated from the

charge-trapping layer by an air gap.

21.  The method of claim 20, wherein the charge-trapping layer comprises a material
selected from the group of: AlOy (non-stoichiometric), SizNi, SiNy (non-stoichiometric),

Tay0s, and TaOy (non-stoichiometric).
22.  The method of claim 20, wherein the transparent layer comprises SiQs.

23.  The method of claim 20, additionally comprising forming a second charge trapping

layer between the transparent layer and the electrode.

24.  The method of claim 20, additionally comprising forming a layer comprising Al,Os

between the transparent layer and the electrode.
25, The method of clatm 20, wherein the displaceable layer is reflective.

26. A microelectromechanical systems device comprising:

a substrate;
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selected fromthe group of, AIQ (non-stoichionetric), Si3N, SiNX
(non-stoichionetric), Ta205 and TaO, (non-stoichionmetric). 22. The net hod
of claim20, wherein the transparent |ayer conprises Si02. 23. The 2dMRolfilTof
claim 20, additionally conprising form ng a second charge trapping |ayer
bet ween the transparent |ayer and the el ectrode. 24. The method of claim 20,
additionally conprising formng a |ayer conprising A1203 between the
transparent |ayer and the el ectrode. 25. The nethod of claim 20, wherein the
di spl aceabl e | ayer is reflective. 26. A mcroelectronechani cal systens
device conprising: a substrate; 12 2 0 MAR 2007 an el ectrode, wherein the
el ectrode is | ocated on the substrate; an air gap; a layer including Si02,
wherein the | ayer. i ncl.udi n S 02 bet el ectrode and the
air gap; and at an éa%rt d%ﬁ‘éhe he ecl‘,ecﬁr‘%?e S eﬂfﬁé@‘?%ﬁs%%’adj acent the | ayer
conpri sing Si 0Zan adhgipei n the Iayer corrprl sing A1203 is | ocated between the
air gap and the |ayer. conprising The devi ce. of claim26, further
conprising an é dayer d%‘fl'é‘ﬂlllg:a?ﬂpsb o %"ﬁH“aE“&b‘aéeq Heding, S i l%tefih@twfb%‘o@iet e
si de of th@.Qdde RPHERRBpNae! ectrode. 28. The apparatus of claim 26,
additional 'y conprising -a layer conprising A1203 | ocated between the |ayer
conpri si ng Si 02atadgadt oreclagdreompoiding /A9); dfh@r Mmah@ﬂayct edmpristg Sikkr whereinhe

HEVECERES {d lz!ygfg gorrr];p%{sij rée}\lgbg 1sqgc%%ld% Rlcen the air gap and the layer comprising SiO,.

27.  The device of claim 26, further comprising an electrostatically displacable layer located

on the opposite side of the air gap from the electrode.

28.  The apparatus of claim 26, additionally comprising a layer comprising Al,Os located

between the layer comprising SiO; and the electrode.

29.  The device of claim 26, wherein the device is an interferometric modulator.
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