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Brief Description of the Drawings _
The invention may be best understood by reading the disclosure with reference to the
25  drawings, whereixt: |
Figure la and 1b shows an example of an interferometric modulator array.
Figtzn'e 2 shows a side view of an embodiment of an interferometric modulator package.
Figl.tre 3 shows a flow chart of an embodiment of a method to package ‘ihterfer'ometric
modulators.. 7
30 Figure 4 shows an embodiment of a back plate having recessed regions,
Figtma 5 shows an embodiment of a back plate having recessed regions formed by a frame
applied to the substrate.
Figure 6 shows an embodiment of a package having a hole for application of desiccant.
Figure 7 shows an embodiment of an interferometric modulator packaging having ‘a non-

35 hermctic seal.



Figure 6 shows an enbodi nent of a package having a hole for application of
desiccant. Figure 7 shows an enbodi nent of an interferonetric nodul ator
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conditions. Figure 2 shows an enbodi nent of an interferometric noddlator in
a packad@. mieor 26 that causes the pixel to appear black when deflected is separated from the support layer

22. This may be referred to as a separable modulator here. In cither case, the package in which
the modulator is encapsulated must account for moisture inside the package that can cloud the
transpareljt substrate 12, as well as any outgassing that may occur ffo:jn the structure of the
.modulatoi' layers or package materials, It has some degrees of ﬁeediom in that there are no

25  particulates generated by the operation of the device and the devices may be ﬁackaged in ambient
conditions, '

Figure 2 shows an embodiment of an interferometric modulator in a package. The
package is formed between the transparent substrate 12, with the modulator 10 on the ‘back side’
of the substrate relative to the viewer 14, and a back plate 30. The transparent substrate and the

30  back plate can be joined with a ncm—hénneﬁc seal 32 joining the back plate to the substrate to
form a package. Generally, the package will contain a desicoant such as 34 between the backside
of the modulator array and the back plate. This allows for conirol of the moisture inside the
package. .

Desiccants are used in other device packages, being a fairly effective means to control

35 . moisture inside the package. - Desiccants may be used for packages that do or do not have
hermetic seals. Hermetic seal, as that term is used here, refers to a seal that is complete,

especially with regard to air and water vapor flow. In devices with a hermetic seal, desiccants are
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package is forned between the transparent substrate 12, with the nodul ator
10 on the "back side' of the substrate relative to the viewer 14, and a
back plate 30. The transparent substrate and the 30 back plate can be joined
with a non-hérnetic seal 32 joining the back plate to the substrate to form
a package. Generally, the package will contain a desiccant such as 34
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as after the di Vﬁ:gdrg 9 shows a method of packaging an interferometric modulator. A transparent
substrate i 1s prov1ded at 40 and the modulator array is provided at 42, For faster processing times,
as well as morc efﬁclent use of the manufaciuring lines, it may be desirable to process the back
25 plate at the same time as the transparent substrate. However, this is merely one option and is not
required. The back plate is provided at 44 and the desiccant applied at 46. Apphcahun of the
desiccant may be accomplished after the process of joining the substrate o the back plate,

typically by a process of injection, as will be discussed further. |
The back plate and the backside, relative to the viewer 14 of Figure 2, of the transparent
30  substrate are sealed in ambient conditions to form the package. Ambient conditions as used here
mean anyécdmbination of conditions, such as temperature, pressure or environmental, in which it
would noié bé pfactical to package other types of devices. More than likely, the variation from
what is typ10a11y considered ambient conditions of room temperature and room pressure would

oceur with regard to the pressure.

35 For ;example, the packaging process may be accomplished w1th a starting low pressure

subsequenﬂy vaned to a higher pressure during the sealing process, which may aid in the

formatlon of a good seal between the substrate and the back plate. The pressure may start at
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Figure 3 shows a nmethod of packaging an interferonetric nodul ator. A
transparent substrate is provided at 40 and the nodul ator array is provided
at 42. For faster processing times, as well as nore efficient use of the
manufacturing. lines, it may be desirable to process the back 25 plate at the
sanme tinme as the transparent substrate. However, thisi's nerely one option
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increafses tt,;:i"a =]:iigher pressure than the initial pressure as sealing occurs such that, as pressure in
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| In the above examples, a partial adhesive curing process in combination with the variation
on pressure;% could affect the shape of the package. For example, the increased pressure inside the
package durmg sealing may create a convex backplane shape by partial adhe_‘.sive .curing during a

30 periodi of tine m which the package is at the higher pressure.

: Once tﬁe back plate and the substrate are joined, there may be a hardening of the seal. In
order to dlﬂ'erenﬁatc between the seal between the back plate and the subét;ate, and seals that may
be appiliéifd' :iﬂe%%division into individual arrays, the seal between the back piaté and the substrate is
referrefd 1%ohere %as the back seal. This is the seal that may be hardened, if necessary.

35 Once the seal is hardened, if necessary, the substrate is scribed or :oﬂjaerwise prepared for
divisi(im.: The ﬁ!fvafer may be mechanically scribed or laser scribed. The 'subistrate is then broken

into if;diiri&ual devices. This may be an actual breaking process, or may even be a sawing
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15 pressure in the package increases due to reduced volune, increased
environnental pressure aids in creating a good seal. |In another exanple,

t he back plate could be sealed in an environnent having a initial pressure
hi gher than vacuumup to an including anbi ent pressure, where environnental
pressure then increases to a higher pressure than the initial pressure as
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fornmed on td%ﬁtaﬁ]ﬁﬁﬂ§ t?)aeﬁfipﬂle Eée?@e r@dtﬁm@ﬁfd lifetime of the device.

'I‘he recessed regions could be formed in many different ways. One exa.mple would be for

the recessed reglons by forming ribs on the back plate, such as by slurned glass Another

example wou be to printing a seal rnatenal on the back plate in a pattern to form the ribs. The
25  ribs eould be

by erodmg p

epos1ted or stenciled. ’I‘he recessed regions could be formed i m the Igaek plate itself
ons of the back plate, such as by sandblasting or etching. The beek plate could be

molded or sa >d to form the recessed regions. The back plate in the conﬁ rvuratlon of Figure 5

can have reee :_”es but it is not necessary as the intermediate frame creates the cavmes
In an alternatlve shown in Figure 5, an intermediate frame 58 eould be mounted on the
30 subsirate 12 or the back plate 30. and then the back plate applied. In this mstance the recessed
regmns are forrned between the transparent substrate and the areas of the ﬁ'ame that do not contact
the baek plate '
\In the alternative, the recessed regions could be formed as a function of the transparent
substrate rather than the back plate. For example, the transparent substrate could have integrated
35 spacer posts or the integrated spacers could be on the back plate. The posts WOuld be positioned

to be between the multiple modulator arrays on the substrate. Another example would be to

prowde a back plate of a flexible, polymer sheet that can be flexed to allow the offset between the
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the back plate will be recessed to acconmodate the nodul ators and desi ccant
and allow the nodulators to continue to function. For exanple, providing a
back plate in Figure 3 may involve 10 providing a back plate having recessed
regions within which the interferonetric nodul ator nanufactured on the
transparent substrate will fit. An exanple of this is shown in Figure 4. The
back plate 3QikhaSe £RAGhO BbsPle. t NRY 2bBYLexbMFIES &L Gnly QAR1RE ab BxaMpleS tnli BR not

nmodul ators wi | | (fe. anqqm‘dea%@g. The .‘footgri nts' of the nodulators on the
backsi de of H3gedp il FRRUSRonof e {Avghgn PFY ¥p% shown by the shaded regi ons
55. The back pl arReufdthgitsFigaraBeile frocesd e appiyinsdenicent meudist aod @vedl trariatibnst he
nodul ators are_encased.in the ess | o t, be nated that
recessed reg?roer’fs Cl?’éﬁen% S{&ﬁaéﬂg‘e’os“iﬁeyfpp egtah%%/lgﬁle%l%@ct aéld;baﬁr’woﬁﬁtg P agg?elgr?%cp of

t he devi ge. joied. Appkil belt cowdbd laft onythe bavk ofihe bivk plateeallomihgodesicdantfte bé imfested or i n
which a red b S Rov | L ed, a4 ﬂ?ga\;é sed
regi ons. Thgﬁoretggllaﬂsdgsvl?ng cgilfﬁgg(%géeg'aglc%{s%P%%%‘t’%%/%gp icg??%tﬁq%%ggﬁ]%ﬁl%ker
seal mat er i also regyires theesgplicatien offaspal éq thggidV\MFn;Pleﬁ-'i the winitgcbepyeen dglbagkeplaie | al

does not f oy fe HSHARIh ForHORl packddE FalihiC kR, 1SR biodRYniBlHoR WoIH B4nS130R S Siary APOT
or other contamnants to -enter the package, reducing the lifetime of the

devi ce. The? cowNaEPeTBEFoTal ReRgrFlisinating e IricAl HeRyrsi ndssrlditle wed/ i thane
eTa{mI e 1Wlﬁ|b§in%rb fs&ili. A&lhﬁxaﬁoﬂﬁr%ﬁtsl &ChAé’uBétz]ﬂﬁférbid Bk 1948 ThiMEn té;bsg ks ﬁ&ﬂ@o@?%

pl ate, such_as by slurri SS. er.. ex e.woy e fo printing a
seal materi HIEUSS- TARhoSR ﬁa?aé"ﬁi)hteﬁ%awi@? ?Fa?ggil?%mcméofrth Sefife 25 ri bs
Cﬁ”'g bE dfaposi tmin?ﬁcaﬁhﬁﬁﬁﬂlg@dmtﬂaﬁewsﬁge%?&aﬁ@h Bl ﬂf‘e&lhk &]ﬁuhxdybeué‘eﬁmmdbi n
the back plate .itse aodin ort.ions of the hack .pl.at uch.as. by
sandbl ast i n@m?)grb%’fegﬁi gn.’éldl'lﬁaior 5%&3‘%5 %‘g?lk’wc%ﬁ FepsiERe totr)kﬁ ﬁg%doar“g'sbé"z‘&%ﬁﬁ%&t form
t he recessechusiegk break inlthe sked dliat Ehsites an end deel rocefs guraatinitial noh-cértigeoue séal can
have recgsses but, . it. | necessalVs.as, t LNt er Late f.r cr.eates the
caviti egs | FFO&H° gctag#n%teiq%a ,bes%ng\aﬁn?lgh aI%iwgnuPLE’WS,’Man | %Peehﬁl% | @% RASEE
coul d be noemttieg adiesivhie In 80 ertiodimentt e k! gouldite sblébialip,arlere30if-healidg isen t he
back plate ﬁl@&laﬁlg‘g Wh!eﬂa-ﬂ{ery esin%%ﬁ@v@&éoﬁ to'cisEthe ﬁ?e tl%?\g%s'%ﬁalﬁ'frp? sén?ﬁs’(}ﬁéj
between the transparent substrate and the areas of the frame: (hat 0 not
contact t hbackalske agr gubstrate porejenes| The pdhseive e othen matead anayarpve dgyfilb s helein d be

fornmed as aaﬁmgﬁggﬂm‘,ﬁ;ortvh@lhggtqmﬁ{ognt substrate, rather than the back
pl ate. For exanple, the transparent substrate could have integrated 35

spacer Bbsts or Ie altenayiede ewidhaendseal prngrsy theseahmen ef igiing thy beleplateie post s
ATy o v A s o g L A
substrate. Another exanpl.e wou e to . provide | a, bac ate of .a f|exible,
pol ymer she&t the geal lineyyoyd provent &be ¢ éﬂnT B‘%lgt brakegs ¢ mﬁ’el‘%é’@rf"? fuch of the, o

plate and t kensparb bubstiats in UAGsabIb epace, GhaTGOMPEediorhaELn Bimmgleey ofdh i & es,
process. The costs and benefits may differ from process to process and the ultimate selection of

and are not

25 w]:ilicﬂ is n'mrc bgneﬁcial would be left to the process designer.

| In ﬂus manmer, the packaging of an interferometric MEMS modulator in ambient
conditions is; provided. As mentioned above, the adhesive or other joining material used to join
theé substraté td the back plate need not form a hermetic seal. A desiccant may be applied to
haﬁdle any fnoéishne from water vapor that enters the package. As can be seen in Figure 7, the

30 defsiccant 34 a‘t;sorbs the moisture that iravels though the joint between the adhesive and either the
baci:k platé'qi: tﬁe substrate as well as through the adhesive itself,

For example, it is desirable to keep the package as thin as possible for viable portable
diéplay appiicéﬁon while still allowing enough desiccants to support the lifetime expectation of
the device. ;Oﬁ:e test predicted a reasonable lifetime of over 10 years at 40 degrees Celsius and

35 90% relative humidity. The adhesive seal was between 10 and 30 microns of thickness, 2
mi}llimetéré w m iwidth and a water vapor permeability coefficient of 0.2 to 04 gr-mm/m’kPa-day.
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intended to limt application of the invention in any way. Returning to
Figure 3, the process of applying desiccant may al so have several
variations. For exanple, the desiccant could be applied after the substrate -
and back plate were aligned and 5 joined. A small hole could be.left on the
back of the back plate, allow ng desiccant to be injected into the )
i ndi vi dual  #e¥d &RdiRaEkAI8Smore Rudehd Sartiyfion bﬁ@di:&l% eBdhindds, bikvdhamlicavabe to

t he substra al so es the application of a seal to the hole to
conpl ete th% Fﬁﬁﬁ?ﬂﬁaﬁggﬁﬁﬁn the back plate and the substrate to formthe
package. In thi sTHgsathodghethele siae bevatdescripeiCtol this potik @ wativulat ﬁmbcfd&ﬁdnt ttdraf € a

ﬂ

conti nuous ter seal -proc ss eI ypi.cal ype dsea
hol e used |ﬁﬁ#ﬁpgfomﬁerﬁﬁe$é%m “m%%hﬁgﬁéﬁ 0%ﬁ855n0 P'kdtganaqback

pl ate havi nsyectlﬁee&rdmofbsehp cp@ltbted\m liini{atioRs upon theGeoplod ﬂhthwtl&Oexcept trae-flwack

pl ate 30 wo Bﬁuﬁﬁ%mﬂ%ﬁgé&%ménleCt'on of the desiccant. The end seal may
or may not e necessary exanpl e, an adhesive may be used in the areas
bet ween the nodul ator regions that allow the substrate to be scribed and
broken without causing a break in the seal that requires an end seal
process. In an initial non-continuous seal 15 process the adhesive may be a
material that can "flow such that the hole is filled in by the existing
adhesive. In this enbodi nent, the seal would be self-healing, where
self-healing is a nechanismwhere the adhesive is allowed to flow to cl ose
the hole that was initially present as the back plate and substrate were

j oi ned The adhesive or other material may nove to fill the hole in anbient
conditions or with heat application. 20 In an alternative to avoid the end
seal process, the seal lines of joining the back plate to the

transparent ~substrate may be fornmed to be extra wi de. Wien the substrate is
broken, the width of the seal line would prevent the seal from being
broken. This may use up too nmuch of the transparent substrate in unusable
space, when conpared to the cost and conplexity of an end seal process. The
costs and benefits may differ fromprocess to process and the ultinmate
selection of 25 which is nore beneficial would be left to the process
designer. In this manner, the packaging of an interferometric MEMS nodul at or
in anbient conditions is provided. As nentioned above, the adhesive or
other joining material used to join the substrate to the back plate need
not forma hernetic seal. A desiccant may be applied to handle any noisture
fromwater vapor that enters the package. As can be seen in Figure 7, the 30
desi ccant 34 absorbs the noisture that travels though the joint between the
adhesive and either the back plate or the substrate as well as through the
adhesive itself. For exanple, it is desirable to keep the package as thin as
possi ble for viable portable display application while still allow ng
enough desiccants to support the lifetinme expectation of
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the device. One test predicted a reasonable lifetine of over 10 years at 40
degrees Celsius and 35 90% rel ative hum dity. The adhesive seal was between
10 and 30 mcrons of thickness, 2 mnmllineters yin width and a water vapor

per neabi | | hy ggei{i gi ggt g_f 0.2 to 0.4 gr-nm nR2-kPa-day. -6 These

conditio A gged than typical operating environnents, but were
i ndicative of tAg BT PAcIoild Y BREKAGRetrid Mbdula®l ERNEiiSer e has been
described to this point a particul ar enbodi nent for a ‘nmethod and apparat us

for packagi ng i nterf epioniding & trapspatent substrater i s not intended that such 5

e ¢ b ; _ i , H P
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CLAIMED 1S: 1. A net hpvidinpabiagplag; an i nterferonetric nodul ator,

conprising: providing a transparent substrate; manufacturing an
interferonmetric nodul 8RRdYingadsssieant to the fackplatehe substrate; providing a

back plate; applying aﬁﬁ%@é’%ﬁ@%'ﬁi&g‘a bk Backs 'e%hﬁ%'tra?ee&h' 094108 2B E'eate

to the side of the substr seal 1'n anbien conditrons. Z.

met hod ofondiaoms. 1, wherein sealing the back plate to the transparent
substrate conprises sealing the back plate to the transparent substrate in
a vacuum environnent. 3. The nethod of claim 2, further conprising

mai nt ai nbng t he TRaGMYRBPEES Jerdih f fam 1,
wherein seal ing Tfﬁﬁe back pl az%d{eﬁt 0 tr ﬁe%%%lglgggg?%%tﬁgaggﬁl? gﬁ‘gm‘g%‘?rﬁ?%‘??m

seal i ng cbhmptisesisegingt the back pletetto dresipmnsparentsubsitataine vacuam eawirommentent havi ng
an initial vacuum and wherein environnental pressure increases fromvacuum
to a higher pressure as sealing occurs such that, as pressure in the

package Bncr easqhe ditghddofl RAHCE ifeAhdrtomPriiNg maﬂt@ﬁﬁﬁ%’#ﬁ@ Gafitvih pREBE trothe

pressure aids in inproving the seal. 5. The nmethod of claim1, wherein
seal i ng Phekagack plate to the transparent substrate conprises sealing the
back plate to the transparent substrate in an environnent having a pressure
at higher than vacuumup to and including anbient pressure to formthe seal.
6. The ndf hod ofThe haithiodof dalit hevhegsinpealisig g bark plae & 1hg tiahspabdnd batistrateessur e
at '

comprises sealing the back plate to the transparent substrate in an environment having an initial

vacuum, and wherein environmental pressure increases from vacuum to a higher pressure as

sealing occurs such that, as pressure in the package increases due to reduction in volume,

increased environmental pressure aids in improving the seal.

5. The method of claim 1, wherein sealing the back plate to the transparent substrate
comprises sealing the back plate to the transparent substrate in an environment having a

pressure at higher than vacuum up to and including ambient pressure to form the seal.

6. The method of claim 4, further comprising maintaining the higher pressure at

ambient pressure in the package.

7. The method of claim 1, Wherein sealing the back plate to the transparent substrate
comprises sealing the back plate to the transparent substrate in an environment having an initial
pressure higher than vacuum up to and including ambient pressure, and wherein environmental
pressure increases to a pressure higher than the initial pressure as sealing. occurs such that, as
pressure in the package increases due to reduction in volume, increased environmental pressure

aids in improving the seal.



anbi ent pressure in the package. 7. The method of claim1, wherein sealing
the back plate to the transparent substrate conprises sealing the back
plate to the transparent substrate in an environnment having an initial
pressure higher than vacuumup to and includi ng anbi ent pressure, and
wherein environnental pressure increases to a pressure higher than the
initial gressurghamdB] dNPaif FUlgersiiGlalinddhe bAK plRE &5 HdltBinkhréQubdatcage

i ncreases due to reduction in volune, increased environnental pressure aids
i n i nprogPmgrissssealing the bagk plylgdo et trmpgpasenicurhstratelin ageavaonmentdiaving 4 he back
plate to he,tiansPALEIURSILAIE o ROIRRLSGS sealing the back plate to the
transpar ént su rate i'n an environnen aving a pressure higher than

anbi ent pressure to formthe seal. 9. The nmethod of claim8, further
conprising maintaining the pressure in the package.at a level that js

hi gher tHan anbildpmethedkefplam §durthercopprinipg nyintainingthe pregswedn thequgkags@t t he

back pl ata%\ﬁe?ﬂ{ak‘%ul‘%%l‘?é??l%rzﬁl‘iﬁielﬁ‘iﬁéstsﬁ@e conprises sealing the back plate to

the transparent s trate 1n an‘environnent having an initial environnental
pressure higher than anbi ent pressure, and wherein the environnental

pressure_.incregses to ressure hi.gher. t the.initial pressure as

seal i ng &qur s ﬁﬂeﬁ]_?'f&f?#)%§mpﬁ . S?ﬂmggﬁgbaﬁg%‘@éo fhﬁaagﬂ?é“s@dﬂ@tﬁaﬁ
reducti 0@oﬂngri¥é§|sl=:'ﬂﬁl§ th@BAGARER 16 Ml tERBPRMBLbRIES UM irdSmbM hab R MAVhifg) t he
seal . 11. The method of claim4, wherein the increased pressure inside the

package euviromnentd préssure dighet Senambieni presbure lqpdavtereih dpeerbyropaentabpressihesi ve
curing durin a period of. ti itrP1 .\A@ilch theaﬁaclifp%e is at .a,level that.is
hi gher t HEA°PHeiARTEIH® g‘é“gﬁ?’e. © rjtial Ares S AN SERLBE ASFISS SHeR itk &7 BieisWR i

I ncr easeghdeRade Bereah dfe IR dG@ NN vEld) therdaS@ dneroffeRthPSreSsubOAME M _
backpl ane shape by partial adhesive curing during a period of time in which

t he cavi igpiosingtthegad hi gher pressure level. 13. The nethod of claim 10,
wherein the increased pressure inside the package during sealing creates a
convex backpl ane shape by partial adhesive curing during a period of tinme in
whi ch t helpackaQge nfetiaid sfaldmhd, gitREcip lesiatiesseld @vakure-ifkide the package during

scaling creates a convex backplane shape by partial adhesive curing during a period of time in

which the package is at a level that is higher than the initial pressure.

12. The method of claim 7, wherein the increased pressure inside the cavity during
sealing creates a convex backplane shape by partial adhesive curing during a period of time in

which the cavity is at said higher pressure level.

13. The method of claim 10, wherein the increased pressure inside the package during
sealing creates a convex backplane shape by partial adhesive curing during a period of time in

which the package is at said higher pressure level.



