, €3eZVWDX' X' "Z6ZTZI q: 4 MAY 2004 METHODS FOR PRODUCI NG PACKAGED @I 4
CI RCUI T DEVI CES & PACKAGED | NTEGRATED Cl RCUI T DEVI CES PRCDUCED B¢

FI ELD OF THE | NVENTI ON The present invention relates to integrated circuits
and siml|ar devices generally and to nethods for the manufacture thereof.
BACKGROUND OF THE | NVENTI ON An essential step in the manufacture of al
integrated circuit devices is known as "packagi ng" and invol ves nechani cal

and envi rgmm@moﬂf@m@mwcm;l M@Kkmmmmmmm@mnﬁmmn of the
integrated circuit as as electrica n

pr edet er mi ned FARACERSIGFEQHEI B %%W%ﬂ?%@%g g@ﬁ@#&%ﬁ cal
termnals. At present three principal technol ogies are enployed . for

packagi ng sem conductors: w re bondi n&ﬁ aut omati ¢ bonding (T.AB) and
flip chip. Wre bonding enpl dilglﬁééﬁ'f &ENI&@Um c energy to weld gold

bonding W res b %\ﬁ{eegfa] ”]V%ﬁ? r%la Ao H}%gxcamd}%lr@{ﬁg alql? rAGE %a@&s?&ﬁerﬂﬂp kage.

Tape autonmatic errp oys a“copper tape 1 nstéad of bondi ng

wire. The cappahetheds fot@pmahsacontiegofed for each specific die and package-
conbi nati on and includes a pattern of copper traces suited thereto. Tha
i ndi vi dual | eads may be connected individually or as a group to the various

bond pads on the chip. FligychERSUNTEOF THEIMNARATION cuit di es whi ch have
sol der bunps forned on top of the bonding pads, thus gjlow .ng the die to be

"f1ipped” circuhn esieeal drmn tednadiieaerel 3f 38 HIeRHEH CFWIACYGHTE RAPH 2 r e
bonds ar e Rl bl (%000 CARMACHANG EroRorintin bibRACKIYE MRRGIAD MRy be

realized. T escri tec ogi es each have certain limtations.
Bot h wi pe Ilwhixdi 3gatathel HEAB olﬁahdumggraacé cpewnes el rsdelpronet! figersarnesiriand

subject the die to relative hi gh te erat ur and, ne ressures.
Both wire EBW@E%WG ?ﬂﬁ‘”ﬁ‘e@c{ﬁ‘f‘?‘\éwﬁd}% H‘g’"ﬁﬁ@@“gﬁﬁtfemél eflercgr%%f;{e%%h?(gge si ze
vi ewpoi nt, prodyei Reeséidt @geat fthcal Clbinoligits cafe hawilagda foii epackegimcka_e

area ratio rangi ng from about 10%to 60% The f||5) chj E goes not provide
packagi ng BermiceRaURERs: Bife PoRding 1ape AMepanorendmgd TR @Idc% (B8t i on encounters

probl ems of uni {KQFGnﬂ:&nﬁlnothr&d@ssr@ A& L}Pt!r'e{mﬁc 2fer¥®td waR ddl boddingFiviresY ~~t~4

t hermal expansi on 'm siat ich Timts the use of avail abl e substrates
to sili con beswepmbard misomihe chip hed/entdesomabe rixkagasi on characteristics

simlar to thos?ggef %HSCIF%IHC gngﬁg?&gﬁ%gﬁgw 5%% LHES) fa?e %tteﬁc?gpbéfnd'fdg(:h in the

area of integra manut act ur e t her edf
Descri bed iwAreaPpd écppbi fofl tipehih bodfedrePEdr e@ptpbpecmldmamae@/ob gémbingtiad net hods

and appar atarlijds nIc(l)urdesp raoggjalrjtgrlnno (I:orllagag’gt;aaé%se (sjwt%ld rt éjr!:t% (ilﬁe ndividual leads may be
connected individually or as a group to the various bond pads on the chip.

Flip chips are integrated circuit dies which have solder bumps formed on top of
the bording pads, thus allowing the die to be "flipped” circuit side down and directly
soldered to a substrate. Wire bonds are not required and considerable savings in package
spacing may be realized.

The above-described technologies each have certain limitations. Both wire
bonding and TAB bonding are prone to bad bond formation and subject the die to
relatively high temperatures and mechanical pressures. Both wire bond and TAB
technologies are problematic from a package size viewpoint, pro'ducing integrated
circuit devices having a die-to-package area ratio ranging from about 10% to 60%.

The flip-chip does not provide packaging but rather only interconnection. The

interconnection encounters problems of uniformity in the solder bumps as well as in
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The followng U S. Patents and patent applications of the present inventor
are considered to be particularly relevant: 5,716, 759; 5,547, 906+ [5,M%/5, 2485
and 08/ 952,01 9. SUMVARY OF THE | NVENTI ON The present invention seeks to
provi de i nproved packaged crystalline substrate based devices and net hods
for producing sanme. There is thus provided in accordance with a preferred
enbodi nent of the present invention a crystalline substrate based device
including a crystalline substrate having forned thereon a mcrostructure
and at | eastheomd emkiagirrrhgndtayxeg whitdhclimiltsSths eiad eﬂa\ai/letrlelsxhbetrmties:toosﬂﬁqoucture by
an adhesive an ewith at.|east crystalline
substrate afid™t ﬁréa?s Y"HL'FEQ%VE% wal SXRYRIOR S arfi%{yréfmgsfﬁ‘g?retoy\@osea so'cpc)’r ovided in
accordance W t h Eheppaéreriit@sueniostiremel fh inheepires ehintegrsedcirantsaandhi p

scal e pack%%e& g%stal | i ne sub trate i ncluding: a substrate having fornmed
thereon a nPEPBSYPLUEMREU2HHE 19 *Yeast one chip scal e package which is

seal ed over the misefigatih tag;maa sposhisted POBApNedrRw WD Z1deensie maRkodyap.
There is additional lﬁ) provid in accordance with a preferred embodi ment of

t he present 219APEHES rﬁ%@ﬂ%&‘%&fat%%f&lﬁ’éidﬁ‘@“é crystalline substrate based

devi ce includi ngrpePladhk rlgsapd?an@sf R fadk ldFﬁlcQtrbn@ FURSbredneinvaiter adhesi vely
sealing at | east one pac R ing | ayer over the mcrostructure and at | east

partially spusidered frpet arly h@?‘@ﬂy 5{736.d8%:i e 7408 ah? Petmsah 0/ fed. 019

m crostructure and the at | east one packagi ng | ayer. Preferably, at |east
one packaging layer is sealed onto the crystalline substrate using an
adhesi ve, such as epoxy. InSéMMAMn@ET\HEW@%TIéFérred enbodi ment of the

present inventi t he c e. subst C e L ium

P Gbare, 1 thi untieATERaRUlPh ihRE 09 Aol AR B iOBpueb MY
at | eas: onkasphddvags agl hejieds fbﬁprbahamgpament The at | east one cavity- may

i nclude a single_cavit lurality of, caV| structure may

i nclude a m cr onB¥RANT lﬁ.\éproqu'eg&qﬁ:%rda el’ﬁ“(‘?l’%? ‘f%xﬂt?ocderg?%ffiﬁﬁrpéesg fid/ or an

opt oel ect r Oplvéntioh &Y sikiBne Bifkizre PRCALITH Q}JlﬂigTd-lE:yamw NGhskragshavind and 1B

are pictorial illustrations of a crystalline substrate h sed (¥| ce havi ng

an i nt er nal fogmed thyreop g RicrosiEycare APHAIJRASE ARG RASAFNGRES T S Eh©
preferred ephogdiBmicndt vl RE BR&RENI IdBNRRIhQBWith at least one gap between the

crystalline substrate and the at least one packaging layer.

There is also provided in accordance with a preferred embodiment of the present
invention a chip scale packaged crystalline substrate including:

a substrate having formed thereon a microstructure; and

at least one chip scale package which is sealed over the microstructure and
defines therewith at least one gap.

There is additionally provided in accordance with a preferred embodiment of the
present invention a method of producing a crystalline substrate based device including:

providing a microstructure on a substrate; and

adhesively sealing at least one packaging layer over the microstructure and at
least partially spaced therefrom, thereby to define a gap between the microstructure and
the at least one packaging layer.

Preferably, at least one packaging layer is sealed onto the crystalline substrate
using an adhesive, such as epoxy.

In accordance with a preferred embodiment of the present invention, the

crystalline substrate includes silicon, lithium niobate, lithiom tantalate or quartz.
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Figs. 2A, 2B) 2C & 2D are sinplified sectional illustrations of variou ;
crystalline substrate based devices constructed and operative Ph&gﬁﬁgrﬁ@ﬁce
with a preferred enbodi ment of the present invention, corresponding
generally to Figs. A and 1B; Fig. 3 is a partially cut-away secti onal
illustration of a crystalline substrate based device ofthe type shown in
Figs. |A & 1B; Figs. 4A, 4B, 4C, 4D & 4E are sinplified illustrations of
steps in a nethod for producing a packaging |ayer for use in crystalline

substrate basedpgeyiyie tﬁ&tpﬁg%gw@g%ﬁ&r% RaepLédted enbodi ment of the
present invention; Figs. SA, 3B, ~C X

.. , ~C, SE, SF, S%@Hoi‘ Sl..are sinplified
i |lustrations ofhe2idesst qng cavityaRaydarieds e Wd@vitn g BPIERISUICRY e substrat e
based device of .Tﬁmﬁcfr&?ﬁam% hBuE PcréRechariGal istu@GiR08 dad6Eedichi a
“preferred enbodi nent of the present invention;, Figs. 6A 6B) 6C, 6D, 6E,
6F, 6G) 6Hstr@ture gud/E MHRPEERCEIMWPIUEEE i | | ustrations of steps in a method
for producing a crystalline substrate based device of the type shown in

Fig. 2B in accordance with another preferred enbodi nent of the present
invention; Figs. 7A, 7B,BRIEF ESCRIBTIONEOR THE BRAVEMNI i fied illustrations
of steps in a ngth for 1.N9Q: I | i devi ce of
the type shownnflﬁs'g%béndzléjlgr%%gkg%%?%lgﬁgagx% @hﬁ ééﬁ%?ﬁ@%%%%i?%iﬁ%ﬁ%odi ment
of the presevihg anisatmhboavitFi gms@Adamd @Rrative i labersdanae Matisa efefifsgar at us
typically egﬁlg ed ifniﬁat he manufacture of a crystalline substrate based
devi ces of FRe lg‘)%teo§ R EPEY: 2A & 2C in the manner shown in Figs. SA
- Sl; Figs. 9A ppd 9B, ape 1d |&iSim adré aitspliffed agpasmat Ubusppercabf wasegsl oyed in
the manufacture of a crystalline substrate based devices of the type shown
in Fig. 2BCDitaflisg substrate basgg devrces epptpictrdn gy ORFEWA P rdEP§anceeR™ %6k and
Figs. |0A aaderddRnb8inicht SiShd feiepnisvaitionRBAEbIIng el ky Fignpilaogndd in the
manuf acturée of a crystalline substrate based devices of the type shown in
Fig. 2D inlBhe manner shown in Figs. 7A - 7G DETAI LED DESCRI PTI ON OF

PREFERRED EVBCORNENES) 81,00 ©IKCH o Seciail NRAalch ol @ystefirdiatbshie babich

together illustrdte a ‘preferre odi nent of integrated circuit device
const r uct ededeofapetyat shoavniimFgeddr#ddBce with a preferred enbodi ment of the

na compact - entis olatt AP 0 & 56 aft bl WM Ao D0 R Snbbi g Y 1"
ilgt elgr ?t gd plédduciu% b ppa«gg'ag eay}.?foln avd i|rilig{r;f:;]alﬂimlets:citllasllg)ziatc:c tiayedglfe\"@b élttlficptdfnceclz gnt a;:t S .

pl at ed al.on e e surfagces ereof Preferably, contacts ext en
over edge éﬂ&'f”g’d%tg”ﬁﬁ?’gquﬁ‘ée“bf’%ﬁ%?re?ﬂ%‘I”ﬁ%“glgn’l 6 of the package. This contact
arrangement per pigkSAaBhs¢ | 51, SEUTH, acesHnaLsitarngmakfiedstigerarionsifistegs of package
10 onto a circuit_board. It is poted thatb tge i.nte ratted Sgll reui Qackage 10
may i ncl udé Bieodlor pEdecips 2 CHERGE SERIITHE Pate ﬁiﬁYfF%O‘?%t YESHOWAY " &F™

i ntegral |'y o408 Fedn diGRaQidlwitt 4 b@ferre® @hiRdirhénk bPihe pRadédt ikhiet i ve coati ng,
pol ari zer, optical gratin i nt egrat ed wave ‘ggl de and gg{%l cal coupling

bunps. I n accor Haaces Bt ﬁgéﬁbrﬁ@f 1666 S nlo®h %okt are SmPHE CH SRR Yvent i on,
the integr . GJ I AG&, algp,” fd 4t JeyikB of WA h&w iadi cat ed

i n phant om%feﬁglenga.'{lﬁgé&eﬁogﬁ@g 1'S" no Qﬁ%’ﬁfgﬁtﬁ%‘%}:ﬁg&d Z,X\ - 02D,_ )\Q/\\Pl}lai,sch illustrate
four alt er Fig.i2Ben pecefdanceeditteariotdi prefetred ehbddmnengphthe dresent etvepiidevi ces of the

eneral type shawn i i 1B, o, r ‘ i i
gccor dancgpw’ th %‘okig’elﬁ‘s”gﬁ%f%ﬁr@d 75%%%3%%@93%%?@%2%éffprﬁvlgr?ti on.
Each of t hendlie)i foeprodliomia éMstiiligssubfRhte baRdd devick wdets: @pe goamiiv &g 2Phi n and
conpact, environnentally prote te(g n%. mschgni cal éﬁ( St rterrllgt hened i nt egrated
circuit padkaFardaaaFi e HOMST RIS ?rfaﬁiP grenb PLE Pl "YEM%et s pl ated al ong
the edge surfacegst RRr ef 8B are illustrations of apparatus typically employed in the
manufacture of a crystalline substrate based devices of the type shown in Figs. 2A & 2C

in the manner shown in Figs. SA - 3I;
Figs. 9A and 9B are illustrations of apparatus typically employed in the

manufacture of a crystalline substrate based devices of the type shown in Fig. 2B in the
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Fig. 2A shows an integrated circuit device including a mcrol ens jafgy 7390
formed on a crystalline substrate 102. Underlying the substrate 102 and
seal ed thereto by epoxy 104 is a packaging |ayer 106, typically forned of

gl ass, along edges of which are formed electrical contacts 108, typically
defini ng bunps 110. Conductive pads 112 preferably connect substrate 102 to
el ectrical contacts 108. 4 - i, Cd~Y 2~0O-t In accordance with a
preferred enbodi ment of the present invention a packaging |ayer 114,
typically fRiEdnehn@l Bss caank asgoci ated spacer elenments | 16, are seal ed,
by means of an adhesive such as epoxy | 18, over substrate 102 so as to
define a cavityFies0 1patande PR laee Hiuerasioenof appasdiuy boicaly ermpipyed in4he |t j s
appreci ate gfkdagi, ; i Rt ; may have
formed t hesré%)nﬂﬁgmg?chr of %ﬂ?éﬁé{traﬁbéf %é;deg%t@ % (?f;tgﬂyé%%}iqc\%ﬁ@ g:g ?Pgﬁqlﬁzl? g. 2B
shows an i magershedn oi Figui?ts -dévi ce i ncl udi ng an optoel ectronic or

el ectromechani cal device 150, such as a chem cal sensor, a mcromrror
array or an acceleronmeter is suspended on a crystalline substrate 152, as
by an el ectri cal | DEIUHED DESCRIGTHEE (O PREZERRSEnERBOINMENUbst rate 152 is a
packagi ng | ayer _156 typically, fornmed of SS,. .al o e of i are
formed el ectri c&FS ‘?f’ﬁ%/ 1o @%%,to Api %F?@lge‘?’ql?‘h 5‘% %&@%ﬁ%&pr@%‘lﬁgucti ve
pads |62 preafsefiatehyofciarpaed crblisidvi@oddicted aed emtative &l accambmetvathilb8. | n

accordance with a preferred enbodi nent of _the present invention.a packaging
| ayer |64, nrsfﬁmdaqmtgpdfrﬁ%ﬁﬁthsftvre@%g%\’,en%Tﬁ%%%faé%deam% bite BFBASA o 166,

are seal ed, v RS cHibaBdREGIKRen B ProfRteB RAN YnekBfically Sfrerfpttitaéd at e 152
so as to define first and second caviti'es 170 and | 72 bet vveenf)(gge devi ce

150 and botirtegratpd cirautpagkage |1 yiaying & guitplicitsolghstiis] Erbgist KR HaR RS ng

| ayer 164 i shd-ajpsparent and nay have fornmed thereon a dichroic
filter and/tgei%ﬁ%llﬁ?ar%gﬂdectr?d&e coating. Fig. 3C show s an integrated circuit

devi ce i ncl udi n@rederaipy omintactsridrekend pvesledet suoiresstears e plage\sideces d®of or ned on

a crystal | itHee 8%3?%%21%?5?%9%% %’1% a{%gﬂ:r}f'ﬂ%gmﬂ]g%tg%?tsﬁﬁc% %(3%};1?#‘%&% £d

thereto by ep I'ng layer ) typi cal med of gl ass,
al ong edgesnaintindiof package floromeda elradt boacdl It donbiad tteat 268 jntegyged alrtwyt def i ni ng

bunmps 2l 0. nducti ve pads, 312 preferabhl nect substr.at.e t
el ectri cal pggmgg smay gnelyds %ecgfr H‘é’ﬁecé’P\K?{et ﬁoq{éwﬁ}geFlg?lre%a %r?b%%%%n% of the
present i NvgekhIN fanRd Kagbid dilleayolor dildr, dnjipilealvk kobiigipdiatdtergbpial and

associ at ed spacer elenents 216, are seal ed, by neans of an adhesive such as
epoxy 218, S5RiEe. aiegriqdayaye goige apsl Quicy! GOYUNBREMBS cavity 220 bet ween t he

device 200 and k@yeforddfle With aSprRRREE GEntloRthenhAT Bagkaghintivbaiel tREL4 i s
preferably transparent and may I?1ave formed thereon a dichroic filter and/or

ant i - r ef | edeiegreted saedirigekasr 40 dofives howatyd S SufiFhsdndigaRdst P@%@é“‘{sSAW devi ce
i ncluding a SAWeag e é%’élog;iﬁXdezfol Hlot PAOP @ﬁ?‘t\ﬂﬁxﬂﬂ §M$t?a@& oz Shheflfiined on a

crystalline substrate ong eddes of which are forned el ectrical
contacts 258fetrgdoérstaddingertkeds iniepgtel unpst @6kes CHid gerdrddypratiownan Figsef er abl y
connect SUbISA[ &altBe, c%n?s%ru%t%d %rlme géel}eittﬁrglin Q81 ar(l:c;[eswi?hSasﬂother preferred embodiment

of the present invention. Each of the devices shown in Figs. 2A - 2D includes a

relatively thin and compact, environmentaily protected and mechanically strengthened

integrated circuit package having 2 multiplicity of electrical contacts plated along the

edge surfaces thereof.

Fig. 2A shows an integrated circuit device including a microlens array 100
formed on a crystalline substrate 102, Underlying the substrate 102 and sealed thereto
by epoxy 104 is a packaging layer 106, typically formed of glass, along edges of which
are formed elecirical contacts 108, typically defining bumps 110. Conductive pads 112

preferably connect substrate 102 to electrical contacts 108.
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In accordance with a preferred embodi ment of the present inventioh AT 2004
packagi ng | ayer 264, typically forned of glass, and associ ated spacer

el enents 266, are seal ed, by nmeans of an adhesive such as epoxy 268, over
substrate 252 so as to define a cavity 270 between surface 250 and | ayer
264. Reference is now made to Fig. 3, which is a partially cut away
illustration of a typical integrated circuit device of the type shown in
Figs. 1A - 2D, having a cavity as indicated by reference nuneral 280.

Ref erence is nowy fRreRakd WithdSpre@ied d)odkfent 4Dih& pédsent Whieatiores packaginy i f i ed
illustrations of steps in a nethod for producin pac ing | r for use
in cryst al g6 114 5gicaly éOTH‘ﬁggggldgv?‘@eaSF ‘%@c%?ﬁgﬁ]g@e&fﬁﬁg’aar%?egﬁé Yed

enmbodi ment Qdand BEarnidRSBRtsubMERbEOMS, Afer S@RTatk N0F DS to 44k AdBvitplHubst rat e
300, typically forned of glass, i's preferably coated with a .layer 302 of
epoxy basedeptrst dieasicelens aypi A2 128es d4phot or esi st, comercially avail abl e
from M croChem i ka¥fdg | 114708 replI P Fr@&hSrent AY @fay I | S
exposed via a na%ﬁg%%%at%%\ﬂ% oSvr?:"i 1 Fig. 41.C%fand. vvgsheg to define spacers
306 shown ifornidgherddd, a dithirein fidtereant{pp psiafeflyctiye ced@8angul ar configuration, as
I ndi cated in Fig, These. Spag e LigaispagebpebiedRRlS ol 16, 166,
216 and 266 in %llgggfB ZQ‘B\O‘ES %E) ’Btggrgggt%\%flrty&g%gﬁgrenlcg_ 'S _Pr)1ow made to Figs.
SA, SB) SC,eldbom&HEaniH, deBGe 1SB Sichlas awthemicabhsenseyi gphicfordgorl PIYyseq 2t i ons of

steps in a nethod for. producing a crystalli ubstr b gyi.ce of the
type shown "“lcﬁé‘?ff"ﬁgt.eré%\s&“’ﬁ eldng’écaccsrrygtﬁhllg% %B?qﬁ%aq%%’e?%%y e?%%gpl%{rry;nt of
the presentcohitans tonfectdS] sEeBdidirontd @bstBis 152 ipagkageing ey @56 woGallt ypi cal |y

of the type shown in Figs. 4D and 4E is provj ded.. Adhesi 02 pplied
thereto, prigfedaf %’a%i‘dfﬂgﬁ%r‘?ﬁgeédg WuERAEN© %#cgng”%éo?t ‘r:t\rgrgéﬁ‘t ﬁ’glrcglgﬂ, whi ch
correspond definthBSusPASR) €0 \NR 16N prEfe@Sly dhbhekt 4ibstras P62 td alekycabnd al so
con-espond to spacer elenents 116, 166, 216 and 266 in Figs, 2A - 2D

respect i vel gpntapi@ié&i ve 402 is preferably a high tenperature epoxy, such as
EPO- TEK 353ND, bal i Ytk bk nddAB: PR SeRNARhaeYa bikagind
Billerica, MA ﬁfg%%%%h%h\olv\ﬁ@?{n eFi g. SB,] ‘the pa%:bkagi ng | ayer éi)o, t hus
prepared, ilsyendbénpmcally farn@d of glass, and gvyociIedrIpacer plementsi 166, ¥aBRlcdabl 404,
typ,cally having.a S t Y, 2005 AR NRVdeRde FRY AR

t her eon opt%%é%gﬁ%ig%}ee%(‘)’%’ Sggf%e é’gjt"r]!(s)%ioggrd;eu@?tces of t%e tydpes descri bed
her ei nabov esevdridvaviaéerionae 1 TDbdrves. theddevige 260 andidbotelayerdbé ard pyerd S8avi ty 405
is defined between the .packagi ng |layer -.a £ AAhvd N
accor dance W t\kll\%h'sﬁﬁ’%?cégf‘gglmgwﬁ%ﬁ%%ﬂ égpksﬁ%q%éggé%@?}ﬁ&gti on. The
crystal | i negoatudisthéradfa 4idkkoicSiler aidesr alt-yefleatppedstings shown in Fig. 5C and
etched, as shown_in Fig. 5D, to define separ.ate substrat 7. - Fal |l ow ng
et ching, the suldgraf e%f’&@)?a“a#f}ée‘:’é%} CBEHY 95VIE | %6 NP Iaaﬁgtr%elg‘g%m%coggn
under | yi ng paskagingichRy&ice4ddd, foftfied BP W sfalfmegsubbifate AS2 sEaderlyimghRhg. 5SF,

t he packagi ng layer 410 and epoxy | ayer 408 are msc,hagl calléoé not ched and
thereafter wbsvty 28knd serlcdctherewly &Ryt 3% Bat PYCBERPS L4 8r EP{Brhed
Lhereon, asesgehof Dkl Giond GudNér 4654 lald REmap SRERLY dofitatisCRd, apicalipun | n
Fig. BHto yield a~pluralrty~of packaged integrated circuit devicges, as
seen in Fi gdefflng butnps &1 @ Slondctiag pais Lhaprefesbly condedt Rrbstiatsc0e IaplECtEf t he
exanpl es descri b?g herein, the crystalline substrate may be any suitable
crystalli ne“ T8 4t e and may conprise, for exanple, silicon, |ithium

ni obat €) it hi unnt:adk@nad itek padared 2mbddimenenfufeguesent ingentiee ANREARIES

descri bed herei nabove and herei nbel ow may but need n c id ¥, include
t echni ques Bé‘%f@rlﬁ’b‘ﬁﬁfc?lﬁ' fgmedo‘fff G af‘%f’ﬁ%%‘ﬁ‘gS%?%.E?%et%%nz{]g’ %%39%%’% t

appl i cat i ongegfs o Beadie8SERIch RNMRAY 019, 36& i sghiaate 20060 di modefisuia eavity 28hi ch i's
her eby incorporated by reference: 5,716, 759; 5, 547,906; 5, 455,455 and

08/ 952, 019. bevepasrtbpdevidegdChand laridlto Figs. 6A, 6B, 6C, 6D, 6E, 6F, 6G 6H,
61, 6J & 6K, whi S b §dceshidd bl Alsl PEFerablly tEh§Rkent indmaehdved for
produci ng a crysﬁglaﬁﬁlﬁggfgwﬁ é%tﬁ I%allg%%'gﬁgs?ipggg(_)?@t hegﬁs/epe shoﬁv‘sﬁ in Fig. 2B
i n accor dantemed thareametiivbroiqflel end/ ednentilsdiveaett!iF t he present invention.
As seen in Fig. BA nted Qn_.a_substra Vpisal ReNBGAf Pyrex
are a plurality Igg‘ 8’53 CAT 15 ﬁ‘éﬁ%cﬁ'b’g%oigtfceg@ggggéﬁ)o@é\/\ﬁ% ciﬁﬁlggegf or ned pads
504 and onto which are suspended, as by electrically conductive connectors
506, optoel ectronic or el ectromechanical devices 508, such as cheni cal
sensors, mcromrror arrays or an accel eronmeter, which may correspond to
devices 150 of the type shown in Fig. 2B. As shown in Fig. 6B, a packaging
| ayer 510, typically of the type shown in Figs. 4D and 4E) is provided
havi ng adhesi ve 512 applied thereto, preferably adjacent and between
spacers 516 fornmed thereon, which correspond to the spacers 306 shown in 7




~ r~A ~ 2f7174 Figs. 4D & 4E respectively and al so correspond to“sgaﬁgv 0%
el emrents 116, 166, 216 and 266 in Figs. 2A - ZD respectively. Adhesi 55109
is preferably a high tenperature epoxy, such as EPO TEK 353ND, commrercially
avai |l abl e from Epoxy Technol ogy Ine. of Billerica, MA, USA. As seen in Fig.
6C, the packaging |ayer 510, thus prepared, is adhered to crystalline
substrates 502, typically adjacent pads 504. As seen clearly, a cavity 513
is defined between the packaging | ayer 510 and the substrates 502, and

anot her cavproyadaiidn fusfackefsoniefinddeinwaeyitatiifestb @i es 53 02ongsudbsst afathichx0€ and

el ectromechani cal, devi.ces 508 _i.n_accor ce with referred e | ment of
The' pr osent CAUGAERGHE CPRESE dsty bREE 508 miksbLpgs 2o | o EE IR P8L 500 ar e
preferably pefeeddgteonag: siverdie 252 bie@etriod) camdctesdhed, as shown in Fib. 6E to
define volunmes 515 in crystalline SUb trates 502 which are refker.ably
filled with epoxy 3sfordanggwilhaRreforisd gmpodigent GAIheessnt RVRHE ¢ BES<agAR
substrate 5@Qer dsheysRAKYIoR D ARG, R AABE8SEY Sabek2leptcarstIFe argRaianbeal |y
notched to forma notch 501, and thereafter electrical cgnt acts gi& are
formed ther®eans ohan phespuuelps gxy 488, SHEHDS A4 50 sHO dBliRRk @B 4 e f or med
thereon) as,3E&R suitadiBo ofll myd6d erably together with a NiAu coating. The
resulting assenbly Is diced as shown in Fig. 6J to yield a pluraljty of
packaged i nt egr Refefensierigndw mady fecBg, 3. ashidelers naffiatly git Hray iHeTEHEMEE? i s now
made to Figs...[A AN 4 AR ! €55 iofd ef:

illustrati gﬁg‘%‘f'“‘s‘?g‘gﬁg C&%U%P%Cteﬁgj eft&é %&6’8\3@?% g{ crzgs?%:idlgl dngﬁlstﬁta)sst rate
based devi cindicfted berefyrpee stwoemal 38G. Fi g. 2D i n accordance with anot her

preferred enbodiyrent of. the prese i nyenti gn. en,. ' A a
packagi ng | ayer %gﬁ?m[eﬁing‘é{qu%}ieeé? %Eﬁe%yg%’ gﬁ’o'\%ﬁ%f %EFPVEJASC ﬂ ag%gignﬁg'ﬁﬁ% is
provi ded. Adhesiives &G2%ps $n appihoe trtpheiueing a fatlefbwrailey fadjsadeorystalide bet ween
spacers 606 fornmed thereon, which correspond.to, th acers 306 shown in
Figs. 4D & WEStrae Basef draicy B geosfiaige coHy adpeided 8“‘5?)@{5‘8?‘ o the Rresen 16, 166,
216 and 266iniénibhIAs séeh in BE. HasSREM | ¥ albyiratddbesiywiealf0rined pr gfaes, dbly a
high tenperature epoxy, such as EPO TEK 353ND, comrerci al H gvai le from
Epoxy Techn®EGEP seatedivigy bl laysrcad? ok, cpomn baged oharssistn tpiglly78U-% he
packagi ng | gygl: s@g@,%onﬁ&kbﬁmgra%&%ﬁ@mnﬁ SlidetRnedodpOoN&HyS k| USL. substrate
604, typically having at [east one netal |ayer thereon and having defined
thereon a SAW prihsadatoresist lapgrei02 60expaseddes & mase d0h s shovgbBvBEwi¢ B¢ ef er ence

8 - ~ MAY 20~~~ tq Fig A N Chgakhy WipYeaflD G irsersighianed
bet ween thew%ggié%?ﬁfg{el ngi/ée% 6@%5%2\% ’tnhllé]"'s %\’/HP%B%S%%%% ?ayerrc 609, in
accor dance sunfipurarigy, ef indiceed @rftp dEnFintse efacerh eonpespedrtd spasvregiernams [ Phe

crystalline su rate 604 cgn | apped, as shown in Fig. 7C and notched
partially ih@og%@%ggﬂg&:‘ﬁea%g& r§§U%§thV§Wn in Fig. 7D, to define separate
substrates 608. Hefrkmsiigigvweinedy tbFigsed LGBl 5Ca3D,CEBNSACE SE1D Shrvhithyget cal | y
bunps 614 are forned thereon, as seen igﬁ)Fig /E. The gesu tiﬂrﬁ asggerrbly is
di ced as shBWALHS Hpgratems qlsieps @ 4maing draTPdusingr FUER AU SR 88 ces, ~ as
seen in Fi gieyitof BRI GFLM6RN ISFROWARAE hQcdriimce Rih aneeidthd sbodlingt e
illustrations of apparatus enpfoyed in the manufacture of a crystalline
substrat e befdhaiprasepi wuentigr t he type shown in Figs. 2A & 2C in the manner
shown in Figs. SA ¢ 655 S 68N kL Gy 4 SIBBE 1R GROVRA ianads, waf er
fabrication faci%ﬁ %eﬁfﬁgb%l"'psr%’\% I%égﬁé"g&%%& gd?\\kg@erg 681,®gf t he t)r/l?)% shown in
Fig. SA | b vindwtl inpforided 682heaive 498ndegppier theedte, preferably sdiggeatesd t o

protective | ayers 683 ho in Figs., SA & SB,.Db i us 685,
preferably l??é\%?eﬂgmﬁ%ﬂﬁ ?&i ﬁjé'ggg]g’lgre%t ‘g@iﬁbﬁorgfsl’?rﬁem\/\% g*?&gllég% Gtaﬁg@flg{l/er 683
an](ctl t he epomgs.ﬁt@ &S4dH Ebspﬂa{i&ilyﬁar&lvﬂﬁ Ebnetpond wd ispmermﬂente:cne H}ﬁpi@ﬁé ZTﬁendbgnded
waf er 686 i s thinne FiLg. SC) at jts non-acti.ve,surface as i.ndi ng
appar at us 6%@?,1“gt&?hz”asz%?fé?méﬁmaﬂfﬂ%‘? ‘g@ ’i?‘fegeﬁ\aebé%? é@ﬁ&%ﬂlﬁﬁ“%\ﬁﬁ{;% i's
comer ci al | y.puaidmpirexl 1BNDSReRMAmiyBaRINES 1oa: Ebdx. Tehndiogy &wd of The
wafer is then etched (Fig. SD) at its non-active surface, preferably by
phot ol i t hogBidlprise, MMud¥BAs by using conventional spin-coated photoresist,
whi ch is conmercj i | e f o tgooU rébik@d Dk aBReretesd gnati on
AZ 4562, using aAﬁgﬂgﬁlngﬁglé'é%é%ﬁa%%?aﬁ@gg f4c()}9’ ?ﬂgbee?posure of Iight
sensitive photoresist 690 through the mask 691 and | ater etching the
silicon in a bath 693 using sol ution 689. The etched wafer 1000 i s bonded
(Fig. SE) on the non-active side to protective |ayer 686 by bonding
apparatus 694, which may be essentially the sane as apparatus 685, to
produce a doubly bonded wafer sandw ch.




Not chi ng apparatus 695 partially cuts the bonded wafer sandw ch of ; Rugy &8s
to the configuration shown in Fig. 5F. The notched wafer 1002 is then
preferably subjected to anti-corrosion treatnent in a bath 696, containing
a chromating solution 698, such as described in any of the followi ng U S.
Patents: 2,507, 956; 2,851, 385 and 2, 796, 370, the disclosure of whichis 9
- t, i1"i,~Y ~~~"r hereby incorporated by reference. Conductive |ayer

dep05| tion apparatus 700, which operates by vacuum deposition techni ques,

such as a NpgledliRObERIAGe R NAITRENhOR: BRI Wha Gleth] @ eDiheMah @bl ahvilgesear ch
Corporation of the U S. A, i's enployed to produce a conductive |ayer on one

or nore surTeE BereencIpiaReshaicat 108 apsFescraic IegiRRs ph ths gpesdescrived

Confi gur at i RRiDboFORERPdfersidei 1B FigsaBA RNOMNAL BechiclarlpG cavity @85 Id &fin@Ht
preferably by using conventional™ el ectro-deposited photoreS|st 701, which

i s commrer cibgiwspn sheapackaging layes P Dambie subtiate RenBeemdenaaMithpy prpiEeht or
from Shi pl %bgﬁf?&%foittﬁ rgr@&ﬂﬂﬂvé?ﬂgﬁ Eagl e. The photoresist 70l is applied to

the wafers in a photoresist bath assenbly 702, which is commerci all'y
avai | abl e from BbPentstatmeSubptagey 4047 seprplectby Bgpst a7 GBows iprFeg.e¥abrd | i ght

conti 9ur ed Pt SNuEEPRSHLESHYR! BN SarabLEN bR bRl Gflind quoystem

692, using a nd 0 de Pne Sul't atterns hot or esi st
i s then deweboped 40Nara adievel apmepoxh by ér 40860 araumlietlheglpadkeglvxaiaeﬁr 418, et ched
in a netal etch soluti.an 78 |ocated in an etching bath 710, thus providing
a conduct or®¢ quﬂﬁ%égon such as that shown in Fig. SG The exposed

c;)nduct : ve st Iri Ps skawn Fip. ijg.th§@a3mh@rtghwye;pl4am efhd Qll”olajreragérl lyoa)lyn_re f

el ectrol ess ating apparatus 712 i.ch is co ia vai e from
okuno of Jdﬁ%ﬁa"‘ﬁfﬂé nalspestan dhor %i?%%} pasags ‘@@oﬁnﬁ mp&affﬁhﬁ padldiere

pr e- packagesmdatiRGidt 8keed G tsad gt fBSItind k841D dcddne sHbwid RaFiplsade 714
shoul d be a di anond resinoid bl ade of thickness 4 - 12 nils.. The resulti ng

di es appearto a@lﬁqmlu@tlwaf@@kg@ﬁiemagﬂaged iciicuit dgvicey, as 68 BYRiBcY i s now nade to
Figs. 9A and 9By 1%5&@::1 r?tHa hdt Eﬁ@%ﬂr&]@ﬁoﬁ%ﬂ%f@ﬂ@@xa%msQﬁé?&'ibb@hér@iﬁ

manuf acture of a cr I ne su strate based devi ces of the type shown
in.Fig. 2B tththllmambsrat@m)mbﬁ any sHitgjde crgstallinabstrie anslemay epomirge oo A and

8. & el o AlL! SRLLIDLASHLY IR0, REAUAgRyerPl ete Vel ers 8L, of the

type shown Tn nte 0 a su rat’e, such as a Pyrex substrate
782. | ndi vi dual ’I\hafnahsfaa’tBﬂn@reehrhgmdéekcnhsedtﬂa:eamabav:et andehesairtfeboye s1ay dut
protective ers 783

s.shgwn |n Figs. 6B & 6C, ndn tus 784,
pref erably ‘ﬁﬁ%?‘?{d’efeéﬁﬁ”ﬁ l"lcg‘ge f%b"‘ﬂ%%ﬁc&ﬁedo?‘ @H@faﬁéef{é %8R, ? pp&?ngsyer 783
and the e|oc7mgif1 p%ﬁ:nﬁ%p;?l@atilﬁt aifrtheﬁwgelﬁgﬁ\ggniobﬁfismse ahe tdlibeloetpemffwmom ma gg
appar at us artially cuts the _bonded wa sa Eig to
the confi gdiesp ?B‘r?o?ﬁ qyr{EfFFedce D61 5§§?§ é‘{}g}%? 5%@83?5% YRen etched in
a silicon etchi Mfé&k@is‘%%g& bIFigs BB 16D, Fhesrelochet, picls. 8112 i n
waf er 1014 are filled wt ~r ~ ~'~"2i ~ t~eoxy 1016, using a

di spenser |Wigh g $1InPllﬁfEdhélu\?T<§$1@§5 IOMQ?PS t"b aoBeEPh f@pﬁ‘i@?‘“‘?‘i’g etividlings 1020.
The vaf er ]sg\liﬁralelg%gﬁ G 303K Jis! MGwARRAFEL YE hO0foldiR@UEHI LAABIHEPOXY

filled trenc
preferred embodiment of the present invention.

As seen in Fig. 6A, mounted on a substrate 500, typically formed of Pyrex are a
plurality of crystalline substrates 502 onto which are formed pads 504 and onto which
are suspended, as by electrically conductive connectors 506, optoelectronic or
electromechanical devices 508, such as chemical sensors, micromirror arrays or an
accelerometer, which may correspond to devices 150 of the type shown in Fig. 2B.

As shown in Fig. 6B, a packaging layer 510, typically of the type shown in Figs.
4D and 4E, is provided having adhesive 512 applied thereto, preferably adjacent and

between spacers 516 formed thereon, which correspond to the spacers 306 shown in

7




The notched wafer 1028 is then preferably subjected to anti-corrosion
treatnment in a bath 1030, containing a chromating solution |032, -syicHAas2{j4
described in any of the followwng U S. Patents: 2,507,956; 2,85l,385 and
2,796,370, the disclosure of which is hereby incorporated by reference
Conductive | ayer deposition apparatus 800, which operates by vacuum

deposi tion technidues, such as a Mbdel 903M sputtering machi ne manuf act ured
by Material Research Corporation of the U S. A, is enployed to produce a
conduct i VeFigay4y &04E enipectvelyraideal suicdrassemd ad smerheldh@ta)ﬂ& et vidbendas shown

inFig. 6 guratjon of n Jps, -a

carried o&éﬁplflg'{‘%r% gbB?Pﬁ%t"Hé ’%%W?/é?‘l% QfEf%?bé 3&*‘&5‘%%&‘? recf?g’%t or esi st
801, whichgich &EMBTEKAI3NDARNNREiAlyf 4@itil Pont Enaedet edhhelopy am:d ofiame
Primecoat gr_ from Shipley, under the brand nanme Eagle. The photoresist is
appl i ed t oBillsEcadar$5803 in a photoresist bath assembly 802, which is

commercially avajlsahl g f,@ogtwgoﬁckmngsmyat eyo tiﬁlhsep;mbﬂtea)nesadhtre&oa IS
preferably |ight configured exposure stem 804 usi na} flgmaSk 805 to
e

define sui emprEnesEbsirses P t'Yélcﬁ‘s‘f adl‘ffémpﬂ’?éﬁ é% sseet et ied QY ped in a
devel Opmnhefﬂr@%'ﬂe‘t&@gn tS@?QckEtrlﬁrnla§érc5hQQnd ﬂte%ut?@*a@!; 56t Ghy sRkHet toity808 | ocat ed

in an etchrn ath hus” provi di ng a conduct or conf;?guratl on_such as

t hat shownisi dtr:ﬁFq:cbbetW@n Sﬁb@ra@xé@%édb%F@Wcﬁ%tﬁnt}@ieéWm%a@ WAVIFS ¥88d7 6G are

t hen pl ated ef er.abl clLi ratus 512, which is
commer ci al F‘%Fogdr\éla?el“g& HIFI?%FHG%S%uorcllbn?%ﬁ?thpg%éﬁ er IS then di ced (Fig.
6H) into indivi "dtuaalsubpm&e riﬁ@lea@eniystaﬂtregmwmﬂescﬁ@%met prgfevabire sotchidefagr abl y t he
dicing blade 814 shoul d be,a di nDnd esi.no Riig KALS Hind

TS, The. PR it O B4 bt TRURD FOGOpaiods oty §13 8 eRaRing - 1

Ref erence hbsihaw mdﬂndhcnr&:pre&rabmleaﬁ’dthldb&gy i, edshawe in Figu@t. r at i ons

appar atus enployed in the nuf act ure crystal line based
devi ce of the t%’péeegr%&lﬁ isgarlhreé” SyEe;°] ttﬁﬁ eﬂ‘ﬁ%[ Stelg as’%k'/mad%gg?—é A

As seen i Nyfeh GfechatdAl @ReicAdBo farme @ MYRAtsooNEd t%@rf:zﬁ’ferfe&bm-ucﬂaiommmsfiia@l | i ty 880
provi des conplete wafers 88l, of the type shown i i.dual

| ndi v
waf ers 881amgrformeshthersonnist HefRutlgiag e SBUYT it & tGBInPPm 8 Slﬁ’ﬁ& ? msthy
protectiveylayer s ?e% A Fisha) reFe'Pab'l:)l QﬁechJAuf?tﬂaBNlm cbandi mge a&amngt us 882,

ac

preferably aving |t‘fes or rotathon of the wafer 881, the | ayer 883
and the epessymbly laélce@saboramm%%ﬁi telivistd 4 pluraliprofopeirged FEEsAeNGIRHi ng
appar at us ggvzg,c rt| %I“Iﬁg] H‘%s the wafer 883 of Fig. 7E to the configuration
shown in FIg. not ched wafer 884 is then preferably subjected to

anti-corrosion Refeahusmrstna\mmadebat RigBOBA, EBNT@QI APNGEAT & Gty &8I uti on

898, such as S bed. in of th ; 956;
2,851, 385 awﬁ? "Ciéié's%%“s rlﬁ%ypa.l%r%?t?r@]%r%&c%a %Stggbggﬁ @frﬁé%g?%grat ed by
ref erence. dGaReRL We kel inFapnasi iniaotbrappamndt usotBeprefatted bmbplemettes by
vacuum deposi tion techni ques, such as a Mbdel 903M sputtering machine

manuf act ur éﬂthBVYWW%lonResear ch Corporation of the U.S.A, is enployed to
produce a condugl iy b §%EH A0 pRRE IR 1@&@08&5&@1@;&&@& 1y9aGhowht & Fis.t he waf er
as shown in Fig. 7G Conflguratron of contact strip %ﬁ égown |ndF|g 7TE,

i s carri ed4BuandoABfierpabrigednyrdhesiveg 6@ ity apmlied rihsrets) @F?f‘?’ b P ett

phot oresi s a {HeOhdMPOmY. shengien t he

br and narretoﬁralg%r%s %rg%b?rrgl% |%dneyh%h ?gdreépt%ﬁ%%braggghnane Eagl e. The

phot or esi sE:QQOé]DrSs@mﬁpcc&rdeipend hiso warfaspendd03p4asr elempmt bHaditst ZI9A assenbl y

902, which i rcr Iefr r T

phot or esi slzséi’&gg %Iﬂg?t |y|‘ %ﬁ es‘é’Sr??fnﬁL[# dr@%ly% hl%{}le%%gtsumée system 904
using a maskchIRSEPO- ttmct bmutdrr&ﬁﬂraalm atdilapie padrt eBpnsy Tettwolsigptlos-edfi st is

t hen devel gped in a devel oprment bath 906, and then etched in a netal etch
sol uti on 9(%l lgrsaa8dUP an et ching bath 910, thus providing a conduct or

configuration sughh@sy AL $ﬁ10c\tt@ phdkadihg 1ayétBéooThmsqus@1d iscafheired ttbvae stri ps
shown in Fig. 7G are then pl ated, preferabl ‘Ioectr Iess atl

appar at us gmtallmqrsewra@ %MYEtCeliYa\lﬁvylgaﬂia?alﬁaB‘Pﬁ‘emFtP ?fﬁorb? *éﬂﬁé{ﬁ The

waf er 913 i | hePdi@bBRAC Wal eeferenideegr at ed
circuit de\‘/i?fg‘ee?ecﬂ %rgébl E/IQP e!_%lnr %ﬁ%ob'ﬂghé@cﬂﬁ shoul d be a di anond

resi noi d bl ade of th| ckness 4 - 12 mI The resulting dies appear as
illustrated generally in Fig. 7G It V\§ 1l be appreci ated by persons skilled
in the art that the present invention is not limted by what has been
particularly shown and descri bed herei nabove. Rather the scope of the
present invention includes both conbinations and subconbi nati ons of




12 t, ~;~ ,"" 2334 various features described herei nabove as wel| as
modi fi cations and vari ati ons thereof which would occur to a persoh BAY s KA04|
in the art upon reading the foregoing description and referring to the
drawi ngs -and which are not in the prior art. 13 " I~ | I"r~~~~ CJU. ~i
CLAIMS 1. A crystalline substrate based device conprising: a crystalline
"substrate having forned thereon a mcrostructure; and at | east one
transparent chip scal e packagi ng | ayer which is seal ed over said

i Cr OSUr Uglyyt Orpy, IRANRLAL AR AANASL XS ARY L] AES.OBREM LISk cast one

gap between said crystalli’ne substrate and sard a one transparent
chi p scal &egadcNagomgaiayleysr i th awcysiandel wite asutferecaembodimert ¢fi e ostruct ure
and said %&&sgg&%nt chip scal e packaging |layer formng a chip scale

Of1. . . . . .
package, erein sard mcrostructure receives light via said at |east one

transparent chite seadlinepabketd 6@ taayterlapped, & stoystimlFig 7€ sydbstehad e based
devi o€, Rt el8e ShUL T U0 AR08 3 ook SRl IR BRELRSH, O | ever
cryst al | i Pelosuséiciaig ehasied cderwés 61@ariaygicaly tumps bad aneFomred tidresrei n sai d
o cl ai m & SR G On TBaiing GPEPP P SEMSEr PR Chige Bold S Bon. 5, A
crystal | i pigrafityhsFtrhdbgedswdietion saseatmagdingg to claim 1 and wherein said at
east one gap Rce?'gre)nrclesise r?ou? mglieu troal-li<|rst. %Aoafnd %%pxsw'hich are illustrations of apparatus
g .

employed in the manufacture of a crystalline substrate based devices of the type shown

in Figs. 2A & 2C in the manner shown in Figs. 5A - 51. As seen in Figs. 8A and 8B, a

conventional wafer fabrication facility 680 provides complete wafers 681, of the type

shown in Fig. 5A. Individual wafers 682 are bonded on their active surfaces to

protective layers 683 as shown in Figs. 5A & 5B, by bonding apparatus 685, preferably

having facilities for rotation of the wafer 682, the layer 683 and the epoxy 50 as to

obtain even distribution of the epoxy.

The bonded wafer 686 is thinned (Fig. 5C) at its non-active surface as by
grinding apparatus 684, such as Modei 32BTGW using 12.5A abrasive 687, which is
commercially available from Speedfam Machines Co. Ltd. of England.

The wafer is then etched (Fig. 5D) at its non-active surface, preferably by
photolithography, such as by using conventional spin-coated photoresist, which is
commercially available from Hoechst, under the brand designation AZ 4562, using a
mask exposure machine 692 for the exposure of light sensitive photoresist 690 through
the mask 691 and later etching the silicon in a bath 693 using solution 699.

The etched wafer 1000 is bonded (Fig. SE) on the non-active side to protective
layer 686 by bonding apparatus 694, which may be essentially the same as apparatus
685, to produce a doubly bonded wafer sandwich.

Notching apparatus 695 partially cuts the bonded wafer sandwich of Fig. SE to
the configuration shown in Fig. 5F.

The notched wafer 1002 is then preferably subjected to anti-corrosion treatment
in a bath 696, containing 'a chromaring solution 698, such as described in any of the

following U.S. Patents; 2,507,956; 2,851,385 and 2,796,370, the disclosure of which is

9 .




6. A crystalline substrate based device according to claim1 and wherein .
said mcrostructure conprises a mcronechanical structure. 7. A T:Lygit‘\gl Eilte
substrate based device according to claim1l and wherein said mcrostructure
conprises: a mcroelectronic structure. 8. A crystalline substrate based
device according to claim1 and wherein said mcrostructure conprises an
optoel ectronic structure. 9. A crystalline substrate based devi ce according
to claim1 and wherein said crystalline substrate conprises lithium .

t ant al at ehereb.ingarpnrated i feferracs ubst rat e based device according to claim 1
and wherein sai 1.CLO u . O [.Ses S o St Cyap@Me devi ce.
11. A crystal ﬁ?oglg&stﬁlés{& éart gglgéglg 3|}a§€s gg%’o%iﬁﬁgsfgg%?a?ym f and wherein
sai d crysdepbsiiiore teshrbigites atush cio rpModelsOGiasputering maghine yaanafaciuad 8vibst rat e
based devjce . or dj to ¢l ai 1 cthe ' [ and
packagi ng tae?aglﬁg %af?ﬁn@?\%m%atg%nﬁogrtﬂse(]‘%lséﬂh blééﬁggg&ﬂ%ﬁrﬁg}f;gg ?r(u%}dP zi‘:‘[|cq:)‘{eilgct:lyi%tr y of

el ect ri cabn @entr avtssuplheat @feah divg! edgeatieas Srpesintth of . 14 ~ ~ N~~~ 2i ?20~
13. A chip scal e_.packa crystalline subst. . i Sk 0o strate
havi ng for msda(JE%gP‘érB{iorg&drﬁoﬂﬁaéésSErP&catsL?S%V;m lé]flg é'gst(fllsg%g%doozﬂé&%ﬁr%liggl e package
which is sgal @fvariena siicto-adbgisiost shoedresise 7andwidelf isnesndiaalenivaiialie | east one
gap, and wherein said at | east one packa i S.,at. | east partial

t r anspar efem Dikopt widerthe brand name %&5‘@6"% ng?gl e & tQ‘srttfr%:fa[j Ign‘gél%:%? ding to
clai M3 apghheteinssidisaiol ieasiic@RERafkageoT i 5paledsianiat ssmblgubstrate
usi ng an adhesive. 15. A chi p scal e packaged crystalline substrate according
to cl ai mZP2awhHish éesimmesasiallyaynidable fore Dpprtoeshigls¥xy. 16. A chip scal e packaged
crystal | ne SUpRLhahaRCABIGHEEH] hfldiRuRayhe ehibainlspihstox! o
conprises sili cor?. 7. A chip scafe packaged crystalline substrate according
to cl ai ml@hiahawiyereeidaatizldtos sisstr 632 usioapr naks705; ohdefine FHigabi eHiBS A chip
scal e packaged $1Y3{ALLIOY, SURSEIALLAEGOIMLRENLA Bhitho Jnanshas el nsai d at
| east onepgap conprises a pl ure?ll of gaps.19. A chi p scal e packaged
crystal | i mefes ihstchet & acmtal ditehgsdhwion] H8mib8ateh dwhae resdhingabaih Mler 888 r uct ur e
.conprises_a .y cronechani c st.ructure.,20.A chip sgal e packaged crystalline
subst r at eprﬁﬁlglﬁlg&icﬁﬁ YBr ép igﬁ@goﬁﬂlﬁaﬁﬁh& Sﬁggﬁg{ lﬁﬁcéﬁgst ruchue conprises a

m croel ect r oniTheSdxpttel Wb RindiveAtiiishows & BigpaGlaagtheln phayesit piefaraidy Sybstrat e
according to claiml3 andwherei nsaj.d m crostructure. ri.s an

opt oel ect Pleftioless plafag FPearaiys Alphiviicl d%lwamg'&?@éeﬂa‘é%%?%?ﬂ ?)j%ms Hstrate
accor di ngyhey cl ai M3 andwherei nsaid mcrostructure conprises a surface
acoustic wave device. 23. A chip scal e packaged crystalline substrate based
devi ce conpri sThegrafer iethyadigpd (hige S5 HEe rnétv@%gmewgc a&?‘frjkgﬁfgf%eéf‘é%ﬂlta

M Crost r UgLALE: ﬁﬁ?egab? HEARIONGIL AP HEA GePRACKABMACRAABIIS blGe af | east one
transparent packagi ng l'ayer which is seal ed over said m_crostructure by
means of thirkachhdsil@enianThedefultingsiias hppeanist i rated ggraralyrie Figap! bet ween sai d
crystalline substrate and sai . J gas - - i | ayer,
wherein said ﬁ?%?%%‘ien%tnﬁ‘rh'em?dgggi%t\l/‘ess6% %ﬁ%i%ﬂlgg?@qgt@sﬂ%%gg%?g&tg ranspar ent
packagi ngehplysid. in 26 méuGacyst af 4 imealinbsbsiatebdsed devigeof B tUEPPMBi ng: a

crystalli E}%ig.%%sxtnrt f:[e ;enarrl]naé\llls}?o%nf ] 1gsd6‘&h%&(e%@ sgennlln%é)s.sbz&lé% 4k€a AR

fabrication facility 780 provides complete wafers 781, of the type shown in Fig. 6A

mounted onto a substrate, such as a Pyrex substrate 782. Individual wafers 781 are
bonded on their active surfaces to protective layers 783 as shown in Figs. 6B & 6C, by
bonding apparatus 784, preferably. having facilities for rotation of the wafer 781, the
layer 783 and the epoxy so as to obtain even distribution of the epoxy.

Notching apparatus 794 partially cuts the bonded wafer sandwich 793 of Fig. 6C
to the configuration shown in Fig. 6D. The notched wafer 796 is then etched in a silicon

etching solution 798 in a bath 1010, The etched voids 1012 in wafer 1014 are filled with
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at | east one chip scal e packaging | ayer which is seal ed over said
mcrostructure and defines therewith at |east one gap between sai g MAY 2004
crystalline substrate and said at | east one chip scal e packaging [ayer, the
crystalline substrate, mcrostructure 15 - t, ~Il~t 204 and chip scale
packagi ng layer formng a chip scal e package, the chip scal e package havi ng
a nultiplicity of electrical contacts plated al ong edge surfaces thereof.
25. A device according to claim?24 wherein at | east one gap is | ocated over
sai d crysépak) 108, asihs b dabensan 1 Bna 8l tsavddsaloik easibtamepgxadhizdivagis| ayer. 26.

Sai a mi or DD, I D' BynRaens AR cuncapvectartt R o o 8ot rate

based devirgRh&ampo.i Sing: a mcrostructure on a substrate; and a spacer on
said substrate saigg cispa er_defining at |east one cavity.extending entirely
IS

|
t her et hr ough: HifdoHeq ¥aiet 1S then ASHRIR YA S BERe-g iRl CPESRY SHRS vel y

seal ed onfQ @ d0BPAGRENIRY & hiSRHafnd okt RELIDYE LU apderdted ligamt opaet i al |y
spaced therefrom thereb defi ne aid at |east one cavity

| y to a gap_at said at
bet ween s@ilewirigdy §skatenes dro@ 7.8 ZS?éilé%tamF%,a%@ néheghcloseied WSS, wher ei n

t he subst indBrSdr st f UGk . and packagi ng |l ayer forma chip scal e package
havi ng a %b?i%ﬁrﬁrty oy? el élc%'ri cal contacts plated al ong edge surfaces

thereof. 28. Awdysival layere dspisiion atrpapased0dewihids apei@iedi By 36U ai m 27 and
wher ein S@elpgsig(gn l‘[e%%isléthegg?u\?gad%gaggfioﬁglcé@%? §P+t§eriﬁ§%§qing%%u?ﬁﬂecp'B¥St al line

substrate dstng an a I'ne”substrate based device
accor di ngMateriell Rdsear@8Capdratidresfehat) $ai. disadheyed® proioe b seslufinedyyer 30. A

crystalline substrate.based Vi accordi to.cl ai-m 27 and wherein said
crystall i%o‘?%glof%’fuéfa‘é‘ﬁr‘?g??cggée (gi%?ei%%%asﬁqg”wngﬁ%}gtd;} line substrate based
devi ce accor di (hfle@ratibidbfMBoiéciasiths W3ahewn iShig 06T, liy sdnddd dunereseriidy bat e
conprises | ithium niqgbate.

| 32. . A crystalline substrate hased device
accor di ngusRg EnHFTHoDY %Hoﬂﬁ@sé?%?@ "EF‘%tSOF’e‘?éIé‘%Jh E?n‘é’”ﬁ%%c'gﬁ?hﬁ%gggg a
pluralityggh SI@Rs: umidr thé bidnd ShAk PHRR SH RS tbAl $hiflas edddayé 6naaemedi ng to
claim 27 and wherein said mcrostructure conprises_a_m cronechani cal

st ruct ur eEagdet Tha pbetpessiall is iaprdics i B medess BAksiach iwlqressst éé‘écﬁﬁiﬁ"’r‘?@’ 8- cl ai m 27
A cryst an e e o B e e o el i m 27 and wherei n oai d
m crost r uct ur eTiegiprorsas8eins prtaoelelitht omifgusdbyat Y exposure system 804
using a mask 805 to define suitable etching patterns. The photoresist is then developed
in a development bath 806, and then etched in a metal etch solution 808 located in an
etching bath 810, thus providing a conductor configuration such as that shown in Fig.
1B.
The exposed conductive strips shown in Fig. 6G are then plated, preferably by
electroless plating apparatus 812, which is commercially available from Okuno of
Japan.
The wafer is then diced (Fig. 6H) into individual pre-packaged integrated circuit
devices. Preferably the dicing blade 814 should be a diamond resinoid blade of
thickness 4 - 12 mils. The resulting dies appear as illustrated generally in Fig. 6K.
Reference is now made to Figs. 10A and 10B, which are illustrations apparatus
employed in the manufacture of a crystal line substrate based device of the type shown
in Fig. 2D in the manner shown in Figs. 7A - 7G. As seen in Figs. 10A and 10B, a
conventional wafer fabrication facility 880 provides complete wafers 831, of the type

shown in Fig. 7A. Individual wafers 881 are bonded on their active surfaces to
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36. A crystalline substrate based device according to claim27 ang m{?r I n
said crystalline substrate conprises |[ithiumtantal ate. 16 m ~ #1 2&@1
37. A crystalline substrate based device according to claim27 and wherein
said mcrostructure conprises a surface acoustic wave device. 38. A
crystalline substrate based device according to claim27 and wherein said
crystalline substrate conprises quartz. 39. A crystalline substrate based
device conprising: a mcrostructure on a substrate; and at |east one
packagi ng prayeive layes 888 ey shromnsaF gs.piic Ralh. iy boadieg apmssdtes 883apreferadbf i ni ng at

| east one ,cavi ty.extendi ng. ent.i.r el 0 S ' t one
packagi ng qa‘z'f?%fycz@f%??rv% E%Ogeoalt%edw%fﬁ% ggggbgqaggrgggejr %gr%aéggfﬁgomhgfozst ructure
and at | eamtairpaveh datribytiapafaedegoker efrom thereby to define a gap at said at

| east one cavi et ween sai icrostructure and i d.at. | eas e

packagi ng | aye&\?,ét r @WPﬁfaE%eg%%%F@ e‘f”%m'tglﬁer &ffefu?: uroga%ﬁ‘d%%ag%ggel ng | ayer
form a chignsaM®nRReka@EFiHaying a multiplicity of electrical contacts

pl at ed al ong egge surfaces thereof. A devi c[gF accor di n.gat 0 claim 39

40.
wherei n sai d pd@kagcHY Valpiedsicis M Beerably M HASPA R MU PAORED I S er . 41. A

met hod of ;pLAAHCEIHY cBmGhMS LA b RAing UBRLERESS, DAGILEs daia A QMpPIAfShag:
providing a wafer conprising a sem conductor m_crostruct uref\lﬁgggudl ng a

sem condudelrwing bsy Pateats: pPOLIW AGS BIBEer 7%1° 78 \RAABFIOPES 8 Y spacer
defi ni ng %relb?gl%&g?&?edcb%\fiifre%n%t endi ng entirely therethrough; adhesively
er at

sealing to sa east one transparent g_ackagi ng | ayer and said
spacer onto saiCénéstive daghucteposisobsippaeas o whicH APERBStHUCEEHUE and at

|l east partjally spaced therefraq heyme Iehial A-S88kE,ARen0ap at
said at Iegg?m?){)ﬁet%%a{'\lfluﬁ %8]? \%/Segn%g%?l?rofnw?%%fe&?t?ﬁ?é ancia salEt_a at Z'Peast one
packagi ng Mgyl Refearditidogparativulof thell. BiAL )is @fiplejedab pratate comteaivs lakong

surfaces of said at |east one ﬁacE@gl n Ia¥er \M%Ch 8efi ne edges of
i ndi vi dual®MPRe RAGEY SHEAeE aleactyiig o ?@geﬁéﬁ hopndt EiendVsai d wafer into said
i ndi vi dual packpgafelirseni ot @8ntadtiib il siSRirtinTR@ Ty isicarrfedroneptefrmbly i ece

separate from sai db‘subst rate. 42. A nethod of producing a crystalline
subst r at e WBEEANEatPRab elsplEQAPORFdtPHOBrAIP Al YA¥E %@F‘@]%H"aélii %ag%ﬁesi vel y

seal i ng CogY DIPSHUBHAILERANY nife BEALcoaPbOGh ShRAS! ubde the BrisDadneNt
packagi ng | ayer angﬁsai d spacgr onto Csai d éubstrate. 43. A net hod of

produci ng Begler ¥¢ pldtomsst S0bss aratied tsatbe wattesy PBenacRoipsy beth asiesibii 41 and
wherein sgj.d cr.ystalline. . gpﬂglg' Lili con. 44. A nethod of

pr oduci ngadgg’c‘?rlg}gtf ]aSICPF‘HTéH%aEIEg?%‘%ﬁ%%@ase d Z\gllls%@éig%cordi ng to claim4l and
wherein said crmysbadtbicsie 20 sirefatablydghprdnfiesed by hillrexpioasaseste§04 A net hod

o P00 8., KA e SRl S PR S PP IR el 1 o
in a development bath 906, and then etched in a metal etch solution 908 located in an
etching bath 910, thus providing a conductor configuration such as that shown in Fig.
1B.

The exposed conductive strips shown in Fig. 7G are then plated, preferably by
electroless plating apparatus 912, which is commercially available from Okuno of
Japan.

The wafer 913 is then diced (Fig. SH) into individual pre-packaged integrated
circuit devices. Preferably the dicing blade 914 should be a diamond resinoid blade of
thickness 4 - 12 mils. The resulting dies appear as illustrated generally in Fig. 7G.

It will be appreciated by persons skilled in the art that the present invention is
not limited by what has been particularly shown and described hereinabove. Rather the

scope of the present invention includes both combinations and subcombinations of
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- ~1 1~"u 204 46. A nethod of producing a crystalline substrate based
device according to claim4l and wherein said mcrostructure corpfi{gff P
m cromechani cal structure. 47. A nethod of producing a crystalline
substrate based device according to claim4l and wherein said

m crostructure conprises a mcroelectronic structure. 48. A nethod of
producing a crystalline substrate based device according to claim4l and
wherein said mcrostructure conprises an optoelectronic structure. 49. A
met hod of vaidduediigs BeserideatidldilaBoveSHbsdIr & RoliasARndSN ¢Riaf6ROneesHy to claim
41 and wherein said crystalline substrate conprises l[ithiumtantal ate. 50.
A met hod SHIGHHERIEPIYF 18 aciepsen af shilhin BaBEMPaR Ecafiag g TawEPEs J&CHRIM ng t o
claim41 r s a surface acoustic wave
devi ce. %Hj emﬁiﬁgghe;%h‘glrngl %lqiﬂlg&g&g%f?gﬁ%}eéfubst rate based device
accordlng to claim4l and wherein said crystalline substrate conprises
quartz. 52. A nethod of producing a crystalline substrate based device
according to claim41l and wherein said spacer is forned as a piece separate
fromsaid at | east one packaging |layer. 53. A nethod for producing a
crystalline substrate based device conprising: formng a mcrostructure on
a crystalline substrate; and sealing at | east one transparent packagi ng

| ayer over said mcrostructure by nmeans of an adhesive so as to define
therewith at | east one gap between said crystalline substrate and said at

| east one packaging | ayer, wherein said mcrostructure receives light via
said at | east one transparent packaging layer. 54. A nethod for producing a
crystalline substrate based device according to claimb53 and wherein said
at | east one packaging |layer is sealed onto said crystalline substrate
usi ng an adhesive. 55. A nethod for producing a crystalline substrate based
devi ce according to claim54 and wherein said adhesive conprises epoxy. 56.
A nmet hod for producing a crystalline substrate based device according to
claim 53 and wherein said crystalline substrate conprises silicon. 57. A
met hod for producing a crystalline substrate based device according to
claim53 wherein the substrate, mcrostructure and packaging | ayer forma
chip scal e package havi ng edge surfaces, the nethod al so conprising plating
a multiplicity of electrical contacts along said edge surfaces. 58. A

met hod for producing a crystalline substrate based device according to
claim53 and wherein said at | east one gap conprises a plurality of gaps.
18




4 ~~"1 2~G- 59. A nmethod for producing a crystalline substrate lza % ”L
according to claim53 and wherein said nmicrostructure conpri ses Pt
m cronmechani cal structure. 60. A nethod for producing a crystalline
substrate based device according to claim53 and wherein said

m crostructure conprises a mcroelectronic structure. 61. A nethod for
producing a crystalline substrate based device according to claim53 and
wherein said mcrostructure conprises an optoel ectronic structure. 62. A
met hod for producing a crystalline substrate based device according to
claim 53 and wherein said crystalline substrate conprises lithium

tantal ate. 63. A nethod for producégﬂg ?Nf%ystal | i ne substrate based device
according to claimb53 and vvherei n A rostructure conprises a surface
acoustic ve device, 64. A oy . produci pg a crystalline substrate
based dev:Nie accor dith ? h‘&q a@% ‘?‘i{)de%'i g’&ld el stal |ine substrate
conprises quartz. 65“3 er&"’b%

crystalline subst r at?b e@ﬁfrPﬂFlt’?PsrP lm"f lés dgg‘éeﬁbst rate;
and seal | n%‘“ & anigrgsteictuss, By apsaps eban adhs é.’é’f( ds%# t%ca?‘ﬂtwfc%%wm@mre
defining t W@WWWS@%NW ﬁ‘éddaldé‘ﬁlf B% BWWP%fSﬁ‘td’h’é’tSC?légéq agA® package
is at | easlayprastidgrysplline pcrosirugfaren g s TIRPATGEY AP SoUf| p scale
packaged cpﬂﬁwglaﬂfmq‘@ks%d@?@g%g to claim65 and wherein said at

| east one package i $¥hsedn ewidomierostanctirs iseivent Behis viag saifh aldiheesh wee 67. A
met hod f or rprspareesichip seale pagkegieglekerpackaged crystal line substrate according
to claim66 and wherein said adhesive conprises epoxy. 68. A method for

r

produci ng & chip scat erystaine gelstrateyhased| devise asersding 4o elaie doandi wgrein cl ai m 65

and wher ei paid ait deas‘ubm parkeging igyri tsesealsid | dngw said @gystallingesuhsithte vsingedduci ng a

chi p scal eaghesikeged crystalline substrate according to claime65 and wherein |

sai d substrate conprises |lithiumniobate. 70. A nethod for producing a chip
scal e packdged cr ystAlctyistalling shisstretat besaicdayiced i aogprdiog ¢é alaim @Sandehetinr ei n sai d
at | east osadgdipsisoopnprsesepaxpl urality of gaps. 71. A nethod for producing
a chip scal e packaged crystalline substrate according to claim®65 and
wher ei n sadd m cr ostA egktlime Gogpaiedasedadavice ravceding o chim dt andcwbrein 72, A
nmet hod f or sgid estalling substedie poryeBessi@akaged crystal | i ne substrate accordi ng
to claim65 and wherein said mcrostructure conprises a mcroelectronic
structure. 519 A crystalline substrate based device according to claim 1 and wherein

said at least one gap comprises a plurality of gaps.

6. A crystalline substrate based device according to claim 1 and wherein
said microstructure comprises a micromechanical structure.

7. A crystalline substrate based device according to claim 1 and wherein
said microstructure comprises a microelectronic structure.

8. A crystalline substrate based device according to claim 1 and wherein
said microstructure comprises an optoelectronic structure.

9. A crystalline substrate based device according to claim 1 and wherein
said crystalline substrate comprises lithium tantalate.

10. A crystalline substrate based device according to claim 1 and wherein
said microstructure comprises a surface acoustic wave device.

11. A crystalline substrate based device according to claim 1 and wherein
said crystalline substrate comprises quartz.

12. A crystalline substrate based device according to claim 1, the substrate,
microstructure and packaging layer forming a chip scale package having a multiplicity
of electrical contacts plated along edge surfaces thereof.
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~ Cuz3~t 73. A nethod for producing a chip scal e packaged crystgb%in
substrate according to claim65 and wherein said mcrostructure ﬁﬁ§ 884
an optoel ectronic structure. 74. A nmethod for producing a chip scale
packaged crystalline substrate according to claim®65 and wherein said

m crostructure conprises a surface acoustic wave device. 75. A nethod for
produci ng a chip scal e packaged crystalline substrate based device
conprising: formng a mcrostructure on a crystalline substrate; and
providing at | east one chip scale package i ncluding sealing at |east one

transparen packagl 95 l.ayer o r.n'cr truct u_r.e by neans of an
adhesi ve a defi ni :}Eq‘ %‘E’%ﬂ \i‘ﬂgﬁ Zra n said crystalline
substrate and sal d

M crostr UCtagi %P%"Fléqés?ﬂf) 8V°E|531H§’E)la’ipgtﬁ'{cagackagl ng
| ayer. %HX ﬁallln subsggate based device
conprising: form ngaﬁ Wlh 2 2HEr APLPAALY, BEISPEEY: and seal ing
at | east one packagin ayer over sal d r st ruct ur and defipin
therewith & | east 6hgm@ g@@ﬁﬁ?? %ﬁf%?%lgﬁﬂgsaid at
| east one P E‘F‘é‘g‘?’ﬂ@tleés)ﬁé’fiep%ch%gedﬁ??? P!ltPﬁ@ §‘Eh§§‘t‘tf’3i1%ga’h‘? F8%t ructure and
packagi ng | ayer fornming a chip scal e package, the chip scal e package havi ng
a nultiplidfty, of elf’bégplséﬁf’ radiaescerystaling E@S%t%ﬁﬂsogh%t%ﬁ%&één‘?her eof .
77. A net h¥dersinsaidadhgsive somprsep e ywher ei n at | east one gap i s | ocated over
said crystalline substrate and under said at |east one packaging |ayer. 78.
A net hod ad€ordi ng th chipaicale Packaaet eysialling substwn agtording &y elaim 43984 ed over
sai d mi cr o¥hergisaidsubspratercgmprises sitigpomdhesi ve. 20 . A

. A Ak. Al<. A Ahv. AY. AKQ Al . A. A@ A3. Al. A Al. A AYI . AQA AL\
ha: >P6AYINTE. . | wr o ghip] MP@?@E@%W&&}I%P@E@QF@@}@B& (tfa]:]éﬁf} éa]a@é] ca] ca] ca
] ca] ca] ca] M]mm]xd]scbﬁ]h@wapm]im]ldm}maiwapca] calcal....788AAACC+KOK=KOPTTT%Y
sYY[[ [ Y*_"s"c”dggg| hzupkf a\' W ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ¢&] ca] ca] o vhipajalalpeckiaged catallipe ajtsbdic atwrdipz & Plim3pendqqqqqaqr :
t t Juu?vvx KyherezOmida {sEkoup kdpadovivliem laphirality ofdapa] ca] ca] ca] cal] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca]ca]ca]ca]ca]calca!ll @uFs&"lr~|wm
hc”YV] ] ca] d9] ca] ca] cafhip] walk patkaatd ajystallina putairate Jacakdiag callem) dd]apd] ca] ca] ca -
] ca] ca] caUpdadeesaiiahicmkstradnea bamprisbiidinidramdchanidat $tdhire a] ca) ca) ca] ca] ca] cal ca
] ca] ca] ca] ca]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calc
al .b@10%w8 ()-Y A chip scale packaged crystalline substrate according to claim 13 and

wherein said microstructure comprises a microelectronic structure.

21. A chip scale packaged crystalline substrate according to claim 13 and
wherein said microstructure comprises an optoelectronic structure.

22. A chip scale packaged crystalline substrate according to claim 13 and
wherein said microstructure comprises a surface acoustic wave device.

23. A chip scale packaged crystalline substrate based device comprising:

a crystalline substrate having formed thereon a microstructure; and

at least one chip scale package comprising at least one transparent
packaging layer which is sealed over said microstructure by means of an adhesive and
defines therewith at least one gap between said crystalline substrate and said at least one
transparent packaging layer,

wherein said microstructure receives light via said at least one
transparent packaging layer.

24, A crystalline substrate based device comprising:

a crystaliine substrate having formed thereon a microstructure; and

at least one chip scale packaging layer which is sealed over said
microstructure and defines therewith at least one gap between said crystalline substrate
and said at least one chip scale packaging layer, the crystalline substrate, microstructure
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said crystalline substraie and under said at least one packaging layer.

=

26. A device according to claim 24 wherein said packaging layer is sealed
over said microstructure by means of an adhesive.

27. A crystalline substrate based device comprising:

a microstructure on a substrate; and

a spacer on said substrate, said spacer defining at least one cavity
extending entirely therethrough; and

at least one transparent packaging layer adhesively sealed onto said
spacer over said microstructure and at least partially spaced therefrom, thereby to define
a gap at said at least one cavity between said microstructure and said at least one
packaging layer, wherein the substrate, microstructure and packaging layer form a chip
scale package having a multiplicity of electrical contacts plated along edge surfaces

thereof,

28, A crystalline substrate based device according to claim 27 and wherein
said at least one packaging layer is sealed onto said crystalline substrate using an
adhesive.

29. A crystalline substrate based device according to claim 28 and wherein

said adhesive comprises Epoxy.

30. A crystalline substrate based device according to claim 27 and wherein
said crystalline substrate comprises silicon.

31. A crystalline substrate based device according to claim 27 and wherein
said crystalline substrate comprises lithium niobate.

32. A crystalline substrate based device according to claim 27 and wherein
said at least one gap comprises a plurality of gaps.

33. A crystalline substrate based device according to claim 27 and wherein
said microstructure comprises a micromechanical structure.

34. A crystalline substrate based device according to claim 27 and wherein
said microstructure comprises a microelectronic structure.

35. A crystalline substrate based device according to claim 27 and wherein
said microstructure comprises an optoelectronic structure.

36, A crystalline substrate based device according to claim 27 and wherein
said crystalline substrate comprises lithium tantalate.
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a microstructure on a substratc
at least one packaging layer;
a spacer on said packaging layer, said spacer defining at least one cavity
extending entirely therethrough; and
said at least one packaging layer adhesively sealed onto said spacer over
said microstructure and at least partially spaced therefrom, thereby to define a gap at
said at least one cavity between said microstructure and said at least one packaging
layer, wherein the substrate, microstructure and packaging layer form a chip scale
package having a multiplicity of electrical contacts plated along edge surfaces thereof.

40. - A device according to claim 39 wherein said packaging layer comprises a
transparent packaging layer.
41, A method of producing a crystalline substrate based device comprising:

providing a wafer comprising a semiconductor microstructure including a
semiconductor substrate;

providing a spacer at a wafer level, said spacer defining at least one
cavity extending entirely therethrough;

adhesively sealing to said wafer at least one transparent packaging layer
and said spacer onto said semiconductor substrate over said microstructure and at least
partially spaced therefrom, thereby to define at least one gap at said at least one cavity
between said microstructure and said at least one packaging layer;

forming a multiplicity of electrical contacts along surfaces of said at least -
one packaging layer which define edges of individual packaged devices; and

subsequently dicing said wafer into said individual packaged devices,

wherein said spacer is formed as a piece separate from said substrate.

42, A method of producing a crystalline substrate based device according to
claim 41 and wherein said adhesively sealing comprises using Epoxy to seal said at
least one transparent packaging layer and said spacer onto said substrate.

43, A method of producing a crystalline substrate based device according to
claim 41 and wherein said crystalline substrate comprises silicon.

44. A method of producing a crystalline substrate based device according to
claim 41 and wherein said crystalline substrate comprises lithium niobate.

45, A method of producing a crystalline substrate based device according to
claim 41 and wherein said at least one cavity comprises a plurality of cavities.
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49, A method of producing a crystalline substrate based device according to
claim 41 and wherein said crystalline substrate comprises lithium tantalate.

50. A method of producing a crystalline substrate based device according to
claim 41 and wherein said microstructure comprises a surface acoustic wave device.

51 A method of producing a crystalline substrate based device according to
claim 41 and wherein said crystalline substrate comprises quartz.

52. A method of producing a crystalline substrate based device according to
claim 41 and wherein said spacer is formed as a piece separate from said at least one
packaging layer.

53. A method for producing a crystalline substrate based device comprising:

forming a microstructure on a crystalline substrate; and

sealing at least one transparent packaging layer over said microstructure
by means of an adhesive so as to define therewith at least one gap between said
crystalline substrate and said at least one packaging layer,

wherein said microstructure receives light via said at least one
transparent packaging layer.

54. A method for producing a crystalline substrate based device according to
claim 53 and wherein said at least one packaging layer is sealed onto said crystalline
substrate using an adhesive.

55. A method for producing a crystalline substrate based device according to
claim 54 and wherein said adhesive comprises epoxy.

56. A method for producing a crystalline substrate based device according to
claim 53 and wherein said crystalline substrate comprises silicon.

57. A method for producing a crystalline substrate based device according to
claim 53 wherein the substrate, microstructiure and packaging layer form a chip scale
package having edge surfaces, the method also comprising plating a multiplicity of
electrical contacts along said edge surfaces.

58. A method for producing a crystalline substrate based device according to
claim 53 and wherein said at least one gap comprises a plurality of gaps.
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66. A method for producing a dhip scale packaged crystalline substrate
according to claim 65 and wherein said at least one package is sealed onto said substrate
using an adhesive,

67. A method for producing a chip scale packaged crystalline substrate
according to claim 66 and wherein said adhesive comprises epoxy.

68. A method for producing a chip scale packaged crystalline substrate
according to claim 65 and wherein said substrate comprises silicon.

69. A method for producing a chip scale packaged crystalline substrate
according to claim 65 and wherein said substrate comprises lithium nicbate.

70. A method for producing a chip scale packaged crystalline substrate
according to claim 65 and wherein said at least one gap comprises a plurality of gaps.

71. A method for producing a chip scale packaged crystalline substrate
according to claim 65 and wherein said microstructure comprises a micromechanical
structure.,

72. A method for producing a chip scale packaged crystalline substrate
according to claim 65 and wherein said microstructure comprises a microelectronic
structure.
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74. A method for producing a chip scale packaged crystalline substrate
according to claim 65 and wherein said microstructure comprises a surface acoustic
wave device.

75. A method for producing a chip scale packaged crystalline substrate based
device comprising:

forming a microstructure on a crystalline substrate; and

providing at least one chip scale package including sealing at least one
transparent packaging layer over said microstructure by means of an adhesive and
defining therewith at least one gap between said crystalline substrate and said at least
one packaging layer,

wherein said microstructure receives light via said at least one
transparent packaging layer.

76. A method for producing a crystalline substrate based device comprising:

forming a microstructure on a crystalline substrate; and

sealing at least one packaging layer over said microstructure and defining
therewith at least one gap between said crystalline substrate and said at least one
packaging layer, the crystalline substrate, microstructure and packaging layer forming a
chip scale package,

the chip scale package having a multiplicity of electrical contacts plated
along edge surfaces thereof.

71. A method according to claim 76 wherein at least one gap is located over
said crystalline substrate and under said at least one packaging layer.

78. A method according to claim 76 wherein said packaging layer is sealed
over said microstructure by means of an adhesive.
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