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PACKAGE FORA SEMroONDUcroB. DEVICE 

BACKGROUND OFTBB lNVENTION 

The present :inventlOD relates to a package for a semiconductor device, 
and, more particularly, to a prot.ecf:;ive package_ ibr a spatial light modulat.or 
(''SLM") which includes an ar.rq of active sites, each of which, m tum, 
includes a detlect.able, light-retlecting beam and address circui:try fbr 
selectively deflecting the beam. 

Numerous processes are known fbr producing active sites on a first 
surface of semiconductor wafers. The active sites may comprise one or more 
transistors and may include an integrated circuit havlng a variety of other 
circuit components. Wafers are ultimately separated into a plurality of 
individual cbips, also known as dies or bars, each of which includes an ar.ra;v 
of active sites and a surface eomprising a portion of what was formerly the 
wafer's 1irst surface. Each active site has associated therewith one or more 
bond pads on the ilrst ear.face. The bond pads are rendered electtjcally 
continuous with· the active site. typically by depositing or otherwise fomdng 
the bond pads on top ot, and in eleetr.i.cal contact with conductors tbrmed on 
the wafer. Often some of the same steps used to produce the active sites also 
produce tJie coudu.ctors, which are themselves electrically continuous with . ,, 

the aetlve sites. 

The Separation. of the wafer m.to individual chips is produced by an 
operation which may be ratmred ta as "sawing." Sawing sepmates tbe wafer 
along lines or paths extending between locations whereat adjacent active 
sit.es reside or wm ultimately reside. 

Wafers are often sawed int.o chips before effecting the processing which 
produces the active sit.es. The resulting chips .are maintained in a chip 
matrix after sawing, and the chip matrD: is proeessed to produce the active 
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sites on each one thereof. The active sit.es may include or be assoeiated with 

a spatial light moclulator ("SLM"), such as that known as a defteetable mirror 

device at a digital micrcm:drror deviee (collectively "D:MD"). 

ADMD includes a light-retlecfive beam or siw1ar mechanical member, 

which is associated with an active site and is so JDOUD.ted to, or binged from, 

the mat:erial of the wafer and the resulting chip as tA> be deflect.able or 

movable between a normal position and one or more other positions. 

Deflection of the beam is achieved by attracting the beam .toward or to an 

adjacent electrode which is at a different electrical potential ti-om that of the 

beam. Deflection of the beam stores energy in the mount or hinge, which 

stored energy t.ends to return the beam to it.s normal position. :Movement of 

the beam, which may be binary or analog, is controlled by the circuit 

components of the active sites associated with the beams. Deft.ectlon of the 

beam is facilitated by an tmdercu.t well which underlies the beam. The well 

is fbrm.ed by appropriate etCJring of the wafer/chip mat.er.ial. 

In use, an array or matcix of DMD's is arranged t.o receive light &:om a 

source. The received light which is :incident on the reflective beams is 

selectively reflected or not refteet.ed onto a viewing surface dependi:o.g on the 

position of the beam. Such refleet.ed light may be direct.ed by each beam onto 

the viewing surface only when it is :in one of its possible positions.. Jn all 

other positions of each beam, the incident, retlected light is directed m su.ch a 

. way that it does not tall on the viewing smface. Appropriate energization of 

the circuit compommts associated with each beam of each active Site permits 

the beam-reflected light on the sm:face t.o be presented as a rast.erized m.rq 

ofpiuls (as ma typical telerislon) or as a scam:i;ng line of pixels (as in a line 

printer). 

Because a DMD includes both circuit component.a, as well as a 

microminiature def1ectable beam, it is especially sensitive to the environment 

and is, accordingly, typieally sealed. in a package which permits light to reach 

and t.o be reflect.ad from the beams of the array. The package is desirably 

inexpensive to manufacture and to emplace and should not adversely aft'ect 
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the operation of the associat.ed DMD's. Moreover, as noted above, 
unmodulated light is not reflect.ed by the beams to a viewing surface. 

However, unless care is taken to properly "handle" this \1DDlOdlilated light its 
reflection and/or absorption by surfaces in and surrounding the DMD may 

cause it to act as though it was modulated and to reach the -vlewing su:r!ace. 
As a ccmsequence, it is also clesirab1e if a Dl\m packap also prevented, or 
aided in preventing, umnodulated light from reacblng the "riewmg sm:fa.ce. 

Accomplishing the above desiderata is one of the objects of the presmt 
invention. 

SUMHARYO:FTBE INVENTION 

With the above and other objects in view, one aspect of the present 
invention contemplates a package fbr a semiconductor device. The device 

may be a DMD which :includes an anay ofJi&ht-reflecting beams. The beams 
an :individually movable between one position and one or more other 

positions. In the one position, light incident on the beam is modulated, that 
is, the incident light is reflect.ed by the beam onto a viewing surface. In the 

other positions the incident light is not m.od.Watecl, tlJat is. the refl.eet.ed light 
is not directed by the beam onto the viewing smface. 

The package mcl.udes a. ceramic base which has a mcnmting surface ibr 
supportinr the device. The mountinc surface may be the tloor of a devl.ce­
conformal, device-receiving cavity ibrm.ed m the base. Preferably, the base is 

made by molding. A :first metallic pattern on the base includes.first metallic 

paths Btenc1jq fi:om near the periphery of the base to near the Perlphery of 
the mounting surtac:e. The paths are cmmectecl to the mounted device. 

A torro1dal, electrically ins12la.tlve, rehct.ory seal ring overlies the 

base and the :lirst metallic paths between the pedpher.ies of the base and tbe 

mounting surface. The lower surface of the seal ring is fused to the 
underlying base and the first metallic paths. The upper smface of the seal 
ring is ground and polished so as to be optically flat with a selected angular 
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:relationship relative to the mounting sm&ce. 

A light-transmissive glass cover overlies the device. The cover is 
generally congruent with the out.er periphery of the seal ring. The upper and 
lower Atces of the cover are ground and polished to optical tlatness and have 
a se1.ect.ed angular relationship tD each other. Jn this way, with the outer 
portion of the lower face of the cover restinr on the seal r.ing, the upper and 
lower faces have a selected angular relationship to the mounting surface. 

The lower face of the cover may cmr,y an ammlar light-reflective 
coating. The coatmg deSnes a central 1DlCOated window aligned with the 
device. Jn prefer.red embodiments, the lower face of the eover has an annular 
groove fbrmed ~ with the coating .residing in the groove. The groove~ 
and the coating itselt generally overlie the inner periphery of the seal ring 
and the periphery ot'the mounting smface. Where the groove is present, it is 
preferably triangular in cross-sectiou, havinl an outer wall which is 
pnerally perpendicular to the 1kces of the cover and an inner wall which 
slopes away from the outer wall toward the lower face of the cover. 

Facilities are proW1ed :lbr sea'ling the out.er portion of the lower face of 
the cover to the seal ring. These facilities may take-five clilferent forms. 

First, the sealing tacllities may comprise an adhesive at the interlace 
of the seal ring and the lower face of the cover. Preferably, the adhesive is a 
law outgassiDg adhesive and ma;y be or mctude a thermosettinl epm;y or a 
UV-carable adhesive. Jf the adhesive does outps to some ut.ent, a known 
gettsr may be included beneath the cover, preferably in the armolar groove if 
it is present. 

Second, the sealing :tacilities may comprise a soft metal at the iDterfaee 
of the seali;ingand thelower:taee oftbecover. Soft metals such.as indium or 
an indium alloy are preferred, and the cover and seal rlng are sealed toptb.er 
by applying t.o the inter&ce cold-flow-etrecting forces which are 
perpendicular and/or parallel thereto. The parallel fozces may be vibratory. 
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Third, the sealing facilities may comprise the ground and polished 
portions oft.be seal r.ing and the lower face of the cover. Specifically, if these 

are ground and poHsbed so as to be su:fficiently optically flat, the application 
of force perpendicolar to the :inter.face d'ects a fo.sion bond of the cover to the 
seal ring. In the forepg event, the grwnd and polished portions are 
optically flat to about one fringe or less. 

Jn both the second and tJUrd aspects, the sealing facility may :lbrther 
oomprise ana dherent substance applied to the cover and the seal ling at the 
outer periphery of the intedace tb.erebetween. The adherent substance, 
which may be an epoxy or other adhesive, prevents shear forces applied 
peraD.el to the biter.race from relatlvelymov.ing the cover and the seal rin.r. 

Fourth, the sealing facility may comprise a solderwettable coating on 
the upper sur.face of the seal ring and on the lower face of the cover. A solder 
layer seals tbe two coatings together. Preferably, the solder layer is produced. 

by placing a solder pretbrm at the interlace of the cover and the seal ring and 
then applying heat to the prefoxm which melts it. The resolidi:fied ·solder 

seals the interface. The heat may be applied to the preform as radiaDt 
energy which may pass through the cover. In this latter even\ iftb.e coating 
on the lower face of' the cover reflects light, the coating may be cliscontmuous, 
as in. an ammlar band, the discontb:mity permitting the radiant energy to 
reach the preform through the cover. 

Fifth, the sealing facility may comprise a glass Mt layer at the 
mterrace of the cover and. the seal ring. The flit layer may be produced by 
placing a frit prefbr.m at the interface and then iiising the preform to the 
cover and the seal ring. As with the solder prefhrm., the fasion may be 
eftected by concentrated radiant energy applied to the prefa:rm. through the 
cover. 

Where the reflective coating resides in the groove ibrmed in the cover, 

the coating is preferably produced by meta11izinr without maslring the entire 
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lower face of the cover, including the walls of the a?oove. Thereafter tb.e non.­
groove portion of the lower face is ground and polished to remove the coating 
i:om all but the walls of the sroove. 

In further embodllnent.s, the first metallic pattern includes a ground 

path. Both the ground path and the Hcht-reflective r.oating on the cover are 
eleetricslly eonducti.ve. Facilities are prmcled for electricaD.y m.tercmmect.tnc 
the ground path and the Bgbt.reftecti.ve coating when tbe cover rest.a on the 
seal ring. Where the groove is present in the cover, the electrical· 

intercom:i.ecting facility includes in the groove a conductive mesa wbich is 
electrically continuous with. the light-reflective coating and compUant facility 

att.ached t.o the ground path ibr resiliently engaging the mesa when the eover 
rests on the seal Both the foregoing and sufficient spacing of the cover from. 
the device limit or pnvent the build-up· of static electric charge on the cover. 
Where the device includes a detleetable beam, static charge on the cover can 
adversely a:lfect deflectlon of the beam. 

The package of the present invention may include the aforedescribed 

semiconductor device and one or more chips which are electr1cally associat.ed 
with the device. Jn this event, the ceiamic base may :include one or more 
additional cavities. Each adclitional cavity is adapted to retain a chip. The 

size of the seal ring and the cover is suflici.ent ho the ibimer to sur.round an 
of the cavities and the lattei' to overlie all of the cavities. Preferably the 
cavity holcling the elev.ice is generally centrally locamd with respect to tb.e . 
additional cavities. Second metallic paths es:tend :tram the first metallic 
paths to the second cavi~ These second paths also -exhm.d among the 
second cavities and mend hm the aeeond cavities to the periphery of the 
base. The seal ring is preferably bed to the base and to the 1.1Ilderlying :first 
and second metallic paths which eDend to the base's periphery. mectrical 
conneetions between or among the second. metallic paths i:mq cross over the 
first metallic paths. These cross-over eonnecticms may comprise wires which 
mswatively CTOsa over selectsd some metallic paths and are bonded to other 
metaDic paths. 
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BR1RF DESCB1PTION OFT.BE DRAWING 

Figure 1 is a sectioned side view of a portion at a semiconductor c1evice 
and one embodiment of a package therefore according to the principles of the 

present invention, the package incluc1:ing a cover which includes a light­

ref1.ective coating on an mm.ular groove form.edm the cover; 

Figures 2a and 2b are general depictions of one tJpe of semiconductor 

device with which the present invention may be utilized; 

Figure 3 mustrates a portion of the cover, which is an element of the 
package of Figure 1 according to the present invention, schema:tlcally 

illustrating the deposition on the cover of the light.-refleetlve coating; 

Figure 4 musb:ates the cover portion shown in Ficare 3 following 

deposition of the light-reflective coating and schematically mustra.ting 

rem.oval of some of the coating so tbat ODly a se.leeted area of the cover is 

light-reflective; 

Figures 5 and 6 are -views simi1ar t.o Figure 1 showing alternative 

embodiments of the cover shown in that latter Figure; 

Figure 7 is a view sjmj]ar to Figure 5 mustntmg facDities added to the 

cover for preventing the build-up or static charp on the cover; 

Figure 8 shows a form of cover :lbr use m the present invention which 

is an alternative to that shown in Figures 1 and 3-6; 

Figure 9 depicts a portion of a base fOr use in the package of the_ 

present invention which base is an alternative to that shown in Figures 4-7; 

and 

Figure 10 depicts a base which is an alternative to those shown in 

Figures 4-7 and 9 and which includes facilities for .mounting and associating 
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together in a single package according t.o the principles hereof a plurality of 
semiconductor device. 

Referring tint to Jigm:es 1, la and 2b, there is shown a semiconductor 
. device 10 which is :.6>rmed on and in a semiccm.du.etor .. cbip 12 sawed from a 

wafer (not shown). Numerous such chips 12 me sawed from the wafer, as is 
wen known. The cbip 12 includes an array 1S of active sit.es, generally 
indicated at 14, and one or more associated bond pads 18. The bond pads 16 
are electrically continuous with their active sites 14 'Via conduct.ors 18 
deposited on the wafer. The conductors 18 may be produced by some of the 
same procedures. which produce the active sites 14 and are electrically 

continuous therewith. The bond pads 16 are typically :lbrmed on, and bl 
electrical continuity with, appropriate ones of the condu.ctors 18. mtimatety, 
each chip 12 is momt.ed to a header 20 and the bond pads 16 are rendered 
~eally contbmous with conductive lands 22 on the header 20 by bonding 
wires 24 to and between the pads 16 and the lands 22. The conductive lands 
22 may, m 'tumt be couneet.ed to the mdhidual leads 26 of a &ame 28, again 
as is well known. The leads 26 may be tlat or formed, as alternatively shown 
bi phantom in Figure 6, and the &ame 28 JDaY be leaded or leadlesa. 
Fu.rther, as is well known, the leads of a preformed lead fi.oame (not shown) 
may replace some or all of the lands 22, or, as depicted in the Figures, a 
preformed leadfrsme 28 may be attached to the fired lauds 22. t.o provid8 
electrical paths to circuit boards or other utilization items. 

The act.ive sites 14 may eaCb. include a DMD or ot1Ler SLM, generally 
denoted 80. Plefe.tred D:MD's 80 include those of the type shown in 
commonly assigned US Patents· 5,061,049 to Hombeck and 3,600, 798 to Lee. 
Other tnes of DMD•s 30, such. as those shown :in US Patents 4,356,730 to 
Cade, 4,229, 782 t.o Bart.st.em. &.al, 8,896.888 to Nathanson .It.IL and 8,886, 
310 to GWdberg fi.11. Any of the above types of DMD's may be used in the 
t.n>e of systems shown in c:ommotib' assigned US Patents 5,101,286 to 
Nelson Ital, 5,079,544 to DeMond &at 5,041,861 to Nelson, and 4,7.28,185 
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As generally depict.ad in Figure 2, the prefei:red DMD 30 includes a 

reflective, det1.eetable beam. 82 and associated. cb:cait components 84, which 

i\meti.on as addressing ei.rcuit.s, fbr selectively deflecting the beam 82. 

Preferred and. other methods of monolitlrl.call3' fbrming the beams 32 end the 

aircuit com~ts 84 are set forth.in the above-noted patents. Typically, the 

beam 32 deflects by DlOVing or rotatiJlCup and down on one or more hinges or 

torsion membn.ers 85. AD undereot well 36 is ft>r.med in a layer of the chip 12 

beneath each beam 82 to accom.odate the deflection. Usu.a]]y7 deflection at 
the beam 82 is effected. by the attractive force exerted theTeon by an eleebic 

field resulting from a potential on an electrode SS located. in the well 36. The 

electrode's potential is produced by the circuit component.a 84 with which the 

beam 32 and the e1ect1'0de SS are e1ectrically continuous. 

The header 20 and a cover 42 comprise a package 44 according t.o the 

present invention. 

The header 20 includes a base 46 made of molded cera:m:ic material. 

The conductive lands 22 ma;y be deposited on the base 46 while its material is 

green and the two may be fired together t.o bond the lands 22 to the base 46. 

Greater accaracy in locating the lands 22 has, however, been achieved by 

depositing them on the base 46 after it has been Drec1 au.d then fusing ~e 

lands 22 thereto by appropriate heat application. The leads 26 are bonded to 
the lands 22 in any well known manner. 

In some embodiments the green molded base 46 has a cavity 48 tbrmed 
therein. Appropriate measures are taken so that the floor 50 of the cavity 

serves as a preci.si.on mounting surface fbr the chip 12. That is, the floor or 

mounting surface 60 is f1a.t and has a defined angular relationship to the 

mitlcal surfaces of the chip 12 and its active sites 14, parti.cu.1arly the 

reileetive beams 82 tb.ereo£ Figure 9 depicts an altemative base 146 which 
lacks the cavity 48 but which bas an upper surface 160 which is produced so 

as to define a flat mounting surface havJng the defined relationships with the 

Tl·l74MSEU 9 

J.d3a SJ.NSJ.Vd ZZCCZZ tCZO IVd Qt:ot t8. CO/tl 



Z't0'S 

OCO/ztOl!I 

critical surfaces of the chip 12. Whichever cover 42 or 142 is used with the 
base 146. it may be necessar,y to form thet"ein a recessed or relieved region to 

accomodate the device 10 which is elevated above the surface 150. Where the 
cavity 48 is present, it is configured to generally cont'brmally receive the chip 
12. As is knownt the floor 60 (and the surface 160) :mq include a conduetive 

coating 52 which is grounded as convenient to prevent the build up of static 
charge on the base which might adversely affect the operation of the device 
10. 

The covers 42 sh.own m F!gnres 1 and o-7 contain an annular groove 
54 the walls 56 and 58 of which are covered 'With a light-reflective coating 60 

tD define an amm1ar ligbtrreflective facility 62 near the periphery 64 of the 
covers 42. The alternative cover 142 shown in Figure 8 is essentially flat (it 
does not inClude the groove 64), but also includes a Hght--retlectlve coating 
160 which is CODD.gored to define an annular light--retlecttng facility 162 near 
its periphery 164. Typically, the cover 42 is used whether or not the device 
10 resides iD. the cavity 48 and the optical system (not shown) with w.hich the 

device 10 is used includes prisms. :If such optical system does not include 

prisms. the :Oat cover 142 may be used. As noted above, the cover 42 or 142 
may have to relieved or recessed to accom.odate the device 10 if the dmce 10 
does not reside in the cavity 48. 

The cover 42 or 142 is pnferably mount.eel to the base 46 or 146 "Via an 
mtermecliate ~ seal rinl 70. The seal rlnr 70 is a thin, planar, pnerally 
annular member having a shape which is $irnilar to the shape of the 
periphery of the covers 42 or 142. The seal ring 70 is made of glass or a 
shnilar :material which can be polished to hich optical flatness and which can 

be fused to the base 46 (and the lands 22 thereon), preferably by the 
application of heat. 

As noted earlier, the mounting surfaces 50 and 150 are rendered flat, 
with a known angular relationship to the critical surfaces of the device 10 as 

mounted thereon. Similarly, the angular relationsbip between the mounting 

10 
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surface 50 and UiO and the portions of the bases 46 and 146 which car.ry the 
conductive lands 22 is known. Thus, the critical sudaces of the device 10 
resting on its mounting surface ISO or 150 have a known a:acWar relationship 
relative to the land-carrying surface of the base 46 or 146. If upper and 
lower mrfaces 72 and 74 of the seal liq 70 are grounc1 and polished to 
optical flatness, the upper surface 72 thereof will have a kn.own angular 
relationship to tbe critical smfaces ot the &mce 10 when the lower surf'a.ce 
74 rests on the base 46 (or 146) and its lands 22. Sbnilarly, if the upper and 
lower faces 76 and 78 of the cover 42 (or 142) are ground and polished t.o 
optical flatness, wlth the lower face 78 resting on the upper surface 72 of the 
seal ring 70, the faces 76 and 78, and the optical path through the cover 42 
(or 142) between the faces 76 and 78 wm have known relationships to the 
critical surfaces of the device 10. 

Jn one embodiment, the amm1ar groove 54 has a V-shaped or 
triaDgular cross-seetlon, as shown in Figares 1 and 5-7. One wall 56 of the 
groove 54 is perpendicular to the :&lees 76 and 78 of the cover 42, and the 
faces 76 and 78 are pm:allel. The other wan 58 intersects the wall 56 along a 
line which is toward the periphery 64 of the cover 42 and slopes toward the 

face 78 of the cover 42. The taces 76 and 78 of the cover 42 are lincoated; the 
walls 56 and 58 otthe groove 54 are covered with the light-reflective coating 
60 to prodttee the annular ligb.t-retleetive facility 62. This facility 62 defines 
an uncoated, centtS1 window 80 between the faces 76 and 78 of the cover 42 
which window 80 is int.ended to directly overlie the device 10, and 
parlicnlarly the array 1S of active sites 14 with their DMD's SO. 

With the out.er peripheral area of the lower face 78 of the cover 42 
resting on the upper smfaee 72 al the seal ring 70, the foregoinr angular 
relationships obtain and the window 80 centTally overlies the DMD's SO. 
There will be shortly descn"bed a variety of expedients ibr sealing the cover 
42 to the seal rlDg '10 t.o protect the active sites 14 and particu'larly the 
DMD's 30 thereof ft-om envlrcmmental and other contamjnants, while 
permitting light to reach and be ref'lect.edfrom the beams 82 of the DMD's SO. 
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The production of the anmlar reflective coating 60 on the walls 56 and 
58 of the annular groove 54 is expecliently produced by a maskl.ess process. 
To produce the covers or Figures 1 and 5-7, and referring to Fi.pre 3, the 
lower face 78' of a glass member 42' having the general ~n of the 
cover 42 and ha*1g t.he groove M defined therein as cmmmient, is covered 
with a metal coatmg 60' of a light retleetive material su.ch as silver or 
aluminum. This may be achieved by sputterlng, vapor or plasma deposition 
or by any other convenient method which rather :indiseriminatey coats the 
entire lower face 78 mc1.uding the walls 56 and 158 of the groove 54:. Sueb. 
coating is representsd in Figure S by the arrows 82. The coated member 42' 
is shown in Figure 4 . 

.Ait.er the metal coating 60' is deposited, that portion thereof resident 
~the portions of the lower face 78 which are parallel to the upper face 76 is 
solliect.ed to grinding and polishing which achieves two goals. First, the 
coating 60' is removed from the upper-face.parallel portions of the lower face 
78, 1eaviDg OD1y the coating 60 on the walls 56 and 68 otthe groove 54. This 
removal, which may be acbieved by typical methods and which is represented 
by the an:ows 84 in Figure 4, :results in the reflective coating 60 having 

sharply c1efined bomidaries. Second, the grinding and polishing also causes 

the lower iace to have the desired optical flatness ot about one fringe or less. 
The 1.1pper face 76 of the member 42' may be simultaneously, earlier or later 
gro1llld and polished to complet.e the pi'oductioD of the cover 42 as described 

earlier. 

RetomiDg to Figure 1, there is shown a first technique tbr attamng 
the cover 42 to the base 46 to form. the package 44. An adhesive 90, 
preferably a low outgassiD1 adhesive is applied t.o the ground and polished 
upper surface 72 of the seal ring 70 and/or to the polish'ed and ground outer 
peripheral areas of the lower faee 78 of the cover 42. The height or thickness 
of this adhesive 90 at this interlaee 72!18 is greatly exaggerat.ed in Figare 1. 

An aspect; of the present invention permits aeearate _positioning al the 
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cover 42 relative t.o the seal ring 70 which ensures that the surfaces 72 and 
78 are parallel. Such parallel relationship :further ensures that the walls 56 

and 58 and the reflective coating 60 thereon have the desired angular 
relationship relative to the active sites 14, and, particolar]y relative to the 
beams 82 of the DMDs 80 th~ Specifically precision glass or plastic 
microspheres may be :included in the adhesive 90. These microspheres have 
diameters at 2 mils +/- 1.5 microns. Such mic:rospheres are known and are 
available 1rom commercial sources. 

The inclusion of the :microsPheres permits the cover 42 end the seal 
rlng 70 with the microsphere-eonta)mng adhesive 90 of the sur.faces 72 and 
78 t.o be pressed t.ogether lm.til a single ti.er of microapheres resides at the 
inter.face of the sarfaces 72 and 78. Simple pressing together results :in this 
single tier, as any microspheres iuitially super- or sub-jacent to other 
microspheres simply 1ro1l otr thereof when the cover 42 and the seal ring 70 
are pressed topther. Since the microspheres have a specific diameter, once 
the single tier thereof is achieve(4 tbis diameter contl:ols and sets the spacing 
between the surfaces 72 and 78. Such spacing is, of course, 2 mils +/- 1.5 
microns, and the spacing is filled with the same tb;clrness of the adhesive 90. 
Moreover, the presence of the microspheres m the interf'aee 72178 maintein.EI 
the smfaces 72 and 78 ·substantially parallel. 

The adhesive 90 is permitted to care or set, after which the device 10 :is 
sealed against contaminant.a whi.ab. might aclvarsely affect its operation. If 
outgassing from the adhesive 90 proves trotlbl~ a gett.er, ~ 
depleted at 92, may be included at any convenient loea1ion within the groove 

64 where it is "hidden" by the reflective coating 60 on the walls 56 and 58 
thereof. The groove 54 thu.s prorides a getter receptacle for a sealed vol.tmle 
which receptacle would otherwise not be so readily available. 

The known angular relationships of the taces 78 and 78 of'the cover 42 
to the device 10 and to the beams 82 of the DMD's SO thereof ensures that 
light properly passes through the cover 42 and its window 801br incidence on 
the nflective beams 82 and for re.tleetion of the light back through the cover 
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42 by the beams when that lilht is modn1at.ed. The 8Jlill]ar orientation of 

the walls 56 and 58 and, 1limce, the angular orientation of the reflective 

coating 60 is seleeted so that light 1Dcident on the beams 32 which is not 

modulated is raflect.ed :trom. the beams 32 ont.o the coatinl 60 end from there 

is reflect.eel in direefions whereat the t1DD10Cl12lated light will. not and cmmot 

reach the viewing S1Jdace. Thus the reflective coating 60 functicms to 
prevent tJnmodulat.ed light from entering the optical system via which the 

DMDs 80 prqject light onto the viewing surface. 

Continuing to refer to Fipre 1, in a second technique tbr sealing the 
cover 42 to the base 46, the reference numeral 90 designates a soft met.al 
such as indium or incli'UlD. alloy locat.ed at the interface 72178. .ApiD, the 

height or thiclmess of the soi\ metal 90 is greatly exaggerated m Figure 1. A 

suit.able soit metal is one which will sufticiently cold flow upon application of 

force perpmdicalar and/or parallel to the interface 72178 to therafter adhere 
the cover 42 to the seal ring 70. Depenmng on the soft metal, it may be 

appropriate to apply a vibrat.ory fi>rce para.D.el to the interiBce at an 

appropriate freqa.eney. Because the soft met.al 90 may not be able to prevent 

relative movement of the cover 42 and the seal ring 70 upon application of 

shear force to the int.erface, a bead or separated c1abs of an adhesive 94. such 

as an epoxy adhesive, may be applied to the ext.erior of the :int.er.face 72178. 

Because the adhesive 94 is at the ext.erior of the interface 72178, potential 

outgassingtherefrom. should present no problem. 

, 

A third technique. :lbr sealing the cover 42 to the base 46 involves the 

use of a glass frit preform, again designated by the reference mm:ieral 90 

with an uaggerat.ecl height or thickness in Figme 1. After the glass frit 
prefbr.m. 90 is placed at the mt.er.race 72/'JS, beat, preferably in the form of 

coneentrat.ed radiant energy is applied to the pretbrm 90. It is" ibrtber 

preferred that the radiant energy be applied to the prefbrm. 90 through the 

cover 42 as designated by the arrows 96 in F1pre 1. The applied radiant 

8lle1'IY ti:ases the prefi>rm. 90 to the inter.face 72178 to seal the cover 42 and 

the base 46 together. 

TI·1'1445 EU 

ZNUld +++ J.d::IQ SJ.NaJ.Yd ZZCCZZ tCZO IV~ 8t:ot t8. CO/tt 



i 
\ 

l.'t0'S 

OCO/LTOIZJ 

Figure 5 mustrates a fourth tBclmique fbr sealing the cover 42 to the 

base 46. This technique involves initially polishing the lower face 78 of the 

cover 42 at and near the out.er periphery thereof and the 'Opper surface 72 of 

the seal ring 70 to an optical flatness of about one fringe or less. Thereafter, 

the mterface 72/78 is .tbsion bonded by th.e application of s.tffieient :three 
perpendicular and/or parallel t.o the interface 72178. SiT011ar to the second 

teclmique, the fusion bonded mterface 72178 may not be able to resist the 

application of shear ibrce theret.o. AccorcUngly a bead or dabs of a suitable 

adhesive 98 may be applied to the exterior of the inter.race 72178. 

Fignre 6 represents a Dfth technique for sealing the cover 42 to the 

base 46. Th1s technique uses a solder pretbrm 100 which is placed at the 
interlace 721'18. Prior t.o this placement, the outer peripheral portion of the 

lower face 78 of the cover 42 and the upper surface 72 at the seal ring 70 

receive a solder-wettable metallic coating 102 and 104, respectively. Since it 
is preferred that the solder preform 100 he melted by CODCeD.trated radiant 
energy applied thereto through the cover 42 as shown by the arrows 106, the 

coating 102 includes a discontinuity 108, which is pre£erably annular, 

through which the radiant energy 106 may pass to melt the solder preibrm 

100. Without the discontinmty 108 the coating 102 may :rettect too much of 
the radiant energy 106 to permit elicient melting of the preform 100. As in 
earlier Figores. the thlclmesses ot the coatings 102, 104 and of the preform 

100 is ezaaerated m)igare s. 

The above five teclm:i.ques JDaiY be used to seal the cover ~ to the 

alternative planar base 146 m which no cmty 48 is for.med. The heilht of 

the lower face 78 of the cover 42 at the window 80 is acijust.ed to provide 

· suflicient spacing above the c1ev.ice 10. This may be achieved by appropriate 

grinding and poUelring of the lower face 78 at the w.indow 80 ar, preferably, 

by appropriately adjusting the thickness of the seal ring 70. 

The above fi~ t.eclmiques ~also be used to seal the alternative flat 
cover 142 to th.e base 46 having the cavity 48. In this event, the annular 

retlecting faci]ity 162 would comprise an ammlar reflective coating 160 on 
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the lower face 78 which defines the window 180. Since the groove 54 is not 
present, some other location (not shown) fbr the getter 92, if required, must 
be provided. The thickness of the seal ring 70 is acijusted t.o provide required 
spacing and clearances. Sbnilar axpedient.s are necessary t.o 'DSe the :6.ve 
fbreroJng techniques for sealing the flat cover 142 to the :Bat base 146. 

The spacing or the lower face 78 of the cover 42 at the window 80 is 
preferably such that if an;y electric charge builds up on the cover 42 (or 142) 
its effect on the detlection of the beams 32 of the DMD's is minimjsed. As 
noted ~ one way ot acijusmi. this spacing is by acljas1ing the thfolmess 
of the seal ring 70. Figure 7 mustrat.es a technique for substanti.ally 
preventing static build-up on the cover 42. 

Specmcally, the groove 54, in the lower face 78 of the cover 42 contains 
a mesa 112 or other surface feature at one or more locations. Preferably, one 
mesa 112 is located at each comer of the groove M where it and the cover 42 
are 1enerally rectaDgalar. A lower surfi1ce 116 of each mesa 112 is eovmd 
with an electrically conductive coating 114, which may be the same as, and 
may be deposited si:amltaneously with, the coa'liD& 60', with which it is 
electr1cally continuous.. Since the lower smface 116 of each mesa 112 is 
~cessed below the lower face 78 of the cover 42. the coating 114 is unaffected 
by the grinding and polisbing at such lower face 78 and remains electrically 
continuous with the reflective coating 60. When the wires 24 are bonded 
between the bond pads 18 and ~lands 22, w.ire loops 118 may be 'bonded to. 

ecmduct.ive, grounded layers 120 :fbrmed over the lands 22 an~ iDsulated 
therefrom by an :insulative layer 122. The wire loops 118 are Stlflicietly 
hich to resiliently enpp the conductive coating 114 on each mesa 112 when 
the lower face 78 of the cover 42 rests on the seal rbJ.1 70. In this condition. 
the coatings 114 and the reflective coating 60 are grounded.. Such gromuling 
subst.antially decreases, if it does not etimfnate, static electric build-up on the 
cover42. 

Fip.re 10 mustrates a variant base 246 and a variant cover 242 sealed 
t:ogetber by the above-described t.ecbniques. '!he base 246 may contain 
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plural cavities 248 which ccmformally receive plural devices 210. The cover 

242 may be flat or, as depict.ed, may contain a groove .254 at each area 

overlylng a DMD 230, with each groove 254 having its walls 256 and 258 

covered with a retlective coating 260. The cover 242 may be sealed t.o the 

base 246 about each respective device 210 and/or may be sealed to the base 

246 at the outer petlpherles thereo£ In a preferred embodiment where only . 

one DMD 280 is present and the other dev.i.ees .. 210 are associated with the 

DMD 2SO, The DMD and its cavity 248 is centrally located on the base 246. 

Metailic lands 222 ext.end &om the DMD 230 to the other devices 210, 

between and among the other devices 210 and from the D:MD2SO and the 

other devices 210 to the periphery of the base 246. These lands 222 may be 

deposited vian any suitable process such as mag-ion. The seal ring 270, 

which preferably surrounds an of the devices 210, :is fused t.o the base 246 

and to the underlying lands 222.. Necessary cross-aver electrical connections 

between the 1anc1s 222 may comprise wires 200 bonded to respective lands 

222 and insulatively crossini over intervening lands 222 as sh.own at 800. 

The devices 210 may be customed desicned to facilitate sincle-l.ayer-routing 

of the interconnections amond the devices 210 via the lands 222. The cross­

overs 300 are preferably ut.1iMd only t.otal sb>.gle-layer-routing is not 

achievable. 

While various preferred embodiments of the present invention have 

been described, those skilled in the art will appreciate that var.ions changes 

of and additions to these embodiment.a may be made without departing from. 

the present invention as covered by the following claims. 
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WHAT IS CLAIMED IS: 

1. A pacbge fur a semicoDductor device, the device being of the tJpe 
' 

2. 

which includes a light reflecting beam movable between one position, 

in which light incident on the beam is mOcl:ulat.ed, and one or more 
other positions, in which the incident light is not :modulated, the 

package comprising: 

a base hav1ng a mounting surface for supporting the device; 

a :&rst metallic patt.ern on the base, the first patt.em in~uding first 
metallic paths extending from near the peripher;y of the base to near 

the periphery or the mounting smface for electrl@l connection to the 
mounted device; 
a seal r.ing constituted of an eleetrica1ly insulativ~ refract.my material,. 

the seal ring averlJiDg the base anc1 the first metallic paths between 

the peripheries of the base and the mounting smface, having its lower 

surl'ace fused to the underlying base and tint metallic paths and 

having an opposed upper $11rf-er.e ground and polished so as to be 

optically flat with a selected angular relationship relative to the 

mounting surface; 
a light-transm;ssive eover overlying the device, which cover is 

generally congruent with the out.er periphery of the seal ling, upper 

and lower faces of the cover being ground and polished to optical 

:flatness and hav1ng a selected angular relationship to each other so 
that, with the outer portion of the lower face ottb.e cover restmc on the 

seal r.ing, the upper and lower taces have a select.ad angular 

relationship relative to the mounting surface; 

a light. reflective coating on the lower face of the caver, the coating 

defining a central uncoated window aligned with tbe dmce; and 

means fbr seaJmr tb.e outer portion of the lower face of the cover to the 

sealriDe. 

pnerally annular and ha8 formed therein an annular. sroove which 

generally overlies the bmer peripher,y of the seal ring which is 

18 
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generally torroidal and planar and the periphery of the mountinf 

surface cavi"l;y. the light reflective coating resic1ing on the walls of the 

groove. 

3. The package of ClaDn 2, wherein the eroove is generally triangular in 
cross section and has an outer wall which is generally perpendicular to 

the faces of the cover and an :inner· wall which slopes away :from the 

outer wall toward the lower face oftbe cover. 

4. The package of any preceding claim, wherein the sealing means 

comprises an agent at the :inter.face of the seal ring and the lower face 

of the cover. 

5. The package of C1aDn 4, wherein the agent is a low outgassing 

adhesive. 

6. The package of Claim 4 or Claim 6, wherein the adhesive contains 

mierospheres which reside in the iot.erface in a single tier to :fix the 
width of the int.erface. 

7. The package of ChDm 6:. wherein the mierospheres are plastic or etass. 

8. The package of Claim 4. wherein the agent comprises a gatt.ar located 

in the volume defined by the base, the seal ring and the cover :fbr 
prevenf;ing outgassing from the adhesive from adversely atieeting the 
device. 

9. 

10. The package Of Claim 9, wherein the soft metal is seleet.ed ft.ooDl the 
group consisting of indium aDd indium alloys. 

11. The package of Claim 9 or Claim 10, wherein the cover and the seal 

ring are sealed t.ogetb.er by applyin1 force cenerally to the inter.face 

TI·17440EU 19 

ZNUld ...... ld3<I SJ.N3J.Vd 



Gv:tt v66t-~vt 

~· 

therebetween to cause the soft metal to cold flow. 

12. The package of Claim 11, whemin the force is 'Vibratory. 

13. The package of any of claims 4 to 12, wherein the sealing means 
further comprises an adherent substance applied t.o the cover and the 

seal rlDI at the out.er periphery of the mtedace therebetween. the 
adherent substance preventing shear forees applied parallel tO the 

{ inter.&ce from relati.velymoving the cover and the seal rlDc. 

14. The package of any preceding claim, wherein the seal ring and lower 
face of the cover compl'ise ground and polished portions which are· 
optically flat to about one :fringe or less. 

15. The packap of Claim 1, wherein tbe sealing means cnmpr.ises 
a solder-wettable coating on the upper surface of the seal ring, 
a solder-wettable coating on the outer portion of the lower face of the 
cover, and 
a solder layer sealing the coatings together. 

16. The package of Claim 1, wherein the seaHnc means COJJJP.ises a class 
, :liit layer at the int.er.face of the cover and t.be seal r.ing. 
\ 

17. The package of any preceding Claim, wherein the first metallic pattern 
is deposited on the base which is ceramic and when the ceramic 
thereof is green, the base being tbereafter flred t.o fttse the first pattern 

' to the base. 

18. The package of claim 17, wherein the seal ring is placed on the base 
when the seal ring is green, the seal ring being thereafter fired to fuse 
the seal ring t.o the base and the first :metallic pattern. 

19. The package of any preceding claim, which fmtber campriees: 
a ground path in the int metallic pattern, the ground path and the 
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light-reflective coatin&' being electricanY conductive, and 
means fbr electrically interconnecting the ground path and the light­

reflective coating when the cover :rests on the seal ring. 

20. The package of Clabn 19, wherein the electrical intercmmectiDg means 
com.prises 
a conductive surface &ature locata:l in the groove and being 

electl'ically cc.mffnnous with the light-reflactiv coating, and 

(·· com.pliant means attached to the ground path tor resiliently 
electrically engagh>1 the surface feature when the cover rests on the 

seal. 

•' 
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21. The pa.cbp of Claim 19 or Claim 20, wherein the interconnection of 

the groun.cl path and the Jigbt,.re1lective coating lis effective t.o. obviate 

the presence on the eover of a static electric charge sufficiently large to 

adverselJ atfect the movement of the beam. 

22. The package of any of elahns 19 to 21, wherein the portion of the cover 

overlymr the device is apaeed su:Diciently far therefrom tD obviate any 

static eleetric charge on the cover from. adversely affecting the 
movement oftb.e beam. 

23. The package of any preced:iDg claim, wherein the base has a device­
conformal, dniee-receivhlg fb:st cmity therein, and 

the mounttnc surface is a floor of the cavi~y. 

24. The package of any preceding claim, adapted t.o serve as a package i>r 
the deviee and for one or more chips which are e1.ectrica1ly associatecl 
with the device, which tb:rther eomprlses: 
one or more second cavities iD the base, each second cavity being 

adapted to retam one of the cb.i.ps therein, the size of the seal ring and 

the cover beinc sufficient for the :f.brmer t.o sumnmd all of the cavities 
and the latter tD overlie all of the cavities. 
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25. The Pac.bee of Claim 24:, wherein the first cavity is generaily centrally 
locat.ed. with respect to the second cavities. 

!6. The package of Claim 24 or Claim 25, which ibrther comprises second 
met.allie paths ext.ending (i) Ji'om the first metamc paths to the second 
cavities, cm among the seecmd cavities and (m) n-om the seeond 
cavities to the periphery of the base, the seal zing being fused to the 
base and to the UDderlyhli :meta1lic paths whicli mend t.o. the 
periphery of the base. 
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