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("SkM') which includes an array of active sites, each of which, in turn,
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PACEAGE FOR A SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a package for a semiconductor device,
and, more particularly, {0 2 protective package for a spatial light modulator
("SLM™ which includes an array of active sites, each of which, in turn,
includes a deflectable, light-reflecting beam and address circuitry for
selectively deflecting the beam.

Numerous processes are Imown for 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 having 2 variety of other
circuit components. Wafers are ultimately separated imto a plurality of
individual chips, also known as dies or bars, each of which includes an array
of active sites and a surface comprising a portion of what was formerly the
wafer's first surface. Bach active site has associated therewith one or maore
bond pads on the first surface. The bond pads are rendered electrically
continuous with the active site, typically by depositing or otherwise forming
the bond pads on. top of, and in electrical contact with conductors formed on
the wafer. Often some of the same steps used to produce the active sites also
produce the conductors, which are themselves clectrically continuous with
the aetive sites. ' '

~ The separation of the wafer into individual chips is produced by an
operation which may be referred to as "sawing.” Sawing separates the wafer
along lines or paths extending between locations whereat adjacent active
sites reside or will uliimately reside.

Wafers are often sawed into chips before effecting the processing which
produces the aclive sites. The resulting chips are maintained in a chip
matrix after sawing, and the chip matrix is proeessed to produce the active
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I ncludes a deflectable, light-reflecting beam and address circuitry for
selecth®@@ y deflecting the beam TEEREEEDUS pr ocesseHEate ‘T@ﬁiﬂ%““["
producing active sites on a first surface of semi conductor wafers. The
active sites nmay conprise one or nore transistors and may include an

I ntegrated circuit having a variety of other circuit conponents. Wafers are
ultimately separated into a plurality of individual chips, also known as
dies or bars, each of which includes an array of active sites and a surface
cor'rprlsmg a portion of what was fornerly the wafer's first surface. Each

active site haa aﬂﬂ&%P%Qamﬁhs%fmmmmﬁfhst
surface. The bo s.a

e ectric cont i nu active
site, typicall$sB¥ W?é?gar}ﬂfbm ugé M@ g’ﬁ%e%@gn%op of ,
and in el ectri dediceoma digitahimitropirrondedee(collachivelyoPMHBY. waf er. Often sone
of the same steps used to produce the active sites al so produce the

conductors, whi ch 3 g lREECS TG bonf OF kihidd WRoctbhilal Rinftek! V©

which is associated with an active site and is so mounted to, or hinged from,
the material of the wafer and the resulting chip as to be deflectable or
movable between a normal position and ome or more other positions.
Deflection of the beam is achieved by attracting the beam foward or to sm
adjacent electrode which is at a different electrical potential from that of the
beam. Deflection of the beam stores energy in the mount or hinge, which
stored energy tends to return the beam to its normal position. Movement of
the beam, which may be binary or analog, is conirolled by the circuit
components of the active sites associated with the beams. Deflection of the
beam is facilitated by an undercut well which underlies the beam. The well
is formed by appropriate etching of the wafer/chip material.

In use, an array or matrix of DMD's is arramged to receive light from a
source. The received light which is incident on the reflective beams is
selectively reflected or not reflected onto a viewing surface depending on the
position of the beam. Such reflected light may be directed by each beam onto
the viewing surface only when it is in one of its possible positions. In all
other positions of each beam, the incident, reflected light is directed in such a

* way that it does not fall on the viewing surface. Appropriate energization of
the circuit components associated with each beam of each active site permits
the beam-reflected light on the surface to be presented as a rasterized array
of pixels (as in a typical television) or as a scanning line of pixels (as in a line
printer).

: Because a DMD includes both cireuit components, as well as a
microminiature deflectable beam, it is especially sensitive to the environment
and is, accordingly, typically sealed in a package which permits light to reach
and to be reflected from the beams of the array. The package is desirably
inexpensive to manufacture and to emplace and should not adversely affect
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The s tation of the wafer into indi\y I I ps i s produged b n '
oper aﬁégnéwm ch may be referred to as éag%%m'ﬁg& Sawi.ng sg%é?tat%sse_taﬁ‘é-v\}vafer
al ong lines or paths extending between |ocations whereat adjacent active
sites reside or will ultimately reside. *Wafers are often sawed into
chips before effecting the processing which produces the active sites. The
resulting chips are maintained in a chip matrix after sawing, and the chip
matrix is processed to produce the active

the operation of the associated DMD's. Moreover, as noted ahove,
unmodulated lght is not reflected by the beams to a viewing surface.
However, unless care is taken to properly "handle” this unmodulated Lght 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 viewing surface.
As a consequence, it is also desirable if a DMD package also prevented, or
aided in preventing, unmodulated light from reaching the viewing surface.

Accomplishing the above desiderata is one of the ohjects of the present
invention.

SUMMARY OF THE INVENTION

With the above and other ohjects in view, one aspect of the present
invention contemplates a package for a semiconductor device. The device
may be a DMD which includes an array of light-reflecting beams. The beams
are individually movable between one position and ome or more other
positions. In the one position, light incident on the beam is modulated, that
is, the incident light; is reflected by the beam onfo a viewing surface. In the
other positions the incident Yight is not modulated, that is, the reflected light
is not: directed by the beam onto the viewing surface,

The package includes a eceramic base which has a mounting surface for
supporting the device. The mounting surface may be the floor of a device-
conformal, device-receiving cavity formed in the base. Preferably, the base is
made by molding. A first metallic pattern on the base includes first metallic
paths extending from near the periphory of the base to near the periphery of
the mounting surface. The paths are connected to the mounted device.

A torroidal, electrically insulative, refractory seal ring overlies the

base and the first metallic paths between the peripheries of the base and the

monnting surface. The lower surface of the seal ring is fused to the

underlying base and the first metallic paths. The upper surface of the seal

ring is ground and polished so as to be optically flat with a selected angular
\
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sites on each one thereof. The active sites may include or be associated-
with a spatial light nodulator ("SLM'), such as that known as a deflectable
mrror ice or a digital nicrom r r or G 682 (col | ecti vePRiT¥ CHEEF-Hm-vT

A DVMD includes a light-reflective beamor simlar nmechanical menber, which

I s-associated with an active site and is so nounted to, or hinged frorn t he
material of the wafer and the resulting chip as to be defl ectable or

novabl e between a nornal position and one or nore other positions.

Defl ection of the beamis achieved by attracting the beamtoward or to an
adj acent el ectrode which is at a different electrical potential fromthat

of the beam Defuelationghip selativatothemountingsmefag®dr gy in the nount or hinge,
whi ch stored energy tends to return the beamto its normnal position

Movenent of the beamy : Yovef oddrdib® The |d§“ﬁé)ntm lthe_
of the éiﬁ??%ﬁa&?ﬁgﬁa&%@ﬁﬁmﬁ%ﬁﬁ%ﬁmﬁnﬁﬁ Whergil oo |
The wel | lower faces of the cover are ground ophealﬂatness and have

aselectedangularrelaﬁonahptoeachother. In this way, with the outer
portion of the lower face of the cover resting on the seal ring, the upper and
lower faces have a selected angular relationship to the mounting surface.

The lower face of the cover may carry an anmular light-reflective
coating. The coating defines a central umeoated window aligned with the
device. In preferred embodiments, the lower face of the cover has an annular
groove formed therein, with the coating residing in the groove. The groove,
and the coating itself, generally overlie the inmer periphery of the seal ring
and the periphery of the mounting surface. Where the groove is present, it is
preferably triangular in cross-section, having 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 of the cover.

Facilities are provided for sesling the outer portion of the lower face of
the cover to the seal ring. These facilities may take five different forms.

First, the sealing facilities may comprige an adhesive at the interface
of the seal ring and the lower face of the cover. Preferably, the adhesive is a
low outgassing adhesive and may be or indlude a thermosetting epoxy or a
UV-curable adhesive. If the adhesive does outgas to some extent, a known
getter may be included beneath the cover, preferably in the annular groove if
it is present.

Second, the sealing facilities may comprise a soft metal at the interface
of the seal ring and the lower face of the cover. Soft metals such as indium or
an indivm alloy are preferred, and the cover and seal ring ave sealed together
by applying to the interface cold-flow-effecting forces which are
perpendicular and/or parallel thereto. The parallel forces may be vibratory.
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I s forned by appropriate etching of the waf er/ chip naterlal In ~
use, atfPFray or matrix of DMD's is arfaHge®c®o receive |IBT1f;IfP%¥§”'W
source. The received light which is incident on the reflective beans is
sel.ectively reflected or not reflected onto a view ng surface dependi ng on
the position of the beam Such reflected |ight may be directed by each beam
onto-the viewi ng surface only when it is in one of its possible positions.
In,all other positions of each beam the incident, reflected light is
directed in such a way that it does not fall on the view ng surface.
Appropriate energi zation of the circuit conponents associated with each

beam of each actlve i?ﬂﬁm nirﬁrp gce to
be presented as a. ras %@ﬁé%ﬂbﬁ* pixe %slﬁﬁﬂ:lg éﬁcﬂ? ao | Sl on)
or as a scanni Pg*H owey ¢

DMVD i ncl udes bw:-hgmunﬂ.andpdm&suastohssﬁdenﬂy @ﬁeaﬂmﬂamﬂneappheahon
defl ectabl e be Blver ¢S
accordingly, %P eai e% , pac %g&e per tE E %t to%‘[r‘]geich

optea]ly ﬂat to about ane ﬁ-inge or less,

In both the second and third aspects, the sealing facility may further
comprise ana dherent substance applied to the eover and the seal ring at the
outer periphery of the interface therebetween. The adherent substance,
which may be an epoxy or other adhesive, prevents shear forces applied
parallel to the interface from relatively moving the cover and the seal ring.

Fourth, the sealing faeility may comprise a solderwettable coating on
the upper surface of the seal ring and on the lower face of the cover. A solder
layer seals the two coatings together. Preferably, the solder layer is produced
by placing a solder preform at the interface of the cover and the seal ring and
then applying heat to the preform which melts it. The resclidified solder
geals the interface. The heat may be applied to the preform as radiant
energy which may pass through the cover. In this latter event, if the coating
on the lower face of the cover reflects light, the coating may be discontinuous,
as in an annular band, the discontinuity permitting the radiant energy to
reach the preform through the cover.

Fifth, the sealing facility may comprise a glass frit layer at the
interface of the cover and the seal ring. The frit layer may be produced by
placing a frit preform at the interface and then fusing the preform to the
cover and the seal ring. As with the solder preform, the fusion may be
effected by concenfrated radiant energy applied to the preform through the
cover.

‘Where the reflective coating resides in the groove formed in the cover,
the coating is preferably produced by metallizing without masking the entire
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and to be reflected fromthe beans of the array. The package is desirably

| nexpensive to nmanufacture and to enplace and shoul d not adversely affect

3 the B¥efation of the associated DVEFEE PfBreover, as. ABTFEAESHBHEYT
unmpdul ated light is not reflected by the beans to a view ng surface.
However, unless care is taken to properly "handle" this unnodul ated |ight
its reflection and/or absorption by surfaces in and surroundi ng the DVD nmay

=

lower face of the cover, including the walls of the groove Thereafter the non-
groove portion of the lower face is ground and polished to remove the coating
from all but the walls of the groove.

In further embodiments, the first metallic pattern includes a ground
path. Both the ground path and the light-reflective coating on the cover are
elecirically conductive. Facilities are provided for electrically interconnecting
the ground path and the light-reflective coating when the cover rests on the
geal ring. Where the groove is present in the cover, the electzical
interconnecting facility includes in the groove a conductive mesa which is
electrically continnous with the light-reflective coating and compliant facility
attached to the ground path for resiliently engaging the mesa when the cover
rests on the seal. Both the foregoing and sufficient spacing of the cover from
the device Limit or prevent the build-up of static electric charge on the cover.
‘Where the device includes a deflectable beam, static charge on the cover can
adversely affect deflection of the beam.

The package of the present invention may include the aforedescribed
semiconductor davice and one or more chips which are electrically associated
with the device. In this event, the ceramic base may include one or more
additional cavities. Each additional cavity is adapted to retain a chip. The
gize of the seal ring and the cover is sufficient for the former to surround all
of the cavities and the latter to overlie all of the cavities. Preferably the
cavity holding the device is generally centrally located with respect to the .
. additionsl cavities. Second metallic paths extend from the first metallic
paths to the second cavities: These second paths also extend among the
second cavities and extend from the second cavities to the periphery of the
base. The seal ring is preferably fused to the base and to the underlying first
and second metallic paths which extend to the base's periphery. Electrical
connections between or among the second metallic paths may cross over the
first metallic paths. These cross-over connections may comprise wires which
insulatively crogs over selected some metallic paths and are bonded to other
metallic paths. _ _
\\
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cause jd,.d 0 act as though |t was rmduI%Q g?i to reach thg,.y{ e%s@&ww—vt
surface. As a consequence, Is also desirable if a DVD packge al so

prevented or aided in preventlng, unnodul ated |ight fromreaching the
vi‘ew ng surface. Acconpl i shing the above desiderata is one of the
obfects of the present invention. SUMVARY OF THE

| NVENTI ON Wth the above and ot her objects in view one aspect of
the present invention contenplates a package for a semn conductor device.
The device may be a DVD which includes an array of light-reflecting beans.
The beans are individually novabl e between one position and one or nore
ot her positions. In the one position, light incident on the beamis

nodul ated, that is, the incident light is reflected by the beamonto a

view ng surface. In the oh?ﬁmpg TRAWING | S not
nodul ated, that is, the reflected light Is not dlrected by the beam onto
the view ng surface
Figure 1 is a sectioned side view of a portion of a semiconductor device
and one embodiment of 2 package therefore according to the principles of the
present invention, the package including a cover which includes a light-
reflective coating on an annular groove formed in the cover;

Figures 2a and 2b are general depictions of one type of semiconductor
device with which the present invention may be utilized;

Figure 3 illustrates a portion of the cover, which is an element of the
package of Figure 1 according to the present invention, schematically
fllugtrating the deposition on the cover of the light-reflective coating;

Figure 4 {llugirates the cover portion shown in Figure 3 following
deposition of the light-reflective coating and schematically illustrating
removal of some of the coating so that only a selected area of the cover is
Yight-reflective;

Figures 5 and 6 are views similar to Figure 1 showing aliernative
embodiments of the cover shown in that latter Figure;

Figure 7 is a view similar to Figure § flustrating facilities added to the
cover for preventing the build-up of static charge on the cover;

Figure 8 shows a form of cover for use in 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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The package i ncl udes a ceram ¢ base whi A hounting s C

supporting the device. The nounting SUFF&zg may be the flogé ﬁfﬁﬁﬁﬁgvﬁée-
conformal , device-receiving cavity forned in the base. Preferably, the base
is _made by nolding. Afirst metallic pattern on the base includes first
metallic paths extending from near the periphery of the base to near the
peri phery of the mounting surface. The paths are connected to the nounted
devi_e. A torroidal, electrically insulative, refractory seal ring
overlies the base and the first netallic pat hs between the peripheries of
t he base and the nounting surface. The lower surface of the seal ring is
fused to the wunderlying base and the first metallic paths. The upper.
surface of the seal ring is ground and polished so as to be optically flat

with a sel ect ed ingefhbmin a single package according to the principles hereof a plurality of
sexmiconductor device.

DETAILED DESCRIPTION

Referring first to Figures 1, 2a and 2b, there is shown a semiconductor

. device 10 which is formed on and in a semiconductor chip 12 sawed from a

wafer (not shown). Numerous such chips 12 are sawed from the wafer, as is

well known. The chip 12 includes an array 13 of active siles, generally

indicated at 14, and one or more associated bond pads 16. The hond pads 16

are electrically continuous with their active sites 14 via conductors 18

deposited on the wafer. The conductors 18 may be produced by some of the

same praocedures which produce the active sites 14 and are electrically

continvous therewith. The bond pads 16 are typically formed on, and in

electrical continuity with, appropriate ones of the conductors 18. Ultimately,

each chip 12 is mounted to a header 20 and the bond pads 16 are rendered

 electrically continuous with conduetive lands 22 on the header 20 by bonding

wires 24 to and between the pads 16 and the lands 22. The conductive Iands

22 may, in turn, be connected to the individual leads 26 of a frame 28, again

as is well known. The leads 26 may be flat or formed, as alternatively shown

in phantom in Figure 6, and the frame 28 may be leaded or leadless.

Further, as is well known, the leads of a preformed lead frame (not shown)

- may replace some or all of the lands 22, or, as depicted in the Figures, a

preformed leadframe 28 may be sttached to the fired lands 22 to provide
electrical paths to circuit boards or other utilization items,

The active sites 14 may each indude a DMD or other SLM, generally
denoted 30. Preferred DMD's 30 indude those of the type shawn in
commonly assigned US Patents 5,061,049 to Hornbeck and 3,600,798 to Les.
Other types of DMD's 80, guch as those shown in US Patents 4,356,780 to
Cade, 4,229,782 to Hartstein ot al, 3,896,338 to Nathanson gt al, and 8,886,
310 to Guldberg et al. Any of the above types of DMD's may be used in the
type of systems shown in commonly assigned US Patents 5,101,236 to '
Nelson et al, 5,079,544 to DeMond et al, 5,041,861 to Nelson, and 4,728,185
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4 - 88°8ti onship relative to the no@AtdeRge3aur f ace. EP:TA PEST-NUN-PT

| i ght-transm ssive gl ass cover overlies the device. The cover is generally
congruent with the outer periphery of the seal ring. The upper and | ower
faces of the cover are ground and polished to optical flatness and have a
setected angular relationship to each other. In this way, with the outer
portion of the |ower face of the cover resting on the seal ring, the upper
and | ower faces have a selected angular relationship to the nounting

surf ace. The | ower face of the cover nmay carry an annul ar

light-reflective coating. The coating defines a central uncoated w ndow
aligned with'the

to Thomas.,

Ag generally depicted in Figure 2, the preferred DMD 30 includes a
reflective, deflectable beam. 82 and associated circuit components 34, which
function as addressing circuits, for selectively deflecting the beam 32.
Preferred and other methods of monolithieally forming the beams 82 and the
tircuit components 34 are set forth in the above-noted patents. Typically, the
beam 32 deﬂeeﬁéhymoving or rotating up and down on one or more hinges or
torsion membners 35. An undercut well 86 is formed in a layer of the chip 12
beneath each beam 82 to accomodate the deflection. Usually, deflection of
the beam 82 is effected by the attractive force exerted thereon by an electric
field resulting from a potential on an electrode 38 located in the well 36. The
electrode's potential is produced by the circuit components 84 with which the
beam 82 and the electrode 38 are electrically continuous.

The header 20 and a cover 42 comprise a package 44 according to the
present invention.

The header 20 includes a base 46 made of melded ceramic material.
The conductive lands 22 may be deposited on the base 48 while its material is
green and the two may be Sred together to bond the lands 22 to the base 46.
Gireater accuracy in locating the lands 22 has, however, been achieved by
depositing them on. the base 46 after it has been fired and then fusing the
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 formed
therein. Appropriate measures are taken so that the floor 50 of the cavity
serves as a precision mounting surface for the c¢hip 12. That is, the floor or
mounting surface 50 is flat and has a defined angular relationship to the
critical surfaces of the chip 12 and its active sites 14, particularly the
reflective beams 82 thereof. Figure 9 depicts an alternative base 146 which
lacks the cavity 48 but which has an upper surface 150 which is produced so
as to define a flat mounting surface having the deﬁnedrelaﬁonshipswiththe
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devi ce. preferred enbodi nents, the Uer ce of the c '
annularz%ﬂ%ove formed therein, Mﬁth t he coa?%%g residing in fhea%r ”The
groove, and the coating itself, generally overlie the inner perlphery of
the seal ring and the periphery of the mounting surface. \Were the groove
Is*present, it is preferably triangular in cross-section, having an outer
wall which is generally perpendicular to the faces of the cover and an

i nner wall which slopes away fomthe outer wall toward the | ower face of

t he cover. Facilities are provided for sealing the outer portion
of the lower face of the cover to the seal ring. These facilities may take
five different forns. First, the sealing facilities nmay conprise an

adhesive at the interface ofthe seal ring and the |l ower face of the cover.
Preferably, the ci\ﬂiiﬂlsbﬂﬁdeﬂﬁﬂi Eﬁ?gmmeﬁd&wﬁumm:myemmwwencl ude

her in

?ot sgmermZ)?: Eant ) b%%%ﬁ%%ﬁ{m%v er belrﬁi.‘é??% lgov%LmstUt 99

preferably in t tescomaedate, jS% F’és’é’ﬁYe 0. Where the
canty481spresent,1tlsconﬁg|nedmgenera]1yoonfbmaﬂyrecewethech:p
12. Asis known, the floor 50 (and the surface 150) may include a conductive
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 shown in Figures 1 and 5-7 contain an annular groove
54 the walls 56 and 58 of which are covered with a light-reflective coating 60
to define an annular light-reflective 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 light-reflective coating
160 which is configured to define an annular Hght-reflecting facility 162 near
its pexiphery 164. Typically, the cover 42 is used whether or not the device
10 resides in the cavity 48 and the optical system (not shown) with which the
device 10 is used includes prisms. If such optical system does not include
prisms, the flat cover 142 may be used. As noted above, the cover 42 or 142
may have to relieved or recessed to accomodate the device 10 if the device 10
does not reside in the cavity 48.

‘The cover 42 or 142 is preferably mounted to the base 46 or 146 via am
intermediate glass seal ring 70. The seal ring 70 i a thin, planar, generally
annular member having a shape which ig similar to the shape of the
periphery of the covers 42 or 142. The seal ring 70 is made of glass or a
similar material which can be polished to high optical flatness and which can
be fused to the base 48 (and the lands 22 thereomn), 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 relationship between the mounﬁng
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Setond, grphe sealing facilities may conprise.ed,soft netal al,. rt:hq’sét{%g@_v@ce

of the seal ring and t-he lower face of the cover. Soft netals suc
indiumor an indiumalloy are preferred, and the cover and seal ring are
seal ed together by applying to the inteface cold-floweffecting force
whi'ch are perpendicular and/or parallel thereto. The parallel forces may
be vibratory. 5

surface 50 and 150 and the portions of the bases 46 and 146 which caxry the
conductive lands 22 is known. Thus, the critical surfaces of the device 10
resting on its mounting surface 50 or 150 have a known angular relationship
relative to the land-carrying surface of the base 48 or 146. If upper and
lower surfaces 72 and 74 of the seal ring 70 are ground and polished to
optical flatness, the upper surface 72 thereof will have a known: angular
relationship to the critical suxfaces of the device 10 when the lower surface
74 rests on the base 46 (or 148) and its lands 22, Similarly, if the upper and
lower faces 76 and 78 of the cover 42 (or 142) are ground and polished to
optical flatness, with 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 will have known relationships to the
critical surfaces of the device 10.

In one embodiment, the ammular groove 54 has a V-shaped or
triangular crogs-section, as ghown in Figures 1 and 5-7. One wall 56 of the
groove 54 is perpendicular to the faces 76 and 78 of the cover 42, and the
faces 76 and 78 are parallel. The other wall 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 faces 76 and 78 of the cover 42 are uncoated; the
walls 56 and 58 of the groove 54 are covered with the light-reflective coating
60 to produce the anuular Yight-reflective facility 62, This facility 62 defines

¢ an tneoated, central window 80 between the faces 76 and 78 of the cover 42
which window 80 is intended fo directly overlie the device 10, and
particnlarly the array 13 of active sites 14 with their DMD's 30.

With the outer peripheral area of the lower face 78 of the cover 42
resting on the upper surface 72 of the seal ring 70, the foregoing angular
relationships obtain and the window 80 cenirally overlies the DMD's 30.
There will be shortly described a variety of expedients for sealing the cover
42 to the seal ring 70 to protect the active sites 14 and particularly the
DMD's 30 thereof from enviropmental and other contaminants, while
permitting light to reach and be reflected from the beams 32 of the DMD)'s 80.

-
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"Third, the sealing facilities may conprise the ground and polished portions
of the s Lsring and the lower face of _the cover. Specifically, if these
are ground and polished so as to be sufFfFGi &1y optical | §7:FF atEsTREE?T
application of force perpendicular to the interface effects a fusion bond
of the cover to the seal ring. In the foregoing event, the ground and
polished portions are optically flat to about one fringe or |ess. : I n
both the second and third aspects, the sealing facility may further
conprise ana dherent substance applied to the cover and the seal ring at
the outer periphery of the interface therebetween. The adherent substance,
whi ch may be an epoxy or other adhesive, prevents shear forces applied
parallel to the interface fromrelatively noving the cover and the sea
ring. Fourth, the sealing facility may conprise a sol derwettable
coating on the upper The picdaction of thecarmaidr reflertive coliting 60 lor thewells 56andof t he

cover. A sol der gfyeihe @i ghsive $2 if SffeliRaily Y063usd by BrRhdhdab p¥ocebd]©
sol der | ayer TS gl QQuCed Ry bl Gl i Res ? ol 507 S liring B kil d, s° O
kmmrﬁme7@cgaghmsnmmﬂerﬁrhaﬁngﬁhagmmmﬂpmﬁhnmaﬁmaaﬁﬂm
cover 42 and having the groove 54 defined therein as convenient, is covered
with a metal coating 60’ of a light reflective material such as silver or
aluminum. This may be achieved by sputtering, vapor or plasma deposition
or by any other convenient method which rather indiscriminstely coats the
entire lower face 78 including the walls 56 and 58 of the groove §4. Such
coating is represented in Figure 3 by the arrows 82. The coated member 42'
is shown in Figure 4.

After the metal coating 60' is deposited, that portion thereof resident
on the portions of the lower face 78 which are parallel to the upper face 76 is
subjected 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, leaving only the coating 60 cn the walls 56 and §8 of the groove 54. This
removal, which may be achieved by typical methods and which is represented
by the arrows 84 in Figure 4, results in the reflective coating 60 having
sharply defined boundaries. Second, the grinding and polishing also causes
the lower face to have the desired optical flatness of about one fringe or less.
The upper face 76 of the member 43’ may be simultaneously, earlier or later

¢ ground and polished to complete the production of the cover 42 as described
) earlior.

Returning to Figure 1, there is shown a first techmique for attaching
the cover 42 to tho base 46 to form the package 44. An adhesive 90,
preferably a low outgassing adhesive is applied to the ground and polished
upper suxface 72 of the seal ring 70 and/or fo the polished and ground outer
peripheral areas of the lower face 78 of the cover 42. The height or thickness
of this adhesive 90 at this interface 72/78 is greatly exaggerated in Figure 1.

Aniummiofﬂmxmmwnthwmmﬁm4mnnnsaumnneggmﬁmﬁngofﬂua
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then agmatyi ng heat to the preform whi Gdzegegelscgait. The resos:di f paxi-gabger
seals the interface. The heat may be applied to the preform as radi ant
energy which may pass through the cover. In this latter event, if the
cQating on the lower face of the cover reflects light, the coating nay be
di sconti nuous, as in an annul ar band, the discontinuity permtting the -
radi ant energy to reach the preformthrough the cover. Fifth, the
sealing facility may conprise a glass frit layer at the interface of the
cover and the seal ring. The frit layer nmay be produced by placing a frit
preformat the interface and then fusing the preformto the cover and the
seal ring. As with the solder preform the fusion may be effected by
concentrated radi ant energy appl ied to the preformthrough the cover.

Wiere the refl gelge otv&l-ﬁ ERSHRs LRAt Y duifdcbs 72

the coating i sgrel e
and 58 and the reflective coaling 60 thereon have the desired angnlar
relationship relative to the active sites 14, and, partienlarly relative to the
beams 32 of the DMDs 80 thereof. Specifically precision glass or plastic
microspheres may be included in the adhesive 90. These microspheres have
diameters of 2 mils +/- 1.5 microns. Such microspheres are known and are
available from commercial sources.

The inclusion of the microspheres permits the cover 42 snd the seal
ring 70 with the microsphere-containing adbesive 90 of the suxfaces 72 and
78 10 be pressed together until a single tier of microspheres resides at the
interface of the surfaces 72 and 78. Simple pressing together resulis in this
single tier, as any microspheres initially super- or sub-jacent to other
microspheres simply "roll off” thereof when the cover 42 and the seal ring 70
are pressed together. Since the microspheres have a specific diameter, once
the single tier thereof'is achieved, this diameter controls and sets the spacing
between the surfaces 72 and 78. Such spaeing is, of course, 2 mils +/- 1.5
microns, and the spacing is filled with the same thickness of the adhesive 90.
Moreover, the presence of the mierospheres in the interface 72/78 maintaing
the surfaces 72 and 78 substantially pavaliel.

The adhesive 90 is permitted to cure or set, after which the device 10is
sealed against contaminants which might adversely affect its operation. If
outgassing from the adhesive 90 proves troublesome, a getter, generally
depicted at 92, may be included at any convenient location within the groove
54 where it is "hidden" by the reflective coating 60 on the walls 56 and 58
thereof. The groove 54 thus provides a getter receptacle for a sealed volume
which receptacle would otherwise not be so readily available.

The known angular relationships of the faces 76 and 78 of the cover 42
to the device 10 and to the beams 82 of the DMD's 80 thereof ensures that
Light properly passes through the cover 42 and its window 80 for incidence on
the reflective beams 32 and for reflection of the light back through the cover
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l ewer face of the cover, includiug the walls of the groove. Thereafter the

non- graRye| portion of the | ower face gz8cz81Rend and pol i sk t,gslr_gﬁ:pme t he
coating fromall but the walls of the groove In further- -

erbodi ments, the first netallic pattern incl'udes a ground path. Both the
ground path and the light-reflective coating on the cover are

42 by the beams when that Hght is modulated. The angular orientation of
the walls 56 and 58 and, hence, the amgular orientation of the reflective
costing 60 is selected so that light incident on the beams 82 which is not
modulated is reflected from the beams 32 onto the coating 60 and from there
is reflected in directions whereat the tnmodulated light will not and cannot
reach the viewing surface. Thus the reflective coating 60 functions to
prevent unmodulated light from entering the optical system via which the
DMDs 80 project light onto the viewing surface.

Continuing to refer to Figure 1, in a second technique for sealing the
cover 42 to the base 48, the reference numeral 90 designates a soft metal
such as indium or indiwm alloy located at the interface 72/78. Again, the
height or thickness of the sof metal 90 is greatly exaggerated in Figure 1. A
suitable soft metal is one which will sufficiently cold flow upon application of
foree perpendicular and/or parallel to the interface 72/78 to therafter adbere
the cover 42 to the seal ring 70. Depending on the soft metal, it may be
sppropriate to apply a vibratory force parallel fo the interface at an
appropriate frequency. Because the soft metal 90 may not be able to prevent
relative movement of the cover 42 and the seal ring 70 upon application of
ghear force to the interface, a bead or separated dabs of an adhesive 94, such
as an epoxy adhesive, may be applied to the exterior of the interface 72/78.
Becange the adhesive 94 is at the exterior of the interface 72/78, potential
outgassing therefrom should present no problem.

A third technique for sealing the cover 42 to the base 46 involves the
use of a glass frit preform, again designated by the reference numeral 90
with an exaggerated height or thickness in Figure 1. After the glass fit
preform 90 is placed at the interface 72/28, heat, preferably in the form of
concenirated radiant energy is applied to the preform 90. It is further
preferred that the radiant energy be appled to the preform 90 through the
cover 42 as designated by the arrows 96 in Figure 1. The applied radiant
energy fuses the preform 90 to the interface 72/78 to seal the cover 42 and
the base 46 together.
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el-ectrically conductive. Facilities are provided for electrically
i nt.erconpegting the ground path and t ghi reflective gogti
cover rests on the seal ring. Were the groove is present in the cover;

el’ectri cal

conductive nesa which is

i nterconnecting facility includes in the groove a

t he

el ectrically continuous with the

t he

light-reflective coating and conpliant facility attached to the ground path
for resiliently engaging the mesa when the cover rests on the seal.
thé foregoing and sufficient spacing of the cover fromthe device lint or
prevent the build-up of static electric charge on the cover. Were t
devi ce includes a deflectable beam static charge on the cover can

adversely affect deflection of the beam
i nvention may include the aforedescribed

Bot h
he

more chi ps whi ch ar eFiguxsch flustrates a:fourh;techninue for sealing the cover 42(tp they; s
event, the ceramh&smw@etﬁmlmamwnwmqmmmwm Each

and the cover

addi ti onal cavi tcxvé;:i
i Cl

i S Su
and the latter ttBe

the interface 72/78 is fusion bonded by the application
erpendmu]arandlorparalleltnthemterfaoem& Similar to the second
technique, the fusion bonded interface 72/78 may not be able to resist the
application of shear force thereto. Accordingly a bead or dabs of a suitable
adhesive 98 may be applied to the exterior of the interface 72/78.

Figure 6 represents a fifth technique for sealing the cover 42 to the
base 46. This technique uses a solder preform 100 which is placed at the
interface 72/78. Prior to this placement, the outer peripheral portion of the
lower face 78 of the cover 42 and the upper surface 72 of the seal ring 70
receive a solder-wettable metallic coating 102 and 104, respectively. Since it
is preferred that the solder preform 100 be melied by concentrated radiant
energy applied thereto through the cover 42 as shown by the arrows 106, the
coating 102 includes a discontinuity 108, which is preferably anmnular,
through which the radiant energy 106 may pass to melt the solder preform
100. Without the discontinuity 108 the coating 102 may reflect too much of
the radiant energy 106 to permit efficient melting of the preform 100. Asin
earlier Figures, the thicknesses of the coatings 102, 104 and of the preform
100 is exaggerated in Figure 6.

The above five techmiques may be used to seal the cover 42 to the
alternative planar base 146 in which no cavity 48 is formed. The height of
the lower face 78 of the cover 42 at the window 80 is adjusted to provide

. gufficient spacing above the device 10. This may be achieved by appropriate

grinding and polishing of the lower face 78 at the window 80 or, preferably,
by appropriately adjusting the thickness of the seal ring 70.

The ahove five techniques may slso be used to seal the alternative flat
cover 142 to the base 46 having the cavity 48. In this event, the anpular
reflecting facility 162 would comprise an anmular reflective coaiing 160 on

c868lof " | ng

ki i phcptonie e s ml D

The package of the present
sem conduct or, devi ce_and one or
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cavity holding the device is generally centrally |located with respect to
the addefar®nal cavities. Second netal kigzpaizhs extend frgpmt hgsghivbasib
metallic paths to the second cavities. These second paths al so extend
among the second cavities and extend fromthe second cavities to the

peri phery of the base. The seal ring is preferably fused to the base and
‘tosthe underlying first and second netallic paths which extend to the
base's periphery. Electrical connections between or anpng the second
metallic paths may cross over the first netallic paths. These cross-over
connections nmay conprise wires which insulatively cross over selected sone
netallic paths and are bonded to other netallic paths.

the lower face 78 which defines the window 180. Since the groove 54 is not
present, some other location (not; shown) for the getter 92, if required, must
be provided. The thickness of the seal ring 70 is adjusted to provide required
spacing and clearances. Similar expedients are necessary to use the five
foregoing technigues for sealing the flat cover 142 to the flat base 146.

The spacing of the lower face 78 of the cover 42 af the window 80 is
preferably such that if any electric charge builds up on the cover 42 (ox 142)
its effect on the deflection of the beams 32 of the DMD's is minimized. As
noted above, one way of adjusting this spacing is by adjusting the thickness
of the seal ring 70. Figure 7 fllustrates a techmique for substantizlly
preventing static build-up on the cover 42.

Specifically, 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 corner of the groove 54 where it and the cover 42
are generally rectangular. A lower surface 116 of each mesa 112 is covered
with an electrically conductive coating 114, which may be the same as, and
may be deposited simultsnecusly with, the coating 60, with which it is
electrically continnons. Since the lower surface 116 of each mesa 112 is
recessed below the lower face 78 of the cover 42, the coating 114 is unaffected
by the grinding and polishing of such lower face 78 and remains electrically
continuous with the reflective coating 60. When the wires 24 are bonded
between the bond pads 16 and the lands 22, wire loops 118 may be bonded to.
conductive, grounded layers 120 formed over the lands 22 and insulated
therefrom. by an insulative layer 122, The wire loops 118 are sufficiently
high to resiliently engage the conductive coating 114 on each mesa 112 when
the lower face 78 of the cover 42 rests on the seal ring 70. In this condition,
the coatings 114 and the reflective coating 60 are grounded. Such grounding
substantially decreases, if it does not eliminate, static electric build-up on the
cover 42,

Bﬁgurelommhatesavaiantbasemandavaﬁantwverm'sealed
together by the above-described techniques. The base 246 msay contain

This Sheet Has Been Rep lac

maus o i

020/8TOR INIYd &+ 1d3q SINELVd 220¢z2 o YVd 0S:0T 6. CO/¥T



z - BRI EF DESCRI PTI ON OF e RRAW NG

kb Gy %sé;—tl@«-ﬁt

. sta .
sectioned side view of a portion of a sem.conductor device and one
enbodi ment of a package therefore according to the principles of the

present invention, the package including a cover which
reflective coating on an annul ar groove fornmed in the c

i ncludes a |ight-
over; Fi gures

2a and 2b are general depictions of one type of sem conductor device with

whi ch the present invention nay be utilized; Fig

ure 3 illustrates a

pcortion of the cover, which is an elenent of the package of Figure 1

according to the present invention, schematically Il

deposition on the cover of the light-reflective coating;

| ustrating the

020/6T0R

plural cavities 248 which conformally receive plural devices 210. The cover
242 may be flat or, as depicted, may contain a groove 254 at each area
overlying 2 DMD 230, with each groove 254 having its walls 256 and 258
covered with a refleciive coating 260. The cover 242 may be sealed to the
base 246 about each respective device 210 and/or may he sealed to the base

246 at the outer peripheries thereof. In a preferred embodiment where only .

one DMD 280 is present and the other devices 210 are associated with the
DMD 280, The DMD and its cavity 248 is centrally located on the base 246.
Metallic lands 222 extend from the DMD 280 to the other devices 210,
between and among the other devices 210 and from the DMD230 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 all of the devices 210, is fused to the base 246
and to the underlying lands 222. Necessary eross-over electrical connections
between the lands 222 may comprise wires 200 bonded to respective lands
299 and insulatively crossing over intervening lands 222 as shown at 300.
The devices 210 may be custoroed designed to facilitate single-layer-routing
of the interconnections amond the devices 210 via the lands 222, The cross-
overs 300 are prefersbly utilized only total single-layer-routing is not
achievable.

While various preferred embodiments of the present invention have
been described, those skilled in the art will appreciate that various changes
of and additions to these embodiments may be made without departing from
the present invention as covered by the following claims.

//.
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Fi.gur egga-gl | ustrates the cover portionzzbeewezan Figure 3 fe*hmm@&gamwwt'

deposition of the Ilight-reflective coating and schematically illustrating
renoval of sone of the coating so that only a selected area of the cover is
| i-ght -refl ecti ve; Figures 5 and 6 are views simlar to Figure 1
showi ng al ternative enbodi nents of the cover shown in that latter
Fi gure; Figure 7 is aviewsimlar to Figure 5 illustrating
facilities added to the cover for preventing the build-up_aof static charge
on~t he cover; Figure 8 shows a formof cover for use in the

present invention which is an alternative to that shown in mlﬂmm lm

3- 6; Figure 9 depicts a portion of a base for use i u wnl"""
of the present invention which base is an alternative to thdt $hoWn "n s
Figures 4-7.  wWHAT IS CLAIMED IS:

1. A package for a semiconductor device, the device being of the iype
’ which includes a light reflecting beam movable between one position,
in which Kght incident on the beam is modulated, and one or more
other positions, in which the incident light is not modulated, the
package comprising:
a base having a2 mounting surface for supporting the device; -

[ - a first metallic pattern on the base, the first pattern including first
mstallic paths extending from near the periphery of the base to near
the periphery of the mounting surface for electrical connection to the
mounted device;

a seal ring constituted of an electrically insulative, refractory material,
the seal ring overlying the base and the first metallic paths between
the peripheries of the base and the mounting surface, having its lower
surface fused to the underlying base and first metallic paths and
having an opposed upper surface ground and polished so as to be
optically flat with a selected angular relationship relative to the
mounting surface;

a light-transmissive cover overlying the device, which cover is
generally congruent with the outer periphery of the seal ring, upper
and lower faces of the cover being ground and polished to optical

- flatness and having a selected angular relationship to each other so
that, with the outer portion of the lower face of the cover resting on the
seal ring, the upper and Iower faces have a selected angular
relationship relative to the mounting surface;

a light reflective coating on the lower face of the cover, the coating
defining a central uncoated window aligned with the device; and
nmmnsibrsedhngthetnﬂar;wruunofthe]owmrfhuaofﬁhecovertofhe
seal ring.

2.  The package of Claim 1, wherein the lower face of the cover is

generally annular and hag formed therein an annular groove which
generally overlies the inmer periphery of the seal ring which is

445 *This Sheet Has Been Replaced
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and  yzg's Fi gure 10 depi cts a base 2ehiz8 ek an al ter natgpier t metRORDT '
shown in Figures 4-7 and 9 and which includes facilities for nounting and

associ ating together in a single package according to the
princi pl es hereof a plurality of sem conductor device.

L

* 4 L M s *

generally torroidal and plamar and the periphery of the mounting
suxface cavity, the light reflective coating residing on the walls of the
groove,

3.  The package of Claim 2, wherein the groove is generally trismgular in
cross section and has an outer wall which is generally perpendicular to
the faces of the cover and an inmer wall which slopes away from the
outer well toward the lower face of the cover. | '

4. The package of any preceding claim, wherein the sealing means
comprises an agent at the inderface of the seal ring and the lower face
of the cover.

5. The package of Claim 4, wherein the agent is a low ouigassing
adhesive.

6. The package of Claim 4 or Claim &, whevein the adhesive contains
microspheres which reside in the interface in a single tier to fix the
width of the interface.

7.  The package of Clsim 6, wherein the microspheres are plastic or glass.
C 8.  The package of Claim 4, wherein the agent comprizes a getter located
in the volume defined by the base, the seal ring and the cover for
preventing outgassing from the adhesive from adversely affecting the
device.

9.  The package of Claim 4, wherein the agent comprises a soft metal.

10. The package of Claim 9, wherein the soft metal is selected from. the
group consisting of indium and indium alloys. '

11. The package of Claim 9 or Claim 10, wherein the cover and the seal
ring ere sealed together by applying force generally to the interface
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~ DETAI L E2p{2FSCRI PTI ON Referring fafsh g Figures 1, 7, aﬁdvegp.wmg,ere
i s- shown a sem conductor device 10 which.is forned on and in a.

sem conductor chip 12 sawed froma wafer (not shown). Nunerous such chips
12- areMr as ' is well known. The chip 12 includes an

array 13p ac I ve sites, generally I ndi cated at 14, and one or nore
asgociate elﬁcedThe bond pads 16 are electrlcally continuous wth
their act. ia conductors 18 deposited on the wafer. The
coﬁﬂuctor oduced by sonme of the same procedures which produce
t he active sites 14 and are electrically continuous therewith. The bond
pads 16 are typically forned on, and in electrical continuity wth,
appropriate ones of the conductors 18. U tinmately, each chip 12 is nounted

to a header 20 and t rﬂ&@g %H&& P@Qﬁ{&dﬁ?ﬁ &1 cal Iy continuous
wi th conductive | ands eadﬁw% onding Wires 24 to and
bet ween the pads 16 and the | ands 22. The conductlve | ands 22 may, in turn,

be connected toiphe wamhﬁﬂu%}hﬁmﬂigMan as is well
known. The leads 26 may be flat or formed, as alternatively shown
13. The package of any of claims 4 o 12, wherein the sealing means
further comprises an adherent; substance applied to the cover and the
seal ring at the outer periphery of the interface therebetween, the
adherent substance preventing shear forces applied parallel to the
interface from relatively moving the cover and the seal ring.

14. The package of any preceding claim, wherein the seal ring and lower
face of the cover comprise ground and polished portions which are
opticaily flat to about one fringe or less.

15. The package of Claim 1, wherein the sealing means comprises
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 sealing means comprises a glass
frit Jayer at the interface of the eover and the seal ring.

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 thereafter fired to fuse the first pattern

. to the base.

18. The package of claim 17, wherein the seal ring is placed on the base
whenthesealnngisgreen,fhesealnngbemgthereaﬁerﬁredtofuse
thesealnngbothebaseandtheﬁrstmetalhcpattm

19. The package of any preceding daim, which farther comprises:
a ground path in the first metallic pattern, the ground path and the

TR * | OO
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I A Phaﬁa@ér“ in Figure 6, and the frame 28caBykzhcaded or | eagl,; @ﬁs,,selaggglm

as.i1s well known, the | eads of ‘a preforned.lead frame (not shown) nmay "
repl ace sone or all of the |ands 22, or, as depicted in the Figures, a

pref or ned Teadfrane—28—ay be attached to the fired lands 22 to provi de
ehectr|0ﬁﬁ S g0 circuit boards or other utilization itens. The
active si ﬁﬂlnclude a DMD or other SLM generally denot ed

807 Prefe |nclude t hose of the type shown in comonl y

as8i gned 61, 049 to Hornbeck and 3, 600,798 to Lee. O her

types of DVD s 30, such as those shown in US Patents 4,356,730 to Cade,
4,229,732 to Hartstein et al, 3,896,338 to Nat hanson et al, and 3, 886,
310 to Guldberg et al. Any of the above types of DVD s nay be used in the

R v revmiim iAol IR AT
- reflective coating when the cover rests on the seal ring.

20. The package of Claim 19, wherein the electrical inferconnecting means
comprises
a conductive surface feature located in the groove and being
electrically continnous with the light-refloctive coating, and '
i compliant means attached to the ground path for resiliently
ehxtnmd&yengmpngfhesuﬂhmaﬁuﬂmmevﬂunxﬂuaammrreﬂa|m1£he
seal.

21. The package of Claim 19 or Claim 20, wherein the interconnection of
the ground path and the light-reflective coating is effective to obviate
the presence on the cover of a static electrie charge sufficiently large to
adversely affect the movement; of the beam.

22. The package of any of claims 19 to 21, wherein the poriion of the cover
overlying the device is spaced sufficiently far therefrom to obviate any
static electric charge on the cover from adversely affecting the
movement: of the bearmn.

! | 23. imepadnuaofanypmm&ﬁngdhﬁn,whmmh:ﬂmlnme!wmz:dmﬁar
conformal, device-receiving first cavity therein, and
the mounting surface is a floor of the cavity.

24. The package of any preceding claim, adapted to serve as a package for
the deviee and for one or more chips which are electrically associated
with the device, which further comprises:
one or more second cavities in the base, each second cavity being
adapted to retain one of the chips therein, the size of the seal ring and
the cover being sufficient for the former to surround all of the cavities
and the latter to overlie all of the cavities.
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to- Thoggs.. As 'general |y depi ct e%a%éz'ﬂa re 2, the prafer _rvgg.‘_@@vﬁ(j

includes™a reflective, deflectable beam and associated crrcuit Ny
conponents 34, whic tion as addressing circits, for selectively
defl ecting the beam 32. Preferred and other nethods of nonolithically

Form NGyt ReehigaBeenReplaned t he circuit conponents 34 are set
for.th in ed patents. Typically, the beam 32 deflects by noving
or rotat “E“H“!Bmmﬁ“ﬂ on one or nore hinges or torsion nmenbners 35. An
under cut ©1'S

ormed oin a |ayer of the chip 12 beneath each beam 32
to acconodate the deflection. Usually, deflection of

25. The package of Claim 24, wherein the first eavity is generally centrally
located with respeet to the second cavities.

268. Tha package of Claim 24 or Claim 25, which forther comprises second
metallie paths extending (i) from the first metallic paths to the second
cavities, (ii) among the second cavities and (ifi) from the second
cavities to the periphery of the base, the seal ring being fosed to the
base and o the underlying metallic paths which extend to- the

r periphery of the base
_
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the beam 32 is effected by the attractjve force exerted thereon

by an ..
eLect rf® ¥ G|Wpot_ent§z§?%‘ﬁzﬁn el ectrode &5*t oE%%?@”T"ﬁ the,
wel |l 36. The ectrode's potential is produced by the circuit conponents 34
wrrt h which the

£&1%: 3ids BeenlRephacede | ect rode 38 are el ectrically continuous.
The header 20 a ' onprise a package 44 according to the
present invedti_gl\t“‘mlmmﬁ“‘ header 20 includes a base 46 made of nol ded
ceram c materi al, onductive | ands 22 maybe deposited on the base 46
while its material is green and the two may be fired together to bond the
| ands 22 to the base 46. Geater accuracy in |locating the |ands 22 has,

however, been achi eved by depositing themon the base 46 after it has been
fired and then fusing the I|ands 22 thereto by appropriate heat

application. The | eads W t ' wel I known
manner . ' In soné‘g‘% %Wﬂﬂ?’&@@?@& has a cavity

48 f or ned
ABSTRACT

A package (44) for a semiconductor device (10) includes a ceramic base
(48) with 2 mounting surface (50) for supporting the device (10) and 2 light-
transmissive cover (42). A refractory seal ring (70) is fused to the base (46)
and to conductive paths (22) thereon. The upper surface (72) of the seal ring
(70) is rendered optically flat with a selected angular relationship to the
mounting surface (50). The upper and lower faces (76 & 78) of the cover (42)
are rendered optically flat with a selected angular relationship to each other,
go that with an outer portion of the lower face (78) resting on the upper
surface (72) of the seal ring (70), the faces (76, 78) have a selected angular
relationship with the mounting surface (50). The package (44) is expedient
where the device (10) includes DMD's (80) having deflectable, ight-reflective
beams. The lower face (78) of the cover (42) includes an annular light-
reflective coating (60) surrounding a window (80) overlying the device (10).
In some embodiments, the reflective coating (60) is deposited on the walls
(56, 58) of a groove (54) formed in the lower face (78) of the cover (42).
Facilities (90) seal the cover (42) to the seal ring (70). The reflective coating
(60) prevents any unmodulated light which is incident on the beams (32)
from entering an optical system associated with the DMD-containing device
(10). The sealing facilities (90) include adhesives (90), which may contain
microgpheres, soft metals (90), glass frits (80), fusion bonding of the cover
(42) to the seal ring (70), and solder preforms.

Figore 1
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therein. Appropriate neasures are taken so that the floor 50 of the cavity
serves as a precision nounting surface for the chip 12. That is, the floor
or nounting surface 50 is flat and has a defined angular relationship to
thie critical surfaces of the chip 12 gpg its active sites 14, particularly
the reflective beans 32 thereof. Figure 9 depicts an alternative base 146
which [|acks the cavity 48 but which has an upper surface 150 which is
produced so as to define a flat nounting surface having the defined

relfati onships with the . 10
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critical surfaces of the chip 12. \Wichever cover 42 or 142 is used with

t e base 146, it may be necessary to formtherein a recessed or relieved
regi on to acconodate the device 10 whiclpjg el evated above the surface 150
Wiere the cavity 48 is present, it is configured to generally cinformally
re€eive the chip 12. As is known, the floor 50 (and the surface 150) may

I ngl ude a conductive coating 52 which is grounded as convenient to prevent
the, build up of static- charge on the base which m ght adversely

af fect the operation of the device 10. The covers 42 sbown in
Figures 1 and 5-7 contain an annular groove 54 the walls 56 and 58 of which
are coveres with a light-reflective coating 60 to define an annul ar
light-reflective facility 62 near the periphery 64 of the cover 42. The
alternative cover 142 shown in Figure 8 is essentially flat (it does not

i ncl ude the groove 54), but also includes a light-reflective coating 160
which is configured to define an annular light-reflecting facility 162 near
its periphery 164. Typically, the cover 42 is used whether or not the

devi ce
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10"resides in the cavity 48 and the optical system (not shown) with which-
t hé<device 10 is used includes prisnms. |f such optical system does not

i ngt ude prisnms, the flat cover 142 may gggysed. As not ed above, the cover
42 -or 142 may have to relieved or reces to acconodate the device 10 if
t he device 10 does not reside n the cavity 48. : The cover 42 or
142 is preferably nounted to the base 46 or 146 via an internmedi ate gl ass
seat ring 70. The seal ring 70 is a thin, planar, generally annular nenber
having a shape which is simlar to the shape of the periphery of the
cover 42 or 142. The seal ring 70 is made of glass or a simlar material
whi ch can be polished to high optical flatness and which can be fused to
t he base 48 (and the |ands 22 thereon), preferably by the

application of heat. ' As noted earlier, the nmounting surfaces 50
and 150 are rendered fl at, with a known angul ar relationship to the
critical surface of the device 10 as
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nounted thereon. Simlarly, the angular rel ationship between the nounting
syrface 50 and 150 and the portions of the bases 46 and 146 which carry the
conductlve | ands 22 is known. Thus, theg g g tical surfaces of the device 10
resting on its nounting surface 50 or 150 have a known angul ar rel ationship
reTative to the land-carrying surface of the base 46 or 146. |f upper and

| oper surfaces 72 ad 74 of the seal ring 70 are ground and polished to
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optical flatnesss, the upper surface 72 thereof will have a known angul ar
—~r&lationship to the critical surfaces of the device 10 when the | ower
syrface 74 rests on the base 46 (or 146)5f€d its lands 22. Simlarly, if
the upper and |ower faces 76 nd 78 of the Cover 42 (or 142) are ground and
polished to optical flatness, with the lower face 78 resting on the upper
sturface 72 of the seal ring 70, the faces 76 and 78, and the optical path
thEgugh the cover 42 (or 142) between the faces 76 and 78 will have known
relationship to the critcal surfaces of the device 10. I n one
enbodi rent, the annular groove 54 has a V-shaped or triangular
cross-section, as shown in Figures 1 and 5-7. One wall 56 of the groove 54
is perpendicular to the faces 76 and 78 of the cover 42, and the faces 76
and 78 are parallel. The other wall 58 intersecksihyhe mabk«é@%g;ong a line
which is toward the periphery 64 of the cower=42 anthg] ofes’t rd the
face 78 of the cover 42. The es 76 ,;.,7 the cowey 42 aK§ ncoat ed;
the walls 56 and 58 of the groovéseg-are c ed with theyl 'g( r éiﬁtive
coating 60 to produce the annyka- i ght-reflecjiVe\igci IFty‘ 8.
facility 62 defines -~
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an uncoated, central w ndow 80 between the faces 76 and 78 of t he™E8Y FNZZ
whi ch window 80 is intended to directly overlie the device 10, and
partieularly the array 13 of active sites 14 with their DMD s 30.

Wthsthe outer peripheral area of the |lower face 78 of the cover 42
resting on the upper surface 72 of the seal ring 70, the foregoing angul ar
rel ati onshi ps obtain and the wi ndow 80 centrally overlies the DVD s 30.
There will be shortly described a variety of expedients for sealing the
cover 42 t'o the seal ring 70 to protect the active sites 14 and
particularly the DVPACKAGEFRQRASEMICONDUURORIDEVICECt her

contam nants, while ~permtting light to reach and be refleted fromthe
beanms 32 of the DMD s 30.

BACKGROUND OF THE INVENTION

The present invention relates to a package for a semiconductor device,
and,nnmepmﬂhmhuhntoaxno&mﬁwepaduggﬁnw:qmﬂkﬂ]ﬁﬁmxnmhﬂaum
("SLM") which includes an array of active sites, each of which, in turn,
includes a deflectable, light-reflecting beam and address circuitry for
selectively deflecting the beam. '

Numerous processes are known for producing active sites on a first
surface of semiconductor wafers. The active sites may comprise one or more
transistors and may include an integrated circnit having a variety of other
circuit components. Wafers are ultimately separated into a plurality of
individual chips, also known as dies or bars, each of which includes an array
of active sites and a surface comprising a portion of what was formerly the
wafer's first surface. Each active site has associated therewith one or more

~ bond pads on the first surface. The bond pads are rendered electrically
continuous with the active site, typically by depositing or otherwise forming
the bond pads on. top of, and in electrical contact with condunctors formed on
the wafer. Often some of the same steps used to produce the active sites also
produce the conductors, which are themselves clectrically continuous with
the active sites.

The separation of the wafer into individual chips is produced by an
operation which may be referred to as "sawing.” Sawing separates the wafer
along lines or paths extending hetween locations whereat adjacent active
sites reside or will ultimately reside.

Wafers are often sawed into chips before effecting the processing which
produces the active sites. The resulting chips are maintained in a chip
mairix after sawing, and the chip mairix is processed to produce the active
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12 The production of the annular reflective coating 60 on the walls
56 and 58 of the annular groove 54 is expediently produced by a maskl ess
process. To produce the covers of Figures 1 and 5-7, and referring to
Figure 3, the lower face 78 of a glass nenber 42' having the general
conflguratlon of the cover 42 and having the groovw 54 defined therein as
convenient, is covered with a netal cgating 60 of a light reflective
material such as silver or alumnum This may be achi eved by sputtering,
vapor or plasma deposition or by any other convenient nethod which rather

g%doiﬁi L%noéfééve@oa é{#c%rhuggat kmre ?’%‘*‘fﬁiﬁiﬁ?ﬁﬁ%‘t : Sr?Sﬁs

coating 60" ideviemor Gigital mieomivor device (collexiively DMP).

ADLmindndesalightéreﬂeu&vebeamorshnﬂarmechaniealmember,
which is associated with an active site and is so mounted to, or hinged from,
the material of the wafer and the resulting chip as to be deflectable or
movable between & normal position and one or more other positions.
Deflection of the beam is achieved by atiracting the beam toward or to an
adjacent electrode which is at a different electrical potential from that of the
'beam. Deflection of the heam stores energy in the mount or hinge, which
stored energy tends to return the beam to its normal position. Movement of
the beam, which may be binary or anslog, is controlled by the circuit
components of the active sites assoclated with the beams. Deflection of the
beam ig facilitated by an undercot well which underlieg the beam. The well
is formed hy appropriate etching of the wafer/chip material.

In use, an array or matrix of DMD's is arranged to receive light from a
source. The received light which is incident on the reflective beams is
selectively reflected or not reflected onto a viewing suxface depending on the
position of the beam. Such reflected light may be directed by each beam onto
the viewing surface only when it is in one of its possible positions. In gll
other positions of each beam, the incident, reflectod Iight is directed in such a
way that it does not £all on the viewing surface. Appropriate energization of
the circuit components associated with each beam of each active site permits
the beam-reflected light on the surface to be presented as a rasterized array

of pixels (asmatypmaltelevision) orasaseannmghne of pixels (ag in a Yine'
printer).

BemzseaDMDmchdesbothmcmtcomponents as well as a
microminiature deflectable beam, it is especially sensitive to the environment
and is, accordingly, typically sealed in a package which permits light to reach
and to be reflected from the beams of the array. The package is desirably
inexpensive to manufacture and to emplace and should not adversely affect
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on the portions of the |lower face 78 which are parallel to the upper face
76 issubjected to grinding and polishing which achieves two goals. First,
the coating 60' is renoved fromthe upper-face parallel portions of the

| ower face 78, leaving only the coating 60 on the walls 56 and 58 of the
groove. 54. This renoval, which may be achi eved by typical nethods and which
is represented by the arrows 84 in Fidure 4, results in the reflective
coating 60 having sharply defined boundaries. Second, the grinding and

pol i shing al so causes the | ower face to have the desired optical flatness
of about one theé rgperation ed‘sthé'hassuqnatad DMB's/6 Moretweryreas aiotd®' abeve, be

si mul t aneousl ¥n|m%fdaﬂa‘t§ﬂ g_,m%@%; "Heﬁﬁﬁ t

product.i on Of;Et e cove as §%cr %{E dtot% a g fo
Figure 1, the ﬁ'ﬁ'ﬁﬁf’s ?t% 0 %42 to

t he base 46 tneﬂwhnntdrdlqradmgmomby anémoundmgeﬂwmu) mayow

out gassi ng adpgsde) ﬁﬂ%&gﬁéﬁ Sixfact f ace

72 of the seal ri n 70 and/or t e. |s ter er| pheral _
areas of the #5\/% ﬁ'@ .

axdedinprevenimg nnmodu]atedhghtfmmreachmgthewewmgsm&ce

Accomplishing the ahove desiderata is one of the objects of the present:
Invention,

SUMMARY OF THE INVENTION

With the above and other ohjects in view, one aspect of the present
invention contemplates a package for a semiconductor device. The device
maybeaDMthichindudesanamyoﬂighbreﬂect‘mgbeems. The beams
are 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 reflected by the beam onto 2 viewing surface. In the
other positions the incident light is not modulated, that is, the reflected Light
is not directed by the beam onto the viewing surface. :

The package includes a ceramic base which has a mounting surface for
supporting the device. The mounting surface may be the floor of a device-
conformal, device-receiving cavity formed in the base. Preferably, the base is
made by molding. A first metallic pattern on the base includes first metallic
paths extending from near the periphery of the base to near the periphery of -
the mounting surface, The paths are connected to the mounted device.

A torroidal, electrically insulative, refractory seal ring overlies the
base and the first metallic paths between the peripheries of the base and the
mounting surface. The lower surface of the seal ring is fused to the
underlying base and the first metallic paths. The upper surface of the seal
ring is ground and polished so as to be optically flat with a selected angular
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1.

positioning of the .13
relative to the sea
par al | el

Such parall el

An aspect of the present invention pernts accurate

58 and the reflective coating 60 t herdon have the desired angul ar

relationship relative to the mounting surface.

A lght-transmissive glass cover overlies the device. The cover is
generally congruent with the outer periphery of the seal ring. The upper and
lower faces of the cover are gronnd and polished to optical flatness and have

a selected angular relationship to each other. In this way, with the outer °

portion of the lower face of the cover resting on the seal ring, the upper and
lower faces have a selected angular relationship to the mounting surface.

The lower face of the cover may carry an annular lght-reflective
coating. The coating defines a central uncoated window aligned with the
device. In preferred embodiments, the lower face of the cover has an anmular
groove formed therein, with the coating residing in the groove. The groove,
and the coating iiself, generally overlie the inmer periphery of the seal ring
andﬁhepenphagwfibenmnnhngsudhu&'“ﬂnuefhegnxwe:spnmeuhrhm
preferably triangular in cross-section, having an outer wall which is
generally perpendicalar to the faces of the cover and an inner wall which
slopes away from the outer wall toward the lower face of the cover.

Fadﬁﬁmunepnwﬁhdﬁmsaﬂhg1heomhrpmwhnmfﬂhehmmrﬁmeof
the cover to the seal ring. These facilities may take five different forms.

First, the sesling facilities may comprise an adhesive at the interface

~ of the geal xing and the lower face of the cover. Preferably, the adhesive is a

low outgassing adhesive and may be or indude a thermosetting epoxy or &
UV-curable adhesive. If the adhesive does outgas to some extent, a known
getter may be included beneath the cover, preferably in the summler groove if
itis present.

Second, the sealing facilities may comprise a soft metal at the interface
ofﬂpsqﬂghgandﬂmlmmrﬂuzofdmcmmm.Sdtnmhﬂsmmhasﬁﬁmunor
an indium alloy are preferred, and the cover and seal xing are sealed together
by applying to the interface cold-flow-effecting forces which are
perpendicular and/or parallel thereto. The parallel farces may be vibratory.

of thls adhesive 90 at this interface 72/78 is greatly exaggerated Figure

cover 42
ring 70 which ensures that the surfaces 72 and 78 are

rel ati onship further ensures that the walls 56 and

o
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rel ationship
beans, 82 of t
m.cr ospheres
di anmeters of

to the active sites 14, and, particularly relative to the

he DVMDs 30 thereof. Specifically precision glass or plastic:
may be included in the adhesive 90. These m crospheres have
2 mls +/- 1.5 microns. Such m crospheres are known and are

avall able from commerci al sources. The inclusion of the m crospheres

permts the c

adhesi ve 90 of the surfaces 72 and 7

tier of mcro
Si mpl e pressi
initially sup
t her eof when

t he nlcrosphe
achi eved, thi of
72 and 78. Sucdagp
spacing is fi

presence of t

over 42 and the seal gg 70 with the m crosphere-containing
t

0 be pressed together until a single
spheres resides at the interface of the surfaces 72 and 78.

ng to@b&ﬂemheeumhngihdhﬁhssnasqumwusedha1asundymmiqx&whmkres

o ﬁ&ﬁdé%“"%f SR Sy 1
{ tiop
m 20 Perpengd -.w memsaﬁmn@mdﬁmm%dhéaces
the! grotind dnd pRliShed Sordosk
| Eﬁﬁ%@ﬁ |ckn s of the adhesive 90. Nbreo%%? t he
mﬁﬁ%ﬂ% e%*?ace 72/ 78 mai nt ai ns

Inboththesewnﬂandtbirdaspects,theseaﬁngfaﬁ]itymayﬁnther
camprise ana dherent substance applied to the cover and the seal ring at the
outer periphery of the interface thercbetween. The adherent substance,
which may be an epoxy or other adhesive, prevents shear forces applied
parallel to the inferfuce from relatively moving the cover and the seal ring.

anﬂ;iﬁeﬂuﬁngﬁmﬂﬁynuwwmmpﬁaaasddmwwﬁ&&haumﬁngun
the upper surface of the seal ring and on the lower face of the cover. A solder

" layer seals the two coatings together. Preferably, the solder layer is produced

by placing a solder preform at the interface of the cover and the seal ring and
then applying heat to the preform which melts it. The regolidified solder
geals the interface, The heat may be applied to the preform as radiant
energy which may pass through the cover. In this latter event, if the coating

_on the lower face of the cover reflects light, the coating may be discontinuous,

as:anuannmhurband.ﬂms&hunﬂundty1nmnnﬁmmgﬁhexadhn¢tuumgyto
reach the preform through the cover.

Fﬂﬂy*&m»unﬁng:&wﬂﬁy:hqycmmquhk a éhmsiﬁthwn'atihe

 interfice of the cover and the seal ring. The fit layer may be produced by

placing a frit preform at the interface and then fosing the preform to the
cover and the seal ring. As with the solder preform, the fusion may be

effected by concentrated radiant energy applied to the preform through the
cover,

vwmueihemdmnﬁhetmaﬁngreddeshaﬁhegnuneﬁm:nmiﬁniheccwﬁa
the coating is preferably produced by metallizing without masking the entire
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the surfaces 72 and 78 substantially parallel. The adhesive 90 is
permtted to cure or set, after which the device 10 is seal ed

agai nst contam nants which m ght. adversely affect its operation. |If
outgassing fromthe adhesive 90 proves troubl esome, a getter, generally
depicted at 92, may be included at any conveni-ent |ocation within the
groove 54 where it is "hidden" by the reflective coating 60 on the walls 56
and 58 thereof. The groove 54 thus provides a getter receptacle for a

seal ed vol ume which receptacle woul d 8t herwi se not be so readily avail abl e.
The known angul ar rel ationships of the faces 76 and 78 of the cover 42 to

the device 101506k fafe s *@e < Gt Nat
| i ght properly passes.thr t cQver a .S JWi ndow 8 or,,I nci dence
on the refle @M"égg %P &0 ﬂ‘g #IB’F‘P@YR Fopting,

groove.

rough
t he cover .ﬁ'omallbu!.:thewallsofthe

In further embodiments, the first metallic pattern includes a ground
path. Both the ground path and the light-reflective coating on the cover are
the ground path and the Light-reflective coating when the cover rests on the
seal ring. Where the groove is present in the cover, the electzical
interconnecting facility includes in the groove a conductive mesa which is
elecirically continuous with the light-reflective coating and compliant facility
attached to the ground path for resiliently engaging the mesa when the cover
rests on the seal. Both the foregoing and sufficient spacing of the cover from
the device Ximit or prevent the build-up of static electric charge on the cover.
‘Where the device includes a deflectable beam, static charge on the cover can
adversely affoct deflection of the beam. ' |

The package of the present invention may include the aforedescribed
semiconductor device and one or more chips which are electrically associated
with the device. In tbis event, the ceramic hase may include one or more
additional cavities. Each additionsl cavity is adapted to retain a chip. The
size of the seal xing and the cover is sufficient for the former to surround all
of the cavities and the latter to overlie all of the cavitiea. Preferably the
cavity holding the device is generally centrally located with respect to the -
additionsl cavities. Second metallic paths extend from the first metallic
paths to the second cavities. These second paths also extend among the
gecond cavities and extend from the second cavities to the periphery of the
base. The seal ring is preferably fused to the base and to the underlying first
and second metallic paths which extend to the base's periphery. Electrical
connections between or among the second metallic paths may cross over the
first metallic paths. These cross-over connections may comprise wires which
insulatively cross over selected some metallic paths and are banded to other
metallic paths. '




14. 42 by the beans when that light is nodul ated. The angul ar orientation
of the walls 56 and 58 and, hence, the angular orientation of the

reflective coating 60 is selected so that |ight incident on the beans 32
which is not nodulated is reflected fromthe beans 32 onto the coating 60
and" fromthere is reflected in directions whereat the unnodul ated |ight

w Il not and cannot reach the viewing surface. Thus the reflective coating
60 functions to prevent unnodul ated |ight fromentering the optical system
via which the DVDs 30 project light onto the view ng surface.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1is a sectioned side view of a portion of a semiconductor device
and one embodiment of a package therefore according to the principles of the
present invention, the package including a cover which includes a light-
reflective coating on an ammlar groove formed in the cover;

Figures 22 and 2b are general depictions of one type of semiconductor
device with which the present invention may be utilized;

Figure 3 illustrates a portion of the cover, which is an element of the
package of Figure 1 according to the present invention, schematically
iltusirating the deposition on the cover of the light-reflective coating;

Figure 4 illustrates the cover portion shown in Figure 3 following
deposition of the light-reflective coating and schematicelly illustrating
removal of some of the coating so that only a selected area of the cover is
Kght-reflective;

_ Figures 5 and 6 are views similar to Figwre 1 showing alternative
embodiments of the cover shown in that latter Figure;

Figure 7 is a view similar to Figure § fllusirating facilities added to the
cover for preventing the build-up of static charge on the cover;

Figure 8 shows a form of cover for use in the present invention which
is am alternative to that shown in Figures 1 and 8-6;

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 hase which is an alternative to those shown in
Figures 4-T and 9 and which includes facilities for mounting and associating
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Continuing to refer to Figure 1, in a second technique for sealing the
cover .42 to the base 46, the reference nuneral 90 designates a soft netal
such as indiumor indium alloy located at the interface 72/78. Again, the
hei ght or thi'ckness of the soft nmetal 90 is greatly exaggerated in Figure
1. A suitable soft nmetal is one which will sufficiently cold flow upon
application of force peérpendicul ar and/or parellel to the interface 72/78

to therafter adhere the cover 42 to th® seal .ring 70. Depending on the soft
metal, it rray be appro

p e to appl vi bratory ,force rallel . to the
interface at Q&IM&E&‘&% M@%W Wnot be

able to prevemmm“teeenent of the cover 42 and the seal ring 70 upon
application of shear force to the interface, a bead or separated dabs of an

adhesive 94, such as an epoxy mw ed to the exterior of
the interface 72/78. Because t he exterior of the
I nterface 72/ 78, potenti al A third technique for sealing the cover

42 to the base 46 RefipiingSeitto Figures 1, 2a and 2h, there is shown a semiconductor
device 10 which is forméd on and in a semiconductor chip 12 sawed from a
wafer (not shown). Numerous such chips 12 are sawed from the wafer, asis
well known. The chip 12 includes an array 13 of active sites, generally
indicated at 14, and one or more associated bond pads 16. The hond pads 16
are electrically continuous with their active sites 14 via conductors 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 formed on, and in
electrical continulty with, appropriate ones of the conductors 18. Ultimately,
each chip 12 is mounted o a header 20 and the bond pads 16 are rendered
electrically continuous with condunctive lands 22 on the header 20 by bonding
wires 24 to emd between the pads 16 and the 1ands 22. The conductive lands
22 may, in turn, be connected to the individual leads 26 of a frame 28, again
88 is well known. Thae leads 26 may be flat or formed, as alternatively shown
in phantom in Figure 6, end the frame 28 may be leaded or leadless.
Further, as is well known, the Jeads of a preformed lead fiame (not shown)
may replace some or all of the lands 22, or, as depicted in the Figures, a
preformed leadframe 28 may be attached to the fired Jands 22 to provide
electrical paths to eircuit boards or other utilization items.

The active sites 14 may each indude a DMD or other SLM, generally
denoted 80. Preferred DMD's 80 indude those of the type shown in
commonly assigned US Patents 6,061,049 to Hornbeck and 8,600,798 to Les.
Other types of DMD's 80, such as those shown in US Patents 4,356,730 to
Cade,m,mwﬂnmmws,sssmmmmmms&
310 to Guldberg et al. Any of the above types of DMD's may be used in the
type of systems shown in comxmonly assigned US Patents 5,101,236 to
Nelson et al, 5,079,644 to DeMond et al, 5,041,851 to Nelson, and 4,728,186
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use of a glass frit preform again designated by the reference nuneral 90
with an exaggerated height or thickness in Figure 1. After the glass frit
preform 90 is placed at the interface 72/28, heat, preferably in the form
of :;concentrated radiant energy is applied to the preform90. It is
further preferred that the radiant engrgy be applied to the preforn190
t hrough the cover 42 as designated by the arrows 96 in Figure 1. The

appl i ed radi ant energy fuses the preform90 to the interface 72/78 to
seal the coer YFhOMA8. "t he base 46 toget her.

Asgumuamydﬁﬁdwdﬁnlﬁgueihihn;wdbuuirmﬂDSOindndasa
reflective, deflectable beam 82 and associated cixcuit components 84, which
funciion as addressing circuits, for selectively deflecting the beam 82.
Preferred and other methods of monolithically forming the beams 32 and the
circuit components 34 are set forth in the above-noted patents. Typically, the
beam 32 deflects by moving or rotating up and down on one or more hinges or
torsion membners 85. An undercut well 36 is formed in a layer of the chip 12
beneath each beam 82 to accomodate the deflection. Usually, deflection of
- the beam 82 is effacted by the attractive force exerted thereon by an electric
field resulting from a potential on an electrode 38 located in the well 36, The
electrode's potential is produced by the civeuit components 84 with which the
beam 32 and the elecirode 88 are electxically continuous.

L4

Theheaderzoandammmeompmaapackageumamgmhe‘
present mvention,

The header 20 includes a base 46 made of molded ceramic material,
The conductive lands 22 may be deposited on the base 46 while its materisl is
green and the two may be fired together to bond the linds 22 to the base 46.
Greater accuracy in locating the lands 22 has, however, been achieved by
depositing them on the base 46 after it has been fired and then fusing the

lamds22ihmuwohyanpnu#udalwatqmﬂnnﬁwn.Ihehwﬂszsamebondedto
the lands 22 in any well known manner,

In some emhodiments the green molded base 46 has a cavity 48 formed
therein., Appropriate measures are taken so that the floor 50 of the cavily
sexves as a precision movmting surface for the chip 12. That is, the floor or
mounting surface 50 is flat and has a defined angular relationship to the
critical surfaces of the chip 12 and its active sites 14, particularly the
reflective béams 82 thereof. Figure 9 depicts an alternative base 146 which
lacks the cavity 48 but which has an upper surface 160 which is produced so
as to define a flat mounting surface having the defined relationships with the
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15 Figure 5 illustrates a fourth technique for sealing the cover 42
to the base 46. This technique involves initially polishing the |Iower face
78 of the cover 42 at and near the outer periphery thereof and the upper
surface 72 of the seal ring 70.to an optical flatness of about one fringe
or less. Thereafter, the interface 72/78 is fusion bonded by the
application of sufficient force perpendicular and/or parallel to the
interface 72/78. Simlar to the secord® techni que, the fusion bonded '
interface 72/ 78 may not be able to resist the application of shear force

thereto. Accoeﬂuaﬂimwww us.mwurtowwam&mummm
applied to thﬁa§§i I3 f

resents
fifth tech 7 pecessed or ge%:
RTRE oo ok e nid e st oy bt AT

this pl acemnmawmupwﬁmmmmmm t he

cover 42 ad t

sol der - vvettabl %E %bl Iﬁcﬁ%ﬂ' nga &)gsggg %ﬂ ”Eg-s&%' Sl n&estaéc

chargeonfhebasewhichmightadvmelyaffe&fheopmﬂmoﬂhedm
10.

. 'The covers 42 shown in Figures 1 and 5-7 contain em annular groave
54 the walls 56 and 58 of which are covered with a Nght-reflective coating 60
to define an annular Bghi-reflective 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 54), but also includes a light-reflective coating
160 which is configured to define am anvular Hght-reflecting facility 162 near
its periphery 164. Typically, the cover 42 is nged whether or not the davice
10 xresides in the cavity 48 and the optical system (not shown) with which the
device 10 is used includes prisms. If such optical system does not include
prisms, the flat cover 142 may be used. As noted above, the cover 42 or 142

may have to relieved or recessed to accomodate the device 10 if the device 10
does not reside in the cavity 48.

. The cover 42 or 142 ig preferably mounted to the base 46 or 148 via am
intermediate glass seal xing 70, The seal xing 70 is & thin, planar, generally
annular member having a shape which is similar to the shape of the
periphery of the covers 42 or 142. The sgeal ring 70 is made of glass or a
similar material which can be polished to high optical flatness and which con

be fused to the base 48 (and the lands 22 thereon), preferably by the
application of heat.

Aénotedearliee, the mounting surfaces 50 and 160 are xendered flat,
with a known angular relationship to the critical suxfaces of the device 10 as

mounted therson. Similardy, the angolar relationship between the mounting
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is preferred that the solder preform 100 be neltd by concentrated radi ant
energy- applied thereto through the cover 42 as shown by the arrows 106, the
coating 102 includes a discontinuity 108, which is preferably annul ar,

t hraugh which the radiant energy 106 may pass to nelt the sol der preform
100. Wthout the discontinuity 108 the coating 102 may reflect too nuch of
the radi ant energy 106 to permt efficiﬂ:t nelting of the preform 100. As
in earlier Figures, the thicknesses of e coatings 102,104 and of the
preform 100 i s exaggerated in Figure 6. The above five techniques
may be used twmm&ommﬁmmﬁlmu&w

w | n
%EEEEEE?CE?ZEQE 'ﬁ F‘g&#ﬁsg & gmﬁ! g@tgggt;g)s'g%gj‘e %c ent igaci ng above

pol i shing of viertheJand-rarrying: surfagerafthedenserds pr ammer and
appropri at el ymmmmlwwm séalt& $0dre’ grogmd Cand polished to The

above five teqpieall AatdiRY, fHeSOpie stfite 7 Badvaf Wil Bavé'd Rhivih dbgifiar

. relationship to the critical surfaces of the device 10 when the lower surface

74 rests on the base 46 (or 146) and its lands 22, Similarly, if the vpper and

lower faces 76 and 78 of the cover 42 (or 142) are ground and polished to

optical flatness, with the lower face 78 resting on the upper surface 72 of the

seal ring 70, the fuces 76 and 78, and the optical path through the cover 42

(or 142) between the faces 76 amd 78 will have known relationships to the
critical surfaces of the device 10.

- In one embodiment, the anmular groove 54 has a V-shaped or
triangular cross-section, as shown in Figures 1 and 5-7. One wall 56 of the
groove 54 is perpendicular to the faces 76 and 78 of the cover 42, and the
faces 76 and 78 are parallel. The other wall 58 intersects the wall §6 slong a
hnewhich:shwardthepenphmuofﬂmmerﬂanﬂ.slopeshwardfhe
face 78 of the cover 42. The faces 76 and 78 of the cover 42 are incoated; the
‘walls 56 and 58 of the groove 54 are covered with the light-reflective coating
60 to produce the anmmlar Hght-reflective facility 62. This facility 62 defines
an uncoated, central window 80 between the faces 76 and 78 of the cover 42
which window 80 is intended to direcly overlie the device 10, and
particularly the array 13 of active sites 14 with their DMD's 80.

‘With the outer peripheral area of the lower face 78 of the cover 42
resting on the upper surface 72 of the seal ring 70, the foregoing amgular
relationships obtain and the window 80 centrally overlies the DMD's 80.
There will be ghortly described a variety of expedients for sesling the cover
42 to the seal zing 70 to protect the active sites 14 and particularly the
DMD's 30 thereof from environmental and other contaminants, while -
permitting Kight to reach and be reflected from the beams 82 of the DMD's 80.
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cover 142 to the base 46 having the cavity 48. In this event, the annular

reflecting facility 162 would conprise an annular reflective coating 160 on
16 the |lower face 78 which defines the wi ndow 180. Since the groove 54 is
not present, some other location (not shown) for the getter 92, if

required, must be provided. The thi ckrlﬁss of the seal ring 70 is adjusted
to provide required spacing and clearafnes. Sim |l ar expedients are necessary

to use the five foregoing tegpniques for_sealing the flat cqQver 142 to the
flat base 146. The production of the annular 60 on the walls 56 and

8 of the annmlar groove 54 is expediently produced by a maskless process.
To produce the covers of Figures 1 and §-7, and referring to Figure 8, the
lower face 78’ of & glass member 42' having the general configuration of the
cover 42 and having the groove 54 defined therein as convepient, is covered
with a metal coating 60' of a Light reflective material such as silver or
aluminnm. This may be achieved by sputtering, vapor or plaswa deposition
or by any other convenient method which rather indiscriminately coats the
entire lower face 78 including the walls 56 and &8 of the groove 64. Such

coating is represented in Figure 8 by the arrows 82. The coated member 42'
is shown in Figure 4. ’

After the metal coating 60' is deposited, that portion thereof resident -
on the portions of the lower face 78 which are parallel to the upper face 76is
subjected 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, leaving only the coating 60 on the walls 56 and &8 of the groove 54, This
remgval, which may be achieved by typical methods and which is represented
by the arrows 84 in Figure 4, results in the reflective coating 60 having

" sharply defined boundaries. Second, the gxinding and polishing also canses
the lower face o have the desired optical flatness of about one fiinge or less.
_The upper face T6 of the member 42" may be simultaneously, earlier or later

ground and polished to complete the production of the cover 42 as descxibed
earlier.

Retuming to Figure 1, there is shown a first techmique for attaching
the cover 42 to the base 46 to form the package 44. An adhesive 90,
preferably a low outgassing adhesive is applied to the ground and polished
upper surface 72 of the seal xing 70 and/or to the polished and ground outer
peripheral areas of the lower face 78 of the cover 42. The height or thickness
of this adhesive 90 at this interface 72/78 is greatly exaggerated in Figure 1.

An aspect of the present invention permits accorate positioning of the
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The spacing of the |lower face 78 of the cover 42 at the window 80 is
preferbly such that if any electric charge build up on:the cover 42 (or
142) its effect on the deflection of the beans, 32 of the DMD's is

m nim zed. As noted above, one way of adjusting this spacing is by

adj usting the thickness of the seal ring 70. Figure 7 illustrates a

techni que for substantially preveritj ng static. build-up on the cover 42.

Specifically, the groove 54 in the | oWwer face 78 of -the cover 42 contains
a nmesa 112 or_ ot

one. mesa 17V 43 alabinn 14 the 561 ol 70 Atk Bhails ol 6 siREee TEBRC ()

cover 42 arZ8 grapaallel S'edlna@llehre]aﬁo ﬁmhefmeawﬂmwallsr%a 112
i's covered dﬂd rgaagnalﬁét cso\ﬁmt hage hé. thaggmge t he
sane as,

which it is r%?‘é%‘!%% 5&5&% e%%oﬂéwmg@gﬁw \(,amatcﬂ

mesa 112 i s beams 82cef the BMBI]@OIﬁ!mOﬁ‘ aSpecifically ox plastieat i ng

114 is unaffmwmwmmm%mwm %@Um&&pﬁ&é‘s%am and

remains el eca{ame%uélofzmﬂs#-wm Suchnncrospheresareknownandare
available from commercial sovrces.

The incdlusion of the microspheres permits the cover 42 and the seal -
ring 70 with the microsphere-containing adhesive 90 of the surfaces 72 and
78 to be pressed together until a single tier of microspheres resides at the
interface of the surfaces 72 and 78. Simple pressing together resylts in this
single tier, as any microspheres initially supexr- or sub<acent fo other
microspheres simply "roll off” thereof when the cover 42 and the seal xing 70
are pressed together. Since the microspheres have a specific diameter, once
the single tier thereofis achieved, this diameter controls 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 thickness of the adhesive 90.
MureovartheptesenoeofthemmsphmsinthemberfaeeﬂﬂSmamtams
thesurfaws'lzandmsubstanﬁanypara]ld

ﬁeaﬂheﬁve%ispemﬂtbedtomeorset,aﬂ;erwhicbfhedeﬁnemis
sealed against contaminents which might adversely affect its operation. If
outgassing from the adhesive 90 proves troublesome, a getier, generally
depicted at 92, may be included at any convenient Iocation within the groove
54 where it is "hidden" by the reflective coating 60 on the walls 56 and 58
thereof. The groove 54 thus provides a getter receptacle for a sealed volume
which receptacle would otherwise not be so readily available.

The known angular relationships of the faces 76 and 78 of the cover 42
to the device 10 and to the beams 82 of the DMD's 80 thereof ensures that
light properly passes through the cover 42 and its window 80 for incidence on.
the reflective beams 82 and for reflection of the light back through the cover
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continuous with the reflective coating 60. Wen the wires 24 are bonded
bet ween the bond pads 16 and the.lands 22, wire | oops 118 nay be bonded to
conductive, gounded |ayers 120 forned over the | ands 22 and insul ated

t herefrom-by an insulative |ayer 122. The wire | oops 118 are sufficiently
high to resiliently engage the conducitive coating 114 on each nesa 112
when the |lower face 78 of the cover 42 rests on the seal ring 70. In this
condition, the coatings 114 and the reflective coating 60 are grounded.
Such groundi ng substantial ly défreases, if it does not elimnate,
static electric build-up on the cover 42. Figure 10 illustrates

a vari ant basg2 B¢ thébearas Wheh it BEhtSs nesilRed The angtilkriitatioh &€

above-descri bgf L&D BEWAss KA, m 86 affiaf Wleftdlion of the reflective
coating 60 is selected o that light incident on the beams 82 which is not
modulated is reflected from. the beams 32 onto the coating 60 and from there
is reflected in divections whereat the unmodulated light will not and cannot
reach the viewing surfiace. Thus the reflective coating 60 functions to
prevent unmodulated lght from entering the optical system via which the
DMDs 80 project light onto the viewing surfice. )

Continuning to refer to Figure 1, in a second technique for sealing the
cover 42 to the base 46, the reference numeral 90 designates a soft metal
such as indium or indiven alloy located at the interface 72/78. Again, the
height or thickness of the soft metal 90 is greatly exaggerated in Figure 1. A,
suitable soft metal is one which will sufficiently cold flow upon application of
foree perpendicular and/or parallel to the intérface 7278 to therafter adhere
the cover 42 to the seal ring 70. Depending on the soft metsl, it may be
appropriate to apply a vibratory force parallel to the interface at an
appropriate frequency. Because the soft metal 90 may not be able to prevent
relative movement of the cover 42 and the seal ring 70 upan application of
shear force to the interface, 2 bead or separated dabs of an adhesive 94, such
as an epoxy adhesive, may be applied to the exterior of the interface 72/78.
Becauvse the adhesive 84 is at the exterior of the interface T2/78, potential
outgassing therefrom should present no problem.

A third technique for sealing the cover 42 to the base 46 involves the
use of a glass fiit preform, again designated by the reference numeral 90
with an exaggerated height or thickness in Figure 1. After the glass fit
preform 90 is placed at the interface 72/28, heat, preferably in tha form of
concentrated radiant energy is applied to the preform 90. It is further
preferred that the radiemt energy be appled to the preform 90 through the
cover 42 as designated by the arrows 96 in Figure 1. The applied radiant

- enexgy fuses the preform 90 to the interface 72/78 to seal the cover 42 and
the base 48 together.
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17 plural cavities 248 which conformally receive plural devices 210. The
cover, 242 may be flat or, as depicted, nmnmy contain a groove 254 at each
area overlying a DVMD 230, with each groove 254 having its walls 256 and 258
covered with a reflective coating 260. The cover 242 may be sealed to the
base 246 about each respective device 210 and/or may be sealed to the base
246 at the outer peripheries thereof. In a preferred enbodi nrent where only
one DMVMD 230 is present and the other g¢gvices 210 are associated with the
DMVD 230. The DVD and its cavity 248 is centrally |located on the base 246.
Metal lic lands 222 extend fromthe DVD 230 to the other devices 210,

bet ween and anobng mtmmmmmmmmmmmm ot her

devi ces 210 t Opdgaate oTkiR Rashkidiie Rl Digithk 36Wer fde 790RF the
eposi Ted Vi oo g3 s bR ek eyl APGR idthe i kb 5 f "0
' the geal xing 70 to an optical flatness of about one fringe orless. Thereafter,
the intexface 72/78 is fusion bonded by the application of sufficient farce
perpendicalar and/or parallel to the interface 72/78. Similar to the second
technique, the fusion bonded interface 72/78 may not be able to resist the
application of shear force thereto. Accordingly a bead or dabs of a suitable
adhesive 98 msay be applied to the exterior of the interface 72/78. -

Figure 6 represents a fifth technique for sealing the cover 42 to the
base 46. This technique uses a solder preform 100 which is placed at the
interface 72/78. Prior to this placement, the outer peripheral portion of the
lower faco 78 of the cover 42 and the upper surface 72 of the seal xing 70
receive a solder-wettable matallic coating 102 and 104, respectively. Since it
is preferred that the solder preform 100 be melted by concentrated radiant
energy applied thereto through the cover 42 as shown by the arrows 106, the
coating 102 inclndes e discontinuity 108, which is preferahly annular,
through which the radiant energy 106 may pass to melt the solder preform
100. Without the discontinuity 108 the coating 102 may reflect too much of
the radiant energy 106 to permit efficient melting of the preform 100. Asin
earlier Figares, the thicknesses of the coatings 102, 104 and of the preform
100 is exaggerated in Figure 6.

The above five techniques may he used to sesl the cover 42 to the
slternative planar base 146 in which no cavity 48 is formed. The height of
the lower face 78 of the cover 42 at the window 80 is adjusted to provide

- sufficient spacing ahove the device 10. This may be achieved by appropriate
grinding and polishing of the lower face 78 at the window 80 or, preferahly,
by appropriately adjusting the thickness of the seal ring 70.

‘The shove five techmiques may also be nsed to seal the alternative fiat
cover 142 to the base 46 having the cavity 48. In this event, the anmular
reflecting facility 162 would comprise an anmular reflective coating 160 on
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whi ch preferably surrounds all of the -devices 210,
~and to the underlying | ands 222. Necessary cross-over electrical

is fused to the base 246
bet ween

the | ands 222 may conprise wires 200 bonded to respective | ands 222 and
insul atively crossing over intervening |land 222 as shown at 300. The

devi ces 210 nmay be custoned designed ig facilitate single-layer-routing of
t he i nterconnections anond the device '

overs 300 are preferably utilized only total

210 via the lands 222. The cross-
single-layer-routing is not

VWi l e vari ouswmmmmm the wihdow 188.c Bince thie gtdose 54 dv mot been

descri bed,
of and addltl
the present i

gns tg@ ;%g@m Ig%ogl %ﬁgﬁgﬁ ggfout epartd n ap?grsn
ansnawuumytouseihafhe
ﬂnmﬂdngtednmnmesﬁwsedﬁngiheﬂatummr]dstofhaﬂathusaldﬁ

The spacing of the lower face 78 of the cover 42 at the window 80 is
preferably such that if any electrio charge builds up en the cover 42 (ox 142)
its effect on the deflection of the beams 82 of the DMD's is minimizad. As
noted above, one way of adjusting this spacing is by adjusting the thickmess
of the seal ring 70. Figwre 7 illustrates a techmique for svhstantially
preventing static build-up on the cover 42..

Specifically, the groove §4 in the lower face 78 of the cover 43 contains
a mesa 112 or other suxface foature at one or more locations. Preferably, one
mesa 112 is Jocated at each corner of the groove 54 where it and the cover 42
are generally rectangular. A lower surfaca 116 of each mesa 112 is covered
with an electrically conductive coating 114, which may be the same as, and
may be deposited simmltameonsly with, the coating 60°, with which it is
clectrically continuous. Since the lower suxface 116 of each mesa 113 is
recessed below the lower face 78 of the cover 42, the coating 114 is unaffected
hyihegﬁmﬂhu;and;ﬁﬁdﬁngofmubJuwe:ﬁme78amd:mn&nnsdkwuuﬁny
continnous with the reflective coating 60. When the wires 24 are bonded
between the bond pads 16 and the lands 22, wire loops 118 may be bonded to
conductive, groumded layers 120 formed over the lands 22 and insvlated
therefrom. by en insulative layer 122, The wire loops 118 are sufficiently
high to resiliently engage the conductive coating 114 on each mesa 112 when
the lower face 78 of the cover 42 rests on the seal ring 70. In this condition, -
the coatings 114 and the reflective coating 60 are grounded. Sush grounding
substantially decreases, if it does not eliminats, static electric build-up on the
cover 42,

Fﬁnuu10ﬂhuﬂﬁﬂasavaﬁantham§246andaﬂmﬂantanmrzézsuﬂsd
together by the ahove-described techmiques. The base 246 may contain
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18 WHAT IS CLAIMED I'S: 1. A package for a sem conductor device, the

devi ce being of the type whi ch includes a light reflecting beam
novabl e between one position, in which light incident on the beami's
nodul at ed, and one or nore ot her positions, in which the incident
light is not nodul ated, the a base having a nounting surface for
supporting the device; ~afirat petallic pattern on the base, the
first pattern including first nmetal lic paths extending fromnear the

periphery of -jhe) RaBel 248 Sich conforrhiMy Rédedvdflu¥alodevidi® ST, "he Yovet’ f aCe

For 6|6Ctrlcgt£%é2?ﬁ§; 8 d&?a& i may contain a groove 254 at each area
overlying a2 DMD 230, with each groove 254 having its walls 256 and 258
covered with a reflective coating 260. The cover 242 may be sealed to the
base 246 about; each respective device 210 and/or may be sealed to the base
246 at the outer peripheries thereof. In a preferred embodiment where only .
one DMD 230 is present and the other devices 210 are associated with the
DMD 280, The DMD and its cavity 248 is centrally located on the base 246.
Metallic lands 222 extend from the DMD 2380 to the other devices 210,
between and among the other devices 210 and from the DMD230 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-don. The seal ring 270,
which preferably surrounds ol of the davices 210, is fused to the base 246
and to the underlying lands 222. Necessary eross-over electrical connections
between the lands 222 may comprise wires 200 bonded to respective lands
222 and insulatively crossing over infervening lemds 222 as shown at 300.
The devices 210 may be customed designed to ficilitate single-layer-routing
of the interconnections amond the devices 210 via the lemds 222. The cross-

overs 800 are preferably utilized only total single-layer-routing is not
achievable.

While various preferred embodiments of the present invention have
been described, those gkilled in the art will appreciate that various changés
of and additions to these embodiments may be made without departing from
the present invention as covered by the following claims.
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ND% a seal ring constituted of an electrical Iy
I nsul ative y material, ' '

the seal ring overlaying the base

anjlmm tallic paths bet ween t he peripheries of the base and
,Ifr@“j@!j , having its | ower surface fused to the ,

under I yi ng flrst nmetal lic paths and havi ng an opposed upper
surface ground and polished so as to b8 optically flat with a

sel ected angul ar relationship relative to the nount i ng surface;

a light-transm ssive cover overlying the device, which cover is
general |y coiWHATIS GLAIMED X8t er perihery of the seal ring, upper
and | ower faces of the cover being ground and poI I shed to opti cal

Ilhgt ne\?\nstﬁn?ﬂga\(;h asel e@ﬁed anﬂul ar reliat,l ona*eﬁ t,0 %@%Eﬁ SO n he
fgﬁlat H)Rghl therggp:ncbmblm hm qi@g@ Mﬁﬁﬁmt ive
is mod
contrar ‘Jﬂcéﬁfeb‘)%f Rpsita, g em%ﬁf tﬂaﬁﬁméiéﬂamtmddvfate&“ the®
' eommmgz

abasehav!ngamomngsurﬁaeeformpporﬁngthsdeviee;
a first metallic pattern on the base, the first pattern induding fixst
metallic paths extending from near the periphery of the base to near
the periphery of the mounting surface for electrical commection to the
mounted device;
‘& seal ring constituted of an electrically insulative, refractory material,
the seal ring overlying the base and the first metallic paths between
the peripheries of the base and the mounting surfiice, having its lower
surface fused to the underlying base and first metallic paths and
~having an opposed upper surface ground and polished so as to be
opﬁwﬂyﬂatmthaselectedangularrelaimnshprelmvemﬂae
mounting surface; '
a light-{trapsmisgive cover overlying the device, which cover is
generally congruent with the outer periphery of the seal ring, upper
and lower faces of the cover being ground and polished to optical
flatness and having a selected angular relationship to each. other so
that, with the outer portion of the lower face of the cover resting on the
seal xing, the uppor and lower fices have a selected angular
relationship relative to the mounting surface;
a light reflective coating on the lower face of the cover, the coating
defining a central uncoated window aligned with the device; and

means for sealing the outer portion of the lower face of the cover to the
seal xing.

2.  The package of Claim 1, wherein the lower face of the cover is
: generally annular and has formed therein an annular groove which
generally overlies the inner periphery of the seal ring which is
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package of Caim1l1, wherein the |lower face of the
cove M/ /III” rally annul ar and has formed therein an annul ar groove
whi ch® g‘gzly overlies the inner periphery of the sea

neaH;\FBT\seaLLng‘ibgﬁguter portion of the | ower face of the cover to the
sealhﬂ'

ring which
s~ erally torroidal ygnd planar and the periphery of the
nount i ng

generally torroidsl and planar and the periphery of the mounting
surface cavity, the light reflective coating residing on the walls of the
groove, :

8.  The package of Claim 2, wherein the groove is generally triangular in
cross section and has an outer wall which is generally perpendicular to
the faces of the cover and an jmmer wall which slopes away from the -
outer wall toward the lower face of the cover.

4. The packasge of any preceding claim, wherein the sealing means
comprises an agent at the interfiace of the geal ring and the lower face
of the cover.

5. The package of Claim 4,vdmneh11be agent is a low outgassing
adhesive,

6. The package of Claim 4 or Claim &, whevein the adhesive contains
microspheres which reside in the interfare in a single tier to fix the
width of the interface.

7.  The package of Claim 6, wherein the miervepheres are plastic or glass.

8.  The package of Claim 4, wherein the agent comprises a getter located
in the volume defined by the base, the seal ring and the cover for
preventing outgassing from the adhesive from adversely affecting the
device.

9.  Tho package of Claim 4, wherein the agent comprises a soft metal.

10. The package of Claim 9, wherein the soft metal is selected from the
group consisting of indinm and indiom alloys.

11l. The package of Claim 9 or Claim 10, wherein the cover and the seal
ring are sealed together by applying force generally to the interface
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surface cavity, the tight reflective coating residing on the walls of the
qr ckage of Claim2, wherein the groove is generally
“ﬂmﬂy'"ﬂﬂ"m"m lmacross section and has an outer wall which is general ly
per pendi cul ax the faces of the cover and an inner wall which

sl opes away fromthe outer wall toward the | ower face of the cover.

4. The package of any preceding claim0 wherein the sealing neans
conprises an agent at the interface of the seal ring and the | ower face

of the cover. 5. h ackage of, Clgim4. wh n the agent is a | ow
out gassing 6. ﬂ’ﬁé"%ﬂgﬁh&) &‘-%Fﬁ&%“&"ﬁfﬁ@’ wherein the adhesive
contains ' m cr ospheres which reside in the interface in a single
tier to fix 49¢ 7The package of Claim 11, wherein the force is vibratory.

18. The package of any of claims 4 to 12, wherein the sealing means
further comprises an adherent substance applied to the cover and the
seal ring at the outer periphery of the interface therebetween, the
adherent substance preventing shear forces applied parallel to the

14. The package of any preceding claim, wherein the seal ring and lower
face of the cover comprise ground snd polished portions which are
opﬁcanyﬂattoabautoneﬁingeorless.

15. The package of Claim 1, wherein the sealing mesms comprises
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 golder layer sed]ingthe coatings together.

16. The package of Claim 1, wherein the sealing means comprises aglaés
frit layer at the interface of the cover amd the seal ring.

17. ‘The package of any preceding dlaim, wherein the first metallio patbern
is deposited on the base which is ceramic and when the ceramic

thereof'is green,thebasebeingthereﬁerﬂredtomsefheﬁrstpattm
to the base. .

18, The package of claim 17,whemnthesealimg:splacedonthebase

when the seal ring is green, the sealnngbungfhmaﬂ;erﬂredtofuse
thesealmgtothebaaeandtheﬁrstmetamcpatm

19. Thepaekageofanypmeedingdaim,whichfurthercnmpﬁses:
a ground path in the first metallic pattern, the ground path and the
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dth of the interface. 7. The package of Caim6, wherein the
m cr osphere stic or glass. 8.

The package of Caim4, wherein
t wﬂf] i ses a getter |ocated in the vol une defined by the
ﬁ%’ﬂgmﬂ \g ‘and t he cover for preventing outgassing fromthe
adhesive Tk ciersely affecting the devi ce. 9. The package of
C aim4, wherein the agent conprises2h soft netal. 10. The package of

Claim9, wherein the soft nmetal is selected fromthe group
consi sting of i

di_um gnd_ i ndi ym IJOéi. . ﬂi The, ,package of daim9 or
Cl ai m 10, Mereﬂwhtﬁgmwﬁﬁﬁgg eon% seal ed together b
appl yi ng force gossasforeléctricilly inteswhnedting the ground path and the lght- ‘

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

20. The package of Claim 19, wherein the electrical interconnecting means
comprises
a conductive surface feature located in the groove and bejng
electrically continnous with the ight-reflective coating, and
complisnt memms attached to the ground path for resiliently
electrically engaging the surface feature when the cover rests on the
seal. . '

. 21. The package of Claim 19 or Claim 20, wherein the intercommection of
the ground path and the lght-reflective coating is effective to obviate
the presence on the cover of a static electric charge sufficiently large to
adversely affect the movement of the beaon. - :

22, The package of any of dlaims 19 to 21, wherein the portion of the cover
overlying the device is spaced sufficiently far therefrom to obviate any
static electric charge on the cover from adversely affecting the
movement of the beam.

28. The package of any preceding claim, wherein the base has a device-
conformal, device-veceiving first cavity therein, and
the mounting surface is a floor of the cavity.

24. ‘The package of any preceding claim, adapted to serve as a package for
the device and for one or more chips which are electrically associated
with the device, which fuxther comprises:
one or more second cavities in the base, each second cavity being
adapted to retain one of the chips therein, the size of the seal ring and
the cover being sufficient; for the former to surround all of the cavities
and the latter to overlie all of the cavities.
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20 ———therebetween-t o cause the soft metal to col dfl ow. 12.° The

pack f ' erein the force is vibratory. 13. The package of -
any qmuiﬁ, mm m wherein the sealing neans ' further conprises an
adher c

lied to the cover and the seal ring at the
outer periphery of the interface thereb?ﬁeen, t he adherent substance
preventing shear forces applied parallel"to the

26. Thepadm@eofChﬁn12Lvdmmﬁnfhaﬁnw¢awﬂyisgmmnd&}emﬁrd&y
' located with respect to the second cavities.

26. The package of Claim 24 or Claim 25, which further comprises second
metsllic paths extending (@) from the first metallic paths to the second
cavities, (i) among the second cavities and (i) from the second
cavities to the periphery of the base, the seel ring heing fosed to the
base and to the underlying metallic paths which extend to the
periphery of the base.
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interface fromrelatively noving tthe cover and the seal ring. 14. The

package of any preceding claim wherein the seal ring and | ower face
of the cover conprise ground and polished portions which are _
optically flat to about one fringe or l-ess. 15. = The package of Caim1l,
wherei n the sealing neans conprises 'a sol der-wettable coating on the
upper surface of the seal ring, a sol der-wettable coating on the
outer portion of the |lower face of the cover, and a sol der

| ayer sealing the coatings together. 2316. The package of Claim 1, wherein
the sealing neans conprises a gl ass frit layer at the interface of

the cover and the sealing. 17. The package of any precedi ng claim

wherein the first netaPACKAGE FOR A SEMICONDBOEORIEVICEhe base which is
cerani ¢ and when the ceramc :

ABSTRACT

A package (44) for a semiconductor device (10) includes a ceramic base
(48) with a mounting surface (50) for supporting the device (10) and a light-
transmissive cover (42). A refractory sesl ring (70) is fuosed to the base (46)
and to conductive paths (22) thereon. The upper suxface (72) of the seéal xing
(70) is rendered optically flat with a selected sngular relationship to the
mounting surface (50). The upper and lower faces (76 & 78) of the cover (42)
are rendered optically flat with a selected angular relationship to each other,
so that with an outer portion of the lower face (78) resting on the upper
surface (72) of the seal ring (70), the faces (76, 78) have a selected angular
relationship with the mounting surface (50). The package (44) is expedient
where the device (10) includes DMD's (80) having deflectable, Hght-reflactive
beams. The lower face (78) of the cover (42) includes an annular light-
reflective coating (60) surrounding a window (80) overlying the device (10).
‘In some embodiments, the reflective coating (60) is deposited on the walls
(56,58)oftignxwa(Bi)ﬂhanaiiMLﬂnahnwn'ﬂwe(78)0f1ﬁe cover (42).
Facilities (90) seal the cover (42) to the seal ring (70). The reflective coating
(60) prevents any tmmodulated Iight which is incident on the beams (32)
from entering an optical system associated with the DMD-containing device -
(10). The sealing facilities (90) indude adhesives (90), which may contain
. microgpheres, soft metals (90), glass frits (90), fasion bending of the cover
(42) to the seal ring (70), and solder preforms. '
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i CRRN |
t hereof is green, the base being thereafter fired to fuse the first pattern

to the- base. 18. The package of ‘claim 17, wherein the seal ring is
pl aced on the base when the seal ring is green, the seal ring being
thereafter fired to fuse the seal ring to the base and the first
metal lic pattern. 19. The package of any preceding claim which further
conpri ses: a ground path in the first netallic pattern, the ground

path and the
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21 light-reflective coating being electrically conductive, and

means, for electrically interconnecting the ground path and the Iight-
reflective coating when the cover rests on the seal ring. 20. The package
of Claim19, wherein the electrical interconnecting neans conprises S a
comductive surface feature |ocated in the groove and being

electrically continuous with the light-reflective coating, and

conpliant neans attached to the ground path for resiliently

el ectrically engaging the surface featgrg when the cover rests on the seal.
21. The package of Caim19 or Caim 6, wherein the interconnection of
the ground path and the light-reflective coating is effective to obviate
the presence on the cover of a static electric charge sufficiently large to
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adversely affect the novenent of the beam 22. The package of any of
clainms 19 to 21 wherein the portion of the cover overlying the device
is spaced sufficient far therefromto obviate any. static electric
charge on the cover from adversely affecting the novenent of the
beam 23. The package of any preceding claim wherein the base has a
devi ce- conformal, device-receiving first cavity therein, and

the nounting surface is a floor of the cavity. 24. The package of any
preceding claim adapted to serve as a package for t he devi ce and
for one or nore chips which are electrifally associ at ed with the
devi ce, which further conprises: %ne or nore second cavities in the
base, each second cavity being adapted to retain one of the chips
therein, the size of the seal ring and t he cover being sufficient
for the former to surround all of the cavities
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and the latter to overlie all of the cavities.

22 25 The package of Caim24 wherein the first cavi ty I's generally
centrally | ocated with respect to the second cavities. 26. The
package of Claim 24 or Caim25, which further conprises second :
metallic paths extending (i) fromth first nmetallic paths to the second
cavities, (ii) anmong the second cavities and (iii) fromthe second
cavities to the periphery of the bas¥/3 t he seal ri ng being fused to the
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base and to the underlying netallic paths which extend to the
peri phery of the base.
-
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