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15  displays for personal computers and home entertainment are applications of hybrid

reflective light modulator technology. In addition, grating light valves from Silicon Light
Machine and the Digital Micro-Mirror Device (DMMD) from Texas Instruments may also
be used to create displays.
The spatial light modulator modulates the optical properties of a medium to allow
20  an image to be displayed when the medium is exposed to light. The nature of the spatial
light modulator is essentially inconsistent with the nature of the microprocessor. The
microprocessor is an entirely silicon device and can be formed on a die and packaged with
a variety of different contacts for connecting to the outside world. The spatial light
modulator involves the use of a liquid crystal layer which is confined between a pair of
25  spaced plates. Conventionally, the requirements for packaging liquid crystal based devices
and microprocessors have been considered to be substantially different.
Thus, there is a continuing need for ways to better integrate microprocessors and

spatial light modulators to achieve processor-based systems with more compact display

arrangements.
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Figure 5 is an enlarged cross-sectional view of the embodiment shown in Figure 4

after the traversing holes have been oxidized;

15 Figure 6 is an enlarged cross-sectional view of the embodiment shown in Figure 5

after the holes have been metallized,;

Figure 7 is an enlarged cross-sectional view of the embodiment shown in Figure 6

after the metallized holes have been surface metallized and polished;

Figure 8 is an enlarged cross-sectional view of the finished integrated circuit in

20  accordance with one embodiment of the present invention; and

Figure 9 is a schematic depiction of a computer system in accordance with one

embodiment of the present invention.

Detailed Description

25 An integrated circuit may include a spatial light modulator on one surface and a
microprocessor on an opposite surface. The spatial light modulator and the
microprocessor may be electrically coupled by one or more conductive interconnections
that extend completely through the integrated circuit.

Referring to Figure 1, initially a support 10 may be etched to form a plurality of

30 discrete holes or trenches 12 on the top side 13 of the support 10. The support 10, in one

embodiment of the present invention, may be formed by a P-type silicon semiconductor
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as i ndi cat Bd Asn Esujnithe hsles PHgenches 20 extend complete
trenches 20 may be formed by chemical or laser ablation from the back side 11.
Advantageously, they do not adversely affect the metal one layer 16.
20 Thereafter, the exposed surfaces of the trench 20 are oxidized to form a trench
oxide 14 which covers the interior surface of the trench 20 as indicated in Figure 5. The
oxide 14 may also be a deposited oxide. In addition, other dielectric materials such as

silicon nitride may be deposited in place of or in addition to oxide. The trenches may be

formed in a circular cross-sectional shape, in one embodiment of the invention.
25 Next, as shown in Figure 6, the trenches 20 may be metallized, as indicated at 24,

to form conductive vias 24 that extend from the top side 13 through to the back side 11 of

the support 10. At the top side 13, the conductive vias 24 electrically contact the metal
one layer 16 and on the bottom the vias electrically contact the mirror pads 26. A variety
of conventional materials may be utilized to form the vias 24 including aluminum, copper

30 and gold. In addition, it may be possible to use other conductive materials such as
silicides. Instead of forming the vias 24 by a coating process, the vias 24 may be formed

of a solid conductive plug substantially filling the trenches 20.
3
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may form the transistors which control the operation of the spatial light modulator.
A plurality of metal contacts 42 may be patterned and defined on top of the
20  microprocessor for allowing input and output connections to the microprocessor. In one
embodiment of the invention the contacts 42 may be formed from a metal five
metallization layer. In one embodiment of the present invention, solder balls or bumps 44
may be utilized to implement a flip chip type package that couples the microprocessor
inputs and outputs to a printed circuit board 46. The bumps 44 may also implement the
25  input/output connections for the spatial light modulator through the vias 24. In another
embodiment, a tape automated bonding (TAB) system may be used in place of the bumps
44.
The mirror pads 26 define the mirrors for the spatial light modulator. Potentials
applied to the liquid crystal material 30 modulates the incoming light to create images.
30  These images can be directly viewed or projected onto a projection screen. Commonly,
the metal pads 26 may be rectangular or square and together form a rectangular array of

mirrors. The mirror array may define an array of pixel elements in conjunction with the
4
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to the microprocessor 52 through an interface 54. The i
ce 62 that in turn may be coupled to a second

nterface 54 may be coupled to a bus

60 that may be coupled to a second interfa

20  bus 64.
The bus 64 may be coupled to a basic input/output system (BIOS) memory 72 and

to a serial input/output (SIO) device 66. The device 66 may be coupled to a mouse 68 and

a keyboard 70, for example. Of course, the architecture shown in Figure 9 is only an

example of a potential architecture that may include the integrated circuit with the support

25 10 on opposed sides of which the spatial light modulator 56 and the microprocessor 52 are

connected.

While the present invention has been described with respect to a limited number of

embodiments, those skilled in the art will appreciate numerous modifications and

variations therefrom. It is intended that the appended claims cover all such modifications

30 and variations as fall within the true spirit and scope of this present invention.
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side to the other opposed side of said support.

4. The system of claim 1 wherein said second integrated circuit includes a
plurality of conductive vias which extend through said support, a plurality of mirror pads
15 in said modulator and a plurality of conductive pads in said processor, each of said vias

contacting a mirror pad in said modulator on one side of said support, and a metal pad on

the other side of said support.

5. The system of claim 1 wherein said support includes a transparent

conductive layer and a liquid crystal layer, an electrical contact being formed through said

20  spatial light modulator to said conductive layer.

6. The systém of claim 1 wherein said support includes a hole formed
completely through said support forming a tubular wall, a dielectric layer formed on said
wall and a conductive layer formed within said hole such that said dielectric layer is

sandwiched between said conductive layer and said support, a mirror pad being formed in



2. The systemof claim1l wherein said spatial |ight nodul ator of said
second integrated circuit is formed using liquid crystal on silicon

t echnol ogyo 0304813 The system of claim 1 wherein said secomrdTiusozsgiat ed
circuit includes a plurality of conductors forned as dielectric insulated
vi as which extend fromone opposed side to the other opposed side of said
SUpport . 4lectibd csyadteimhohidcoadurtite Maprerseidmistal pedSeuaing Parhelegidsp@itl ci r cui t
includes a plurality of conductive vias which extend through said support,
a plural i tightgrodiflaiotor pads 15 in said nodulator and a plurality of
conductive pads in said processor, each of said vial contacting a mrror
pad in said nodul ator on one side. of said,sg&gprt l%ﬂd a q&%&l pad on the
other side of Zaid Bugpeen ofslainyhncludineam igericef SPYR WP 8RS i d support

i ncludes a_tran t conductive layer and a liquid crystal |ayer, an
electricaﬂmgrﬁfégﬁﬁﬁging formed through said 20 spatial |ight nodulator to
sai d conductive layer. 6. The systemof claim1l wherein said support
includes a holeg forned conpl - UG (S REM ng a tubul ar
wal |, & dielecfric MaYEPeHy ﬁ%ﬁggﬁmy&;{llﬁf’ mél%ﬁﬁlgenﬁtggﬁgglﬁgsctive | ayer formed
Wi thin said hole such that said dielectric layer is sandw ched between
sai d conductive layer and said support, a mrror pad being forned in 6 WD
03/ 040813 PCT/ US02/ 35231 electrical contact with said conductive |ayer,
said mrror pad formng part of said spatial |ight nodulator 7. The system
of claim1l including an interface coupled to said second integrated
circuit. 5 8. The systemof claim7 including a bus coupled to said
interface. 7




