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7) ABSTRACT

A method of fabricating LCOS devices and testing them at
the wafer-scale to identify known-bad dice, to facilitate
completing fabrication of only known-good dice. A wafer-
scale transparent electrode glass is temporarily placed over
the wafer, and liquid crystal material is injected into the
LCOS device cavities through fill holes extending through
the wafer. After removing the glass and separating the wafer
into dice, only the good dice have their die-scale glass
attached, liquid crystal material re-injected, solder bumps
affixed, and substrate attached.
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LIQUID CRYSTAL DISPLAY DEVICES HAVING
FILL HOLES AND ELECTRICAL CONTACTS ON
THE BACK SIDE OF THE DIE

BACKGROUND OF THE INVENTION
[0001]

[0002] This invention relates generally to manufacturing
and testing of liquid crystal on semiconductor display
devices, and more specifically to wafer-level testing and
device structures that support such.

[0003] 2. Background Art

[0004] Liquid crystal on silicon (LCOS) display devices
include an array of display pixels fabricated on a silicon or
other semiconductor substrate with associated control cir-
cuitry, and a quantity of liquid crystal material encapsulated
overlying the display pixel array. When appropriate electri-
cal signals are applied to the various pixels, they alter the
transparency or polarization or reflectivity of the liquid
crystal material which overlies their respective areas.

[0005] Unfortunately, at present, the LCOS chips must be
fully fabricated and assembled before they can be tested. Of
any given semiconductor wafer, there will typically be a
number—sometimes a large number—of semiconductor
dice which are defective and must be rejected. Overall costs
are increased, materials are wasted, and factory output is
reduced, by the ultimately unnecessary completion and
assembly of these defective devices.

[0006] Also, on present LCOS devices, the wire bond
attach pads are located on the same side of the die as the
liquid crystal display structures. This makes testing difficult,
and makes test head devices complicated and difficult to
make and use.

[0007] What is needed, then, is a way to perform wafer-
level testing of LCOS devices before their final fabrication
steps and their assembly.

1. Technical Field of the Invention

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention will be understood more fully from
the detailed description given below and from the accom-
panying drawings of embodiments of the invention which,
however, should not be taken to limit the invention to the
specific embodiments described, but are for explanation and
understanding only.

[0009] FIGS. 1-9 show various incremental stages of
completion of a wafer of LCOS devices, according to one
embodiment of the invention.

[0010] FIGS. 10-12 show various incremental stages of
wafer-level testing of the wafer of LCOS devices, according
to one embodiment of the invention.

[0011] FIGS. 13-16 show various incremental stages of
post-test completion and assembly of known-good LCOS
dice, according to one embodiment of the invention.

DETAILED DESCRIPTION

[0012] FIG. 1 illustrates a semiconductor wafer 10 that
has a first side and a second side. A number of display pixel
arrays 12 are fabricated on the first side of the wafer. For
simplicity of illustration, only two display pixel arrays are
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shown. After manufacturing is complete, each display pixel
array will typically occupy its own chip cut from the wafer.
Each chip will have a plurality of external connections or
external electrodes 14 such as bond pads for routing power,
ground, and signals to the chip. For ease of illustration, only
one external connection is shown for each of the display
pixel arrays, but each display pixel array will typically have
a large number of such external connections. The term
“external electrode” is intended to signify an electrode
which will carry a signal off-chip, not necessarily an elec-
trode which is itself external to the chip or on the exterior
surface of the chip.

[0013] FIG. 2 shows a protective layer 16 which can
optionally be formed overlying the display pixel arrays.

[0014] FIG. 3 shows an electrical via 18 formed through
the semiconductor wafer from the second side to the first
side and into contact with the external connector, and at least
one liquid crystal fill via 20 formed through the semicon-
ductor wafer. In various embodiments, any number of elec-
trical vias and any number of liquid crystal fill vias can be
formed. The vias can also be termed holes, and need not
necessarily be formed in any particular manner, although
one suitable method is by laser drilling. In some embodi-
ments, the liquid crystal fill via(s) can be located so as to
extend through the display pixel array, as shown, while in
other embodiments, they can be located to the side of the
display pixel array, while in still other embodiments, both
locations can be used. Further discussion will omit repeti-
tively pointing out that the various structures are formed for
each display pixel array, in the interest of readability.

[0015] FIG. 4 shows a metal or other suitably conductive
layer 22 formed so as to provide electrical contact with the
external connectors. In one embodiment, the conductive
layer is formed by depositing metal on the surface of the
semiconductor substrate and the walls of the electrical via.
In some embodiments, it may be acceptable to allow the
metal to also line the liquid crystal fill via, while in other
embodiments the liquid crystal fill via may be plugged prior
to the metal deposition.

[0016] FIG. 5 shows patterning of the metal layer to form
pads 24 or other suitable structures on the second side of the
wafer and in contact with the electrical vias and appropri-
ately not in contact with other structures, including each
other.

[0017] FIG. 6 shows a conductive plug 26 or conductor
formed in the electrical via, to improve conductivity of the
path to the external connector. The liquid crystal fill via is
not plugged or, if it is plugged, the plug is subsequently
removed.

[0018] FIG. 7 shows the removal of the protective layer
which had been overlying the display pixel array.

[0019] FIG. 8 shows the formation of seals 28, 29 sur-
rounding respective display pixel arrays. The reader will
appreciate that the seals are shown in cross-section, and that
this is why there appear to be two seals for each. In some
embodiments, a single seal may be used, surrounding the
entire wafer; in such embodiments, individual seals will
later be formed for individual display pixel arrays.
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[0020] In the prior art, a seal was formed around a display
pixel array, with a small gap somewhere in the perimeter of
the seal, to facilitate injection of the liquid crystal material.
In some embodiments of this invention, the seal can advan-
tageously be monolithic or continuous without any such gap.

[0021] FIG. 9 shows a transparent electrode 30 placed to
overlie the display pixel array and be in contact with the seal,
encapsulating a cavity 31 between the transparent electrode
and the wafer, with the seals defining a perimeter of the
cavity for each LCOS device. In one embodiment, the
transparent electrode is a layer of coated or impregnated
glass. In one embodiment, the glass may be substantially the
size of the wafer, so as to overlie all of the LCOS devices,
while in other embodiments it may be smaller, in some cases
as small as one separate glass for each LCOS device. The
reader will appreciate that various details of the LCOS
device have been omitted, such as the formation of logic
circuitry and the like, and that these can of course be formed
within the scope of this invention.

[0022] Furthermore, while the external contact 14 has
been shown as being in the cavity, it could be located outside
the cavity, beyond the perimeter of the seal. Also, while it
has been shown as being in a top metal layer, it could be in
a buried layer; with the electrical via extending to the surface
of the back side of the wafer, there is no longer any need for
the external contact to be on the top or otherwise externally
accessible layer on the front side of the wafer.

[0023] FIG. 10 shows a testing probe card 33 which has
an electrical probe 32 connected to electrical test logic 34
and a liquid crystal injection needle 36 connected to a
reservoir 38 of liquid crystal material. In some embodi-
ments, the electrical probe and the fill needle can advanta-
geously be spaced such that the electrical probe contacts the
electrical via or plug or associated pad, at the same time that
the liquid crystal injection needle is in a suitable proximity
to the liquid crystal fill via. In other embodiments, the
electrical probe and the fill needle can be on separate probe
cards and their operations performed at different times. In
some embodiments, the probe card may contain multiple
electrical probes for contacting all of the LCOS device’s
electrical vias at the same time. In some embodiments, the
probe card may contain multiple fill needles, to utilize all of
the LCOS device’s fill vias. In some embodiments, the probe
card can include electrical probes and fill needles for testing
more than one LCOS device at a time. In one embodiment,
the probe card contains an entire wafer’s worth of electrical
probes and fill needles.

[0024] Tt is significant to note that the probe card operates
on the back side of the wafer, or the side opposite the liquid
crystal structures. This can, in some embodiments, enable
simplified construction or usage of the probe card. It can
also, in some embodiments, enable the die size to be reduced
to a size such that the front side of the chip does not have
enough surface area external to the liquid crystal seal
perimeter for placement of the requisite number of external
contacts. In the extreme case, the chip can be reduced to the
size of the seal perimeter.

[0025] FIG. 11 shows the injection of the liquid crystal
material 40 through the fill via. In some embodiments, the
liquid crystal material can be withdrawn from the LCOS
device and returned to the reservoir for reuse, such as if the
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LCOS device is defective. In other embodiments, it can
simply be left in place from this stage of manufacturing
onward.

[0026] FIG. 12 shows the electrical and optical testing of
the LCOS device. The test logic 34 drives the external
contact with the electrical probe 32, and a visual inspection
system such as a camera 42 or a human checks to see that
the correct pattern, color, brightness, etc. are displayed in the
liquid crystal material. In some embodiments, the test logic
also checks the operation of other circuitry (not shown) on
or associated with the LCOS device. Some of the external
contacts may be used for outbound signals sent from the chip
to the test device.

[0027] FIG. 13 shows the optional removal of the liquid
crystal material and the wafer-size glass, after testing is
complete. In some other embodiments, the wafer-size glass
is simply sectioned along with the wafer, and is left in place
on the finished dice.

[0028] FIG. 14 shows the wafer having been sectioned
into multiple dice, some of which are known-good and some
of which are known-bad, in embodiments of the manufac-
turing methodology in which testing is done prior to wafer
sectioning. The reader should note that the back side fill and
test structures can be used after wafer sectioning, in addition
to, or in lieu of, wafer-scale fill and testing.

[0029] FIG. 15 shows, on the right side, a known-good die
being completed by the addition of a seal 48 and a die-scale
glass electrode 46. In some embodiments, the original seal
may be retained. In some such embodiments, the wafer-scale
glass is sectioned along with the wafer, and the glass
electrode 46 is simply the piece of the original glass that was
over this LCOS device. In some embodiments, the original
liquid crystal material was never withdrawn; in others,
liquid crystal material is again injected into the LCOS
device. In some embodiments, one or more of the fill vias
can be used to remove air while the liquid crystal material
is injected through others, to avoid bubbles and obtain a
complete fill. At some suitable stage, the fill vias are plugged
or otherwise prevented from leaking.

[0030] FIG. 15 shows, on the left side, a known-good die
being completed in a different manner, without the use of a
seal. A monolithic glass structure 44 is formed or placed
over the LCOS device in a self-sealing manner, such as by
being deposited directly on the die or by being glued to the
die.

[0031] FIG. 16 shows the completion and assembly of a
single LCOS device, which is not drawn to the same scale
as the other FIGS. (The absolute or relative scale of the
various FIGS. is not intended to have any particular signifi-
cance, nor any effect upon the claims; the fact that FIG. 16
is drawn differently than e.g. FIG. 15 is merely pointed out
so that the reader does not attempt to somehow vertically
rationalize FIGS. 16 and 15.) The individual die 28 includes
many electrical vias 18, and at least one fill via 20 through
which the liquid crystal material 40 has been injected. The
seal 52 (which can either be an originally placed seal 18 or
a newly placed seal) supports the glass electrode 50 (again,
either the original or a newly placed piece) and prevents the
liquid crystal material from leaking. In some embodiments,
solder bumps 54 are formed in contact with respective ones
of the pads that provide connection to the typically smaller
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electrical vias. A substrate 56 is placed in contact with the
solder bumps, and the solder bumps are flowed or melted to
provide good connection between the LCOS device’s via
pads and corresponding pads (not shown) on the substrate.
The substrate may contain other devices (not shown), such
as passive components, semiconductor chips, and the like.

[0032] The reader will appreciate that the invention has
been explained with reference to one simplistic exemplary
embodiment, and that the invention is not limited to the
specific details given above.

[0033] Reference in the specification to “an embodiment,”
“one embodiment,”“some embodiments,” or “other embodi-
ments” means that a particular feature, structure, or charac-
teristic described in connection with the embodiments is
included in at least some embodiments, but not necessarily
all embodiments, of the invention. The various appearances
“an embodiment,”“one embodiment,” or “some embodi-
ments” are not necessarily all referring to the same embodi-

ments.
[0034] If the specification states a component, feature,
structure, or characteristic “may”, “might”, or “could” be
included, that particular component, feature, structure, or
characteristic is not required to be included. If the specifi-
cation or claim refers to “a” or “an” element, that does not
mean there is only one of the element. If the specification or
claims refer to “an additional” element, that does not pre-

clude there being more than one of the additional element.

[0035] Those skilled in the art having the benefit of this
disclosure will appreciate that many other variations from
the foregoing description and drawings may be made within
the scope of the present invention. Indeed, the invention is
not limited to the details described above. Rather, it is the
following claims including any amendments thereto that
define the scope of the invention.

What is claimed is:
1. A liquid crystal on semiconductor device comprising:

a semiconductor die having a first side and a second side;

a transparent electrode overlying the first side of the
semiconductor die defining a cavity between the trans-
parent electrode and the semiconductor die;

a display pixel array in the cavity; and

a hole extending through the semiconductor die from the
second side to the first side into the cavity.

2. The liquid crystal on semiconductor device of claim 1
further comprising:

liquid crystal material disposed in the cavity.
3. The liquid crystal on semiconductor device of claim 2
further comprising:

an external electrode coupled to the display pixel array;
and

an electrical via extending from the second side of the
semiconductor die to the external electrode.
4. The liquid crystal on semiconductor device of claim 3
further comprising:

a seal disposed between the semiconductor die and the
transparent electrode and encompassing the cavity.
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5. The liquid crystal on semiconductor device of claim 4
wherein the seal is monolithic and continuous.

6. The liquid crystal on semiconductor device of claim 3
wherein the display pixel array includes a plurality of pixel
display elements.

7. The liquid crystal on semiconductor device of claim 3
further comprising a plurality of external electrodes.

8. The liquid crystal on semiconductor device of claim 7
wherein all external electrical contacts are on the second
side of the semiconductor die.

9. The liquid crystal on semiconductor device of claim 8
wherein the transparent electrode overlies substantially all of
the first side of the semiconductor die.

10. A semiconductor wafer comprising:

a plurality of LCOS devices formed on a first side of the
semiconductor wafer and each having,

a display pixel array,
at least one external electrode,

at least one electrical via extending from a second side
of the semiconductor wafer to a respective external
clectrode, and

at least one fill hole extending through the semicon-
ductor wafer.
11. The semiconductor wafer of claim 10 further com-
prising:

a transparent electrode overlying and encompassing a
respective cavity over each of a plurality of the LCOS
devices.

12. The semiconductor wafer of claim 11 further com-

prising:

liquid crystal material in the cavity of at least one of the
LCOS devices.
13. A method of manufacturing a plurality of LCOS
devices from one semiconductor wafer, the method com-
prising:

fabricating a plurality of display pixel elements on a first
side of the semiconductor wafer;

fabricating at least one external electrode on each of the
display pixel elements;

forming a plurality of first holes through the semiconduc-
tor wafer and into contact with respective ones of the at
least one external electrode;

forming a plurality of second holes through the semicon-
ductor wafer; and

fabricating a plurality of electrical conductors each dis-
posed in a respective one of the at least one first holes
and 1in electrical contact with the respective external
electrode.

14. The method of claim 13 further comprising:

placing a transparent electrode overlying the first side of
the semiconductor wafer and enclosing each of a plu-
rality of the display pixel elements and at least one of
the second holes in a respective cavity; and

filling at least one of the cavities with liquid crystal
material by injecting the liquid crystal material through
the at least one of the second holes.



US 2003/0197816 Al

15. The method of claim 14 further comprising:

applying electricity to the enclosed display pixel ele-
ments; and

determining whether the liquid crystal material in each of
the respective cavities is activated by the electricity, to
detect defective LCOS devices and good LCOS
devices.

16. The method of claim 15 further comprising:

separating the wafer into separate dice;

completing manufacturing of the dice containing good
LCOS devices; and

not completing manufacturing of the dice containing
defective LCOS devices.
17. The method of claim 16 wherein completing manu-
facturing of the good LCOS devices comprises, for each
respective die containing a good LCOS device:

placing a die-scale transparent electrode on the die to
define a cavity; and

filling the cavity with liquid crystal material by injecting
the liquid crystal material through at least one of the
second holes through the die.
18. The method of claim 17 wherein completing manu-
facturing of the good LCOS devices further comprises, for
each respective die containing a good LCOS device:

attaching solder bumps to the electrical conductors of the
die; and

attaching a substrate to the solder bumps.
19. A method of testing a wafer including LCOS devices,
the method comprising:

placing a transparent electrode overlying a plurality of the
LCOS devices to define over each a cavity encompass-
ing a pixel element;

injecting liquid crystal material into the cavities through
respective holes which extend through the wafer; and

electrically activating the pixel elements in the cavities.

Oct. 23, 2003

20. The method of claim 19 further comprising:

optically determining whether the liquid crystal material
in each of the respective cavities is activated in
response to the electrical activation of its corresponding
pixel element, to identify at least one good LCOS
device and at least one bad LCOS device.

21. The method of claim 20 further comprising:

completing fabrication of only the at least one good
LCOS device and not the at least one bad LCOS device.

22. The method of claim 19 wherein the injecting and
electrically activating are performed with a probe card
which includes an electrical contact and a liquid crystal
injection needle.

23. The method of claim 22 wherein the electrical contact
and the liquid crystal injection needle are spaced on the
probe card to match a spacing of a corresponding electrical
conductor and hole of the wafer.

24. The method of claim 13 wherein all external electrical
contacts are formed on a second side of the semiconductor
wafer.

25. An LCOS chip comprising:

a semiconductor die having a front side and a back side;

a display pixel array overlying the front side of the
semiconductor die;

a transparent electrode layer overlying the display pixel
array;

a seal coupled to the front side of the semiconductor die
and to the transparent electrode layer to enclose a
cavity containing the display pixel array; and

a fill hole extending from the back side of the semicon-
ductor die into the cavity.
26. The LCOS chip of claim 25 further comprising:

liquid crystal material disposed within the cavity; and

a plug in the fill hole.
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