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A METHOD TO FORM LIQUID CRYSTAL DISPLAYS USING A

TRIPLE DAMASCENE TECHNIQUE
BACKGROUND: OF THE INVENTION
(1) Field of the Invention

The invention relates'td‘a method 6f fabricating
semiconductor structures, and more particularly, ;o a
method of forming liquid crystal displays (LCD) where a
triple damascene technique is used to creaté a uniform
thickness in the liquid crystal ﬁaterial in the manufacture

of integrated circuit devices.
(2) Description of the Prior Art

Liquid crystal displays (LCD) are used in the art for
a variety of applications from watches to computér screens.
Typically, the liquid crystal_disélay layer is built upon
an array of metal pixels. The metal pixels are formed
overlying.a bottom substrate. A transparent material

overlies the LCD layer to form a top substrate.
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Fig. 1 illustrates a LCD integrated circuit device of
the prior art. A semiconductor substrate 10 is shown. An
insulating layer 14 is formed overlying the semiconductor
substrate 10. Metal traces 18 are formed in the insulating
layer 14. Metal plugs 22 are formed to provide vias_to the
metal traces 18. Metal pixels 26 aré then formed overlyihg
the insulating layer 14 and contacting the metal plugs 22.
A passivation layer 30 is deposited overlying the mgtal
pixels 26. A layer of liquid crystal display material 38
is then sandwiched between the passivation layer 30 and the
transparent layer 46. Glass spacers 34 maintain a gap
between the paséivation layer 30 énd the.transparent layer

46.

Several problems are éﬁcountered.in the prior arf LCD
structure. First, bécause the metal pixels are formed by
first depositing a metal layer and then etching it to form
the pixel shapes, the quality of the pixel image is
affected by the metal etch and post ciean processes.
Second, the large size of the metal pixels compared to the
relatively small spaces between them can cauée ﬁicroloading
effects during the metal etchlprocess. Third, the
transparent image point electrode formed by patterning the

transparent layer 46 can becpme unsupported'or can sag 42
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if the glass supports land between metal lines as shown by
43. This causes the thickness of the liquid crysfal
material 38 to vary and the image is adversely affected.
Fourth, the presence of metal_sidewalls causes reflection
angles 44 from the liquid crystal that can cauSe image

problems.

Several prior art appro;ches disclose mefhods to
fabricate LCD integrated circuit devices. ULS.-Patent
5,879,959 to Chen shows a liquid cfystal dispiay with an
upper metal gate. U.S. Patent 5,693,237 té.Bodensohn
discloses a process to form a LCD tﬁat is supported by a
planarizing insulating layeg surface. U.S.'Patent
5,614,427 to den Boer et al'teaches a design.for_an active
matrix ILCD. U.S. Patent 5,852,481,to Hwang shows a method

for forming metal layers in a LCD.

SUMMARY OF THE INVENTION

A principal object of the presént invention is to
provide an effective and very hanufacturable method of
fabricating liquid crystal displays in the manufacture of

integrated circuits.
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A further object of the preSentlinvention is to
provide a method to fabricate liquid crystal dispiays where
a triple damascene structure is used to form the metal
pixels thus eliminating problems with liquid crystal
thickness variance, glass support.problems, and mefal edge

reflection.

A further object of the_present_inVéntiQn-is to
provide a method to fabricate liquid crystal displays where
dummy supports are formed unde; the metal pixels to improve

the planarity of the pixel top surfaces.

In accordance with the ijectslbf this invention,'a
new method of forming liquid crystal displays has been.
achieved. A semiconductor substrate-is provided. Metal
conductors are provided in an insulating layer bverlying
the semiconductor substrate. A first isolation laYerIis
deposited overlying the metal conductors and the insulating
layer. A first silicon nitride layer is depositéd
overlying the first isolation layer. The first silicon
nitride layer is patterned to form openings for planﬁed
vias overlying the metal conductors. A second isblation

layer is deposited overlying the first silicon nitride



layer and the first isolation layer. A second silicon
nitride layer is deposited overlying the second iéolation
layer. The second silicon nitride layer is patterned to
form masks overlying where dummy supports for the metal
pixels are planned and to form openings to extend the
planned vias. A third isolation layer is deposited
overlying the second éilicon nitride layer and the second
isolation layer. The third iéolation léyer is batterned to
form openings for the planned metal pixels. The second
isolation layer and the first isdlation layer are etched
through to'compiete the vias and the dummyléupports. A
metal layer is deposited overlying the third isolation
layer and filling the openings for the metal pixels, the
dummy supports, and the vias; The metéi layer is polished
down to the top surface of thé third isolation layer to
complete the metal pixels. Aithin film passivation is
deposited overlying the metal'pixels and the thipd
isolation layer. A liquid crysta1 layer is‘depésited
overlying the thin film passivation. A transpafent image
point electrode is formed overlying the liquid crystal
layer to complete the liquid crystal display, and the

integrated circuit device is compléted.



BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Fig. 1 schematically illustrates in cross-section a
partially completed prior art integrated cirCuit-device. A

liquid crystal display structure is shown.

Figs. 2 through 11 schematically illustrate in cross-
sectional representation a preferred embodiment’ of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

These embodiments disclose the application of the
present invention to the formation of liquid cfystal
displays. It should be clear ;o those experienced in the
art that the present invention can be applied and extended

without deviating from the scope of the present invention.

Referring now particularly to Fig. 2, there is

shown a cross section of a partially completed integrated



circuit device of the preferred embodiment; A
semiconductor substrate 50, typically comprising
monocrystalline silicon, is provided. The semiconductor
substrate 50 includes semiconductor device structures '
formed within a semiconductor wafer and layers'overlying
the wafer formed prior to the formation of an insulating
layer 54. Note that these semiconductor deviceé
structures, not shown, are tyﬁically formed within the
wafer and within layers overlying the wafer. All_of theses
devices and layers are represented by the semiconductor
substrate 50. The insulating layer 54 is ptovided
overlying the semiconductor substraté 50. The insulating
layer 54 is typically composéd of silicon dioxide. Metal
conductors 58 are formed in fhe insulating layer 54 as is
conventional in the art. The metal. conductors 58-com§£ise
either aluminum or copper and:may be formed using, for
example, a damascene approach. These conductors are
typically control lines for the subsequently formed metal

pixels.

Referring now to Fig. 3, a first isolation layer 62 is
deposited overlying the metal déndﬁctors 58 and the
insulating layer 54. The first isolation layer 62

preferably comprises silicon dioxide or a low dielectric



constant material such as: tetraethylorthosilicate (TEOS),
high density plasma (HDP) oxide, fluorinate silicate glass
(FSG), chemical vapor deposited (CVD) oxide, or a.spin-on,
low-k material. The purpose of the first isolation layer 62
is to provide a part of the interlevel isolation between
the metal conductors 58 and the metal pixels. The first
isolation layer 62 is conventionally deposited'ﬁo a
thickness of between about 4,000 Angstroms and 6,000

Angstroms.

A first silicon nitride layer 66 is deposited
overlying the first isolation layer 62. The first_silicon
nitride layer 66 will be used to form a ﬁard mask for the
via etch. The first silicon nitride.layer 66 is deposited
using plasma enhanced chemical ﬁapor deposition (PECVD) to
a thickness of between about 500 Angsfroms and 1;500

Angstroms.

Referring now to Fig. 4, an important part of the
present invention is shown. The first silicon nitride
layer 66 is patterned to form openings for planned vias.
The vias will extend through the first isolation 1ayef 62
to provide connectivity to the metal conductors 58. A

conventional photolithography procéss may be used to



pattern the first silicon nitride layer 66. The remaining
silicon nitride acts as a hard mask for the subseéuent

etching step.

Referring now to Fig. 5, a second isolation layer 70 is
deposited overlying the patterned first silicon- nitride
layer 66 and the first isolation layer 62. The second
isolation layer 70 will form another part of the interlevel
isolation between the metal conductors 58 and the metal
pixels. The novel dummy supports fb; the metal pixels will
also be formed in the second iSolafion.layef 70. The
second isolation layer 70 preferably comprises silicon
dioxide or a low dielectric constant material such as:
tetraethylorthosilicate (TEOS), high dehsity plasma (HDP)
oxide, fluorinate silicate glass (FSG), chemical vapdf
deposited (CVD)} oxide, or a sﬁin—on, low-k material. The
second isolation layer 70 is conventionally deposited to a
thickness of between about 2,000 Angstroms and 4,b00

Angstroms.

A second silicon nitride layer 74 is deposited
overlying the second isolation layer 70. The second
silicon nitride layer 74 will be used to form a hard mask

for the etching that extends the vias through the second



isolation layer 70 and that forms the dummy supports. The
second silicon nitride layer 74 is deposited using plasma
enhanced chemical vapor deposition (PECVD) to a thickness

of between about 500 Angstroms and 1,000 Angstroms.

Referring now to Fig. 6, another imﬁortanf part of the
present invention is shown: The second silicoﬁ.nitride
layer 74 is patterned to form masks overlying where dummy
supports for the metal pixels are planned anq.to fogm
openings to extend the planned vias. ©Note that the
openings in the second silicon nitride layef 74 hard mask
are somewhat larger than those in thg first silicon nitride
layer 66 hard mask where the vias are plénned. The wider
openings will allow the metal layer.fo fill with.less
opportunity for creating vgids.: A conventional
photolithography process may be used'to pattern the second

silicon nitride layer 74.

Referring now t§ Fig. 7, a third isolation layer 78 is
deposited overlying the patterned second silicon nitride
layer 74 and the second isolation léyer 70. The third
isolation layer 78 will isolate between adjacent metél
pixels in the completed circuit. The third isolation”layer

78 preferably comprises silicon dioxide or a low dielectric

. 10 .



constant material such as: tetraethylorthosilicate (TEOS) ,
high density plasma (HDP) oxide, fluorinate silicate glass
(FSG), chemical vapor deposited (CVD) oxidé, or a.spin—on,
low-k material. The third isolation layer 78 is
conventionally deposited to a thickness of between about

1,000 Angstroms and 3,000 Angstroms.

Referring now to Fig. 8,'anotﬁer important part_of the
present invention is shown. The third isolation layer 78
is patterned to form openings for the ?lanned metal pixels.
The second isolation layer 70 and thé first isolation layer
62 are then etched through to complete the ﬁias and the
dummy supports. A conventional pﬁotolithography process
may be used to pattern the thiid isolafion layer 78.
Typically, a dry etching process is used to etéh the third
isolation layer 78, the secoﬁd isolation layer 70, and the

first isolation layer 62 in one step.

At this point in the procesé; fhe'unique triple
damascene form has been completed. The trench through the
third isolation layer 78 will form the.shape of the metal
pixel. The trenches through the second isolation layet 70
will form the dummy supports, whose function will be

discussed below, and the top part'éf the vias that will

11



connect the metal pixels to the underlying metal conductors
58. The trenches through the first isolation layer 62 will

complete the vias.

Referring now to Fig. 9,. a metal layer 82 is deposited
overlying the third isolation layef 78 and filling the
openings for the metal pixels, the dummy suppofts,'and the
vias. The metal layer 82 may comprise aluminum or copper.
The metal layer 82 may be deposited in several convéntional
ways, including physical vapor deposition (PVD),
electrochemical plating, and electroless plating. The
metal layer 82 is deposited to a.thickneés of between about

4,000 Angstroms and 8,000 Angstroms.

The function of the dummy éuppo:ts can now be seen;

Note the presence of the dummy suppofts. These ére a
series of narrow columns 84 formed by the second isolation
layer 70 and the second silicon nitride.layer 74. The
dummy supports keep the deposited metal layer 82 from
sagging in the middle span across the largest trench
opening in the third isolation layer 78. Iflthé dummy
supports-were not present, thé metal iayer would sag in the

middle of the pixel area. Even after the subsequent

12



polishing step, this sagging can cause a non-flat top

surface on the metal pixel.

Referring now to Fig. 10, the metal layerx 82 is
polished down to the top surface of the third isolation
layer 78 to complete the metél pixels. The polishing is
accomplished using a conventional chemical mechénical
polishing operation. Followiﬁ§ the.?olishing step, the top
surface of the metal pixel is perfectly flat. 'In addition,
the top surface of the entire array of meta; pixels,
including the third isolation iayer 78 bétﬁéen these
pixels, is flat. This is an importané feature of the
present invention. It insures that the rest of the liquid
crystal display structure w;il be appliéd to a flat

substrate.

Referring now to Fig. 11,;the finished cross section
of the liquid crystal display is Shown. A thin film
passivation 90 is deposited overiyiné the metal pixels 82
and the third isolation layer 78. The thin film
passivation 90 is typically a compésite of layers of
silicon dioxide and silicon nifxide. In the preferred

embodiment, the thin film passivation is deposited to a

13



thickness of between about 500 Angstroms and 2,500

Angstroms.

A liquid crystal layer 94 is deposited conventionally
overlying the thin film passivation 90. A transparent
image point electrode 98 is formed overlying the liquid
crystal layer to complete the liquid crystal diéplay, and

the integrated circuit device is completed.

The advantages of the present invention over the prior
art can now be clearly seen. First, the metal pixeis are
perfectly flat and planar with the top isblation layér s0
there are no metal edge reflection angles. Second, the
metal pixel shapes are better contrdiled because the
etching process is on én isolation material, typically
silicon dioxide, rather than on metal. Third, ﬁhe
thickness of the liquid crystal matefial is consistent
across the array. There are no trenches for thé glass_
supports 102 to land in as in the prior art. The present
invention improves the prior art technique and creétes an

improved liquid crystal display.

As shown in the preferred embodiments, the presehf

invention provides a very manufacturable process for

14




fabricating liquid crystal display integrated circuit

devices.

While the invention has been-particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may-be made
without departing from the spirit and séope of the

invention.
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1. A method to form metal pixels in the fabrication of a
liquid crystal display integrated'circuit device
comprising:

providing a semiconductor substrate;

providing metal conductors in an insulating layer
overlying said semiconductor substrate;

depositing a first isolation layer ovefiying_said
metal conductors and said_insulating layer;

depositing a first silicon nitride'layer pve?lying
said first isolation layer;

patterning séid first silicon'nitride layer:to form
openings where vias are planned; |

depositing a second isolation layer ovexlying said
first silicon nitride layer-and said first isolation.layer;

depositing a second silicon nitride layer overlying

.said second isolation layer:;

patterning said second silicon nitride iayer-to form
masks overlying planned dummy supports and to form openings
to extend said planned vias;-

depositing a third isolation layer overlying said
second silicon nitride layer and said second isolation
layer;

patterning said third isolation layer to formiopenings

for planned metal pixels;

16
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etching through said second isolation layer and said
first isolation layer to complete said vias and said dummy
supports;

depositing a metal layer oﬁerlying said third
isolation layer and filling said vias and said metal
pixels;

polishing down said metal layer to the top'surface of
said third isolation layer fo ¢omplete saidlmétal_pixels;
and |

completing said liquid crstal display integrated

circuit device.

2. The method according to Claim 1 wherein said
semiconductor substrate includes:semicondﬁctor device
structures formed within a semiconductor wafer and layers

overlying the wafer formed prior to the formation of an

insulating layer.

3. The method according to Claim 1 wherein said first
isolation layer comprises one of ﬁhe group of: siiicon
dioxide, tetraethylorthosilicate (TEOS), high density
plasma (HDP) oxide, fluoriﬁéfe.silicate glass (FSG),
chemical vapor deposited (CVD)_oxide, and a spin-oﬁ,'low—k

material where said first isolation layer is deposited to a

17
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thickness of between about 4,000 Angstroms and 6,000

Angstroms.

4. The method according to Claim 1 wherein said first
silicon nitride layer is deposited"to a thickness of

between about 500 Angstroms and 1,500 Angstroms.

5:. The method according to Claim 1 whefein said second
isolation layer comprises §ne of the groub of: silicon
dioxide, tetraethylorthosilicate (TEOS), high dehsity
plasma (HDP) oxide, fluorinate silicate glass.(Fséx,
chemical vapor déposited (CVD) oxide, and a spin-on, low-k
material where said first isolation.layer is.deﬁosited to a
thickness of between about 2,000 Angstroms and 4,000

Angstroms.

6. The method according to Claim 1 wherein said second
silicon nitride layer is deposited to a thickness of

between about 500 Angstroms and 1,000 Angstroms.

7. The method according to Claim 1 wherein .said third
isolation layer comprises one of the group of: silicon
dioxide, tetraethylorthosilicate (TEOS), high density

plasma (HDP) oxide, fluorinate silicate glass (FSG),

18
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chemical vapor deposited (CVD) oxide, and a spin-on, low-k
material where said first isolation layer is'déposited to a
thickness of between about 1,000 Angstroms and 3,000

Angstroms.

8. The method according to Claim 1 wherein said metal layer
is deposited to a thickness of between about 4,000

Angstroms and 8,000 Angstroms.

9. The method according to Claimll wherein said step of

polishing down is by chemical mechanical polishing.

10. The method according fo Claim 1 fﬁrther comprising:

depositing a thin film.paséiﬁation overlying said
metal pixels and said third isolation layer;

depositing a liquid crystal iayer overlying said thin
film péssivation; and

forming a transparent imaée point electrbde.overlying

said liquid crystal layer.

11. A method to form metal pixels 'in the fabrication of a
liquid crystal display intégratéd circuit device
comprising:

providing a semiconductor substrate wherein said

19
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semiconductor substrate includes semiconductqr device
structures formed within a semiconductor wafer and layers
overlying the wafer formed prior to the formation of an
insulating layer;

providing metal conductors in an insulating layer
overlying said semiconductor substrate;

depositing a first isolation layer overiying said
metal conductors and said insulating layer;

depositing a first silicon nitride layer overlying
said first isolation layer:

patterning said first silicon nitride layer to form
openings where vias are planned;

depositing a second isolation layer oVeflying said
first silicon nitride layer and séid first isolation layer;

depositing a second silian-nitride layer overlying
said second isoiation layef; |

patterning said second silicon nitride layer. to form
masks overlying planned dummy supports and to form openings
to extend said planned vias;

depositing a third isolation layer overlying said
second silicon nitride layer.and.said second isolation
layer; |

patterning said third isolation layer to form openings

for planned metal pixels;
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etching through said second isolation layer and said
first isolation layer to complete said vias and said dummy
supports;

depositing a metal layer overlying said third
isolation layer and fillihg said vias and said metal
pixels;

polishing down said metal layer to the top surface of
said third isolation layer-to coﬁplete said metal.pixels;

depositing a thin film passivation dyerly;né said
metal pixels and said third isolation layer;

depositing a liquid crystal layer o#erlyihg said thin
film passivation; and ”

forming a transparenﬁ image point electrodg overlying
said liquid crystal layer;.aﬁd

completing said liquid crystai display integrated

circuit device.

12. The method according to Claim 11 wherein said first
isolation layer comprises one of #hg group of: silicon
dioxide, tetraethylorthosilicaté (TEOS), high density
plasma (HDP) oxide, fluorinate silicate glas; {FSG),
chemical vapor deposited (CVD) oxide,.and a spin-on, low-k

material where said first isolation layer is deposited to a

21
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thickness of between about 4,000 Angstroms and 6,000

Angstroms.

13. The method according to Claim 11 wherein said first
silicon nitride layer is deposited to a thickness of

between about 500 Angstroms and_1,500 Angstroms.

14..The method according to Claim 11 wherein séid second
isolation layer comprises one of the group of: siiicon
dioxide, tetraefhylorthosilicate (TEOS), high density
plasma (HDP) oxide, fluorinate silicate.glass (FSG),
chemical vapor deposited (CVD) oxide, énd a spin-on, low-k
material where said first isolation layer is deposited to a’
thickness of between about 2,000 Angstroms énd 4,000

Angstroms.

15. The method according to Claim 11 wherein said. second
silicon nitride layer is deposited to a thickness of

between about 500 Angstroms and 1,000 Angstroms.

16. The method according to Claim 1l1. wherein said third
isolation layer comprises onie ‘of the group of: silicon
dioxide, tetraethylorthosilicate (TEOS), high density

plasma (HDP) oxide, fluorinate silicate glass (FSG) ,

22



10

AN o

chemical vapor deposited (CVD) oxide, and a spin-on, low-k
material where said first isolation layer is deposited to a
thickness of between about 1,000 Angstroms and 3,000

Angstroms.

17. The method according to Claim 11 wherein said metal
layer is deposited to a thickness of between about 4,000

Angstroms and 8,000 Angstroms.

18. A method to form metal pixels in the fabrication of a
liquid crystal display integréted circuif device
comprising:

providing a semicondﬁctor substrate whereih said
semiconductor substrate ihcludes semiconductoxr devide
structures formed within a semiconductor wafer and layers
overlying the wafer formed-prior to the formation of an
insulating layer;

providing metal conductors in an insulaiing layer
oveflying said semiconductor substrate;

depositing a first isolatioﬁ'layer of silicon dioxide
overlying said metal conductors and said insulating layer;

depositing a first si%i@on nitride layer ovérlying

said first isolation layer;
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patterning said first silicon nitride layer to form
openings where vias are planned;

depositing a second isolation layer of silicon dioxide
overlying said first silicon nitride layer and said first
isolation layer;

depositing a second silicon nitride layer overlying
said second isolation layer;

patterning said second silicon nitride layer to form
masks overlying planned dummy suppdrts and to form openings
to exténd said planned vias;

depositing a third isolation layer of silicon dioxide
overlying said second silicon nitride layer and said second
isolation layer:;

patterning said third.isolatién.layer to form openings
for planned metal pixels; |

etching through said éecond isolation 1ayer-and said
first isolation layer to complete said vias aqd said dummy
suppofts;

depositing a metal layer overlying said third
isolation layer and filling said vias. and said metal
pixels; |

polishing down said metal layer to the top surface of

said third isolation layer to complete said metal pixels;
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depositing a thin film passivation overlying said
metal pixels and said third isolation layer;

depositing a liquid crystal layer overlying said thin
film passivation; and

forming a transparent image point electrode overlying
said liquid crystal layer; aﬂd

completing said liquid crystal display integrated

circuit device.

19. The method according to Claim 18 wherein said second
isolation layer is deposited to a thickness of between

about 2,000 Angstroms and 4,000 Angstrbms.
20. The method according to Claim 18 wherein said third

isolation layer is deposited to a thickness of between

about 1,000 Angstroms and 3,000 Angstroms.
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