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(57) Abstract: An insulated-gate thin film
transistor comprises a gate electrode and
source (20) and drain (24) electrodes. The
source and drain electrodes are laterally
spaced apart, and are vertically separated
from the gate electrode (12) by a gate
insulator layer and an amorphous silicon
layer. A region of the amorphous silicon
layer (16) is vertically aligned with the
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channel, and the region of the amorphous
silicon layer has a thickness of less than
100nm, and is doped with phosphorus
atoms with a doping density of between
2.5 x 1016 and 1.5 x 1018 atoms per

cm3. This enables the mobility to be increased so that the thickness reduction of the silicon layer can be tolerated. This thickness
reduction enables the photosensitivity of the layer to be reduced sufficiently to avoid the need for a black mask layer.
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DESCRIPTION
THIN FILM TRANSISTORS

This invention relates to thin film transistors, and particularly to
transistors for use in the active plate of active matrix liquid crystal displays.
The invention also relates to the active plate itself and to the display.

A liquid crystal display typically comprises an active plate and a passive
plate between which liquid crystal material is sandwiched. The active plate
comprises an array of transistor switching devices, typically with one transistor
associated with each pixel of the display. Each pixel is also associated with a
pixel electrode on the active plate to which a signal is applied for controlling
the brightness of the individual pixel. The transistors typically comprise
amorphous silicon thin film transistors.

A large area of the active plate is at least partially transparent, and this
is required because the display is typically illuminated by a back light. Mainly,
the areas covered by the opaque row and column conductors are the only
opaque parts of the plate. If the pixel electrode does not cover the transparent
area, then there will be an area of liquid crystal material not modulated by the
pixel electrode but which does receive light from the back light. This reduces
the contrast of the display. A black mask layer is typically provided for
shielding these areas of the active plate, and additionally to shield the
transistors as their operating characteristics are light-dependent.

Conventionally, the black mask layer is located on the passive plate of
the active matrix cell. However, the overlap between the black mask layer and
the pixel electrodes needs to be large in this case as a result of poor cell
coupling accuracy. This overlap reduces the aperture of the display pixels,
which reduces the power efficiency of the display. This is particularly
undesirable for battery operated devices, such as portable products.

It has been proposed to use layers of the active plate to provide the

required masking function. For example, one proposal is to define the pixel
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electrodes to overlap the row and column conductors, so that there is no gap
between the row and column conductors and the pixel electrodes, which would
otherwise need to be shielded. This requires a thick low dielectric constant
insulator between the pixel electrodes and the row and columns. This type of
display is known as a Field Shielded Pixel (FSP) design. Although the overlap
of the pixel electrodes over the row and column conductors eliminates any gap
which requires shielding, light must still be prevented from reaching the
transistor in view of the photosensitivity of the transistor. Therefore, an organic
black layer is also provided to cover the transistor region and prevent photo-
induced leakage in it. Thus, the removal of the black mask from the passive
plate has in the past been at the expense of an extra mask step for the active
plate.

The cost of manufacturing a liquid crystal display results largely from
the cost of manufacturing the active plate, and this depends upon the number
of mask steps used in the process. A reduction in the number of masks could
be achieved if the need for the black mask layer could be avoided, by making
the transistors less photosensitive.

It is known that the photosensitivity of the transistor is a function of the
thickness of the amorphous silicon layer defining the body of the transistor.
The most common transistor design for use in liquid crystal displays is the
bottom gate back channel etch (BCE) transistor. The amorphous silicon layer
comprises a lower intrinsic part which defines the transistor channel, and an
upper n-type doped part, which provides electron injection, and prevents hole
injection at the source drain interface. The upper n-type doped part is
removed from the area between the source and drain, as the channel area of
the transistor needs to be intrinsic. Conventionally, the thickness of the
intrinsic part of the silicon layer is at least 150nm, and the n-type doped part is
around 30nm thick. After the so-called back channel etching, to remove the n-
type layer from the channel, the remaining thickness of the intrinsic amorphous
silicon layer defining the transistor body is typically at least 100nm.

The operation of the thin film transistor relies upon so-called band
bending, by which the conduction level is bent towards the Fermi-level of the
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semiconductor. For transistor dimensions suitable for active matrix display
applications, intrinsic amorphous silicon thickness of around 100nm has been
found to be the minimum acceptable thickness for sufficient band bending to
occur in the material for the transistor operating characteristics to be suitable.
As the thickness of the amorphous silicon layer is reduced, the interface states
at the top of the channel layer (the “back channel” area) lead to Fermi level
pinning. This is a result of the high density of defect states resulting from the
plasma damage during removal by etching of the n-type part of the silicon
layer. A lower silicon thickness results in degraded device mobility and higher
threshold voltage, and therefore poorer switching characteristics.
Unfortunately, the required silicon thickness results in levels of photosensitivity

which means that light shielding is required.

According to a first aspect of the invention, there is provided an
insulated-gate thin film transistor comprising a gate electrode and source and
drain electrodes, the source and drain electrodes being laterally spaced apart,
and both being vertically separated from the gate electrode by a gate insulator
layer and an amorphous silicon layer, a region of the amorphous silicon layer
vertically aligned with the lateral spacing between the source and drain
electrodes defining the transistor channel, wherein the region of the
amorphous silicon layer has a thickness of less than 100nm, and is doped with
n-type dopant atoms with a doping density of between 2.5 x 10" and 1.5 x
10'® atoms per cm?®.

By “vertical” is meant in a direction perpendicular to the substrate (i.e. in
the direction of stacking of layers), and by “lateral” is meant substantially
parallel to the substrate (i.e. in the plane of the thin film layers).

The invention enables the mobility to be increased so that the thickness
reduction of the silicon layer can be tolerated. This thickness reduction
enables the photosensitivity of the layer to be reduced sufficiently to avoid the
need for a black mask layer. The n-type dopant preferably comprises

phosphorus.
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The thickness of the region of the amorphous silicon layer is preferably
between 40nm and 80nm and more preferably between 40nm and 60nm. The
doping density may be between 5 x 10'° and 1.5 x 10"" atoms per cm®.

The silicon layer may comprise a lower intrinsic layer and an upper n-
type layer, and wherein the n-type layer is removed from the region of the
amorphous silicon layer vertically aligned with the lateral spacing between the
source and drain electrodes. This defines a BCE structure.

According to a second aspect of the invention, there is provided an
active plate for a liquid crystal display, comprising:

a gate conductor layer over an insulating substrate defining gate
conductors for pixel transistors and also defining row conductors;

a gate insulator layer over the gate conductor layer;

a silicon layer over the gate insulator layer and defining a transistor
body region overlying the gate conductors; |

a source and drain conductor layer over the silicon layer defining source
and drain conductors for the pixel transistors and also defining column
conductors each connected to one of the source and drain of an associated
transistor; and

a pixel electrode layer defining pixel electrodes which contact the other
of the source and drain of the associated transistor, wherein the transistor
body region has a thickness of less than 100nm, and is doped with n-type
dopant atoms with a doping density of between 2.5 x 10" and 1.5 x 10"
atoms per cm®.

The pixel electrodes may each occupy a pixel space bordered by row
and column conductors, and the pixel electrodes partially overlap those row
and column conductors. This avoids the need for a black mask layer for any
gap between the pixel electrodes and the rows and columns, and the thin
silicon layer avoids the need for a black mask layer to shield the transistor.

The invention also provides an active matrix liquid crystal display
comprising an active plate of the invention, a passive plate, and a layer of
liquid crystal material sandwiched between the active and passive plates.
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According to a third aspect of the invention, there is provided a method
of forming an active plate for a liquid crystal display, comprising:

depositing and patterning a gate conductor layer over an insulating
substrate;

depositing a gate insulator layer over the patterned gate conductor
layer,;

depositing a silicon layer over the gate insulator layer, the deposition
comprising plasma deposition from a gas comprising at least a compound
including an n-type dopant atom and a gas containing silicon, with the ratio of
the volume of the compound to the volume of the gas containing silicon being
selected to give a doping density of the n-type dopant atoms in the silicon layer
of between 2.5 x 10'® and 1.5 x 10'® atoms per cm?;

depositing and patterning a source and drain conductor layer over the
silicon layer; and

forming a pixel electrode layer for contacting one of the source and
drain of the transistor.

The compound including a dopant atom preferably comprises
phosphine, and the gas containing silicon preferably comprise silane, with the
ratio of the volume of phosphine to the volume of silane in the range 1 x 10° to
6x10°.

Preferably, the gate conductor layer defines row conductors and the
source and drain conductor layer defines column conductors and the pixel
electrode layer defines pixel electrodes which each occupy a pixel space
bordered by row and column conductors and which partially overlap those row

and column conductors.

An example of the invention will now be described in detail with
reference to the accompanying drawings, in which:

Figure 1 illustrates a known method of producing an active plate for an
active matrix liquid crystal display;

Figure 2 shows the electrical equivalent circuit of one pixel of the
display;
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Figure 3 shows a simplified cross section of the transistor which may be
dimensioned in a conventional manner or in a manner according to the
invention;

Figure 4 shows schematically the transistor switching characteristics as
a function of the doping level; and

Figure 5 shows the structure of a complete liquid crystal display.

It should be noted that the figures are diagrammatic and not drawn to
scale. Relative dimensions and proportions of parts of these figures have
been shown exaggerated or reduced in size, for the sake of clarity and

convenience in the drawings.

Figure 1 illustrates the essential process steps for manufacturing a
known active plate using a field shielded pixel design.

Figure 1A shows a patterned gate conductor layer 10, which defines a
transistor gate 12 which is connected to an associated row conductor 14. The
gate conductor layer 10 comprises an opaque material, for example chromium.
Patterning to achieve the layout shown in Figure 1A is achieved using a wet
etching technique. A gate insulator layer is provided over the entire substrate
overlying the gate conductor layer 10. This gate insulator layer may be a
single layer of, for example, silicon nitride or else it may comprise a multiple-
layer structure. A silicon layer, for example hydrogenated amorphous silicon,
is deposited over the gate insulator layer overlying the entire substrate. A
doped n* silicon contact layer is also deposited over the amorphous silicon
layer. This completes the structure shown in Figure A, although the gate
insulator layer and the silicon layer are not shown.

The silicon layer may comprise a three layer structure of a lower thin
undoped layer, a thicker middle low doped layer and a thin highly doped top
contact layer.

The amorphous silicon is deposited by a PECVD process, namely
deposition from a plasma.

The semiconductor layer is patterned to define the semiconductor body

16 of the transistor, as well as an insulator layer 18 to reduce capacitive
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coupling at the cross-over between row and column conductors. The
patterned semiconductor layer 16, 18 is shown in Figure 1B.

A source and drain conductor layer is deposited and patterned over the
silicon layer which defines a transistor source 20 connected to a column
conductor 22, and a drain region 24. As shown in Figure 1C, the region 18
provides insulation at the cross-over of the row 14 and column 22 conductors.
The source and drain conductor layer also defines a capacitor top contact 26.
This is a pixel charge storage capacitor defined by the row conductor 14, the
gate insulator layer and the top contact 26.

Although not shown in the Figure, a BCE transistor also requires
removal of the n* doped part of the silicon layer from above the transistor
channel, and this is achieved by partially etching the silicon layer between the
source and drain electrodes. The n* etch is performed just after the source
drain metal etching, as all unwanted n* silicon is exposed at this time.

As shown in Figure 1D a passivation layer is deposited over the entire
structure and through-holes 28, 30 are provided to enable connection through
the passivation layer to the drain 24 and to the capacitor top contact 26. The
passivation layer has a low dielectric constant and high thickness, for example
dielectric constant of 2.3 and thickness 2um, and may comprise a spin-on
polymer layer. Finally, the pixel electrodes 32, 34 are deposited over the
passivation layer with each pixel electrode making contact through the
through-holes 28, 30 to a drain 24 of the associated switching transistor and to
the top contact 26 of the pixel charged storage capacitor.

The pixel electrodes overlap the row and column conductors, and this is
possible as a result of the electrical properties of the passivation layer. This
avoids the need to provide shielding of any space between the pixel electrodes
and the row and column conductors.

Figure 2 shows the electrical components which make up the pixels
shown in Figure 1. The row conductor 14 is connected to the gate of the TFT
40, and the column electrode 22 is coupled to the source, as explained with
reference to Figure 1. The liquid crystal material provided over the pixel
effectively defines a liquid crystal cell 42 which extends between the drain of
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the transistor 40 and a common ground plane 44. The pixel storage capacitor
46 is connected between the drain of the transistor 40 and the row conductor
14a associated with an adjacent row of pixels.

In the process described with reference to Figure 1, the row and column
electrodes are used to provide masking of the pixel. In particular, the overlap
of the pixel electrodes 32 and 34 over the row and column conductors
eliminates any gap which requires shielding. However, light must still be
prevented from reaching the transistor in view of the photosensitivity of the
transistor. Therefore, an organic black layer is also provided to cover the
transistor region and prevent photo-induced leakage in it. This process allows
the removal of the black mask from the passive plate, but requires an extra
mask step for the active plate. This additional step is not shown in Figure 1,
but the mask may be provided on the active plate either beneath the
passivation layer or else after formation of the pixel electrodes.

Although this method enables the black mask layer to be provided only
on the active plate, which enables more accurate alignment, it increases the
production cost of the display as a result of the increased mask steps.

Figure 3 shows a simplified cross section of the transistor. The gate
electrode 12 has a thickness between 100 and 200nm and is separated from
the source and drain electrodes 20, 24 by the gate insulator 13 (for example
SiN of 200nm to 400nm thickness) and the amorphous silicon layer 16 which
has a lower intrinsic part 16a and an upper n*-type part 16b. The passivation
layer 17 overlies the entire structure. As shown, the n’-type part 16b is
removed from the channel area of the transistor.

Conventionally, the thickness t of the channel area of the silicon layer
16 is more than 100nm. For example, the intrinsic part 16a has a thickness
between 150nm and 300nm, and the n* part has a thickness of around 30nm.

It is desirable reduce the thickness t, to reduce the photosensitivity of
the device, but this gives rise to degraded performance, as discussed above.
Also the thicker the layer, the higher the parasitic resistance between the

source and drain electrodes and the channel of the transistor (which is
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effectively the part of the silicon layer nearest the gate, namely the lower part
of the layer 16a. |

Reducing the thickness t gives rise to a more than linear reduction in
photosensitivity, because plasma damage during etching results in lower
photosensitivity of the top of the channel area (for example the top 30nm), and
the interface between the gate insulator and the silicon layer results in lower
photosensitivity in the lower part of the channel. The photosensitivity is
dominated by surface recombination, so that as the layer becomes thin,
carriers recombine very quickly, before the lateral filed has managed to
separate them. Therefore, a central “pure” part of the layer 16 contributes
most to the photosensitivity of the device. A reduction in thickness of the layer
16 principally reduces the thickness of this part of the layer 16.

The invention is based on the recognition that n-type doping of the
semiconductor layer, for example with phosphorus, can enable a significant
reduction in thickness, with the doping compensating for the reduction in
mobility.

Figure 4 shows the effect of the doping on the transistor characteristics
for a TFT with channel length pf 5 - 6um, which is practical for use in active
matrix liquid crystal displays. The thickness of the amorphous silicon layer in
the region of the channel is 50nm. The channel length affects the mobility of
the transistor, and for short channel lengths the parasitic resistances become
significant in determining the device mobility. Figure 4 shows (schematically)
the source-drain current as a function of the gate-source voltage. This
represents the transistor on and off characteristics.

Plot 40 represents the characteristics for an undoped silicon layer. The
OFF characteristics are satisfactory, whereas the mobility of the device does
not give rise to sufficient turn on for the current driving requirements of liquid
crystal display applications. Plot 42 shows the effect of the doping of the
invention.  Without adversely affecting the OFF characteristics, the ON
characteristics are improved sufficiently for the device to be used in active

matrix display applications.
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A low level of doping is required, and as shown by plot 44, if the doping
concentration is too high there is significant leakage current in the OFF state of
the transistor.

The optimum level of doping will depend upon the switching
characteristics required, the channel length of the transistor, and the required
thickness of the silicon layer to reduce the photosensitivity to avoid the need
for a black mask layer. Furthermore, the optimum doping level increases as
the deposition speed is increased.

The doping is achieved during the plasma deposition of the amorphous
silicon. In particular, phosphine (PHs) is added as a plasma gas to the silane
(SiH4). It has been found that the ratio of the volume of phosphine to the
volume of silane should be in the range 1 x 10°to 6 x 10°° in the deposition
gas.

Typically, the amorphous silicon has a density of approximately 5 x 10%
atoms per cm®, and the number of phosphorus atoms in the deposited layer
should be in the range 2.5 x 10" to 1.5 x 10'® atoms per cm®, or even more
preferably 5 x 10" to 1.5 x 10" atoms per cm®. These ranges provide
improved ON characteristics with limited degradation of the OFF
characteristics for current deposition rates. In particular, the threshold voltage
is reduced, and the mobility and subthreshold slope are improved.

The invention enables the thickness of the amorphous silicon layer to
be reduced below 100nm, and preferably to the range 40nm to 80nm.

In the example described above, the amorphous silicon layer 16 has a
lower intrinsic part 16a and an upper n*-type part 16b. It is also possible to
deposit the amorphous silicon as three layers- a low deposition rate undoped
layer, a high deposition rate microdoped layer and a highly doped contact
layer. The low deposition rate gives the best interface, but is rather sensitive
to the microdoping, so is best undoped. Microdoping the high deposition rate
material gives the main benefits, and the high deposition rate makes the
material less sensitive to doping, making the level easier to control.

The active plate of the transistor can be made using conventional

techniques, as described generally with reference to Figure 1. The invention
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enables the black mask to be eliminated, and enables a thinner amorphous
silicon layer to be deposited. This also increases the throughput in the
deposition equipment, or allows higher quality material to be deposited, as
performance is generally degraded by increased deposition rate.

Figure 5 shows the structure of a complete liquid crystal display. A
layer of liquid crystal material 60 is provided over the active plate 62, which
comprises the structure described above. A further substrate 64 overlies the
layer of liquid crystal material. This further substrate 64 may be provided on
one face with an arrangement of colour filters 66 and a plate defining the
common electrode 44 (shown in Figure 2). A polarizing plate 68 is also
provided on the opposite side of the substrate 64.

As this invention is concerned specifically with the transistor substrate,
the operation and construction of the liquid crystal display will not be described
in any further detail as this will be apparent to those skilled in the art.

In the example described, a storage capacitor is defined using an
adjacent row conductor. Instead, a separate storage capacitor line may be
provided. ‘

Additional layers to those described may be provided, and there are
various alternatives which will be apparent to those skilled in the art. The
specific processing parameters and materials have not been described in
detail in this application, as this invention relies upon known individual
processing steps and materials. The steps, and the range of possible
alternatives, will be apparent to those skilled in the art.

The invention has been described in detail with reference to BCE
transistor designs. The invention may also be applied to etch stop transistor
designs or to any other amorphous silicon thin film transistor technology.
Furthermore, although the transistor of the invention will be particularly useful
in the manufacture of active matrix liquid crystal displays, it may equally be
applied to other fields where arrays of small-area transistors are required, for
example imaging arrays, for example medical X-ray imaging arrays or

fingerprint sensors.
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In the specific example described above, phosphorus is used as the n-
type dopant for increasing the conductivity of the channel. However, other n-
type dopants may also be used, for example nitrogen, arsenic and antinomy.
The deposition of the semiconductor layer may then the comprise plasma
deposition from a gas comprising at least a compound including the n-type
dopant atom and a silicon containing gas, for example silane. The compound
including a dopant atom may comprise phosphine, and the gas containing
silicon may comprise silane. The ratio of the volume of phosphine to the
volume of silane may be in the range 1 x 10°to 6 x 10>,

Silane can be used as it is cheap and readily available, but other silicon

containing compounds may also be used, such as chlorosilane or disilane.
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CLAIMS

1. An insulated-gate thin film transistor comprising a gate electrode
and source and drain electrodes, the source and drain electrodes being
laterally spaced apart, and both being vertically separated from the gate
electrode by a gate insulator layer and an amorphous silicon layer, a region of
the émorphous silicon layer vertically aligned with the lateral spacing between
the source and drain electrodes defining the transistor channel, wherein the
region of the amorphous silicon layer has a thickness of less than 100nm, and
is doped with n-type dopant atoms with a doping density of between 2.5 x 10'°

and 1.5 x 10'® atoms per cm®.

2. A transistor as claimed in claim 1, wherein the dopant atoms

comprise phosphorus.

3. A transistor as claimed in claim 1 or 2, wherein the thickness of

the region of the amorphous silicon layer is between 40nm and 80nm.

4. A transistor as claimed in claim 3, wherein the thickness of the

region of the amorphous silicon layer is between 40nm and 60nm.

5. A transistor as claimed in any preceding claim, wherein the

doping density is between 5 x 10" and 1.5 x 10'” atoms per cm®.

6. A transistor as claimed in any preceding claim , wherein the
silicon layer comprises at least a lower intrinsic layer and an upper n-type
layer, and wherein the n-type layer is removed from the region of the
amorphous silicon layer vertically aligned with the lateral spacing between the

source and drain electrodes.

7. An active plate for a liquid crystal display, comprising:
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a gate conductor layer over an insulating substrate defining gate
conductors for pixel transistors and also defining row conductors;

a gate insulator layer over the gate conductor layer,

a silicon layer over the gate insulator layer and defining a transistor
body region overlying the gate conductors;

a source and drain conductor layer over the silicon layer defining source
and drain conductors for the pixel transistors and also defining column
conductors each connected to one of the source and drain of an associated
transistor; and

a pixel electrode layer defining pixel electrodes which contact the other
of the source and drain of the associated transistor, wherein the transistor
body region has a thickness of less than 100nm, and is doped with n-type
dopant atoms with a doping density of between 2.5 x 10'® and 1.5 x 10"

atoms per cm”.

8. An active plate as claimed in claim 7, wherein the dopant atoms

comprise phosphorus.

9. An active plate as claimed in claim 7 or 8, wherein the silicon
layer comprises at least a lower intrinsic layer and an upper n-type layer, and
wherein the n-type layer is removed form the part of the silicon layer which

defines the transistor body region.

10.  An active plate as claimed in claim 7, 8 or 9, wherein the pixel
electrodes each occupy a pixel space bordered by row and column
conductors, and the pixel electrodes partially overlap those row and column

conductors.

11.  An active matrix liquid crystal display comprising an active plate
as claimed in any one of claims 7 to 10, a passive plate, and a layer of liquid
crystal material sandwiched between the active and passive plates.
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12. A method of forming an active plate for a liquid crystal display,
comprising:

depositing and patterning a gate conductor layer over an insulating
substrate;

depositing a gate insulator layer over the patterned gate conductor
layer,;

depositing a silicon layer over the gate insulator layer, the deposition
comprising plasma deposition from a gas comprising at least a compound
including an n-type dopant atom and a gas containing silicon, with the ratio of
the volume of the compound to the volume of the gas containing silicon being
selected to give a doping density of the n-type dopant atoms in the silicon layer
of between 2.5 x 10'® and 1.5 x 10"® atoms per cm?;

depositing and patterning a source and drain conductor layer over the
silicon layer; and

forming a pixel electrode layer for contacting one of the source and

drain of the transistor.

13. A method as claimed in claim 12, wherein the compound
including a dopant atom comprises phosphine, and the gas containing silicon
comprises silane, and wherein the ratio of the volume of phosphine to the

volume of silane is in the range 1 x 10®to 6 x 10°.

14. A method as claimed in claim 13, wherein the silicon layer is

deposited to a thickness of less than 100nm.

15. A method as claimed in claim 14, wherein the silicon layer is

deposited to a thickness of between 40 and 80nm.

16. A method as claimed in claim 12, wherein the silicon layer is
deposited as at least two layers, a first intrinsic layer and a second n*- type

layer, and wherein the n*-type layer is removed from the area of the layer
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defining the transistor channel, the thickness of the transistor channel being

less than 100nm.

17. A method as claimed in claim 16, wherein the silicon layer is
deposited as a low deposition rate undoped layer, a high deposition rate

microdoped layer and a highly doped contact layer.

18. A method as claimed in claim 16, wherein the thickness of the

transistor channel is between 40 and 80nm.

19. A method as claimed in any one of claims 12 to 18, wherein a
passivation layer is provided between the patterned source and drain layer and
the pixel electrode layer, a through hole being provided in the passivation layer
to enable contact between the pixel electrode layer and the one of the source

and drain of the transistor.

20. A method as claimed in any one of claims 12 to 19, wherein the
gate conductor layer defines row conductors and the source and drain
conductor layer defines column conductors and wherein the pixel electrode
layer defines pixel electrodes which each occupy a pixel space bordered by
row and column conductors and which partially overlap those row and column

conductors.



WO 02/50917
1/3
10
14 +—12
\
)
1
CI
\
22— | 20 24
=N
14 RN | 2
N k
] T
l ]
ST
28 24
o .
)l B 3006
" S
/. ]
| i | "]

o=y,
NP s

PCT/1IB01/02365

FIG. 1A

FIG. 1B

FIG. 1C

FIG. 1D

FIG. 1E



WO 02/50917 PCT/IB01/02365

2/3
. gu | \| AN ~_ 14a
\ —_— e
\ Y)\
\ \
HRS |
22 —_| \‘:_ -4 !
,' 42 |
| |
'\ N \.
' —_— 14
! \40 / \
— ]
|' 4
s
\ -
20 17 24
\ ) l
A
| | t
1Bh—=---= - ——— = -
16a— —16
| i
|
1|2



WO 02/50917 PCT/IB01/02365

3/3
logI
" 1
42
“ 40
4j2\“
>\
OFF ON
= 68
—!—'— 64
= 66
1 44

}ez

FIG. 5



INTERNATIONAL SEARCH REPORT

Inte nal Application No

PCT/IB 01/02365

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 HO1L29/786  HO1L21/336

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 HOIL GO2F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, INSPEC, IBM-TDB, PAJ, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

YORK, NY: IEEE, US,

611-614, XP000988906
ISBN: 0-7803-6439-2
the whole document

X MENG Z ET AL: "APPLICATION OF

METAL-INDUCED UNILATERALLY CRYSTALLIZED
POLYCRYSTALLINE SILICON THIN-FILM
TRANSISTOR TECHNOLOGY TO ACTIVE-MATRIX
ORGANIC LIGHT-EMITTING DIODE DISPLAYS"
INTERNATIONAL ELECTRON DEVICES MEETING
2000. IEDM. TECHNICAL DIGEST. SAN
FRANCISCO, CA, DEC. 10 - 13, 2000, NEW

10 December 2000 (2000-12-10), pages

1-6

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A* document defining the general state of the arnt which is not
considered to be of particular relevance

*E" earlier document but published on or after the international
filing date

‘L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

T

e

ye

g

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
Involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
inthe art.

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

14 February 2002 21/02/2002
Name and mailing address of the ISA Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Agne, M

Fom PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT Inte nal Application No
PCT/IB 01/02365

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages Relevant to claim No.

X POWELL M J: "THE PHYSICS OF 1-20
AMORPHOUS-SILICON THIN-FILM TRANSISTORS"
IEEE TRANSACTIONS ON ELECTRON DEVICES,
IEEE INC. NEW YORK, US,

vol. 36, no. 12,

1 December 1989 (1989-12-01), pages
2753-2763, XP000088013

ISSN: 0018-9383

the whole document

A LE CONTELLEC M ET AL: "TWO-MASK A-SI:H 1-20

TFT MATRIX FOR ACTIVE LIQUID CRYSTAL
DISPLAYS"

OPTOELECTRONICS DEVICES AND TECHNOLOGIES,
MITA PRESS, TOKYO, JP,

vol. 7, no. 2,

1 December 1992 (1992-12-01), pages
287-299, XP000336431

ISSN: 0912-5434

abstract

page 287, last paragraph; figures 1,3
page 290

page 294, last paragraph; figure 10

X WO 99 49510 A (RUSSELL STEPHEN D 7,8,10,
; SHIMABUKURO RANDY L (US); OFFORD BRUCE W 11
(US)) 30 September 1999 (1999-09-30)

page 3, line 21 -page 4, line 4

page 4, line 29 -page 5, line 2; figure 2
page 6, line 4 -page 7, line 25

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2



INTERNATIONAL SEARCH REPORT

wOrmation on patent family members

Inte nal Application No

PCT/IB 01/02365

Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9949510 A 30-09-1999 US 6312968 Bl 06-11-2001
AU 3452999 A 18-10-1999
CN 1299519 T 13-06-2001
EP 1074047 Al 07-02-2001
W0 9949510 Al 30-09-1999

Form PCT/ISA/210 (patent family annex) (July 1892)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

