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(57) Abstract: A method of manufacturing a thin film transistor (TFT) is disclosed comprising source and drain electrodes joined
by a semiconductor channel layer, a gate insulating layer formed from at least two sublayers and a gate electrode. The method
comprising the steps of forming the gate insulating layer by depositing a thin film sublayer using a thin film technique; and depositing
a printed sublayer by printing, wherein the thin film sublayer is located adjacent the semiconductor channel layer. The TFT may
be a top gate TFT wherein the thin film sublayer is formed on the semiconductor channel layer, and wherein the printed sublayer is
formed over the thin film sublayer. Alternatively, the TFT may be a bottom gate TFT wherein the printed sublayer is formed over
the gate electrode; wherein the thin film sublayer is formed over the printed sublayer, and wherein the semiconductor channel layer

is formed on the thin film sublayer.
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DESCRIPTION

METHOD OF MANUFACTURING A TRANSISTOR

This invention relates to a method of manufacturing a transistor using
hybrid thin and thick film techniques and to a transistor manufactured using the
same.

The invention further relates to an active matrix device, especially an
active matrix liquid crystal display (AMLCD), comprising a row and column
array of active elements wherein each element is associated with such a

transistor and connected to corresponding row and column conductors.

For the avoidance of doubt, the abbreviation TFT is used hereafter to
denote a thin film transistor in which at last one part of the transistor is
manufactured using a thin film technique, i.e. by a method such as chemical or
physical vapour deposition, or electrolysis, and so TFT includes a transistor
made by a hybrid method using both thin film and thick film deposition.

From JP-A-60-133758, it is known to manufacture a TFT using hybrid
thin and thick film methods and, in particular, to print source, gate and drain
electrodes having formed the body of the TFT, the semiconductor and
insulating layer, by conventional thin film techniques. Similarly, from
JP-A-04-136917, it is known to manufacture an active matrix device
comprising a row and column array of such TFTs and furthermore to print the
row and column conductors. In addition, from JP-A 60-159825, it is known to
provide a TFT with a printed, silica insulating layer.

As is well known, the gate insulating layer of a TFT is required to be of
sufficient thickness so as to prevent electrical breakdown between the gate
electrode and the semiconductor layer. However, manufacturing an insulating
layer of sufficient thickness using thin film techniques such a CVD can be time
consuming and therefore expensive. The alternative of thick film printing of the
insulating layer is quicker and cheaper that using a thin film technique, but

provides an insulating layer with a low integrity interface with the
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semiconductor layer. This can lead to a high density of defect states thus
providing a TFT with high pre-threshold slope transfer characteristics and a
low mobility.

It is an object of the invention to provide an enhanced method of
manufacturing a TFT using hybrid thin and thick film manufacturing
techniques, and to provide a TFT manufactured using the same. It is a further
object of the invention to provide an active matrix device, especially for an

AMLCD, comprising an array of such TFTs.

According to the present invention, there is provided a method of
manufacturing a TFT comprising source and drain electrodes joined by a
semiconductor channel layer, a gate insulating layer formed from at least two
sublayers and a gate electrode. The method comprises the steps of forming
the gate insulating layer by depositing a thin film sublayer using a thin film
technique; and depositing a printed sublayer by printing, wherein the thin film
sublayer is located adjacent the semiconductor channel layer.

Such a method provides a TFT with a gate insulator with a high integrity
semiconductor interface as one would normally associate with thin film
manufacture, whilst enjoying the advantages of thick film manufacture with
respect to time and cost.

The method of the present invention can be used to manufacture a top
gate (TG) TFT by depositing the thin film sublayer on the semiconductor
channel layer and the printed sublayer over the thin film sublayer. Alternatively,
the method of the present invention can be used to manufacture a bottom gate
(BG) TFT by printing the printed sublayer over the gate electrode, depositing
the thin film sublayer over the printed sublayer, and forming the semiconductor
layer on the thin film sublayer.

In a TG TFT, the thin film sublayer is preferably inorganic, e.g. silicon
nitride, and the printed sublayer organic, e.g. polyimide. This enhances the
overall process compatibility with respect to temperature given that the
inorganic thin film sublayer is deposited using a typically high temperature thin

film technique such as chemical vapour deposition (CVD) and the organic,
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printed sublayer is printed after, using a lower temperature direct printing
process. |.e. a decreasing temperature profile.

The manufacture of a TG TFT is further enhanced when the gate
electrode is also formed by a printing process. Similarly, in a coplanar TG TFT,
the source, gate and drain electrodes may each be formed by printing, and
preferably, in the same printing step.

In a BG TFT, for the same reasons of process compatibility described
above, both the thin film and printed sublayers are preferably inorganic. For
example, the printed sublayer may comprise sol gel or cermet (tantalum
oxide). Normally, an inorganic printed sublayer will be more stable when
exposed to high temperatures associated with CVD deposition of the thin film
sublayer than an organic material such as polyimide. In an staggered BG TFT,
the source and drain electrodes may be printed, being a final low temperature
process step.

In order to reduce the mask count during the manufacture of both TG
and BG TFTs according to the present invention, the thin fiim sublayer
deposited by CVD and the semiconductor layer may be patterned at the same
time, e.g. by etching.

Further provided in accordance with the present invention is an active
matrix device, especially an AMLCD, comprising a row and column array of
active elements wherein each element is associated with a TFT according to
the present invention, and connected to corresponding row and column

conductors.

Embodiments of the present invention will now be described, by way of
example only, with reference to the following drawings in which:

Figures 1A to 1D illustrate a method of manufacturing a TG TFT
according to the present invention;

Figure 2 shows, schematically, a AMLCD incorporating TFTs
manufactured by the method illustrated in figures 1A to 1D;

Figure 3 shows, schematically, a picture element of the AMLCD of

figure 2 in greater detail;
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4

Figures 4A to 4C ilustrate, schematically, a method of manufacturing
the picture element of figure 3; and
Figures 5A to 5D illustrate a method of manufacturing a BG TFT

according to the present invention.

It should be noted that the drawings are schematic and relative
dimensions and proportions of parts of the cross-section views and circuit
layout have been exaggerated or reduced in size for the sake of clarity. The
same reference signs are generally used to refer to corresponding or similar
features in different embodiments.

Figures 1A to 1D illustrate a method of producing a self-aligned TG TFT
10 requiring 4 photomask steps and a single back exposure, and in
accordance with the present invention. The method comprises the steps of
forming opaque metal source 12 and drain 12’ electrodes on a transparent
substrate 11 (mask 1); forming an amorphous silicon semiconductor channel
13 so as to join the source and drain electrodes and a thin film gate insulating
sublayer 14 of silicon nitride deposited thereon using a chemical vapour
deposition (CVD) technique (mask 2); printing an inorganic, further gate
insulating sublayer 15 on the thin film sublayer (mask 3); depositing a layer of
transparent conductive gate material, typically indium tin oxide (ITO), and
patterning the material by back exposure so as to form the gate electrode 16
with source / drain overlap; and forming a metal row conductor contact 17
(mask 4).

The transparent gate material may be patterned by providing a negative
resist layer (not shown) over the material and selectively exposing it to UV
radiation from beneath the substrate 11. The source and drain electrodes 12,
12’ shield the UV light, so that the passage of light through the transistor
structure only takes place in the spacing between the source and drain
electrodes. The UV light diffracts and scatters as it passes through this
opening, and results in source / drain overlap wherein the exposed region of

the resist layer is wider than the spacing between the source and drain
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electrodes. Source / drain overlap is useful in that the gate electrode may then
modulate the whole of the semiconductor channel area.

Referring to figure 2, an AMLCD is shown, schematically, incorporating
TFTs manufactured by the method illustrated in figures 1A to 1D. The AMLCD
20 comprises an display area 21 consisting of m rows (1 to m) and n columns
(1 to n) of identical picture elements 22. Only a few of the picture elements are
shown for simplicity whereas in practice, the total number of picture elements
(m x n) in the display area may be 200,000 or more. Each picture element 22
has a picture electrode 27 and associated therewith a switching TFT 10 of the
type manufactured by the method illustrated in figures 1A to 1D, and which
serves to control the application of data signal voltages to the picture
electrode. The switching TFTs have common operational characteristics and
are each arranged adjacent to their associated picture element with their
respective drain being connected to the picture electrode. The sources of all
switching TFTs associated with one column of picture elements are connected
to a respective one of a set of parallel column conductors 23 and the gates of
all switching TFTs associated with one row of picture elements are connected
to a respective one of a set of parallel row conductors 24. The TFTs are
controlled by gating signals provided via the row conductors by row driver
circuitry 25 external to the display area 21. Similarly, the TFTs associated with
picture elements in the same column are provided with data signal voltages for
the picture electrodes by column driver circuitry 26 also external to the display
panel. Of course, the operation of picture elements in such AMLCDs is well
known and accordingly will not be elaborated upon here further.

Referring both to figure 3 which shows, schematically, a picture element
22 of the AMLCD of figure 2 in greater detail and figure 4C which is a cross-
section along lines A1-A2-A3-A4 and A3-A5 shown in figure 3, the picture
element comprises 6 distinct regions: a conductor crossover (R1 and R1’ in
respective directions); a self-aligned TG TFT manufactured by the method
illustrated in figures 1A to 1D (R2); a first transparent pixel electrode contact
(R3); a transparent pixel electrode (R4); a capacitor (R5); and a second

transparent pixel electrode contact (R6).
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The conductor crossover (R1, R1’) comprises a column conductor 23
formed on an insulating substrate 11. A row conductor 24 is laid over the
column conductor 23 electrically separated therefrom by an amorphous silicon
13’ layer, a thin film insulating layer 14’ and a printed insulating layer 15.

The TG TFT (R2) is in a staggered arrangement and comprises
opaque, metal source 12 and drain 12’ electrodes, joining which is an
amorphous silicon channel 13. Over the amorphous silicon channel, is a gate
insulator 14, 15 comprising a thin film insulating sublayer 14 and a printed
insulating sub layer 15, printed on the thin film insulating sublayer. The gate
electrode 16 consists of ITO and, with some source / drain overlap, is self
aligned with respect to the source and drain electrodes.

The pixel electrode 40 (R4) comprises ITO and is formed on the
insulating substrate 11. Contacts R3, R6 provide a electrical supply to the pixel
electrode from the drain electrode 12’ and to a parallel plate capacitor (R5)
respectively. The capacitor has a bottom plate 23’ of the same material as the
column conductor 23 and the source 12 and drain 12’ electrodes which are
deposited at the same time, a dielectric layer formed from the printed
insulating sublayer 15, and a top plate formed as part of the gate row
conductor 24.

With regard to the manufacture of the picture element 22, as shown in
figure 4A, an ITO pixel electrode 40 is first formed on the glass substrate 11.
Then, opaque source 12 and drain electrodes 12’ are formed, together with
column conductors 23, part of which act a capacitor plate 23" (mask 1). An
amorphous silicon semiconductor channel 13 is then formed so as to join the
source and drain electrodes, and also extends 13’ from the channel along
parts of the column conductor 23.

Referring to figure 4B, over the amorphous silicon channel, a gate
insulator 14, 15 is formed by depositing a thin film insulating sublayer 14 of
silicon nitride deposited using CVD and a printed insulating layer 15 of
polyimide, printed on the thin film insulating layer. Both sublayers of the gate
insulator are used as crossover (R1, R?’) insulating layers and the printed

insulating layer 15 is used alone as the capacitor dielectric (R5) (mask 3). An
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ITO gate electrode 16 is formed by a back exposure of a negative resist, and
conventional masking is used to form the transparent pixel electrode (mask 4);
Lastly, a gate contact 17 connected to a metal row conductor 24 are formed as
shown in figure 4C (mask 5).

As an alternative to the TG TFT, figures 5A to 5D illustrate a method of
producing a self-aligned BG TFT 50 in accordance with the present invention.
Referring to figure 5A, the method comprises the steps of depositing by CVD a
metal gate electrode 16 on a transparent substrate 11 (mask 1) and printing a
cermet gate insulating sublayer 15 (mask 2). As shown in figure 5B, a silicon
dioxide insulating sublayer 14 is deposited by CVD followed by an amorphous
silicon semiconductor channel 13 so as to join source 12 and drain electrodes
(mask 3). Referring to figures 5C and 5C, a protective insulating layer 51 is
formed and contact holes etched in the protective layer so as to provide for
source 12 and drain 12’ electrodes (mask 4).

In the embodiments described, the semiconductor layer, the source and
drain electrodes and the column conductors may be deposited by any
appropriate conventional technique such as sputtering, chemical vapour
deposition, or thermal evaporation etc. Patterning by masking using
photolithographic techniques with resist layers is of course well known and,
similarly, negative photoresists are also known.

Also, where the semiconductor layer comprises amorphous silicon, it
may be desirable that additional processing steps are carried out to improve
the contact resistance between the metal layers of the source and drain 12,
12’ and the silicon layer 13. For this purpose, flash doping of phosphine ions
into the structure may be carried out, so that the implanted phosphine ions
subsequently migrate into the amorphous silicon layer to form a doped surface
region at the point of contact between the amorphous silicon layer and the
source and drain contacts. This technique will be known to those skilled in the
art.

The semiconductor layer 13 may alternatively comprise microcrystalline
silicon, which gives rise to a higher mobility device without introducing

significant additional processing complexity. The use of microcrystalline silicon
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is particularly advantageous in a top gate structure, as the quality of the silicon
layer improves as the laver is deposited, so that a higher quality layer is
present in the region of the gate of the transistor. As a further alternative, a
polycrystalline silicon layer may be formed, for example by depositing an
amorphous silicon layer and performing a subsequent laser annealing
process.

In this description, and the claims, the reference to a "transparent" layer
indeed indicates the transparency of the layer to the radiation selected for
exposure of a negative resist layer. The layers forming the structure of the
transistor will, of course, not be 100% transparent, but they will result in some
absorption and reflection of the radiation signal. The term "transparent" is
therefore intended to indicate only that the layers of the structure are
sufficiently transparent to enable the selective exposure of the negative resist
layer enable the correct use of the photoresist for subsequent processing of
the structure. In any case, the invention not limited to a TFT of the self aligned
type.

Also, the active matrix device described above is incorporated into an
AMLCD, however, it will be appreciated that the invention has application with
respect to active matrix devices for other types of electronic devices such as
thin film data stores or image sensors.

The specific considerations for the practical manufacture of both thin
film and thick film transistors will be apparent to those skilled in the art, and the
considerations which should be applied for existing transistor designs should
also be applied for design of a transistor in accordance with the invention. The
precise process conditions which may be appropriate have not been described
in this text, as this is a matter of normal design procedure for those skilled in
the art.
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CLAIMS

1. A method of manufacturing a thin film transistor (TFT) comprising
source and drain electrodes joined by a semiconductor channel layer, a gate
insulating layer formed from at least two sublayers and a gate electrode, the
method comprising the steps of forming the gate insulating layer by:

- depositing a thin film sublayer using a thin film technique; and

- depositing a printed sublayer by printing,
wherein the thin film sublayer is located adjacent the semiconductor channel

layer.

2. A method according to claim 1 wherein the TFT is a top gate
TFT; wherein the thin film sublayer is deposited on the semiconductor channel

layer; and wherein the printed sublayer is printed over the thin film sublayer.

3. A method according to claim 2 wherein the thin film sublayer is

inorganic and the printed sublayer is organic.

4. A method according to claim 2 or claim 3 wherein the gate

electrode is formed by printing.

5. A method according to claim 4 wherein the TFT is of the coplanar
type, and wherein the gate, source and drain electrodes are each formed by

printing.

6. A method according to claim 5 wherein the gate, source and

drain electrodes are formed in the same printing step.

7. A method according to claim 1 wherein the TFT is a bottom gate
TFT; wherein the printed sublayer is printed over the gate electrode; wherein
the thin film sublayer is deposited over the printed sublayer; and wherein the

semiconductor channel layer is formed on the thin film sublayer.
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10
8. A method according to claim 7 wherein both the thin film and
printed sublayers are inorganic.
5 9. A method according to claim 7 or claim 8 wherein the TFT is of

the staggered type, and wherein source and drain electrodes are each formed

by printing.

10. A method according to any preceding claim wherein the thin film

10  sublayer and the semiconductor layer are patterned at the same time.

11. A method according to claim 10 wherein the thin film sublayer

and the semiconductor layer are patterned by etching.

15 12. A method as hereinbefore described with reference to the

accompanying drawings.

13. A TFT manufactured by a method according to any preceding
claim.
20
14.  An active matrix device comprising a row and column array of
active elements wherein each element is associated with a switching TFT
according to claim 13, and connected to corresponding row and column

conductors.
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