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ACTIVE MATRIX CIRCUIT BOARD, THIN-FILM TRANSISTOR,
AND A MANUFACTURING METHOD FOR THESE

FIELD OF THE INVENTION

The present invention relates to a thin-film transistor, an active matrix circuit board, and a
manufacturing method for these, and relates particularly to a technology improving the electri-
cal characteristics of the thin-film transistor.

DESCRIPTION OF THE PRIOR ART

Thin-film transistors (hereafter "TFT"} using a polycrystalline silicon film are used as pixel tran-
sistors in liquid crystal display panels and other active matrix circuit boards. Of available liquid
crystal display panels, built-in drive circuit type (built-in peripheral circuit type) active matrix
circuit boards in which the drive circuit is formed using TFT in the area peripheral to the pixel
area are used in liquid crystai display panels for viewfinders and projectors due to the packa-
ging technology problem that making electrical connections to narrow pitch terminals is diffi-
eult. As a result, TFT for the drive circuit area and TFT for the pixel area are both formed on a
single active matrix circuit board.

Of these TFT, a low OFF current is required in the TFT of the pixel area so that the charge
written through the pixel electrodes can be held. Polycrystalline silicon TFT, however, may use
an offset gate structure wherein a source-drain area is provided at a position separated from
the edge of the gate electrodes because the OFF current is high.

In addition, a low concentration area may be provided at the edge of the drain area, and a drain
structure (LDD structure) used with the field strength in this area reduced.

The following manufacturing method is conventionally used to manufacture thin-film transnstors
with such a structure.

When n-channel type TFT 1200a in the drive circuit area, p-channel type TFT 1200b in the
.drive circuit area, and n-channel type TFT 1200c in the pixel area are formed as shown in Fig.
40 (a) from left to right facing the figure, first, second, and third silicon films 1202, 1202,
1203 are first formed on the surface side of substrate 1201. The surface sides of the first,
second, and third silicon films 1202, 1202, 1203 are then covered by gate insulation film
1211. After that, a conductive film forming the gate electrode is formed on the surface side of
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the gate insulation film 1211, this is masked with resist 1213 for patterning, and gate elec-
trode 1212 is formed.

Next, as indicated by arrow 1214, an impurity that will be the donor is ion implanted, and
source-drain area 1207 is formed.

Next, gate electrode 1212 is over-etched with resist 1213 as the mask, and gate electrode
1212 is narrowed as shown in Fig. 40 (b). As a resuit, the length of gate electrode 1212 is
shorter than the length of the area (channel formation area) in first, second, and third silicon
films 1202, 1202, 1203 in which the impurity is not introduced, and the offset gate structure
is formed.

Next, as shown in Fig. 40 (c), an impurity that will be the acceptor is ion implanted (arrow
1221) to the second silicon film 1202 with the first and third silicon films 1202, 1203 covered
by resist 1215. Because the donor impurity was previously introduced to second silicon film
1202, the acceptor impurity is introduced at a high concentration.

It is to be noted that when TFT 1200a and 1200c are formed with an LDD structure, resist
1215 is removed after injecting the acceptor impurity, and a donor impurity is ion injected at an
appropriate dosage.

In the TFT thus formed, the OFF current ievel can be sUfﬁciently lowered because concentra-
tion of the electrical field at the drain edge can be alleviated due to the offset structure or LDD

structure.

The following problems exist with the conventional manufacturing method thus described,
however,

First, even though TFT electrical characteristics vary with the gate length, this method sets the
gate length by over-etching the gate electrode, and it is therefore difficuit to control the gate
length. For example, when a gate electrode composed of polycrystalline silicon is plasma
etched, it is possible to determine the completion of etching because the plasma emission
strength changes at the etching end point if patterning is normal, but it is difficuit to reliably
control the end point because the plasma emission strength does not change with over-
etching. In addition, it is also difficuit to control over-etching when over-etching is controlled
by the etching time because the etching speed varies slightly with the operating conditions,
etc., of the etching equipment. As a result, the ON current characteristic and other electrical
characteristics of TFT manufactured with conventional methods inevitably vary due to varia-
tions in gate length and offset length. Variations of this type are fatat defects in drive circuit
TFT formed by the same process.

Due to over-etching, it is also difficult to increase device pitch. More specifically, the active
matrix circuit board must be designed with a large pattern dimension to accommodate varia-
tions in gate electrode over-etching, and designs with such large margins result in large waste
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in the active matrix circuit board design. In addition, conventional manufacturing methods are
not suited to high resolution liquid crystal display panels, and are an obstruction to reducing
the basic pattern dimension of the active matrix circuit board from 5 um to 2 um or 3 ym, or
even smaller dimensions.

Second, high temperature processing exceeding 600°C is required to activate the ion injected
impurity in LDD structures. With such high temperature processing, however, it is not possible
to use low-cost glass substrates. As a result, conventional manufacturing methods also inter-
fere with increasing display panel screen size and reducing display panel cost. Furthermore,
conventional ion injection technologies are not welil suited to processing large circuit boards
because of the narrow injection area.

Technologies for implanting the generated ions without mass separation have been studied
with the objective of solving these problems. For example, a method for using a mixture of an
impurity gas diluted with hydrogen as the doping gas and implanting the ions generated from
this mixture without mass separation has been studied, and the impurity has been activated at
a relatively low temperature of about 300°C. However, this method cannot activate a silicon
film implanted with a low ion concentration where the impurity concentration is 1 x 10‘I 9/cm:3
or less, and it is still not possible to manufacture an LDD structure TFT in a low temperature
process.

Considering the above problems, the object of the present invention is to improve the structure
of the source-drain area and the manufacturing process therefor, and to thus achieve an active
matrix circuit board, a thin-film transistor, and a conductive silicon film in which the OFF
current characteristics can be improved, and a manufacturing method therefor.

DESCRIPTION OF THE INVENTION

To resolve the above problems, the impurity concentration of the source-drain area of the third
thin-film transistor is set lower than the impurity concentration of the source-drain area of the
first thin-film transistor in an active matrix circuit board comprising, according to the present
invention, a pixel area comprising a third thin-film transistor of a first conductive type and a
drive circuit area comprising a CMOS circuit composed of a first thin-film transistor of a first
conductive type and a second thin-film transistor of a second conductive type with the source-
drain area formed in a self-aligned manner to the gate electrode. For example, by setting the
impurity concentration of the source-drain area of the third thin-film transistor to 1 x 10! 9lcm3
or less, and the impurity concentration of the source-drain area.of the first thin-film transistor
to1x 1019/cm3 or greater, a large ON current can be obtained in the thin-film transistor of
the drive circuit area and a small OFF current can be obtained in the thin-film transistor of the
pixel area.

In this invention, the first conductive type and second conductive type are opposite conductive
types, meaning that if the first conductive type is an n-type, then the second conductive type
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is a p-type. Inversely, if the first conductive type is a p-type, then the second conductive type
is an n-type. In addition, "impurity ions” in this invention mean ions that are either donors or

acceptors.

An active matrix circuit board of such construction can be formed, for example, by a method
as follows. First, first and second silicon films for forming the first thin-film transistor of a first
conductive type and the second thin-film transistor of a second conductive type for the drive
circuit area, and a third silicon film for forming the third thin-film transistor of a first conductive
type for the pixel area are formed on the surface of the insulated substrate {first process).
Next, a gate insulation film is formed on the surfaces of the first, second, and third silicon films
(second process). Next, a gate electrode is formed on the surface of the gate insulation film
{third process). Next, with the first and third silicon films covered with a first mask, a second
conductive type impurity is ion implanted at a dose of 1 x 10‘I 4/cm2 or greater to the second
silicon film (fourth process). Next, with the second and third silicon films covered with a
second mask, a first conductive type impurity is ion implanted at a dose of 1 x 101 4/t:m2 or
greater to the first silicon film (fifth process}. Then, after either the third or fifth process, a
first conductive type impurity is ion implanted at a dose of 1 X 1014/cm2 or greater to the
first, second, and third silicon films (low concentration area formation process). It is to be
noted that the sequence of the fourth and fifth processes can be reversed.

It is preferable in the present invention to form a high concentration contact area with an
impurity concentration of 1 x 101 9/cm3 or greater in the source-drain area of the third thin-film
transistor such that the source-drain electrode is conductively connected to the source-drain
area of the third thin-film transistor through this high concentration contact area. [n this case,
the second mask in the fifth process is left open in the area corresponding to the connection
area of the source-drain electrodes to the source-drain areas of the third thin-film transistor.
The lateral distance between the high concentration contact area and the edge of the gate elec-
trode is preferably less than approximately 4 ym in the present invention.

It is also preferable in the present invention to form the source-drain areas of the third thin-film
transistor in the thick silicon film of the bottom iayer, and to form the channel formation area in
the thin silicon film of the top layer.

In an active matrix circuit board with an integrated drive circuit area according to an alternative
form of the present invention, the thin-film transistor of the pixel area has an offset gate struc-
ture whereby the source-drain area is in a position laterally offset by a predetermined distance
from the edge of the gate electrode.

In the manufacturing method of an active matrix circuit board of such construction, first,
second, -and third silicon films for forming first, second, and third thin-film transistors are
formed on the surface of the insulated substrate {first process). Next, a gate insulation film is
formed on the surfaces of the first, second, and third silicon films (second process). Next, a
gate electrode is formed on the surface of the gate insulation film (third process). Next, with
the first and third silicon films covered with a first mask, a second conductive type impurity is
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ion implanted at a dose of 1 x 1014'/cm2 or greater to the second silicon film with the gate
electrode as a mask {(fourth process). Next, with the second and third silicon films covered
with a second mask and the second mask open to the intended formation area of the source-
drain area of the third thin-film transistor, a first conductive type impurity is ion implanted at a
dose of 1 x 101‘"/cm2 or greater to the first and third silicon films (fifth process). it is to be
noted that the sequence of the fourth and fifth processes can be reversed.

A low temperature process is used in an active matrix circuit board with an integrated drive
circuit area according to a further alternative form of the present invention. Specifically, in an
active matrix circuit board comprising on the surface side of a glass substrate or other insula-
ted substrate a pixel area comprising a third thin-film transistor of a first conductive type, and a
drive circuit area comprising a CMOS circuit composed of a first thin-film transistor of a first
conductive type and a second thin-film transistor of a second conductive type in which the
source-drain areas are formed in a self-aligned manner to the gate electrode, the source-drain
areas are formed in the third thin-film transistor with a peak concentration of impurity in the
range from 3 x 1(31 8/cm3 tolx 1019/cm3 and the peak concentration of hydrogen ions in the
range from 6 x 1018/cm3 to1x1 Ozo/cma, and the source-drain areas formed in the first and
second thin-film transistors have a peak concentration of impurity of 1 x 1020/cm:3 or greater.

An active matrix circuit board of such construction can be formed, for example, by a method
as follows. First, first and second silicon films for forming the first thin-film transistor of a first
conductive type and the second thin-film transistor of a second conductive type for the drive
circuit area, and a third silicon film for forming the third thin-film transistor of a first conductive
type for the pixel area are formed on the surface of the insulated substrate (first process).
Next, a gate insulation film is formed on the surfaces of the first, second, and third silicon films
{second process). Next, a gate electrode is formed on the surface of the gate insulation film
{third process). Next, with the first and third silicon films covered with a first mask, a second
conductive type impurity is ion implanted at a dose of 1 x 1014/cm2 or greater to the second
silicon film (fourth process). Next, with the second and third silicon films covered with a
second mask, a first conductive type impurity is ion implanted at a dose of 1 x 1014/cm2 or
greater to the first silicon film (fifth process). Then, after either the third or fifth process, a
first conductive type impurity is ion implanted at a dose of 1 x 1014/::m2 or greater to the
first, second, and third silicon films {low concentration area formation process). For ion
implantation in the low concentration area formation process, a first ion doping process for
implanting to the silicon film without mass separation all ions generated from a mixed gas
containing an impurity gas for generating impurity ions with the remainder being hydrogen gas,
and a second ion doping process for implanting to the silicon film ions generated from a pure
hydrogen gas are applied. Furthermore, in the ion implantation performed in the fourth and
fifth processes, all ions generated from a mixed gas containing an impurity gas for generating
“impurity ions with the remainder being hydrogen gas are implanted to the silicon film without
‘mass separation. In addition, the heat treatment temperature for activating the ions impilanted
to the silicon film is set above approximately 300°C. It is to be noted that the sequence of the
fourth and fifth processes can be reversed. '



This Sheet Has Been Replaced

R

In the present invention, a high concentration contact area with a peak impurity concentration
of 1 x 1020/cm:3 or greater is formed in the source-drain area of the third thin-film transistor
such that the source-drain electrode is conductively connected to the source-drain area of the
third thin-film transistor through this high concentration contact area. In this case, the second
mask in the fifth process is left open in the area corresponding to the connection area of the
source-drain electrodes to the source-drain areas of the third thin-film transistor for ion implan-
tation. Alternatively, ions are implanted from contact holes formed in the layer insulation film.

It is also preferable to form the source-drain areas in the thick silicon film of the bottom laver,
and to form the channel formation area in the thin silicon film of the top layer.

in addition to active matrix circuit boards, the structure and manufacturing method of this third
thin-film transistor can also be applied to TFT for which a low temperature process is desirable.
Furthermore, a low concentration conductive silicon film formed in a low temperature process
can also be applied other than with TFT. :

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simple block diagram of an active matrix circuit board with a built-in drive circuit.

Fig. 2 is a simple block diagram typically showing the structure of the pixel area of an
active matrix circuit board.

Fig. 3 is a cross sectional diagram typically showing the basic structure of a liquid crystal
display panel.
Fig. 4 is a cross sectional diagram typically showing the TFT structure formed in the pixel

area and drive circuit area of an active matrix circuit board according to the first
embodiment of the present invention.

Fig. 5 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 4.

Fig. 6 is a graph showing the relationship between the gate voltage Vg and drain current id
when the impurity concentration of the source-drain area is varied in an n-channel
type TFT.

Fig. 7 is a cross sectional diagram typically showing the TFT structure formed in the pixel
' area and drive circuit area of an active matrix circuit board according to the second
embodiment of the present invention.

Fig. 8 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 7. '
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Fig. 9 is a cross sectional diagram typicallv showing the TFT structure formed in the pixel
area of an active matrix circuit board according to the third embodiment of the

present invention.

Fig. 10 is a graph showing the reiationship between the ion dosage to the source-drain areas
and the contact resistance of the ITO and source-drain area.

Fig. 11 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 9.

Fig. 12 is a cross sectional diagram typicaily showing the TFT structure formed in the pixel
area of an active matrix circuit board according to the fourth embodiment of the
present invention.

Fig. 13 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 12.

Fig. 14 is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the fifth
embodiment of the present invention.

Fig. 15 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 14.

Fig. 16 is a simple structural diagram of the ion implantation apparatus used in the manufac-
turing method of the conductive silicon film of the sixth and seventh embodiments of
the invention.

Fig. 17 is a graph showing the relationship between hydrogen ion dosage to the polycrystal-
line silicon film and sheet resistance in the manufacturing method of an n-type
conductive silicon film according to the sixth embodiment of the invention.

Fig. 18 is a graph showing the relationship between phosphorus ion dosage in the first
doping process and sheet resistance in the manufacturing method of an n-type
conductive silicon film according to the sixth embodiment of the invention.

Fig. 19 is a graph showing the relationship between hydrogen ion dosage to the polycrystal-
line silicon film and sheet resistance in the manufacturing method of a p-type
conductive silicon film according to the seventh embodiment of the invention.

Fig. 20 is a graph showing the relationship between boron ion dosage in the first doping
process and sheet resistance in the manufacturing method of a p-type conductive
silicon film according to the seventh embodiment of the invention.
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is a cross sectional diagram typically showing the TFT structure according to the
eighth embodiment of the present invention.

is a process cross section showing the manufacturing method of the TFT in Fig. 21.

is a graph showing the relationship between pt dosage and drain current in the TFT
in Fig. 21.

is a cross sectional diagram typically showing the TFT structure according to the
ninth embodiment of the present invention.

shows a process flow of the manufacturing method of the TFT in Fig. 24.

is a cross sectional diagram typically showing the TFT structure according to the
tenth embodiment of the present invention.

is a process cross section showing the manufacturing method of the TFT in Fig. 26.

is a cross sectional diagram typically showing the TFT structure according to the
eleventh embodiment of the present invention.

shows a process flow of the manufacturing method of the TFT in Fig. 28.

is a cross sectional diagram typicaily showing the TFT structure according to the
twelfth embodiment of the present invention.

shows a process flow of the manufacturing method of the TFT in Fig. 30.

is a cross sectional diagram typically showing the TFT structure according to the
thirteenth embodiment of the present invention.

shows a process flow of the manufacturing method of the TFT in Fig. 32.

is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the four-
teenth embodiment of the present invention.

shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 34.

is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the fifteenth
embodiment of the present invention.
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Fig. 37 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 36.

Fig. 38 is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the sixteenth
embodiment of the present invention.

Fig. 389 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig, 38.

Fig. 40 shows a process flow of the manufacturing method of conventional TFT.

OPTIMUM CONFIGURATIONS FOR ACHIEVING THE INVENTION

First embodiment

Before describing the structure of an active matrix circuit board according to the present
embodiment, the basic structure of an active matrix circuit board with a buiit-in drive circuit
and used in liquid crystal display panels is described.

Fig. 1 is a simple block diagram of an active matrix circuit board with a built-in drive circuit,
Fig. 2 is a simple block diagram typically showing the structure of the pixel area of an active
matrix circuit board, and Fig. 3 is a cross sectional diagram typically showing the basic struc-
ture of a liquid crystal display panel.

In Fig. 1, active matrix circuit board 10 is divided into a pixel area 10a and drive circuit areas
10b, 10c (peripherai circuit part). Pixel region 13 is divided and formed in pixel area 10a by

_scanning lines (gate lines) 11a, 11b... {11) connected to drive circuit area 10b (scanning line

drive circuit), and data lines 12a, 12b... (12) connected to drive circuit area 10c {data line drive
circuit) as shown in Fig. 2. TFT 10d, which switches between a state connecting and a state
interrupting the data line 12 side and the pixel electrode side based on the scanning signal from
scanning line 11, is formed in pixel region 13. A CMOS circuit is also formed in drive circuit
areas 10b, 10c by thin-film transistors of a different conductive type.

Of these thin-film transistors, a small OFF current characteristic is required in TFT 10d of pixel
area 10a so that a sufficient charge can be held in liquid crystal capacitance 10f. Because high
speed operation compatible with high quality display operation is required in the thin-film tran-
sistor of drive circuit areas 10b, 10c, a thin-film transistor with a self-alignhment structure is
generally used in drive circuit areas 10b, 10c.

Itis to be noted that, as shown in Fig. 2, there are cases in which storage capacitance 10e is
formed in pixel region 13, and this storage capacitance 10e may be constructed overlaid with
part of the preceding scanning line 11,as the top pole and part of the drain electrode of TFT
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10d as the bottom pole. Therefore, if the OFF current of TFT 10d of pixel area 10a is large, it
is necessary to increase storage capacitance 10e, and the aperture ratio of pixel region 13 is
decreased. Note that liquid crystal capacitance 10f is the capacitance when active matrix
circuit board 10 and counter circuit board 16 on which counter electrode 15 is formed are
placed in opposition sandwiching liquid crystals 17 as shown in Fig. 3.

Thus, three types of thin-film transistors, including a pair of opposite conductive type thin-film
transistors in the drive circuit area and a thin-film transistor in the pixel area, are formed
because the characteristics required in the thin-film transistors are different in a built-in drive
circuit type active matrix circuit board 10.

The following structure and manufacturing method are therefore used in the present invention
as will be described below so that different types of thin-film transistors can be efficiently
manufactured.

Fig. 4 is a cross sectional diagram typically showing, of the thin-film transistors (hereafter
"TFT") formed in the active matrix circuit board of the present embodiment, the structure of
the TFT formed in the pixel area and the n-channel type TFT and p-channel type TFT formed in
the drive circuit area.

In Fig. 4, in active matrix circuit board 100 of the present embodiment, n-channe! type TFT-A
of the drive circuit area, p-channel type TFT-B of the drive circuit area, and n-channel type TFT-
C of the pixel area are formed on a transparent insulated substrate 101 in order from the left
side as logking at the figure. The CMOS circuit is formed in the drive circuit area by TFT-A and
TFT-B.

Gate insulation film 114 is formed on the surface side of channel formation area 111 and
source-drain areas 112, 113, and gate electrode 115 is formed on the surface side of this gate
insulation film 114 in TFT-A. Source-drain areas 112, 113 are nt high concentration areas
with an impurity concentration equal to or greater than 1 x 1019/cm3, e.g.. 1 x 102°Icm3,

and are formed self-aligned to gate electrode 115.

Gate insulation film 124 is formed on the surface side of channel formation area 121 and
source-drain areas 122, 123, and gate electrode 125 is formed on the surface side of this gate
insulation film 124 in TFT-B. Source-drain areas 122, 123 are p* high concentration areas
with an impurity concentration equal to or greater than 1 x 101 9Icm3, e.g.. 1 x 102°Icm3.

and are formed self-aligned to gate electrode 125.

Gate insulation film 134 is formed on the surface side of channel formation area 131 and
‘source-drain areas 132, 133, and gate electrode 135 is formed on the surface side of this gate
insulation film 134 in TFT-C. Source-drain areas 132, 133 are formed as n” iow densltv areas
with an impurity concentration equal to or less than 1 x 10191cm3, e.g., 5x 10 alcms, and
are formed self-aligned to gate electrode 135.
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Therefore, a large ON current can be obtained in TFT-A and TFT-B of the drive circuit area. In
addition, the OFF current is small in the TFT-C of the pixel area because source-drain areas
132, 133 are low concentration of impurities. As a result, high resolution, high quality display
can be achieved in a liquid crystal display panel using the active matrix circuit board 100 of
this embodiment because high speed operation is possible in the drive circuit area and the writ-
ten charge can be sufficiently maintained in the pixel area.

The manufacturing method of active matrix circuit board 100 of such a structure is described
with reference to Fig. 5.

Fig. 5 shows a process flow of th'e manufacturing method of the active matrix circuit board of
the present embodiment.

First, as shown in Fig. 5 (a), after forming a poiycrystalline silicon film on the surface side of
insulated substrate 101, this is patterned to form silicon films 110, 120, 130. Silicon film 110
is a first silicon film for forming TFT-A in the drive circuit area, and silicon film 120 is a second
silicon film for forming TFT-B in the drive circuit area. Silicon film 130 is a third silicon film for
forming TFT-C in the pixel area (first process).

Next, gate insulation films 114, 124, 134 are formed on the surface side of each silicon film
110, 120, 130 {second process).

Next, after forming a polycrystalline silicon film on the surfaces of gate insulation films 114,
124, 134 (the entire surface of insulated substrate 101), a high concentration impurity is intro-
duced into it. The polycrystalline silicon film into which an impurity was introduced is then
patterned using photoetching technologies to form gate electrodes 115, 125, 135. The gate
lines are simultaneously formed with the same materials when forming gate electrodes 115,
125, 135 (third process).

It is to be noted that because the etching end point can be positively confirmed due to dry
etching using CF 4 plasma being used in the present embodiment for patterning the polycrystal-
line silicon film, the dimensions of the silicon film after patterning can be precisely controlled.

Next, as shown by arrow P*, low concentration phosphorus ions are implanted at a 5 x
1013/cm2 dose to silicon films 110, 120, 130 using gate electrodes 115, 125, 135 as a mask
{low concentration area formation process).

As a result, low concentration areas 110a, 120a, 130a with a 5 x 1018'/cm3 impurity concen-
tration are formed self-aligned to gate electrodes 115, 125, 135 in silicon films 110, 120, 130.
Low concentration area 130a becomes source-drain areas 132, 133 of TFT-C without further
ion implanting in the following processes. In addition, that part of silicon film 130 positioned
directly below gate electrode 135 becomes channel formation area 131.
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Next, as shown in Fig. 5 (b), after masking the side with silicon films 120, 130 with resist
140, high concentration phosphorus ions are implanted ata 1 x 1(')15/cm2 dose to silicon film
110 ({low concentration area 110a) as shown by arrow P+ (fourth process}.

As a result, low concentration area 110a becomes source-drain area 112, 133 (n* high
density area) witha 1 x 1020/cm3 impurity concentration formed self-aligned to gate electrode
115. In addition, that part of silicon film 110 positioned directly below gate electrode 115
becomes channel! formation area 111.

Next, as shown in Fig. 5§ (c), after masking the sides with silicon films 110, 130 with resist
160, high concentration boron ions are implanted at a 1 x 101 5/cm2 dose to silicon film 120
(low concentration area 120a) as shown by arrow BT (fourth process).

As a result, low concentration area 120a becomes source-drain areas 122, 123 (p+ high
density area) witha 1 x 1020/cm3 impurity concentration formed self-aligned to gate electrode
125. In addition, that part of silicon film 120 positioned directly below gate electrode 125
becomes channel formation area 121.

In this way, even when three types of TFT are formed on one active matrix circuit board 100,
a low concentration impurity is also implanted to the drive circuit area side in the process
forming the low concentration area on the pixel area side, and a high concentration area is
formed there by the high concentration impurity implanted to the drive circuit area side. There-
fore, the impurity concentration of each area can be separately controlled while holding the
number of masking operations to a minimum. Therefore, a TFT having an optimal structure
can be manufactured by the manufacturing method of the present embodiment without side
etching the gate electrode. As a result, the display definition of the liquid crystai display panel
can be improved because the ON current characteristic of the drive circuit area TFT and the
OFF current characteristic of the pixel area TFT can be improved, and the electrical characteri-
stics are stable.

The electrical characteristics of the TFT-A and TFT-C formed in this way are described with
reference to Fig. 6.

Fig. 6 is a graph showing the relationship between the gate voltage Vg and drain current Id
when the impurity concentration of the source-drain area is varied in an n-channel type TFT.

In Fig. 6, solid line 5E13 shows the characteristics of the TFT with phosphorus implanted at a
5x 1013/cm2 dose to the source-drain area. Solid line 1E14 shows the characteristics of the
TFT with phosphorus implanted at a 1 x 101"'/¢:m2 dose to the source-drain area. Solid line
5E14 shows the characteristics of the TFT with phosphorus implanted at a 5 x 10! 5Icm2 dose
to the source-drain area.

As will be known by comparing these characteristics, the ON current drops because the elec-
trical resistance of the source-drain area increases as the dose is reduced. Furthermore, the

1



This Sheet Hg

™

-13-

OFF current draps because electrical field strength between the drain area and gate electrode is
decreased in addition to the electrical resistance of the source-drain area increasing as the
dose is reduced. Therefore, it is sufficient to form the source-drain area as a low concentration
area in the pixel area TFT where a small OFF current is required.

Because a low OFF current is required in the TFT-C in the pixel area through the gate voltage
Vg range from O V to approximately -10 V, the impurity dose to the source-drain areas 132,
133 is less than or equal to 1 x 1014/cm2, and preferably less than 5 x -1013/cm2. However,
because the ievel of the TFT-C OFF current differs according to the setting conditions and the
specifications of the liquid crystal display panel in which active matrix circuit board 100 is
mounted, the impurity concentration of source-drain areas 132, 133 is set to an optimal level
according to the specifications and setting conditions.

The ON current of TFT-A and TFT-B in the drive circuit area is generally, however, preferably
greater, and when gate voltage Vg is 10 V, drain current Id must be 10 yA or greater. There-
fore, the impurity dose to the source-drain area of TFT-A and TFT-B must be approximately 1 x
1014’/cm2 or greater.

It is to be noted that the TFT ON current and OFF current are also dependent on the film thick-
ness of the polycrystalline silicon film in the channel formation area and the film thickness of
the gate insulation film, in addition to the impurity concentration of the source-drain area.
Furthermore, the electrical resistance of the source-drain area affecting the ON current and OFF
current is also dependent on the film thickness and polycrystallinity of the source-drain area.
Moreover, in addition to the dosage, the impurity concentration of the source-drain area is also
affected by the ion energy during implantation and the film thickness of the gate insulation
film. Therefore, the dosage is set as may be required with consideration for the ion energy and
the film thickness of the gate insulation film.

Second embodiment

The structure of an active matrix circuit board according to the present embodiment is basically
the same as the structure of the active matrix circuit board according to the first embadiment,
and only that a pad area, which is a high concentration area, is formed in the source-drain area
differs. Therefore, parts with functionality common to the first embodiment are identically
labelled, and further identification in the figures and detailed description are omitted.

Fig. 7 is a cross sectional diagram typically showing the structure of the pixel area TFT formed
in an active matrix circuit board according to the present embodiment.

in active matrix circuit board 100a of this embodiment, source-drain areas 112, 113 of TFT-A
arent high concentration areas with an impurity concentration of 1 x 101910m3 or greater,
e.g., 1 x 102°/cm3. 'and are formed seif-aligned to gate electrode 115. Source-drain areas
112, 113 are composed of thin upper layer source-drain areas 112a, 113a and thick bottom
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layer source-drain areas 112b, 113b formed from a polycrystalline silicon film the same as
channei formation area 111.

Source-drain areas 122, 123 of TFT-B are p+ high concentration areas with an impurity
concentration of 1 x 10191cm3 or greater, e.g., 1 x 102°/cm3, and are formed self-aligned to
gate electrode 125. Source-drain areas 122, 123 are composed of thin upper layer source-
drain areas 122a, 123a and thick bottom layer source-drain areas 122b, 123b formed from a
polycrystalline silicon film the same as channel formation area 121,

Source-drain areas 132, 133 of TFT-C are formed self-aligned to gate electrode 115, and are
composed of thin upper layer source-drain areas 132a, 133a and thick bottom layer source-
drain areas 132b, 133b formed from a polycrystalline silicon film the same as channel forma-
tion area 131. Of these, the top layer source-drain areas 132a, 133a are n” low concentration
areas with an impurity concentration of 1 x 1019lcm:3 or less, e.g., b x 1018/cm3. Relative to
this layer, the bottom layer source-drain areas 132b, 133b are n* high concentration areas
with an impurity concentration of 1 x 1019/cm3 or greater, e.g., 1 x 1020/cm3.
in TFT-A and TFT-B of the drive circuit area thus formed, source-drain areas 112, 113, 122,
123 are formed self-aligned to gate electrodes 115, 125, and, moreover, are formed as high
concentration areas with a low electrical resistance. Furthermore, because source-drain areas
112, 113, 122, 123 are formed in two layers with a thick film thickness, the electrical resi-
stance is low. Therefore, a high ON current can be obtained in TFT-A and TFT-B of the drive
circuit area. In addition, because the film thickness is thick and source-drain areas 132b,
133b, which are high concentration areas, are formed in source-drain areas 132, 133 of the
TFT-C of the pixel area, the electrical resistance there is low and the ON current is thus high.
Regardless of this, however, that part of source-drain areas 132, 133 near the edge of gate
electrode 135 in the TFT-C of the pixel area is the thin film thickness, low concentration area
source-drain areas 132a, 133a, and a sufficiently low OFF current can therefore be obtained.
As a result, high speed operation is possible in the drive circuit area and the written charge can
be sufficiently maintained in the pixel area.

In the manufacturing method of active matrix circuit board 100a thus constructed, after
forming a thick film thickness polycrystailine silicon film on the surface side of insulated
substrate 101, this is patterned to form silicon films 161, 162, 163 for forming source-drain
areas 112b, 113b, 122b, 123b, 132b, 133b of the bottom {ayer as shown in Fig. 8 (a).

Next, as shown in Fig. 8 (b}, high concentration boron ions are implanted to silicon film 162 at
alx 1015/cm2 dose with silicon films 161, 163 masked by resist 164 to form source-drain
areas 122b, 123b of the bottom layer.

Neqct, as shown in Fig. 8 (c), high concentration phosphorus ions are implanted to silicon films
161, 163 ata 1 x 101 slcm“'Z dose with siticon film 162 masked by resist 165 to form source-
drain areas 112b, 113b, 132b, 133b of the bottom layer.
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Heat treatment is then applied to activate the implanted impurity. This activation may be
applied after forming the other component areas during the heat treatment applied to activate
those areas.

Next, as in the process described in the first embodiment with reference to Fig. 5 (a), after
forming a thin polycrystalline silicon film over the entire surface of insulated substrate 101, it is
patterned to form silicon films 110, 120, 130. Thereafter, the same processes described in
the first embodiment with reference to Figs. 5 (a) to Fig. 5 (¢}, including formation of the gate
insulation film and gate electrodes on the surface side of silicon films 110, 120, 130, are
applied, and further description is therefore omitted.

It is to be noted that because high concentration boron ions are implanted to silicon film 120
using resist 160 covering the TFT-A and TFT-C formation areas in the following processes as
shown in Fig. 5 (c), the process shown in Fig. 8 (b} may be omitted and the bottom layer
source-drain areas 122b, 123b formed in the process shown in Fig. 5 (c). By means of this
method, the increase in the number of processes can be heid to a minimum even when forming
different conductive type pads (source-drain areas 112b, 113b, 122b, 123b, 132b, 133b of
the bottom layer).

Third embodiment

The structures of an active matrix circuit board according to the present embodiment and the
fourth and fifth embodiments described after this embodiment are basically the same as the
structure of the active matrix circuit board according to the first embodiment, and only the
structure of the TFT in the pixel area differs. Therefore, parts with functionality common to
the first embodiment are identically labelled, and further identification in the figures and detai-
led description are omitted.

Fig. 9 is a cross sectional diagram typically showing the structure of the TFT of the pixel area
formed in an active matrix circuit board according to the present embodiment.

in active matrix circuit board 200 of this embodiment, the n-channel type TFT-C of the pixel
area is formed over transparent insulated substrate 101 in Fig. 9, and n-channel type TFT-A
and p-channel type TFT-B of the drive circuit area are formed over the same insulated substrate
101 as shown in Fig. 4.

As described in the first embodiment, source-drain areas 112, 113, 122, 123 of TFT-A and
TFT-B are high concentration areas with an impurity concentration of 1 x 1019/cm3 or greater,
‘and are formed seif-aligned to gate electrodes 115, 125.

Agéin, in Fig. 9, gate insulation film 234 is formed on the surface side of source-drain areas
232, 233 and channel formation area 231 in TFT-C, and gate electrode 235 is formed on the
surface side of this gate insulation film 234. Layer insulation film 260 is formed on the surface
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side of gate electrode 235, source electrode 271 is connected to source-drain area 232
through the first contact hole 261, and pixel electrode 272 is connected to scurce-drain area
233 through second contact hole 262.

In this embodiment, those parts of source-drain areas 232, 233 corresponding to the openings
of first contact hole 261 and second contact hole 262 are high concentration contact areas
232a, 233a with an impurity concentration of 1 x 10191cm3 or greater, e.g., 1 x 102°/cm3,
and the remaining areas are low concentration source-drain areas 232b, 233b with an impurity
concentration of 1 x 101‘c"/cm3 or less, e.g., 5 x 1018/cm3. Therefore, that part of TFT-C
positioned near the edge of gate electrode 235 is an LDD structure, i.e., low concentration
source-drain areas 232b, 233b. As a result, the OFF current of TFT-C is small as shown by

solid line 5E13 in Fig. 6.

The TFT-C ON current is also high because high concentration contact areas 232a, 233a are
formed in source-drain areas 232, 233. Specifically, in addition to the overall electrical resi-
stance of the source-drain areas 232, 233 dropping due to high concentration contact areas
232a, 233a, the TFT-C ON current is high, equivalent to the characteristic shown by solid line
5E14 in Fig. 6 because the contact resistance of source-drain area 233 (drain area) and pixel
electrode 272 formed from ITO is low.

Fig. 10 is a graph showing the relationship between the dosage of impurity ions to the area
connected by pixel electrode 272 formed from ITO and the contact resistance there. As
shown in Fig. 10, if the dosage to source-drain area 233 is increased, the contact resistance
tends to drop, and the contact resistance becomes severely low in particular when the dosage
exceeds 1 x 1014/cm2.

Note that even in the connection of source electrode 271, which is an aluminum electrode, and
source-drain area 232 (source area), the contact resistance tends to drop the higher the impu-
rity concentration in the area to which source electrode 271 connects. However, because the
contact resistance of aluminum and polycrystalline silicon is basically low, the contribution to
improving the ON current characteristic is less than when the contact resistance of the pixel
electrode 272 and source-drain area 233 is reduced.

Furthermore, when the length in the lateral direction of low concentration source-drain areas
232b, 233b in source-drain areas 232, 233 {(the distance in the lateral direction from the edge
of high concentration contact areas 232a, 233a to the edge of gate electrode 235) was varied
in the range from 1 um to 4 ym, and the ON current characteristics and OFF current characte-
ristics of the TFT-C were studied, it was confirmed that the OFF current does not change and
the ON current changes only a slight 10+ % in this range. Tharefore, in the present embaodi-
ment, by setting the length dimension of {ow concentration source-drain areas 232b, 233b to
ap’p;oximately 2 um, variation in the ON current characteristics can be held to 10% or less
even when there is 3 =1 ym variation in this dimension.
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The manufacturing method of an active matrix circuit board of such construction is described
with reference to Fig. 11.

Fig. 11 shows a process flow of the manufacturing method of the active matrix circuit board of
this embodiment.

First, as shown in Fig. 11 (a), after forming a polycrystalline silicon film on the surface side of
insulated substrate 101, this is patterned to form silicon films 110, 120, 230. Silicon film 110
is a first silicon film for forming TFT-A, and silicon film 120 is a second silicon film for forming
TFT-B. Silicon film 230 is a third silicon film for forming TFT-C {first process).

Next, gate insulation films 114, 124, 234 are formed on the surface side of each silicon film
110, 120, 230 (second process).

Next, after forming a polycrystalline silicon film on the surfaces of gate insulation films 114,
124, 134 (the entire surface of insulated substrate 201}, a high concentration impurity is intro-
duced into it. The polycrystalline silicon film is then patterned using photoetching technologies
to form gate electrodes 115, 125, 235. The gate lines are simultaneously formed with the
same materials when forming gate electrodes 1156, 125, 235 (third process).

Next, as shown by arrow P ¥, phosphorus ions are implanted at a 5 x 101:‘,’Icm2 dose to sili-
con films 110, 120, 230 using gate electrodes 115, 125, 235 as a mask. As a resuit, low
concentration areas 110a, 120a, 230a with a § x 1018/<:m3 impurity concentration are formed
self-alighed to gate electrodes 115, 125, 235 in silicon films 110, 120, 230 (low concentration
area formation process).

Next, as shown in Fig. 11 (b}, the side with silicon films 120, 230 is masked with resist 240.

Openings 241, 242 are formed here in that part of low concentration area 230a of silicon film
230 corresponding to where the high concentration contact areas 232a, 233a are to be
formed. In this state, high concentration phosphorus ions are implanted at a 1 x 1015/cm2
dose to silicon films 110, 230 as shown by arrow P (fourth process).

As a result, low concentration area 110a becomes source-drain areas 112, 133 (n* high
concentration area) with a 1 x 1020/cm3 impurity concentration formed self-aligned to gate

electrode 115.

With respect to this, high concentration contact areas 232a, 233a with an impurity concentra-
tion of 1 x 102°/cm3 are formed in low concentration area 230a of silicon film 230, and that
part to which high concentration ions were not implanted becomes low concentration source-
drain areas 232b, 233b with an impurity concentration of 5 x 1018/cm3. In addition, that part
of silicon film 230 positioned directly below gate electrode 235 becomes channel formation
area 231.
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Next, as shown in Fig. 11 {c), after masking the sides with silicon films 110, 230 with resist
250, high concentration boron ions are implanted at a 1 x 1015/cm2 dose to silicon film 120
as shown by arrow B™ (fifth process).

As a result, low concentration area 120b becomes source-drain areas 122, 123 (p+ high
concentration areas) with a 1 x 1020/cm3 impurity concentration formed self-aligned to gate

electrode 125.

Because the dosage conditions can be independently set for the n-channel type TFT-A of the
drive circuit area, the p-channel type TFT-B of the drive circuit area, and the n-channel type
TFT-C of the pixel area by means of the manufacturing method of this embodiment as thus
described, a TFT with optimum electrical characteristics can be manufactured. Furthermore,
because high concentration contact areas 232a, 233a are formed while forming the LDD struc-
ture by twice implanting ions to source-drain areas 232, 233 in TFT-C, the electrical resistance
and the contact resistance of the overall source-drain areas 232, 233 can be reduced with the
OFF current held low.

It is to be noted that in the first through third embodiments the low concentration area forma-
tion process can be applied after either the third, fourth, or fifth process. In addition, the order
of the fourth and fifth processes can be reversed.

Fourth embodiment

Fig. 12 is a cross sectional diagram typically showing the structure of the TFT of the pixel area
formed in an active matrix circuit board according to the present embodiment.

In active matrix circuit board 300 of this embodiment, the n-channel type TFT-C of the pixel
area is formed over transparent insulated substrate 101 in Fig. 12, and n-channel type TFT-A
and p-channel type TFT-B of the drive circuit area are formed over the same insulated substrate

101 as shown in Fig. 4.

As described in the first embodiment, source-drain areas 112, 113, 122, 123 of TFT-A and
TFT-B are high concentration areas with an impurity concentration of 1 x Iomlcm3 or greater,
eg., 1x 102°/cm3, and are formed selif-aligned to gate electrodes 115, 125.

Again, in Fig. 12, gate insulation film 334 is formed on the surface side of source-drain areas
332, 333 and channel formation area 331 in TFT-C, and gate electrode 335 is formed on the
surface side of this gate insulation fifm 334. Layer insulation film 360 is formed on the surface
side of gate electrode 335, source electrode 371 is connected to source-drain area 332
through the first contact hole 361, and pixel electrode 372 is connected to source-drain area

333 through second contact hole 362.
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TFT-C has an offset gate structure formed at a position approximately 2 um removed in the
:ateral direction from the edge of gate electrode 335 with the source-drain areas 332, 333 as
high concentration areas with an impurity concentration of 1 x 1019/cm3 or greater, e.g., 1 x
1020/cm3. TFT-C therefore has a small OFF current. Furthermore, because the distance in
the lateral direction between gate electrode 335 and the source-drain area in TFT-C is set to
approximately 2 um, the drop in the ON current resulting from the offset structure is held to a
minimum. Moreover, the contact resistance of the drain electrode formed from ITO and the
source-drain areas 332, 333 is low. On the other hand, TFT-A and TFT-B have a high ON
current because of their self-aligned structure,

The manufacturing method of an active matrix circuit board of such construction is described
with reference to Fig. 13.

Fig. 13 is a process cross section showing the manufacturing method of the active matrix
circuit board of this embodiment.

in the manufacturing method of this embodiment, the ion impiantation performed in the
process shown in Fig. 11 (a) in the manufacturing method associated with the third embaodi-
ment is not performed. Specifically, as shown in Fig. 13 (a), the polycrystalline silicon film
formed over insulated substrate 101 is patterned form silicon films 110, 120, 330. Silicon film
110 is a first silicon film for forming TFT-A, and silicon film 120 is a second silicon film for
forming TFT-B. Silicon film 330 is a third silicon film for forming TFT-C (first process).

Next, gate insulation films 114, 124, 334 are formed on the surface side of each silicon film
110, 120, 330 {second process).

Next, after forming a polycrystalline silicon film on the surfaces of gate insulation films 114,
124, 334 (the entire surface of insulated substrate 201), a high concentration impurity is intro-
duced into it. The polycrystalline silicon film is then patterned using photoetching technologies
to form gate electrodes 115, 125, 335. (third process).

Next, as shown in Fig. 13 (b}, the side with silicon films 120, 330 is masked with resist 340,

Openings 341, 342 are formed here in that part of resist 340 corresponding to where source-
drain areas 332, 333 are to be formed in silicon film 330. In this state, high concentration
phosphorus ions are implanted ata 1 x 101 5/cm2 dose to silicon films 110, 330 as shown by
arrow P ¥ (fourth process).

As a result, source-drain areas 112, 133 {n* high concentration area) with a 1 x 102°/cm3

impurity concentration are formed self-aligned to gate electrode 115 in silicon film 110.

With respect to this, offset gate structure source-drain areas 332, 333 are formed in silicon
film 330 with an impurity concentration of 1 x 10'%/em3 or greater. That part of silicon film
330 to which ions were not implanted becomes channel formation area 331.

]
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Next, as shown in Fig. 13 (c), after masking the sides of silicon films 110, 330 with resist
350, high concentration boron ions are implanted at a 1 x 10151cm2 dose to silicon film 120

as shown by arrow B™ (fifth process).

As a result, silicon film 120 becomes source-drain areas 122, 123 (p™* high concentration
areas} witha 1 x 1020/cm3 impurity concentration formed seif-aligned to gate electrode 125.

itis to be noted that the order of the fourth and fifth processes can be reversed.

Because the dosage conditions can be independently set for TFT-A, TFT-B, and TFI'-C'by
means of the manufacturing method of this embodiment as thus described, formation under
optimal conditions is possible. Furthermore, over-etching for gate electrode 335 is not neces-
sary when forming TFT-C with an offset gate structure. As a result, the gate length of TFT-C
is stable, and a high reliability active matrix circuit board 300 can be manufactured.

Fifth embodiment

The structure of the active matrix circuit board of this embodiment is basically the same as the
structure of the active matrix circuit board of the fourth embodiment, and is characterized by
forming a pad area, which is a high concentration area, only in the source-drain area of the n-
channel type TFT.

Fig. 14 is a cross sectional diagram typically showing the structure of the TFT formed in an
active matrix circuit board according to the present embodiment.

In active matrix circuit board 400 of this embodiment, gate insulation film 414 is formed on the
surface side of channel formation area 411 and source-drain areas 412, 413 in TFT-A, and
gate electrode 415 is formed on the surface side of this gate insulation film 414.

Source-drain areas 412, 413 aren™* high concentration areas with an impurity concentration
of 1 x 10 9/cm3, e.g., 1x 102()lcm3 formed seif-aligned to gate electrode 415. Source-drain
areas 412, 413 comprise thin top layer source-drain areas 412a, 413a formed from the same
polycrystalline silicon film as channel formation area 411, and thick bottom {ayer source-drain
areas 412b, 413b.

Gate insulation film 124 is formed on the surface side of channel formation area 121 and
source-drain areas 122, 123, and gate electrode 125 is formed on the surface side of this gate
insulation film 124 in TFT-B. Source-drain areas 122, 123 arep ™ high density areas with an
‘impurity concentration equal to or greater than 1 x 10191cm3, e.g. 1x 102°Icm3. and are
formed self-aligned to gate electrode 125.
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Gate insulation film 434 is formed on the surface side of channel formation area 431 and
source-drain areas 432, 433, and gate electrode 435 is formed on the surface side of this gate
insulation film 434 in TFT-C.

Source-drain areas 432, 433 comprise thin top layer source-drain areas 432a, 433a formed
from the same polycrystalline silicon film as channel formation area 431, and thick bottom
fayer source-drain areas 432b, 433b. Top layer source-drain areas 432a, 433a are non-doped
areas. Bottom layer source-drain areas 432b, 433b, however, are n + high concentration areas
with an impurity concentration of 1 x 1019/cm3, e.g., 1 x 1020/cm3_ As a result, that part of
top layer source-drain areas 432a, 433a positioned near the edge of gate electrode 435
becomes non-doped offset areas 432¢, 433c.

it is to be noted that while not shown in the figures, the source electrodes and drain electrodes
of TFT-A and TFT-C are connected to bottom layer source-drain areas 412b, 413b, 432b,
433b,

In TFT-A and TFT-B of the drive circuit area thus formed, source-drain areas 412, 413, 122,
123 are formed seif-aligned to gate eiectrodes 415, 125, and are formed as high concentration
areas with a low electrical resistance. Furthermore, because source-drain areas 412, 413 are
formed in two layers with a thick film thickness, the electrical resistance is low. Therefore, a
high ON current can be obtained in TFT-A and TFT-B of the drive circuit area. In the same
way, because the film thickness is thick in source-drain areas 432, 433 of TFT-C in the pixel
area, and source-drain areas 432b, 433b, which are high concentration areas, are formed, a
high ON current can be obtained because the electrical resistance there is low. Nevertheless,
because TFT-C in the pixel area has an offset gate structure and the film thickness of offset
areas 432c, 433c is thick, the OFF current is sufficiently low. As a result, high speed opera-
tion is possible in the drive circuit area, and the written charge can be sufficiently held in the

pixel area.

In the manufacturing method of an active matrix circuit board 400 6f such structure, after first
forming a thick film thickness, non-doped silicon fifm on the surface side of insuiated substrate
101, the silicon film is patterned to form silicon films 401, 402, 403 as shown in Fig. 15 (a).

Next, as shown in Fig. 15 (b}, with silicon film 402 masked by resist 420, high concentration
phosphorus ions are implanted ata 1 x 1015l¢:m2 dose to silicon films 401, 403 as shown by
arrow Pt to form source-drain areas 412b, 413b of the bottom fayer.

Next, as shown in Fig. 15 (c), after forming a thin polycrystalline silicon film over the entire
surface of insulated substrate 101, it is patterned to form non-doped silicon films 410, 420,
430. Silicon film 420 combines with silicon film 402 here to form silicon film 12Q. Silicon film

410 is the first silicon film for forming TFT-A, and silicon film 120 is a second silicon film for
forming TFT-B. Silicon film 420 is the third silicon film for forming TFT-C (first process).
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Next, gate insulation films 414, 124, 434 are formed on the surface side of each silicon film
410, 120, 430 (second process), and then gate electrodes 415, 125, 435 are formed (third
process).

Next, as shown in Fig. 15 (d), the side with silicon films 120, 430 is masked by resist 440. In
this state, high concentration phosphorus ions are impilanted ata 1 x 101 5/cm2 dose to silicon
films 410, 430 as shown by arrow P ™ (fourth process].

3

As a result, source-drain areas 412, 433 witha 1 x 10201cm impurity concentration formed

self-aligned to gate electrode 415.

A resist mask with openings formed in that part of silicon film 430 corresponding to where
source-drain areas 432b, 433b of the bottom fayer are to be formed can be used here. in this
case, all of source-drain areas 432, 433 except for the offset area can be formed as n high
concentration areas.

Next, after masking silicon films 410, 430 with resist 450 as shown in Fig. 15 (e}, high
concentration boron ions are implanted at a 5 x 1015/cm2 dose to silicon film 120 as shown
by arrow B* (fifth process}.

As a result, source-drain areas 122, 123, which are p T high concentration areas, are formed
seif-aligned to gate electrode 125 in silicon film 120.

it is to be noted that because the thicker the film thickness of source-drain areas 412, 413, the
higher the ON current of TFT-A, and thus the better, the overall thickness of source-drain areas
412, 413 and channel formation area 411 can be increased as in TFT-B. In addition, the order
of the fourth and fifth processes can be reversed.

Sixth embodiment

The manufacturing method of a conductive silicon film is described as the sixth embodiment.

Fig. 16 is a structural diagram of the ion implantation device used to manufacture the n-type
conductive silicon film of this embodiment.

In Fig. 16, an extraction electrode 53 for extracting impurity ions 52 from plasma source 51,
and acceleration electrode 54 for accelerating the impurity ions 52 to a predetermined energy
level are provided in ion implantation machine 50, and a voitage is applied to extraction elec-
trode 53 and acceleration electrode 54. As a result, impurity ions 52 extracted from plasma
sdu_rce 51 can be implanted to the polycrystalline silicon film formed on the surface of glass
substrate 55.
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A mass separator for applying mass separation to the ions generated from the dopant gas is
not provided in ion implantation machine 50, and all ions generated from the dopant gas are
implanted to the polycrystalline silicon film without mass separation.

In the manufacturing method (impurity activation method) of the conductive silicon film accor-
ding to this embodiment using a ion implantation machine 50 of this type, a polycrystalline sili-
con film with a thickness of, for example, 500 A, is first formed on the surface of a glass sub-
strate, and on the surface of the polycrystalline silicon film is formed a 1200 A thick silicon
dioxide film (Si02 film}). When forming a TFT from the polycrystalline silicon film, it is
preferable to form the polycrystailine silicon film with a crystallization rate of 75% or higher,
and it is even more preferable to form it with a 30% or higher rate.

Next, using ion implantation machine 50, all ions generated from a mixed gas (dopant gas)
containing 5% PH3 with the remainder being hydrogen are implanted to the polycrystalline sili-
con film through the silicon dioxide film at an 80 keV energy level without mass separation
{first ion doping process).

The dosage of the ions impianted at this time is 1 x 107%/cm? converted to P* ions. As a
result, the Pt jon concentration peak in the polycrystalline silicon film will be approximately 1
X ‘IO1 9Icma.

Continuing, using ion impiantation machine 50, ions generated from a 100% pure hydrogen
gas are implanted to the polycrystailine silicon film through the silicon dioxide film at a 20 keV
energy level without mass separation (second ion doping process}.

In this embodiment, most of the ions generated from the pure hydrogen gas are Hz , and by
setting the implantation energy level to 20 keV in this case, the concentration peak in the Hz +
depth direction can be controlled to be positioned at the boundary of the polycrystalline silicon
film and the silicon dioxide film.

Heat treatment with a temperature of approximately 300°C is then applied for approximately
one hour to the polycrystaliine silicon film implanted with an impurity (P¥ ions) (heating
process).

The heat treatment temperature here is in the range from approximately 300°C to approxi-
mately 600°C, and preferably in the range from approximately 300°C to approximately
550°C. Furthermore, in the TFT manufacturing process, when a low-cost glass substrate is
used as the insulated substrate, the heat treatment temperature is preferably set within the

range from approximately 300°C to approximately 450°C.

The relationship between the hydrogen ion dose to the polycrystalline silicon film thus formed
and the sheet resistance is shown in Fig. 17. In Fig. 17 the hydrogen ion does is converted to

_aH™¥ ion quantity.
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As shown in Fig. 17, the resistance of the polycrystalline silicon implanted with a small quan-
tity of impurity is low when the dose of implanted H* ions is in the range from 1 x 10”’/cm2
tolx 101 5/cm2, or specifically when the concentration peak of H * ions in the polycrystalline
silicon film is in the range from 6 x 1018/cm3 to1x 102°/cm3. The reasons for this are
believed to be the resuit of competition between the effect of dangling bonds in the poiycry-
stalline silicon film terminating due to hydrogen ion implantation, and the effect of defects
being created by hydrogen ion implantation.

-24 .

Furthermore, the relationship between the phosphorus ion dose in the first doping process and
sheet resistance is shown in Fig. 18 when the conditions of the second ion doping process are
set so that ions generated from pure hydrogen are implanted without mass separation to the
polycrystalline silicon film at a dose from 1 x IOM’/cm2 to1x 101 5/cm2 to achieve a concen-
tration peak of H* ions in the polycrystalline sificon film in the range from 6 x 1018/cm3 [sic]
to1lx 1020/cm3. In Fig. 18, the phosphorus ions are shown converted to a P ion quantity.

As shown in Fig. 18, the sheet resistance drops if the PT ion dose is changed to the range
from 5 x 1012/cm2 to 1.5 x 1015/cm2, and the P ¥ ion concentration peak is increased from
5 x 1017/cm3 to 1.6 x 1019/cm3.

Therefore, a low concentration polycrystalline silicon film can be made conductive according to
this embodiment by heat treatment at a relatively low temperature of approximately 300°C by
implanting ions generated from a pure hydrogen gas to the silicon film without mass separation
after implanting all ions generated from a mixed gas, which contains an impurity gas for gene-
rating an impurity with the remainder being hydrogen, to the silicon film without mass separa-
tion. As a resuit, an LDD structure TFT can be formed on a low-cost glass substrate because a
TFT low concentration source-drain area can be formed even in a low temperature process. In
addition, because an electrode material with a low electrical resistance can be used as a result
of the heat resistance limitations of the gate electrode etc., being relaxed, the gate signai delay
can be reduced and the display quality in a liquid crystal display panel can be improved. In
addition, productivity is high because ions can be implanted to a wide area of the substrate
because mass separation is not used.

itis to be noted that the energy level during ion implantation is a property that must be set to
the optimum conditions based on the thickness and type of the silicon dioxide film formed on
the surface of the polycrystalline silicon film, and the type of ions implanted, and there is there-
fore no limit on the conditions.

For example, when the generated ions are primarily H +, if the implantation energy is set to 10
keV, the concentration peak in the H* depth direction can be controlled to a position at the
‘boundary of the polycrystalline silicon film and the silicon dioxide film.

In éddition, when the thickness of the silicon dioxide film is approximately 800A, using ion
implantation machine 50, all ions generated from a mixed gas containing 5% PH5 with the
remainder being hydrogen are impianted to the polycrystalline silicon film through the silicon
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dioxide film at a 50 keV energy level without mass separation. To achieve a P ion concentra-
tion peak in the polycrystalline silicon film of approximately 1 x 1019/cm3, the ion dose is set
to 6.5 x 1013/c:m2 converted to P ¥ ions (first doping process).

Continuing, using ion impiantation machine 50, ions generated from pure hydrogen are implan-
ted to the polycrystalline silicon film through the silicon dioxide film at a 12 keV energy level
without mass separation (first doping process).

Thereafter, heat treatment at approximately 300°C is applied to the polycrystalline silicon film
implanted with an impurity (P ™ ions) for approximately one hour (heating process).

Seventh embodiment

Next, the manufacturing method of a p-type conductive silicon film is described as the seventh
embodiment. It is to be noted that the ion implantation machine 50 used in the sixth embodi-
ment is also used in this embodiment, and with this device all ions generated from the dopant
gas are implanted to the polycrystaliine silicon film without mass separation.

In the conductive silicon film manufacturing method according to this embodiment using this
type of ion injection device 50, a polycrystalline silicon film with a thickness of, for example,
500 A, is first formed on the surface of a glass substrate, and on the surface of the polycry-
stailine silicon film is formed a 1200 A thick silicon dioxide film (Si02 film). When forming a
TFT from the polycrystalline silicon film, it is preferable to form the polycrystalline silicon film
with a crystallization rate of 75% or higher, and it is even more preferable to form it with a
890% or higher rate.

Next, using ion implantation machine 50, all ions generated from a mixed gas (dopant gas)
containing 5% 82H6 with the remainder being hydrogen are implanted to the polycrystalline
silicon film through the silicon dioxide film at an 80 keV energy level without mass separation
{first ion doping process).

The dosage of the ions implanted at this time is 1 x 1014It:m2 converted to B™ ions. As a
result, the B* ion concentration peak in the polycrystalline silicon film will be approximately 1
X 1019/cm3

Continuing, using ion injection device 50, ions generated from a 100% pure hydrogen gas are
implanted to the polycrystalline silicon film through the silicon dioxide film at a 20 keV energy
level without mass separation (second ion doping process).

4

In this embodiment, most of the ions generated from the pure hydrogen gas are H2+' and by
setting the implantation energy level to 20 keV in this cass, the concentration peak in the Hz +
depth direction can be controlled to be positioned at the boundary of the polycrystalline silicon
film and the silicon dioxide film.
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Heat treatment with a temperature of approximately 300°C is then appilied for approximately
one hour to the polycrystalline silicon film implanted with an impurity (8% ions) {heating

process).

The heat treatment temperature here is in the range from approximately 300°C to approxi-
mately 600°C, and preferably in the range from approximately 300°C to approximately
550°C. Furthermore, in the TFT manufacturing process, when a low-cost glass substrate is
used as the insulated substrate, the heat treatment temperature is preferably set within the
range from approximately 300°C to approximately 450°C.

The relationship between the hydrogen ion dose to the polycrystalline silicon film thus formed
and the sheet resistance is shown in Fig. 19. In Fig. 19 the hydrogen ion does is converted to

aH™ ion quantity.

As shown in Fig. 19, the resistance of the polycrystalline silicon implanted with a small quan-
tity of impurity is low when the dose of implanted H * jons is in the range from 1 x 1014/cm2
to1x 101 5/cm2, or specifically when the concentration peak of H * jons in the polycrystalline
silicon film is in the range from 6 x 1018/cm3 to 1 x 102°/cm3. The reasons for this are
believed to be the result of competition between the effect of irregular bonds in the polycry-
stalline silicon film terminating due to hydrogen ion implantation, and the effect of defects
being created by hydrogen ion implantation.

Furthermore, the relationship between the boron ion dose in the first doping process and sheet
resistance is shown in Fig. 20 when the conditions of the second ion doping process are set so
that ions generated from pure hydrogen are implanted without mass separation to the polycry-
stalline silicon film at a dose from 1 x 10”'Icm2 to1 x 101 5Icm2 to achieve a concentration
peak of H ions in the polycrystalline silicon film in the range from 6 x 101 alcma [siclto 1 x
102°/cm3. In Fig. 20, the boron ion is shown converted to a B * ion quantity.

As shown in Fig. 20, the sheet resistance drops if the B¥ ion dose is changed to the range
from 5 x 10121cm2 t0 1.5 x 101slcm2. and the B* ijon concentration peak is increased from
5x 1017/¢:m3 t0 1.6 x 1019/cm3.

Therefore, a low concentration polycrystalline silicon film can be made conductive according to
this embodiment by heat treatment at a relatively low temperature of approximately 300°C by
implanting ions generated from a pure hydrogen gas to the silicon film without mass separation
after implanting all ions generated from a mixed gas, which contains an impurity gas for gene-
rating an impurity with the remainder being hydrogen, to the silicon film without mass separa-
tlon

It is to be noted that in this embodiment, too, the energy lavel during ion implantation is a

__property that must be set to the optimum conditions based on the thickness and type of the
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silicon dioxide film formed on the surface of the polycrystalline silicon film, and the type of ions
implanted, and there is therefore no limit on the conditions.

For example, when the generated ions are primarily H +, if the implantation energy is set to 10
keV, the concentration peak in the H* depth direction can be positioned at the boundary of
the polycrystalline silicon film and the silicon dioxide film.

Furtherrhore, because the ions generated from the mixed gas containing 5% 82H6 with the
remainder hydrogen are primarily Bsz+ ions, implantation can use an'energy level of
approximately 40 keV when primarily BY ions are generated even though ions were implanted
at 80 keV in this embodiment. '

Eighth embodiment

A method for manufacturing TFT. applying the manufacturing method of a conductive silicon
film associated with the sixth embodiment is described with reference to Fig. 21 and Fig. 22.

Fig. 21 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 22 shows a process flow of the
manufacturing method.

In Fig. 21, silicon dioxide film 606 for preventing diffusion of heavy metals from glass
substrate 601 to the device area is formed on the surface of glass substrate 601, and on its
surface are formed an approximately 500 A thick polycrystalline silicon film that will become
channel formation area 607 and source-drain areas 602, 603 formed as n’-type low concentra-
tion areas. On the surface of source-drain areas 602, 603 and channel formation area 607 is
formed gate insulation film 608 from an approximately 1200 A thick silicon dioxide film (SiOz).
On the surface of this gate insulation film 608 is formed gate electrode 609 from tantalum,
aluminum, or chrome, and TFT 620 is formed from gate electrode 609, source-drain areas 602,
603, and channel formation area 607.

Source-drain areas 602, 603 are iow concentration areas formed self-aligned to gate electrode
608 with a concentration peak of phosphorus ions as the impurity from 3 x 10181cm3 to 1 x
101'9/cm3.

Layer insulation film 611 is formed on the surface side of gate electrode 609, and aluminum
source electrode 613 is connected to source-drain area 602 (source area), and aluminum and
ITO drain electrode 612 is connected to source-drain area- 603 (drain area), through contact
‘holes 611a, 611b.

In the manufacturing method of TFT 620 thus structured, silicon dioxide film 606 is formed as
an insulation film with a film thickness of approximately 2000 A on the surface of glass
substrate 601 as shown in Fig. 22 (a). This silicon dioxide film 606 is formed for the purpose
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of preventing diffusion of heavy metals, etc., contained in glass substrate 601 to the element
side, and can therefore be omitted when using a substrate of sufficient purity.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con film 604 is preferably approximately 75% or higher, and is even more preferably 90% or
higher (first process]).

Next, gate insulation film 608 is formed from SiO, with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 {second process).

Next, on the surface of gate insulation film 608, a iow electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 22 (b}, in ion implantation machine 50 shown in Fig. 16, all ions
(shown by arrow lon-1) generated from a mixed gas (doping gas) containing 5% PH3 with the
remainder being H2 gas are implanted to polycrystalline silicon film 604 at an approximately 80
keV energy level to achieve a P* ion dose in the range from 3 x 101:‘,‘/cm2 to 1 x 101‘4"/¢:m2
{first ion doping process).

As a result, polycrystalline silicon film 604 becomes low concentration area 604a with a phos-
phorus ion concentration peak in the range from 3 x 10! 8/cm3 tolx 101 9/cm3.

Next, as shown in Fig. 22 (c}, in ion implantation machine 50 shown in Fig. 16, all ions (shown
by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion area 604a at an approximately 20 keV energy level to achieve a H * ion dose in the range
from 1 x 1014'/cm2 to1x 1015/cm2 (second ion doping process).

As a resuit, the hydrogen ion concentration peak in low concentration area 604a is in the range
from 6 x 1018/cm3 to1x 102°/cm3.

Even after an impurity is implanted in this way, the crystaliinity of low concentration area 604a
is retained, and defects in the polycrystalline silicon film are filled by the implanted hydrogen
{above, the fourth process).

Next, as shown in Fig. 15 (d), the impurity is activated in polycrystalline silicon film 604 (low
concentration area 604a) implanted with the impurity by heat treatment for approximately one
hour at approximately 300°C in a nitrogen atmosphere (heating process).

As a result, that part of polycrystaliine silicon film 604 to which the impurity was introduced
becomes source-drain areas 602, 603. In addition, directly below gate electrode 608 becomes
channel formation area 607.
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Next, contact holes 609a, 6039b are formed after forming layer insulation film 611 on the
surface of gate electrode 609, and source electrode 613 and drain electrode 612 are connec-
ted to source-drain areas 602, 603.

The refationship between the P* dose and the drain current in TFT 620 thus manufactured
when the drain-source voitage Vds is 4 V and the gate voitage Vg is 10 V is shown by solid
fine 617 in Fig. 23. The relationship between the P* dose and the drain current when the
drain-source voltage Vds is 4 V and the gate voitage Vg is -10 V is also shown in Fig. 23 by
dotted line 618.

As shown in Fig. 23, the OFF current in TFT 620 can be reduced when the Pt dose is in the
range from 3 x 1013Icm2 to1x 1014lcm2, in other words when the phosphorus ion concen-
tration peak in the polycrystalline silicon film {source-drain areas 602, 603) is in the range from
3x10'8/em3 10 1 x 101%/em?,

In addition, a low cost glass substrate 601 can be used because a heat treatment temperature
of approximately 300°C can be used with the TFT manufacturing method of the present
embodiment. In addition, because high heat resistance is not required in gate electrode 609
and source electrode 613, a low electrical resistance electrode material can be used without
being restricted by heat resistance. Moreover, because mass separation is not used in any of
the ion doping processes, ions can be implanted to a wide area of the substrate.

Ninth embodiment

Fig. 24 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 25 shows a process flow of the
manufacturing method. It is to be noted that the basic configuration of the eight embodiment is
common to the TFT of this embodiment and the TFT of embodiments 10 through 13 described
below, and only the configuration of the source-drain area differs. Therefore, the same
symbols are applied to parts having common functionality, and detailed description thereof is
omitted.

in Fig. 24, an n-channel type TFT 630 comprising gate electrode 609 of tantalum, aluminum,
or chrome, gate insulation film 608, source-drain areas 632, 633 formed self-aligned to gate
electrode 603, and channel formation area 607 is formed on the surface of glass substrate
601.

High concentration contact areas 632a, 633a positioned in the area corresponding to contact
“holes 611a, 611b, and low concentration source-drain areas 632b, 633b positioned on the
'si'dg of the edge of gate electrode 609 are formed in source-drain areas 632, 633, and TFT
630 has an LDD structure. The phosphorus ion concentration peak of the low concengaﬁon
, and
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the phosphorus ion concentration peak in high concentration contact areas 632a, 633ais 1 x
1020/cm3 or higher.

Therefore, the overall electrical resistance of source-drain areas 632, 633 is low due to the low
electrical resistance high concentration contact areas 632a, 633a. Moreover, becatse it is low
concentration source-drain areas 632b, 633b that are positioned near the edge of gate elec-
trode 609, the OFF current is low. Furthermore, because source electrode 613 and drain elec-
trode 612 are connected to source-drain areas 632, 633 through high concentration contact
areas 632a, 633a, the contact resistance is low. In particular, even if drain electrode 612 is
made of ITO as the pixel electrode, the contact resistance can be reduced because ITO is
connected to high concentration contact area 633a.

The manufacturing method of a TFT thus configured is described with reference to Fig. 25.

As shown in Fig. 25 (a), silicon dioxide film 606 is formed as an insulation film with a film
thickness of approximately 2000 A on the surface of glass substrate 601.

Next, after forming a non-doped polvcrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con film 604 is preferably approximately 75% or higher, and is even more preferably 30% or
higher (first process).

Next, gate insulation film 608 is formed from Si02 with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 (second process).

Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (second process).

Next, as shown in Fig. 25 (b), in ion implantation machine 50 shown in Fig. 16, all ions
(shown by arrow lon-1) generated from a doping gas containing 5% PH3 with the rerrgf-linder
being H2 gas are implanted to polycrystalline silicon film 604 at an 80 keV energy level to
achieve a P* ion dose in the range from 3 x 10’3/cm2 to 1 x ‘lom,'cm2 {first ion doping
process).

As a result, polycrystalline silicon film 604 becomes low concentration area 604a with a phos-
phorus ion concentration peak in the range from 3 x 1018/cm3 tolx 101 9/cm:?'.

Next, as shown in Fig. 25 (c}, in ion implantation machine 50 shown in Fig. 16, all ions (shown

‘by arrow lon-2) generated from a daping gas of pure hydrogen are implanted to low concentra-

tibn area 604a at an approximately 20 keV energy level to achieve a H * jon dose in the range
from 1 x 101“‘l/cm2 to1x 1015/cm2 (second ion doping process).

1This Sheet Has Been Replacec

|

il

Il




-31-

As a result, the hydrogen ion concentration peak in low concentration area 604a is in the range
from 6 x 1018/cm3 to1x 1020/cm3.

Even after an impurity is implanted in this way, the crystallinity of low concentration area 604a
is retained, and defects in the polycrystalline silicon film are filled by the implanted hydrogen
{above, the fourth process).

Next, as shown in Fig. 25 (d), contact holes 611a, 611b are formed in layer insulation film 611
after forming layer insulation film 611 on the surface of gate electrode 609. In this state, in ion
implantation machine 50 shown in Fig. 16, all ions (shown by arrow lon-3} generated from a
doping gas of 5% PH, with the remainder 1z:igas are implanted to low concentration area
604a to achieve a P™ ion dose of 1 x 10 /cm or greater, forming high concentration
contact areas 623a, 633a with a phosphorus ion concentration peak of 1 x 102°Icm3 in the
area corresponding to the bottom of contact holes 611a, 611b. At this time, the impurity ions
are impianted at an approximately 30 keV energy level so that the impurity concentration peak
will be positioned at the center in the depth direction of polycrystalline silicon film 604 at the
bottom side of contact holes 611 é, 611b (fifth process).

Next, the impurity is activated by heat treatment of polycrystalline silicon film 604 implanted
with the impurity for approximately one hour at approximately 300°C in a nitrogen atmosphere
(heating process).

As a result, that part of polycrystalline silicon film 604 to which the impurity was introduced
becomes source-drain areas 632, 633. That part of source-drain areas 632, 633 implanted
with a high concentration impurity is high concentration contact areas 632a, 633a, and the
other area is low concentration source areas 632b, 633b. In addition, the area corresponding
to directly below gate electrode 609 is channel formation area 607.

Next, as shown in Fig. 25 (e}, source electrode 613 and drain electrode 612 are connected to
high concentration contact areas 632a, 633a, respectively.

By means of this manufacturing method, even when high concentration contact areas 632a,
633a are formed in source-drain areas 623, 633, a resist mask or other special mask is not
necessary because ions are selectively implanted from contact holes 611a, 611b formed in
layer insulation film 611. As a result, the effect of being able to reduce the number of
manufacturing processes in TFT 630 is obtained in addition to the effects obtained from the
eighth embodiment.

-Tenth embodiment

Fig. 26 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 27 shows a process flow of the

manufacturing method.
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In Fig. 26, an n-channel type TFT 640 comprising gate electrode 609 of tantalum, aluminum,
or chrome, gate insulation film 608, source-drain areas 632, 633 formed self-aligned to gate
electrode 608, and channel formation area 607 is formed on the surface of glass substrate
601.

High concentration contact areas 642a, 643a with a phosphorus ion concentration peak of 1 x
1020/cm3 or greater is formed in the area of source-drain areas 642, 643 including the bottom
surface of contact holes 611a, 611b, and positioned near the edge of gate electrode 609 are
low concentration source-drain areas 642b, 643b with a phosphorus ion concentration peak in
the range from 3 x 1018/cm3 to1x 101 9/cm3.

As a result, the overall electrical resistance of source-drain areas 642, 643 is low due to the
low electrical resistance high concentration contact areas 642a, 643a. Moreover, because
what is positioned near the edge of gate electrode 609 is low concentration source-drain areas
642b, 643b, the OFF current is low. In addition, the contact resistance is low because source
electrode 613 and drain electrode 612 are connected to source-drain areas 642, 643 through
high concentration contact areas 642a, 643a. In particular, the contact resistance is low even
if drain electrode 612 is made from ITO as the pixel electrode because ITO is connected to high
concentration contact area 643a.

The manufacturing method of a TFT thus configured is described with reference to Fig. 27.

As shown in Fig. 27 (a), silicon dioxide film 606 is formed as an insulation film with a film
thickness of approximately 2000 A on the surface of glass substrate 601.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con film 604 is preferably approximately 75% or higher, and is even more preferably 80% or
higher (first process). '

Next, gate insulation film 608 is formed from Si02 with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 (second process).

Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 27 (b), in ion injection device 50 shown in Fig. 16, all ions {(shown by
arrow lon-1) generated from a doping gas containing 5% PH3 with the remainder being Hz gas
are implanted to polycrystalline silicon film 604 at an approximately 80 keV energy level to
achieve a P* ion dose in the range from 3 x 1013/cm2 to 1 x 1014/cm2 {first ion doping
process).
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As a result, polycrystalline silican film 604 becomes low concentration area 604a with a phos-
phorus ion concentration peak in the range from 3 x 101slcm3 to1x 1019lcm3.

Next, as shown in Fig. 27 (c}, in ion implantation machine 50 shown in Fig. 16, all ions {shown
by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion area 604a at an approximately 20 keV energy level to achieve a H * ion dose in the range
from 1 x 1014'.’cm2 to 1 x 1015/cm2 {second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration area 604a is in the range
from 6 x 1018z’cm3 to 1 x 1020/cm3.

Even after an impurity is implanted in this way, the crystallinity of low concentration area 604a
is retained, and defects in the polycrystalline silicon film are filled by the implanted hydrogen
{above, the fourth process).

Next, as shown in Fig. 27 (d), that part of the surface of polycrystalline silicon film 604 around
gate electrode 608 is covered by a mask 645 of a resist, polyimide, or other organic material.
In this state, in ion injection device 50 shown in Fig. 16, ali ions (shown by arrow lon-3) gene-
rated from a doping gas of 5% PH3 with the remainder H, gas are implanted to low concentra-
tion area 6044a at approximately 80 keV to achieve a P* jon dose of 1 x 1015/cm2 or greater,
forming high concentration contact areas 642a, 643a with a phosphorus ion concentration
peak of 1 x 1020/cm3 or greater in polycrystalline silicon film 604 (fifth process).

Next, as shown in Fig. 27 (e), layer insulation film 611 made from a SiOz film with a 5000 A
film thickness is formed on the surface of gate electrode 609, and then contact holes 611a,
611b are formed in layer insulation film 611.

Next, the impurity is activated by heat treatment of polycrystalline silicon film 604 implanted
with the impurity for approximately one hour at approximately 300°C in a nitrogen atmosphere

{heating process).

As a resuit, that part of polycrystalline silicon film 604 to which the impurity was introduced
becomes source-drain areas 642, 643. That part of source-drain areas 642, 643 implanted
with a high concentration impurity is high concentration contact areas 642a, 643a, and the
other area is low concentration source areas 642b, 643b. In addition, the area corresponding
to directly below gate electrode 609 is channel formation area 607.

Next, source electrode 613 and drain electrode 612 are connected, respectively, to high
concentration contact areas 642a, 643a through contact holes 611a, 611b of layer insulation

fim 611.

The implantation energy can be increased in the present embodiment when forming high
concentration contact areas 642a, 643a because the impurity ions are implanted to the silicon
film through gate insulation film 608. As a result, the productivity of TFT 640 manufacture

i
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can be improved in addition to the effects obtained with the eighth embodiment because of the
advantage of being able to set the ion beam current high.

Eleventh embodiment

Fig. 28 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 29 [sic] shows a process flow of

the manufacturing method.

In Fig. 28, an n-channel type TFT 650 comprising gate electrode 608 of tantalum, aluminum,
or chrome, gate insulation film 608, source-drain areas 652, 6563 formed seif-aligned to gate
electrode 609, and channel formation area 607 is formed on the surface of glass substrate

601.

Source-drain areas 652, 653 are low concentration areas with a phosphorus ion concentration
peak in the range from 3 x 1018/cm3 to 1 x 1019/cm3, and have a double layer structure
comprising low concentration source-drain areas 652a, 6563a on the bottom with a film thick-
ness of approximately 1000 A, and low concentration source-drain areas 652b, 653b on the
top with a film thickness of approximately 500 A. Of source-drain areas 652, 653, the top
iayer low concentration source-drain areas 652b, 653b are areas formed from the same poly-
crystalline silicon film as channel formation area 607.

Therefore, source-drain areas 652, 653 have an overall low electrical resistance because the
overall film thickness is thick. Moreover, because what is positioned near the edge of gate
electrode 609 is the thin low concentration source-drain areas 652b, 653b of the top layer, the
OFF current is low. This is believed to be because the number of trap levels decreases the
thinner the film thickness.

The manufacturing method of a TFT thus configured is described with reference to Fig. 29.

As shown in Fig. 29 (a), silicon dioxide film 6086 is formed as an insulation film with a film
thickness of approximately 2000 A on the surface of glass substrate 601.

Next, after forming a non-doped polycrystalline silicon film with a 1000 A film thickness, it is
patterned to form polycrystaliine silicon film 605.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con films 604 and 605 is preferably approximately 75% or higher, and is even more preferably
90% or higher (first process).

Next, gate insulation film 608 is formed from 5302 with a film thickness of approximately 1200

A on the surface of polycrystalling silicon film 604 (second process).
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Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 29 (b), in ion implantation machine 50 shown in Fig. 16, ali ions
(shown by arrow lon-1) generated from a doping gas containing 5% PH3 with the remainder
being HZ gas are implanted to polycrystalline silicon film 604 at an approximately 80 keV
energy levei to achieve a PT ion dose in the range from 3 x 1 O":"llcm2 to1x 1014/cm2 (first
ion doping process).

As a result, low concentration areas 604a, 605a with a phosphorus ion concentration peakin
the range from 3 x 101 8/cm3 tolx 101 glcm:3 are formed in polycrystalline silicon films 604
and 605.

Next, as shown in Fig. 29 (c}, in ion implantation machine 50 shown in Fig. 16, all ions (shown
by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion areas 604a, 605a at an appéoximately 20 keV energy level to achieve a H * jon dose in
the range from 1 x 101 4/cm2 to1x 1()15/cm2 {second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration areas 604a, 605a is in
the range from 6 x 1()1 8/cm3 to1x 1020/cm3.

Even after an impurity is implanted in this way, the crystallinity of low concentration areas
604a, 605a is retained, and defects in the polycrystalline silicon film are filled by the implanted
hydrogen (above, the fourth process).

Next, as shawn in Fig. 29 {d}, the impurity is activated by heat treatment of polycrystalline sili-
con film 604 implanted with the impurity for approximately one hour at approximatety 300°C
in a nitrogen atmosphere {(heating process).

As a result, that part of polycrystalline silicon film 604 to which the impurity was introduced
becomes source-drain areas 652, 653, and the area corresponding to directly below gate elec-
trode 609 is channel formation area 607.

Next, layer insulation film 611 is formed from an Si02 film with a film thickness of 5000 A on
the surface of gate electrode 609, and contact holes 611a, 611b are then formed in layer
insufation film 611.

In a manufacturing method of this type, contact holes 611a, 611b in layer insulation film 611
can be sufficiently over-etched when formed by dry etching because the bottom side is a
double layer structure with a bottom layer of low concentration source-drain areas 652a, 653a
and a top layer of low concentration source-drain areas 652b, 653b. As a result, the stability
of the manufacturing process is improved in addition to the effects obtained by the eighth
embodiment. ' T
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Twelfth embodiment

Fig. 30 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 31 shows a process flow of the
manufacturing method. In Fig. 30, an n-channel type TFT 660 comprising gate electrode 609
of tantalum, aluminum, or chrome, gate insulation film 608, source-drain areas 662, 663
formed self-aligned to gate electrode 809, and channei formation area 607 is formed on the
surface of glass substrate 601.

Source-drain areas 662, 663 have a double layer structure comprising low concentration
source-drain areas 662a, 663a on the bottom with a film thickness of approximately 1000 A,
and low concentration source-drain areas 662b, 663b on the top with a film thickness of
approximately 500 A. These low concentration source-drain areas 662a, 662b, 663a, 663b,
are low concentration areas with a phosphorus ion concentration peak in the range from 3 x
1018/cm3 to 1 x 1019/cm3. The top layer low concentration source-drain areas 662b, 663b
are areas formed from the same polycrystalline silicon film as channel formation area 607.

In source-drain areas 662, 663, high concentration contact areas 662c, 663¢c with a phospho-
rus ion concentration peak of 1 x 102°/cm3 or higher are formed at the position corresponding
to the opening of contact holes 611a, 611b from the surface side of the top layer low concen-
tration source-drain areas 662b, 663b to the bottom side of the bottom layer low concentra-
tion source-drain areas 662a, 663a.

Therefore, source-drain areas 662, 663 have an overall low electrical resistance because the
overall film thickness is thick. Moreover, because what is positioned near the edge of gate
electrode 609 is the thin low concentration source-drain areas 662b, 663b of the top layer, the
OFF current is low.

The manufacturing method of a TFT thus configured is described with reference to Fig. 31.

As shown in Fig. 31 {a), silicon dioxide film 608 is formed as an insulation film with a film
thickness of approximately 2000 A on _the surface of glass substrate 601.

Next, after forming a non-doped polycrystalline silicon film with a 1000 A film thickness, it is
patterned to form polycrystalline silicon film 605.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con films 604 and 605 is preferably approximately 75% or higher, and is even more preferably
90% or higher (first process).

| Nl
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Next, gate insulation film 608 is formed from SiOZ with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 (second process).

Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 {(third process).

Next, as shown in Fig. 31 (b}, in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-1) generated from a doping gas containing 5% PH3 with the remainder
being H2 gas are implanted to polycrystaliine silicon films 604, 605 at an approximately 80
keV energy level to achieve a P™ ion dose in the range from 3 x 1013»'cm2 to1x 1014Icm2
{first ion doping process).

As a result, low concentration areas 604a, 605a with a phosphorus ion concentration peak in
the range from 3 x 10181cm:3 to 1 x 1019/cm3 are formed in polycrystalline silicon films 604

and 605.

Next, as shown in Fig. 31 (c), in ion implantation machine 50 shown in Fig. 16, all ions {shown
by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion areas 604a, 605a at an approximately 20 keV energy level to achieve a H * jon dose in
the range from 1 x 1014’/cm2 to1x 1015/cm2 {second [sic] ion doping process).

As a result, the hydrogen ion concentration peak in low concentration areas 604a, 605a is in
the range from 6 x 1018/cm3 to 1 x 1020/cm3.

Even after an impurity is implanted in this way, the crystallinity of low concentration areas
604a, 605a is retained, and defects in the polycrystalline silicon film are filled by the implanted
hydrogen {above, the fourth process).

Next, as shown in Fig. 31 (d), after forming layer insulation film 611 on the surface of gate
electrode 609, contact holes 611a, 611b are formed therein. [In this state, in ion injection
device 50 shown in Fig. 186, all ions (shown by arrow lon-3) generated from a doping gas of
5% PHq4 with the remainder Ho gas are impianted to low concentration areas 604a, 605a to
achieve a Pt jon dose of 1 x 101 5/cm2 or greater, forming high concentration contact areas
662c, 663c with a phosphorus ion concentration peak of 1 x 102°Icm3 or greater in the area
corresponding to the bottom of contact holes 611a, 611b. At this time, the impurity ions are
implanted ‘at an approximately 30 keV energy level so that the impurity concentration peak in
the bottom of contact holes 811a, 611b is positioned at the center of the total film thickness
of polycrystalline silicon films 604 and 605 (fifth process).

Then, the impurity is activated by heat treatment of polycrystalline silicon film 604 implanted
with the impurity for approximately one hour at approximately 300°C in a nitrogen atmosphere

{heating process).
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As a result, that part of polycrystalline silicon films 604, 605 to which the impurity was intro-
duced becomes source-drain areas 662, 663, and the area corresponding to directly below
gate electrode 609 is channei formation area 607. That area of source-drain areas 662, 663 to
which a high concentration impurity was implanted is high concentration contact areas 662c,
663c, and the remaining areas are low concentration source-drain areas 662a, 662b, 663a,
663b.

Next, as shown in Fig. 31 (el, source electrode 613 and drain electrode 612 are respectively
connected to high concentration contact areas 662¢ and 663c.

In TFT 660 manufactured in this way, even when high concentration contact areas 662¢c, 663c¢
are formed in source-drain areas 662, 663, a resist mask or other special mask is not neces-
sary because ions are selectively implanted from contact holes 611a, 611b formed in layer
insulation film 611, As a result, the effect of being able to reduce the number of manufactu-
ring processes in TFT 660 is obtained in addition to the effects obtained from the eighth
embodiment.

Thirteenth embodiment

Fig. 32 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 33 shows a process flow of the
manufacturing method. In Fig. 32, an n-channel type TFT 670 comprising gate electrode 609
of tantalum, aluminum, or chrome, gate insuiation film 608, source-drain areas 672, 673
formed self-aligned to gate electrode 609, and channel formation area 607 is formed on the
surface of glass substrate 601.

Source-drain areas 672, 673 have a double layer structure comprising high concentration
source-drain areas 672a, 673a on the bottom with a film thickness of approximately 1000 A,
and source-drain areas 672b, 673b on the top with a film thickness of approximately 500 A.
That part of source-drain areas 672b, 673b on the top positioned near the edge of gate elec-
trode 609 forms low concentration source-drain areas 672¢, 673c with a phosphorus ion
concentration peak in the range from 3 x 1018/cm3 to 1 x 10191cm3, and the remaining area
forms high concentration source-drain areas 672d, 673d with a phosphorus ion concentration
peak of 1 x 1020/cm3 or greater. The top layer source-drain areas 672b, 673b are areas
formed from the same polycrystalline silicon film as channel formation area 607.

Therefore, source-drain areas 672, 673 have an overall low electrical resistance because the
overall film thickness is thick. Moreover, because what is positioned near the edge of gate

electrode 609 is the thin low concentration source-drain areas 672¢, 673c of the top layer, the

OFF current is low.
The manufacturing method of a TF'I" thus configured is described with reference to Fig. 33.
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As shown in Fig. 33 (a), silicon dioxide film 608 is formed as an insulation film with a film
thickness of approximately 2000 A& on the surface of glass substrate 601.

Next, after forming a non-doped polycrystalline silicon film with a 1000 A film thickness, it is
patterned to form polycrystalline silicon film 605.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con films 604 and 605 is preferably approximately 75% or higher, and is even more preferably
90% or higher {first process).

Next, gate insulation film 608 is formed from SiOz with a film thickness of approximately 1200
A on the surface of polycrystailine silicon film 604 (second process}.

Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 33 (b), in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-1) generated from a doping gas containing 5% PH3 with the remainder
being H2 gas are implanted to polycrystalline silicon films 604, 605 at an approximately 80
keV energy level to achieve a P ion dose in the range from 3 x 1013/cm2 to1x 10”’lcm2
{first ion doping process).

As a result, low concentration areas 604a, 605a with a phosphorus ion concentration peak in
the range from 3 x 1018/cm:3 to1x 10'l 9/cm3 are formed in polycrystaliine silicon films 604
and 605.

Next, as shown in Fig. 33 (c), in ion implantation machine 50 shown in Fig. 16, all ions (shown
by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion areas 604a, 605a at an approximately 20 keV energy level to achieve a H' ion dose in
the range from 1 x 1014Icm2 to1x 1015/cm2 (second ion doping process). '

As a resuit, the hydrogen ion concentration peak in low concentration areas 604a, 605a is in
the range from 6 x 1018/cm3 to1x 102°/cm3.

Even after the impurity is implanted in this way, the crystallinity of low concentration areas
604a, 605a is retained, and defects in the polycrystalline silicon film are filled by the implanted
hydrogen (above, the fourth process).

Next, as shown in Fig. 33 (d}, that part of the surface of polycrystalline silicon film 604 around
gate electrode 609 is covered by a mask 675 of a resist, polyimide, or other organic material.
In this state, in ion injection device 50 shown in Fig. 16, all ions (shown by arrow lon-3) gene-
rated from a doping gas of 5% PH3 witih the remainder H2 gas are implanted to low concentra-
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tion areas 604a, 605a at approximately 80 keV to achieve a P* ion dose of 1 x 1015/cm
greater, forming high concentration area 604b with a phosphorus ion concentration peak of 1 x
102°/cm3 or greater in low concentration area 604a. In addition, polycrystalline silicon film
605a is made into high concentration area 605b with a phosphorus ion concentration peak of 1

X 1020/cm3 or greater (fifth process).

Next, as shown in Fig. 33 (e), layer insulation film 611 is formed from a 5000 A thick SiOz
film on the surface of gate electrode 609, and contact holes 611a, 611b are formed in layer
insulation film 611.

Then, the impurity is activated by heat treatment of polycrystalline silicon film 604 implanied
with the impurity for approximately one hour at approximately 300°C in a nitrogen atmosphere
(heating process).

As a result, low concentration source-drain areas 672c, 673¢ and high concentration source-
drain areas 672d, 673d are formed in polycrystalline silicon film 604, and the area correspon-
ding to directly below gate electrode 608 becomes channel formation area 607. In addition,
polycrystalline silicon film 605 becomes high concentration source-drain areas 672a, 673a.

Next, source electrode 613 and drain electrode 612 are respectively connected to high concen-
tration source-drain areas 672d, 673d.

in a TFT 870 thus manufactured, contact holes 611a, 611b can be sufficiently over-etched
when formed by dry etching because the bottom side is a double layer structure with a bottom
layer of high concentration source-drain areas 672a, 673a and a top layer of high concentra-
tion source-drain areas 672d, 673d. As a resuit, the stability of the manufacturing process is
improved in addition to the effects obtained by the eighth embodiment. Furthermore, the ion
beam current can be set high because the implantation energy when forming high concentra-
tion source-drain areas 672a, 672d, 673a, 673d can be high.

Fourteenth embodiment

Three different types of thin-film transistors are formed in an active matrix circuit board with a
built-in drive circuit because the characteristics required of the thin-film transistors are diffe-
rent.

In the present embodiment, therefore, a method for manufacturing different types of thin-film
transistors is described applying the manufacturing method for conductive silicon films accor-

ding to the sixth and seventh embodiments.

Fig. ‘34 is a cross sectional diagram typically showing, of the thin-film transistors (hereafter

"TFT") formed in the active matrlx circuit board of the present embodument, the structure of
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the TFT formed in the pixel area and the n-channel type TFT and p-channel type TFT compri-
sing a CMOS circuit formed in the drive circuit area.

In Fig. 34, in active matrix circuit board 700 of the present embodiment, n-channel type TFT-A
of the drive circuit area, p-channel type TFT-B of the drive circuit area, and n-channel type TFT-
C of the pixel area are formed on a glass substrate 701 (insulated substrate) in order from the
left side as looking at the figure.

Source-drain areas 712, 713 of TFT-A are formed as high concentration areas with an impurity
concentration of 1 x 101 9-’cm3 or greater, and are formed self-aligned to gate electrode 715.

Source-drain areas 722, 723 of TFT-B are formed as high concentration areas with an impurity
concentration of 1 x 101 9,’cm3 or greater, and are formed seif-aligned to gate electrode 725.

Source-drain areas 732, 733 of TFT-C are formed as low concentration areas with an impurity
concentration of 1 x 101 Q’cm:3 or less, and are formed self-aligned to gate electrode 735.

Therefore, a high ON current can be obtained in TFT-A and TFT-B of the drive circuit area. In
addition, a sufficiently low OFF current can be obtained in TFT-C of the pixel area because
source-drain areas 732, 733 are formed as low concentration areas.

The manufacturing method of active matrix circuit board 700 of such construction is described
with reference to Fig. 35.

Fig. 35 shows a process flow of the manufacturing method of the active matrix circuit board of
the present embodiment.

First, as shown in Fig. 35 (a), after forming a polycrystalline silicon film with a film thickneés of
approximately 500 A on the surface side of glass substrate 701, this is patterned to form sili-
con films 710, 720, 730. Silicon film 710 is a first silicon film for forming TFT-A, and silicon
film 720 is a second silicon film for forming TFT-B. Silicon film 730 is a third silicon film for
forming TFT-C (first process).

Next, gate insulation films 714, 724, 734 with a film thickness of approximately 1200 A are
formed on the surface side of each silicon film 710, 720, 730 (second process).

Next, a metal layer such as tantalum, aluminum, or chrome is formed by sputtering, etc., on
the surface of gate insulation films 714, 724, 734, and is patterned to form gate electrodes
715, 725, 735 with a film thickness of approximately 6000 A (third process).

Next, as shown by arrow lon-1, low concentration phosphorus ions are implanted to silicon
films 710, 720, 730 using gate electrodes 715, 725, 735 as a mask.
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_ concentration areas) formed with a phosphorus ion concentration peak of 1 x 102°Icm

In this process, in ion implantation machine 50 shown in Fig. 16, all ions generated from a
doping gas containing 5% PH3 with the remainder being H2 gas are implanted at an approxi-
mately 80 keV energy level to achieve a P* ion dose in the range from 3 x 10"3/cm2 to1x
1014’/cm2 {first ion doping process).

-42 -

As a result, polycrystalline silicon films 710, 720, 730 become low concentration areas 7103,
720a, 730a with a phosphorus ion concentration peak in the range from 3 x 1018/cm3 to1x
101 9/cm3.

Continuing, as shown in Fig. 35 (b}, in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low
concentration areas 710a, 720a, 730a at an approximately 20 keV energy level to achieve a
H* ijon dose in the range from 1 x 1014/cm:2 to1x 101 5/cm2 {second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration areas 710a, 720a, 730a
is in the range from 6 x 1018/cm:3 to1x 102olcm3 {above, the low concentration area forma-

tion process).

Next, as shown in Fig. 35 {(c), after masking the side with silicon films 720, 730 with resist
740 as a mask, high concentration phosphorus ions are implanted to low concentration area
710a as shown by arrow lon-3 {fourth process).

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, too. in other
words, all ions generated from a doping gas containing 5% PH3 with the remainder being H2
gas are implanted at an approximately 80 keV energy level to achieve a P* ion dose of 1 x
101 5/<:m2 or gréater {fiftth process).

As a result, low concentration area 710a becomes source-drain areas 712, 713 int high
3 or
greater self-aligned to gate electrode 715. In addition, that part of silicon film 710 positioned
directly below gate electrode 715 becomes channel formation area 711.

Next, as shown in Fig. 35 (d), after masking the sides with silicon films 710, 730 with resist
750, high concentration boron ions are implanted to low concentration area 720a as shown by
arrow lon-4 (fifth process).

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, too. [n other
words, all ions generated from a doping gas containing 5% 82H3 with the remainder being H2
gas are implanted at an approximately 80 keV energy level to achieve a B* ion dose of 1 x
104l 5/cm2 or greater. As a result, low concentration area 720a becomes source-drain areas
722,723 {p * high concentration areas) formed with a phosphorus ion concentration peak of 1
X 102°/cm3 or greater self-aligned to gate electrode 725. In addition, that part of silicon film
720 positioned directly below gate electrode 725 becomes channel formation area 721.
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Then, the impurity is activated in polycrystalline silicon films 710, 720, 730 implanted with the
impurity by heat treatment for approximately one hour at approximately 300°C in a nitrogen
atmosphere (heating process).

The processes following thereafter are identical to the normal TFT manufacturing method, and
description is therefore omitted.

As described hereinabove, by means of the manufacturing method of this embodiment, TFT
with optimum electrical characteristics can be manufactured because the dosage conditions of
TFT-A, TFT-B, and TFT-C can be set independently. In addition, because the heat treatment
temperature is low, the low heat resistance materials can be used for electrodes, and a low
cost glass substrate 701 can be used.

Fifteenth embodiment

The structures of an active matrix circuit board according to the present embodiment and the
sixteenth embodiment described after this embodiment are basically the same as the structure
of the active matrix circuit board according to the fourteenth embodiment, and only the struc-
ture of the TFT in the pixel area differs. Therefore, parts with functionality common to the first
embodiment are identically labelled, and further identification in the figures and detailed
description are omitted.

Fig. 36 is a cross sectional diagram typically showing the structure of the TFT formed in an
active matrix circuit board according to the present embodiment.

in Fig. 36, TFT-A, TFT-B, and TFT-C are formed in active matrix circuit board 800 of this
embodiment on glass substrate 701.

As described in the description of the fourteenth embodiment, source-drain areas 712, 713,
722, and 723 of TFT-A and TFT-B are high concentration areas with an impurity concentration
of 1 x 101 9/cm3 or greater, and are formed self-aligned to gate electrodes 715, 725.

In source-drain areas 832, 833 of TFT-C, that area positioned near the edge of gate electrode
835 is low concentration source-drain area 832b, 833b with an impurity concentration of 1 x
1019/cm3 or less, and the other areas are high concentration contact areas 832a, 833a with
an impurity concentration of 1 x 1019/cm3 or greater.

Therefore, the OFF current of TFT-C is low. In addition, the overall electrical resistance of
source-drain areas 832, 833 is low because high concentration contact areas 832a, 833a are
fofmed in source-drain areas 832, 833. Moreover, because the source electrode and drain
electrode can be connected to high concentration contact area 832a, 833a, the contact resi-

_stance there can be reduced.
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The manufacturing method of an active matrix circuit board of such configuration is described
with reference to Fig. 37.

First, as shown in Fig. 37 (a}, after forming a polycrystalline silicon film with a film thickness of
approximately 500 A on the surface side of glass substrate 701, this is patterned to form sili-
con films 710, 720, 830. Silicon film 830 is a third silicon film for forming TFT-C (first
process).

Next, gate insulation films 714, 724, 834 with a film thickness of approximately 1200 A are
formed on the surface side of each silicon film 710, 720, 830 (second process).

Next, gate electrodes 715, 725, 835 with a film thickness of approximately 6000 A are formed
from tantalum, aluminum, chrome, etc. on the surface of gate insulation films 714, 724, 834

{third process).

Next, as shown by arrow lon-1, low concentration phosphorus ions are implanted to silicon
films 710, 720, 830 using gate electrodes 715, 725, 835 as a mask.

In this process, in ion implantation machine 50 shown in Fig. 16, all ions generated from a
doping gas containing 5% PH3 with the remainder being H2 gas are implanted at an approxi-
mately 80 keV energy level to achieve a P* ion dose in the range from 3 x 1013/cm2 to 1 x
1014/cm2 {first ion doping process}.

As a result, polycrystalline silicon films 710, 720, 830 become low concentration areas 710a,
720a, 830a with a phosphorus ion concentration peak in the range from 3 x 1018/cm:3 to 1 x
1 0‘I 9/cm3.

Continuing, as shown in Fig. 37 (b}, in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low
concentration areas 710a, 720a, 830a at an approximately 20 keV energy level to achieve a
H* ion dose in the range from 1 x ‘l014/cm2 to1x 1015/cm2 {second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration areas 710a, 720a, 830a
is in the range from 6 x 101 8/cm3 to 1 x 102°/cm3 (above, the low concentration area forma-

tion process).

Next, as shown in Fig. 37 (c), after masking the side with silicon films 720, 830 with resist
840, high concentration phosphorus ions are implanted to iow concentration area 710a as
shown by arrow lon-3 {fourth process).

Here, resist 840 covers the area around gate eiectrode 835 on the side with silicon film 830,
and ions are implanted in this state.
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lon impiantation machine 50 shown in Fig. 16 is used for this ion implantation, too. In other
words, all ions generated from a doping gas containing 5% PH3 with the remainder being HZ
gas are implanted at an approximately 80 keV energy level to achieve a P* ion dose of 1 x
1015/cm2 or greater. As a result, low concentration area 710a becomes source-drain areas
712,713 (n + high concentration areas) formed with a phosphorus ion concentration peak of 1
X 1020/cm:3 or greater seif-aligned to gate electrode 715. In addition, that part of silicon film
710 positioned directly below gate electrode 715 becomes channel formation area 711.

Also, high concentration contact areas 832a, 833a with a phosphorus ion concentration peak
of 1 x 102°/cm3 or greater are formed in low concentration area 830a, and that area to
which high concentration ions are not implanted becomes low concentration source-drain area
83%3, 83:133b with a phosphorus ion concentration peak in the range from 3 x 1018/cm3 to1x
10"'¥/cm®.

Next, as shown in Fig. 37 (d), after masking the sides with silicon films 710, 830 with resist
850, high concentration boron ions are impianted to low concentration area 720a as shown by
arrow lon-4 (fifth process).

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, toco. In other
words, all ions generated from a doping gas containing 5% 82H3 with the remainder being H2
gas are implanted at an approximately 80 keV energy level to achieve a B* ion dose of 1 x
1015Icm2 or greater. As a result, low concentration area 720a becomes source-drain areas
722,723 (p+ high concentration areas) formed with a phosphorus ion concentration peak of 1 -
X 1020/cm3 or greater self-aligned to gate electrode 725. In addition, that part of silicon film
720 positioned directly below gate electrode 725 becomes channel formation area 721.

Then, the impurity is activated in polycrystalline silicon films 710, 720, 830 impianted with the
impurity by heat treatment for approximately one hour at approximately 300°C in a nitrogen
atmosphere.

The processes following thereafter are identical to the normal TFT manufacturing method, and
description is therefore omitted.

As described hereinabove, by means of the manufacturing method of this embodiment, TFT
with optimum electrical characteristics can be manufactured because the dosage conditions of
TFT-A, TFT-B, and TFT-C can be set independently. In addition, because the heat treatment
temperature is low, the low heat resistance material can be used for electrodes, and a low cost
glass substrate 701 can be used.

Sixteenth embodiment

Fig. 38 is a cross sectional diagram typically showing the structure of the TFT formed ir_r an

active matrix circuit board accordihg to the present embodiment,
" Sheet Has Been Replacec

R




-46 -

in Fig. 38, TFT-A, TFT-B, and TFT-C are formed on glass substrate 701 in active matrix circuit
board 800 of this embodiment.

As described in the description of the fourteenth embodiment, source-drain areas 712, 713,
722, and 723 of TFT-A and TFT-B are high concentration areas with an impurity concentration
of 1 x 101 9/cm3 or greater, and are formed self-aligned to gate electrodes 715, 725.

In source-drain areas 932, 933 of TFT-C, that area positioned near the edge of gate electrode
835 is low concentration source-drain area 932b, 933b with an impurity concentration of 1 x
1019/cm:3 or less, and the other areas are high concentration contact areas 932a, 933a with
an impurity concentration of 1 x 1019/cm3 or greater.

Therefore, the OFF current of TFT-C is low. In addition, the overall electrical resistance of
source-drain areas 932, 933 is low because high concentration contact area 932a, 933a are
formed in source-drain areas 932, 933. Moreover, because the source electrode and drain
electrode can be connected to high concentration contact area 932a, 933a, the contact resi-
stance there can be reduced.

The manufacturing method of an active matrix circuit board of such configuration is described
with reference to Fig. 37.

Fig. 39 shows a process flow of the manufacturing method of the active matrix circuit board of
the present embodiment.

First, as shown in Fig. 39 (a), after forming a polycrystailine silicon film with a film thickness of
approximately 500 A on the surface side of glass substrate 701, this is patterned to form sili-
con films 710, 720, 930. Silicon film 830 is a silicon film for forming TFT-C (first process).

Next, gate insulation films 714, 724, 934 with a film thickness of approximately 1200 A are
formed on the surface side of each silicon film 710, 720, 930 {second process).

Next, gate electrodes 715, 725, 935 with a film thickness of approximately 6000 A are formed
from tantalum, aluminum, chrome, etc. on the surface of gate insulation films 714, 724, 934
{third process}.

Next, as shown by arrow lon-1, low concentration phosphorus ions are implanted to silicon
films 710, 720, 930 using gate electrodes 715, 725, 935 as a mask.

In this process, in ion implantation machine 50 shown in Fig. 16, all ions generated from a
doping gas containing 5% PH3 with the remainder being H2 gas are implanted at an approxi-
mately 80 keV energy level to achieve a P+_ lOﬂ dose in the range from 3x10 3/cm2 to1x

014/cm (first ion doping process).
This Sheet Has Been Repl

.




This Sheet Has Been R

A

- 47 -

As a result, polycrystalline silicon films 710, 720, 930 become low concentration areas 710a,
720a, 930a with a phosphorus ion concentration peak in the range from 3 x 101 8/c:m3 to1x
1019/cm3 .

Continuing, as shown in Fig. 39 (b), in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low
concentration areas 710a, 720a, 930a at an approximately 20 keV energy level to achieve a
H* ion dose in the range from 1 x 101‘4’/cm2 to 1 x 1015/cm2 (second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration areas 710a, 720a, 930a
is in the range from 6 x 1018/c:m3 tolx 1020/cm3 (above, the low concentration area forma-

tion process).

Next, as shown in Fig. 39 (c), after masking the side with silicon films 720, 830 with resist
940, high concentration phosphorus ions are implanted to low concentration area 710a as
shown by arrow lon-3 (fourth process).

Here, openings 941, 942 are formed in resist 940 at the position corresponding to the inten-
ded formation area of high concentration contact areas 932a, 933a in the surface side of sili-

con film 930.

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, tco. in other
words, all ions generated from a doping gas containing 5% PH3 with the remainder being H2
gas are implanted at an approximately 80 keV energy level to achieve a P* ion dose of 1 x
101 5/cm2 or greater.

As a result, low concentration area 710a becomes source-drain areas 712, 713 (nt high
concentration areas) formed with a phosphorus ion concentration peak of 1 x 10?'0;!cm3 or
greater self-aligned to gate electrode 715. [n addition, that part of silicon film 710 positioned
directly below gate electrode 715 becomes channel formation area 711.

Also, high concentration contact areas 932a, 933a with a phosphorus ion concentration peak
of 1 x 102°/¢:m3 or greater are formed in low concentration area 930a of silicon film 930, and
that area to which high concentration ions are not implanted becomes low concentration
source-drain area 932b, 933b with a phosphorus ion concentration peak in the range from 3 x

1018/cm3 to1x 1019/cm3.

Next, as shown in Fig. 39 (d), after masking the sides with silicon films 710, 930 with resist
950, high concentration boron ions are implanted to low concentration area 720a as shown by
arrow lon-4 (fifth process).

ion implantation machine 50 shown in Fig. 16 is used for this ion implantation, too. in other
words, all ions generated from a doping gas containing 5% 82H3 with the remainder being Hz
gas are implanted at an approximately 80 keV energy level to achieve a B* ion dose of 1 x
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101 5/cm2 or greater. As a resuit, low concentration area 720a becomes source-drain areas
722,723 (p + high concentration areas) formed with a phosphorus ion concentration peak of 1
X 1020/cm3 or greater self-aligned to gate electrode 725. In addition, that part of silicon film
720 positioned directly below gate electrode 725 becomes channel formation area 721.

Then, the impurity is activated in polycrystalline silicon films 710, 720, 930 implanted with the
impurity by heat treatment for approximately one hour at approximately 300°C in a nitrogen

atmosphere.

The processes following thereafter are identical to the normal TFT manufacturing method, and
description is therefore omitted.

As described hereinabove, by means of the manufacturing method of this embodiment, TFT
with optimum electrical characteristics can be manufactured because the dosage conditions of
TFT-A, TFT-B, and TFT-C can be set independently. In addition, because the heat treatment
temperature is low, the method is not limited by the heat resistance of the wiring material, and
a low cost glass substrate 701 can be used.

It is to be noted that in embodiments fourteen through sixteen the low concentration area
formation process may be executed after either of the third, fourth, or fifth processes. In addi-
tion, the sequence of the fourth and fifth processes may be reversed. Moreover, a silicon
dioxide film with a film thickness of approximately 2000 A may be formed on top of glass
substrate 701 before performing the first process to prevent diffusion of heavy metais from the
side of glass substrate 701 to the component areas. In addition, as in the source-drain struc-
ture described in the eleventh through thirteenth embodiments, the source-drain areas may be
formed from a two-layer silicon film,

Possibilities for use in industry

As described above, the TFT of the pixel area is built with an offset gate structure or LDD
structure, and in the drive circuit area the source-drain area of the TFT is formed as a high
concentration area and with a self-aligned structure in an active matrix circuit board relating to
the present invention. Therefore, according to the present invention, the quality of the display
of a liquid crystal display panel can be improved because the ON current characteristics of the
TFT in the drive circuit area and the OFF current characteristics of the TFT in the pixel area can
both be improved.

_In the manufacturing method of such an active matrix circuit board, in the process forming the
low concentration areas on the side of the pixel area, a low concentration impurity is also
implanted to the drive circuit area side, and a high concentration area is formed there by the
high concentration impurity impianted to the drive circuit area side. Therefore, while hoiding
the number of masking operations to a minimum, the impurity concentration of each area can
be independently controlled. As a resuit, different types of TFT can be sasily formed on the



same substrate. Furthermore, over-etching of the gate electrodes does not occur because a
TFT with an offset gate structure or LDD structure is formed by the mask pattern. As a resuit,
TFT with stable electrical characteristics can be manufactured because the gate length can be
controlled with good precision. In addition, TFT fine structuring is simple.

In the manufacturing method of a conductive silicon film according to the present invention,
after all ions generated from a mixed gas containing an impurity gas with the remainder being
pure hydrogen gas are implanted to the silicon film without mass separation, ions generated
from a pure hydrogen gas are implanted to the silicon film without mass separation. By means
of such a method, even an imburity with a low concentration dose of 1 x 1014/cm2 can be
activated by heating the silicon film to approximately 300°C or greater, for example to a
temperature from 300°C to 450°C. Therefore, because low concentration source-drain areas
can be formed even in a low temperature process, an LDD structure TFT can be formed on a
glass substrate. Furthermore, because the restrictions relating to the heat resistance of the
gate eiectrode, etc., are alleviated, electrode materials with a low electrical resistance can be
used. As a result, because the- delay of the gate signal can be reduced in an active matrix
circuit board, the quality of the display in a liquid crystal display panel can be improved.
Moreover, because implanting is done without mass separation, ions can be impianted to a
wide area of the substrate.

Furthermore, high concentration areas can also be formed in a low temperature process by
implanting to the silicon film without mass separation all ions generated from a mixed gas
containing an impurity gas with the remainder being pure hydrogen gas. Therefore, an active
matrix circuit board comprising different types of TFT in the drive circuit area and the pixel area
can be manufactured in a low temperature process.
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LClaims

1. An active matrix circuit board having on the surface side of an insulated substrate
a drive circuit area equipped with a CMOS circuit comprising a first thin-film transistor of a first
conductive type and a second thin-film transistor of a second conductive type wherein the
source-drain area is formed self-aligned to the gate electrode,

and a pixel area comprising a third thin-film transistor of a first conductive type,

and characterized by the impurity concentration of the source-drain area in the third
thin-film transistor being low relative to the impurity concentration of the source-drain area of
the first thin-film transistor.

2. An active matrix circuit board according to Claim 1 wherein the impurity concentra-
tion of the source-drain area of the third thin-film transistor is 1 x 101 9/cm3 or less, and the
impurity concentration of the source-drain area of the first thin-film transistor is 1 x 1019/cm3

or greater.

3. An active matrix circuit board according to Claim 2 wherein the source-drain area
of the third thin-film transistor has a high concentration contact area with an impurity concen-
tration of 1 x 1019/c:m3 or greater,

and is characterized by the source-drain electrodes being conductively connected to
the source-drain area of the third thin-film transistor through this high concentration contact
area.

4. An active matrix circuit board according to Claim 3 wherein the distance in the
lateral direction between the high concentration contact area and the edge of the gate elec-
trode in the third thin-film transistor is approximately 4 um or less.

‘5. An active matrix circuit board according to any of Claims 1 through 4 wherein, in
the third thin-film transistor, the source-drain area is formed in a thick silicon film on the
bottom layer side, and the channel formation area is formed in the thin silicon film of a top
layer formed on the surface of said silicon film on the bottom layer.

. 6. An active matrix circuit board having on the surface side of an insulated substrate
a drive circuit area comprising a CMOS circuit comprising a first thin-film transistor of a first

conductive type and a second thin-film transistor of a second conductive type wherem the
source-drain area is formed seif-aligned to the gate electrode,

and a pixel area comprising a third thin-film transistor of a first conductive type,

and characterized by the third thin-film transistor having an offset gate structure
whereby the source-drain area is in a position separated a predetermined distance in the lateral
direction from the edge of the gate electrode.

7. An active matrix circuit board having on the surface side of an insulated substrate
a drive circuit area comprising a CMOS circuit comprising a first thm-fnlm transustor of ' a fi flrst



IThis Sheet Hag Been R

.

conductive type and a second thin-film transistor of a second conductive type wherein the
source-drain area is farmed self-aligned to the gate electrode,

and a pixel area comprising a third thin-film transistor of a first conductive type,

and characterized by the concentration peak of the impurity contained in the source-
drain area of the third thin-film transistor being in the range from 3 x 1018/cm3 to 1 x
1(')1 9/cm3, and the concentration peak of hydrogen ions being in the range from 6 x
1018/cm3 to 1 x 1020/cm3,

and the concentration peak of impurity contained in the source-drain areas of the first
thin-film transistor and the second thin-film transistor being 1 x 1020/cm3 or greater.

8. An active matrix circuit board according to Claim 7 wherein the source-drain area
of the third thin-film transistor has a high concentration contact area with a concentration peak
of impurity of 1 x 1020Icm:3 or greater, and characterized by the source-drain electrodes being
conductively connected to the source-drain area of the third thin-film transistor through this
high concentration contact area.

9. An active matrix circuit board according to Claim 7 or 8 wherein the insulated
substrate is a glass substrate.

10. A thin-film transistor comprising a channel formation area made from a silicon film
formed on the surface side of an insulated substrate,

a gate insulation film formed on that surface side,

a gate electrode formed on the surface side of this gate insulation film,

and a source-drain area formed self-aligned to this gate electrode,

and characterized by the concentration peak of impurity included in said source-drain
area being in the range from 3 x 1018/cm3 to1x ‘IO1 9/cm3, and the concentration peak of

“hydrogen ions contained in said source-drain area being in the range from 6 x 10181cm3 to1x

102°/cm3.

11. A thin-film transistor according to Claim 10 wherein the source-drain area is
formed in a thick bottom layer silicon film,

and the channel formation area is formed in the thin top layer silicon film formed on
the surface of said bottom layer silicon film.

12. A thin-film transistor according to Claim 10 or 11 wherein the source-drain area
comprises a high concentration contact area of which the concentration peak of impurity
contained thereinis 1 x 1020/cm:3 or greater,

and is characterized by the source-drain electrodes being conductively connected to
the source-drain area through this high concentration contact area.

13. A manufacturing method for an active matrix circuit board comprising a first
process for forming on the surface side of an insulated substrate first and second silicon films
for forming a first thin-film transistor of a first conductive type and a second thin-film transistor

I
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of a second conductive type in the drive circuit area, and a third silicon film for forming a third
thin-film transistor of a first conductive type in the pixel area,

a second process for forming gate insulation films on the surfaces of the first, second,
and third silicon films,

a third process for forming gate electrodes on the surface side of the gate insulation
films,

a fourth process for ion implanting an impurity of a second conductive type to the
second silicon film at a dose of 1 x 1014/cm2 or greater with the first and third silicon films
covered by a first mask,

and a fifth process for ion implanting an impurity of a first conductive type to the first
silicon film at a dose of 1 x 1014’/cm2 or greater with the second and third silicon films
covered by a second mask,

and characterized by performing a low concentration area formation process ion
implanting an impurity of a first conductive type at a dose of 1 x 1014/cm2 or less to the first, .
second, and third silicon films after either of the third through fifth processes.

14. A manufacturing method for an active matrix circuit board according to Claim 13
wherein in the fifth process that part of the second mask corresponding to the connection area
of the source-drain electrodes to the source-drain areas of the third thin-film transistor is
opened, and ions are aiso implanted to the third silicon film.

15. A manufacturing method for an active matrix circuit board comprising a first
process for forming on the surface side of an insulated substrate first and second silicon films
for forming a first thin-film transistor of a first conductive type and a second thin-film transistor
of a second conductive type in the drive circuit area, and a third silicon film for forming a third
thin-film transistor of a first conductive type in the pixél area,

a second process for forming gate insulation films on the surfaces of the first, second,
and third silicon films,

a third process for forming gate electrodes on the surface side of the gate insulation
films, .
a fourth process for ion implanting an impurity of a first conductive type to the first
silicon film at a dose of 1 x 101‘4/cm2 or greater with the second and third silicon films
covered by a first mask,

and a fifth process for ion implanting an impurity of a second conductive type to the
second silicon film at a dose of 1 x 1014/cm2 or greater with the first and third silicon films
covered by a second mask,

and characterized by performing a low concentration area formation process ion
implanting an impurity of a first conductive type at a dose of 1 x 1014/<:m2 or less to the first,
second, and third silicon films after either of the third through fifth processes.

16. A manufacturing method for an active matrix circuit board according to Claim 15
wherein in the fourth process that part of the first mask corresponding to the connection area
of the source-drain electrodes to the source-drain areas of the third thin-film transistor is
opened, and i ions are also smplanted to the third silicon film.

AT O o
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17. A manufacturing method for an active matrix circuit board according to any of
Claims 13 through 16 wherein ion implantation in the low concentration area formation process
is characterized by a first ion doping process for implanting to the silicon film without mass
separation all ions generated from a mixed gas containing an impqrity gas for generating impu-
rity ions with the remainder being hydrogen gas, and a second ion doping process for implan-
ting ions generated from a pure hydrogen gas to the silicon film without mass separation,

all ions generated from a mixed gas containing an impurity gas for generating impurity
ions with the remainder being hydrogen gas are implanted to the silicon film without mass
separation for the ion implantation performed in the fourth and fifth processesl,

and the heat treatment temperature for activating the ions implanted to the silicon film
is approximately 300°C or greater.

18. A manufacturing method for an active matrix circuit board according to Claim 16
characterized by a first process for forming first, second, and third silicon films for forming
first, second, and third thin-film transistors on the surface side of an insulated substrate,

a second process for forming a gate insulation fiim on the surfaces of the first,
second, and third silicon films,

a third process for forming gate electrodes on the surface side of the gate insulation
film,

a fourth process for ion implanting an impurity of a second conductive type at a dose
of 1 x 1014/cm2 or greater to the second silicon film with the first and third silicon films
covered by a first mask,

and a fifth process for ion implanting an impurity of a first conductive type at a dose
of 1 x 1014/cm2 or greater to the first and third silicon films with the second and third silicon
films covered by a second mask and that part of the second mask corresponding to the inten-
ded formation area of the source-drain area of the third thin-film transistor open.

19. A manufacturing method for an active matrix circuit board defined in Claim 6
characterized by a first process for forming first, second, and third silicon films for forming
first, second, and third thin-film transistors on the surface side of an insulated substrate,

a second process for forming a gate insulation film on the surfaces of the first,
second, and third silicon films,

a third process for forming gate electrodes on the surface side of the gate insulation
film,

a fourth process for ion implanting an impurity of a first conductive type at a dose of
1x 1014Icm2 or greater to the first and third silicon films with the second and third silicon
films covered by a first mask and that part of the first mask corresponding to the intended
formation area of the source-drain area of the third thin-film transistor open,

and a fifth process for ion implanting an impurity of a second conductive type at a
dose of 1 x 1014Icm2 or greater to the second silicon film with the first and third silicon films
covered by a second mask.

[
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20. A manufacturing method for a conductive silicon film characterized by a first ion
doping process for implanting to the silicon film without mass separation all jons generated
from a mixed gas containing an impurity gas for generating impurity ions with the remainder
being hydrogen gas, '

a second ion doping process for implanting ions generated from a pure hydrogen gas
to the silicon film without mass separation,

and a heating process for heating the silicon film implanted with ions to approximately
300°C or greater.

21. A manufacturing method for a conductive silicon film according to Claim 20
characterized by the concentration peak of implanted impurity . being in the range from 3 x
101 ~8/cm3 to1x 1019/cm3, and the concentration peak of implanted hydrogen ions being in
the range from 6 x 1018/cm3 to1x 1020/cm3 in the silicon film after heating.

22. A manufacturing method for a thin-film transistor characterized by forming the
source-drain area of the thin-film- transistor using the manufacturing method of a conductive
silicon film defined in Claim 20 or 21.

23. A manufacturing method for a thin-film transistor comprising a first process for
forming a silicon film on the surface side of an insulated substrate,

a second process for forming a gate insulation film on the surface side of the silicon
film,

a third process for forming a gate electrode on the surface side of the gate insulation
film,

a fourth process for implanting an impurity to the silicon film using the embodiment as
a mask to form the source-drain areas,

and a heating process for heating the silicon film implanted with an impurity,

and characterized by performing in the fourth process a first ion doping process for
implanting to the silicon film without mass separation all ions generated from a mixed gas
containing an impurity gas for generating impurity ions with the remainder being hydrogen gas,
and a second ion doping process for implanting ions generated from a pure hydrogen gas to
the silicon film without mass separation,

and in the heating process heating the silicon film implanted with ions to approxi-
mately 300°C or greater.

24. A manufacturing method for a thin-film transistor according to Claim 23 compri-
sing after the fourth process a process for forming a layer insulation film, and forming contact
holes to the source-drain area in this layer insulation film,

and a fifth process for implanting an impurity to the silicon film through said contact

" holes to form a high concentration contact area,

_ and characterized by in the fifth process implanting to the silicon fifm without mass
separation all ions generated from a mixed gas containing an impurity gas for generating impu-
rity ions wnth the remalnder bemg hydrogen gas.
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25. A manufacturing method for a thin-film transistor according to Claim 23 compri-
sing after the third or fourth process a fifth process for covering the silicon film with a mask
open at that part corresponding to the connection area of the source-drain electrodes to the
source-drain areas, and implanting an impurity to the silicon film in this state to form a high
concentration contact area,

and characterized by in the fifth process implanting to the silicon film w:thout mass
separation all ions generated from a mixed gas containing an impurity gas for generating impu-
rity ions with the remainder being hydrogen gas.

26. A manufacturing method for a thin-film transistor according to any of Claims _23
through 25 wherein in the first process the silicon film is formed by forming a second silicon
film including the intended formation area of the channel formation area on the surface after
forming a first silicon film in the intended formation area of the source-drain area.

27. A manufacturing method for a thin-film transistor according to any of Claims 23
through 26 wherein in the fourth process the concentration peak of impurity implanted to the
source-drain area is in the range from 3 x 10'8/em3 10 1 x 10191cm3, and the concentration
peak of implanted hydrogen ions is in the range from 6 x 1018/cm3 to1x 102°/cm3.

28. A manufacturing method for a thin-film transistor according to Claims 24 or 25
.wherein in the fourth process the concentration peak of impurity implanted to the source-drain
area is in the range from 3 x 1018/cm:3 to 1 x 1019/cm3, and the concentration peak of
implanted hydrogen ions is in the range from 6 x 1018/cm3 to1x 1020/cm3,

and in the fifth process the concentration peak of impurity implanted to the high
concentration contact areais 1 x 102°/cm3 or greater.

T
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Abstract
Active Matrix Circuit Board, Thin-Film Transistor, And A Manufacturing Method
For These

In the formation of a thin-film transistor {620) capable of improving the OFF current characteri-
stic, first, all ions (arrow lon-1) generated from a mixed gas {(doping gasl containing 5% PH3
with the remainder being H2 gas are implanted to a polycrystalline silicon film (604) at an
approximately 80 keV energy level to achieve a P ion dose in the range from 3 x 10131cm2
to 1 x 10"%/cm? in the process forming low concentration source-drain areas {602, 603).
‘Next, all ions generated from a doping gas of pure hydrogen {arrow lon-2) are implanted to the
low concentration area (604a} at an approximately 20 keV energy level to achieve an H * jon
dose from 1 x 1014/cm2 to1x 101 5/<:m2. Then, the impurity is activated by heat treatment
of the low concentration area (604a) implanted with impurity for approximately one hour at
approximately 300°C in a nitrogen atmosphere.

Fig.l.
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ACTIVE MATRIX CIRCUIT BOARD, THIN-FILM TRANSISTOR,
AND A MANUFACTURING METHOD FOR THESE

FIELD OF THE INVENTION

The present invention relates to a thin-film transistqr, an active matrix circuit board, and a
manufacturing method for these, and relates particularly to a technology improving the electri-
cal characteristics of the thin-film transistor.

DESCRIPTION OF THE PRIOR ART

Thin-film transistors (hereafter "TFT") using a polycrystalline silicon film are used as pixel tran-
sistors in liquid crystal display panels and other active matrix circuit boards. Of available liquid
crystal display panels, built-in drive circuit type (built-in peripheral circuit type) active matrix
circuit boards in which the drive circuit is formed using TFT in the area peripheral to the pixel
area are used in liquid crystal display panels for viewfinders and projectors due to the packa-
ging technology problem that making electrical connections to narrow pitch terminals is diffi-
eult. As a result, TFT for the drive circuit area and TFT for the pixel area are both formed on a
single active matrix circuit board.

Of these TFT, a low OFF current is required in the TFT of the pixel area so that the charge
written through the pixel electrodes can be held. Polycrystalline silicon TFT, however, may use
an offset gate structure wherein a source-drain area is provided at a position separated from
the edge of the gate electrodes because the OFF current is high.

In addition, a iow concentration area may be provided at the edge of the drain area, and a dréin
structure (LDD structure) used with the field strength in this area reduced.

The following manufacturing method is conventionally used to manufacture thin-film transistors
with such a structure. o

When n-channel type TFT 1200a in the drlve circuit area, p—channel type TFT 1200b in the
drive circuit area, and n-channel type TFT 1200c in the pixel area are formed as shown in Fig.
40 (a) from left to right facing the figure, first, second, and third silicon films 1202, 1202,
1203 are first formed on the surface side of substrate 1201. The surface sides of the first,
second, and third silicon films 1202, 1202, 1203 are then covered by gate insulation film
1211. After that, a conductive film forming the gate electrode is formed on the surface side of
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the gate insulation film 1211, this is masked with resist 1213 for patterning, and gate elec-
trode 1212 is formed.

Next, as indicated by arrow 1214, an impurity that will be the donor is ion implanted, and
source-drain area 1207 is formed.

Next, gate electrode 1212 is over-etched with resist 1213 as the mask, and gate electrode
1212 is narrowed as shown in Fig. 40 (b}. As a result, the length of gate electrode 1212 is
shorter than the length of the area (channel formation area) in first, second, and third silicon
films 1202, 1202, 1203 in which the impurity is not introduced, and the offset gate structure
is formed.

Next, as shown in Fig. 40 (c), an impurity that will be the acceptor is ion implanted (arrdw
1221) to the second silicon film 1202 with the first and third silicon films 1202, 1203 covered
by resist 1215. Because the donor impurity was previously introduced to second silicon film
1202, the acceptor impurity is introduced at a high concentration.

It is to be noted that when TFT 1200a and 1200c are formed with an LDD structure, resist
1215 is removed after injecting the acceptor impurity, and a donor impurity is ion injected at an
appropriate dosage.

in the TFT thus formed, the OFF current level can be sufficiently lowered because concentra-
tion of the electrical field at the drain edge can be alleviated due to the offset structure or LDD

structure.

The following problems exist with the conventional manufacturing method thus described,
however.

First, even though TFT electrical characteristics vary with the gate length, this method sets the
gate length by over-etching the gate electrode, and it is therefore difficult to control the gate
length. For example, when a gate electrode composed of polycrystalline silicon is plasma
etched, it is possible to determine the completion of etching because the plasma emission
strength changes at the etching end point if patterning is normal, but it is difficult to reliably
control the end point because the plasma emission strength does not change with over-
etching. In addition, it is also difficult to control over-etching when over-etching is controlled
by the etching time because the etching speed varies slightly with the operating conditions,
etc., of the etching equipment. As a result, the ON current characteristic and other electrical
characteristics of TFT manufactured with conventional methods inevitably vary due to varia-
tions in gate length and offset length. Varsatxons of thls type ‘are fatal defects in drive circuit -
TFT formed by the:same process. : ., G i

Due to over-etching, it is also difficult to increase device pitch. More specifically, the active
matrix circuit board must be designed with a large pattern dimension to accommodate varia-
tions in gate electrode over-etching, and designs with such large margins result in large waste
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in the active matrix circuit board design. in addition, conventional manufacturing methods are
not suited to high resolution liquid crystal display paneils, and are an obstruction to reducing
the basic pattern dimension of the active matrix circuit board from 5 ym to 2 ym or 3 ym, or

even smaller dimensions.

Second, high temperature processing exceeding 600°C is required to activate the ion injected
impurity in LDD structures. With such high temperature processing, however, it is not possible
to use low-cost glass substrates. As a resuit, conventionali manufacturing methods also inter-
fere with increasing display panel screen size and reducing display panel cost. Furthermore,
conventional ion injection technologies are not weil suited to processing large circuit boards
because of the narrow injection area.

Technologies for implanting the generated ions without mass separation have been studied
with the objective of solving these problems. For example, a method for using a mixture of an
impurity gas diluted with hydrogen as the doping gas and implanting the ions generated from
- this mixture without mass separation has been studied, and the impurity has been activated at
a relatively low temperature of about 300°C. However, this method cannot activate a silicon
film implanted with a low ion concentration where the impurity concentration is 1 x 1019/cm3
or less, and it is still not possible to manufacture an LDD structure TFT in a low temperature

process.

Considering the above problems, the object of the present invention is to improve the structure
of the source-drain area and the manufacturing process therefor, and to thus achieve an active
matrix circuit board, a thin-film transistor, and a conductive silicon film in which the OFF
current characteristics can be improved, and a manufacturing method therefor.

DESCRIPTION OF THE INVENTION

To resolve the above problems, the impurity concentration of the source-drain area of the third
thin-film transistor is set lower than the impurity concentration of the source-drain area of the
first thin-film transistor in an active matrix circuit board comprising, according to the present
invention, a pixel area comprising a third thin-film transistor of a first conductive type and a
drive circuit area comprising a CMOS circuit composed of a first thin-film transistor of a first
conductive type and a second thin-film transistor of a second conductive type with the source-
drain area formed in a seif-aligned manner to the gate electrode. For example, by setting the
impurity concentration of the source-drain area of the third thin-film transistorto 1 x 1 0191cm3
or less, and the impurity concentration of the source-drain area.of the first thin-film transistor
to1x 1()19/cm3 or greater, a large ON current can be obtained in the thin-film transistor of
the drive circuit area and a small OFF current can be obtained in the thin-film transistor of the
pixel area.

In this invention, the first conductive type and second conductive type are oppasite conductive
types, meaning that if the first conductive type is an n-type, then the second conductive type
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is a p-type. Inversely, if the first conductive type is a p-type, then the second conductive type
is an n-type. In addition, "impurity ions" in this invention mean ions that are either donors or

acceptors.

An active matrix circuit board of such construction can be formed, for example, by a method
as follows. First, first and second silicon films for forming the first thin-film transistor of a first
conductive type and the second thin-film transistor of a second conductive type for the drive
circuit area, and a third silicon film for forming the third thin-film transistor of a first conductive
type for the pixel area are formed on the surface of the insulated substrate (first process).
Next, a gate insulation film is formed on the surfaces of the first, second, and third silicon films
(second process). Next, a gate electrode is formed on the surface of the gate insulation film
{third process). Next, with the first and third silicon films covered with a first mask, a second
conductive type impurity is ion implanted at a dose of 1 x 1014'/cm2 or greater to the second
silicon film (fourth process). Next, with the second and third silicon films covered with a
second mask, a first conductive type impurity is ion implanted at a dose of 1 x 1014'/cm2 or
greater to the first silicon film (fifth process). Then, after either the third or fifth process, a
first conductive type impurity is fon implanted at a dose of 1 x 1014'/cm2 or greater to the
first, second, and third silicon films {low concentration area formation process). It is to be
noted that the sequence of the fourth and fifth processes can be reversed.

It is preferable in the present invention to form a high concentration contact area with an
impurity concentration of 1 x 101 9/cm3 or greater in the source-drain area of the third thin-film
transistor such that the source-drain electrode is conductively connected to the source-drain
area of the third thin-film transistor through this high concentration contact area. In this case,
the second mask in the fifth process is left open in the area corresponding to the connection
area of the source-drain electrodes to the source-drain areas of the third thin-film transistor.
The lateral distance between the high concentration contact area and the edge of the gate elec-
trode is preferably less than approximately 4 uym in the present invention.

It is also preferable in the present invention to form the source-drain areas of the third thin-film
transistor in the thick silicon film of the bottom layer, and to form the channel formation area in
the thin silicon film of the top layer. '

In an active matrix circuit board with an integrated drive circuit area according to an alternative
form of the present invention, the thin-film transistor of the pixel area has an offset gate struc-
ture whereby the source-drain area is in a position laterally offset by a predstermined distance
from the edge of the gate electrode.

In the manufacturing method of an active matrix circuit board of such construction, first,
second, and third silicon films for forming first, second, and third thin-film transistors are
formed on the surface of the insulated substrate (first process). Next, a gate insulation film is
formed on the surfaces of the first, second, and third silicon films (second process). Next, a
gate electrade is formed on the surface of the gate insulation film (third process). Next, with
the first and third silicon films covered with a first mask, a second conductive type impurity is

' This is the replacement sheet

1 1quy 58

Date:



ion implanted at a dose of 1 x 1014/cm2 or greater to the second silicon film with the gate
electrode as a mask {fourth process}. Next, with the second and third silicon films covered
with a second mask and the second mask open to the intended formation area of the source-
drain area of the third thin-film transistor, a first conductive type impurity is ion implanted at a
dose of 1 x 1014Icm2 or greater to the first and third silicon films (fifth process). it is to be
noted that the sequence of the fourth and fifth processes can be reversed.

A low temperature process is used in an active matrix circuit board with an integrated drive
circuit area according to a further alternative form of the present invention. Specifically, in an
active matrix circuit board comprising on the surface side of a glass substrate or other insula-
ted substrate a pixel area comprising a third thin-film transistor of a first conductive type, and a
drive circuit area comprising a CMOS circuit composed of a first thin-film transistor of a first
conductive type and a second thin-film transistor of a second conductive type in which the
source-drain areas are formed in a self-aligned manner to the gate electrode, the source-drain
areas are formed in the third thin-film transistor with a peak concentration of impurity in the
range from 3 x 101 8/cm3 to1x 101 9/cm3 and the peak concentration of hydrogen ions in the
range from 6 x 1018/cm3 to1x1 OzolcmS, and the source-drain areas formed in the first and
second thin-film transistors have a peak concentration of impurity of 1 x 102°/cm3 or greater.

An active matrix circuit board of such construction can be formed, for exampie, by a method
as follows. First, first and second silicon films for forming the first thin-film transistor of a first
conductive type and the second thin-film transistor of a second conductive type for the drive
circuit area, and a third silicon film for forming the third thin-film transistor of a first conductive
type for the pixel area are formed on the surface of the insulated substrate (first process).
Next, a gate insulation film is formed on the surfaces of the first, second, and third silicon films
(second process). Next, a gate electrode is formed on the surface of the gate insulation film
{third process). Next, with the first and third silicon films covered with a first mask, a second
conductive type impurity is ion implanted at a dose of 1 x 1014lcm2 or greater to the second
siticon film (fourth process). Next, with the second and third silicon films covered with a
second mask, a first conductive type impurity is ion implanted at a dose of 1 x 1014Icm2 or
greater to the first silicon film (fifth process). Then, after either the third or fifth process, a
first conductive type impurity is ion implanted at a dose of 1 x 101 4/t':m2 or greater to the
first, second, and third silicon films (low concentration area formation process). For ion
implantation in the low concentration area formation process, a first ion doping process for
implanting to the silicon film without mass separation all ions generated from a mixed gas
containing an impurity gas for generating impurity ions with the remainder being hydrogen gas,
and a second ion doping process for implanting to the silicon film ions generated from a pure
hydrogen gas are applied. Furthermore, in the ion implantation performed in the fourth and
fifth processes, all ions generated from a mixed gas containing an impurity gas for generating
impurity ions with the remainder being hydrogen gas are implanted to the silicon film without
mass separation. In addition, the heat treatment temperature for activating the ions implanted
to the silicon film is set above approximately 300°C. It is to be noted that the sequence of the
fourth and fifth processes can be reversed.
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in the present invention, a high concentration contact area with a peak impurity concentration
of T x 1020/cm3 or greater is formed in the source-drain area of the third thin-film transistor
such that the source-drain electrode is conductively connected to the source-drain area of the
third thin-film transistor through this high concentration contact area. In this case, the second
mask in the fifth process is left open in the area corresponding to the connection area of the
source-drain electrodes to the source-drain areas of the third thin-film transistor for ion implan-
tation. Alternatively, ions are implanted from contact holes formed in the layer insulation film.

It is also preferable to form the source-drain areas in the thick silicon film of the bottom layer,
and to form the channel formation area in the thin silicon film of the top layer.

Iln addition to active matrix circuit boards. the structure and manufacturing method of this third
thin-film transistor can also be applied to TFT for which a low temperature process is desirabie.
Furthermore, a low concentration conductive silicon film formed in a low temperature process
can also be applied other than with TFT.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a simple block diagram of an active matrix circuit board with a built-in drive circuit.

Fig. 2 is a simple block diagram typically showing the structure of the pixel area of an
active matrix circuit board.

Fig. 3 is a cross sectional diagram typically showing the basic structure of a liquid crystal
display panel.

Fig. 4 is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the first
embodiment of the present invention.

Fig. 5 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 4.

Fig. 6 is a graph showing the relationship between the gate voitage Vg and drain current Id
when the impurity concentration of the source-drain area is varied in an n-channel
type TFT.

Fig. 7 is a cross sectional diagram typically showing the TFT structure formed in the pixel
' area and drive circuit area of an active matrix circuit board according to the second
embodiment of the present invention.

Fig. 8 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 7. '

i
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is a cross sectional diagram typicallv showing the TFT structure formed in the pixel
area of an active matrix circuit board according to the third embodiment of the
present invention.

is a graph showing the relationship between the ion dosage to the source-drain areas
and the contact resistance of the ITO and source-drain area.

shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 9.

is a crass sectional diagram typicaily showing the TFT structure formed in the pixel
area of an active matrix circuit board according to the fourth embodiment of the
present invention.

shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 12.

is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the fifth
embodiment of the present invention.

shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 14.

is a simple structural diagram of the ion implantation apparatus used in the manufac-
turing method of the conductive silicon film of the sixth and seventh embodiments of
the invention.

is a graph showing the relationship between hydrogen ion dosage to the polycrystal-
line silicon film and sheet resistance in the manufacturing method of an n-type
conductive silicon film according to the sixth embodiment of the invention.

is a graph showing the relationship between phosphorus ion dosage in the first
doping process and sheet resistance in the manufacturing method of an n-type
conductive silicon film according to the sixth embodiment of the invention.

is a graph showing the relationship between hydrogen ion dosage to the polyerystal-
tine silicon film and sheet resistance in the manufacturing method of a p-type
conductive silicon film according to the seventh embodiment of the invention.

is a graph showing the relationship between boron ion dosage in the first doping
process and sheet resistance in the manufacturing method of a p-type conductive
silicon film according to the seventh embodiment of the invention.
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is a cross sectional diagram typicaily showing the TFT structure according to the
eighth embodiment of the present invention.

is a process cross section showing the manufacturing method of the TFT in Fig. 21.

is a graph showing the relationship between pt dosage and drain current in the TFT
in Fig. 21.

is a cross sectional diagram typically showing the TFT structure according to the
ninth embodiment of the present invention. '

shows a process flow of the manufacturing method of the TFT in Fig. 24.

is a cross sectional diagram typically showing the TFT structure according to the
tenth embodiment of the present invention.

is a process cross section showing the manufacturing method of the TFT in Fig. 26.

is a cross sectional diagram typically showing the TFT structure according to the
eleventh embodiment of the present invention. '

shows a process flow of the manufacturing method of the TFT in Fig. 28.

is a cross sectional diagram typically showing the TFT structure according to the
twelfth embodiment of the present invention.

shows a process flow of the manufacturing method of the TFT in Fig. 30.

is a cross sectional diagram typically showing the TFT structure according to the
thirteenth embodiment of the present invention.

shows a process flow of the manufacturing method of the TFT in Fig. 32.

is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the four-
teenth embodiment of the present invention.

shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 34.

is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the fifteenth
embodiment of the present invention.

i
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Fig. 37 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 36.

Fig. 38 is a cross sectional diagram typically showing the TFT structure formed in the pixel
area and drive circuit area of an active matrix circuit board according to the sixteenth
embodiment of the present invention.

Fig. 39 shows a process flow of the manufacturing method of the active matrix circuit board
in Fig. 38.

Fig. 40 shows a process flow of the manufacturing method of conventional TFT.

OPTIMUM CONFIGURATIONS FOR ACHIEVING THE INVENTION

First embodiment

Before describing the structure of an active matrix circuit board according to the present
embodiment, the basic structure of an active matrix circuit board with a built-in drive circuit
and used in liquid crystal display panels is described.

Fig. 1 is a simple block diagram of an active matrix circuit board with a built-in drive circuit,
Fig. 2 is a simple block diagram typically showing the structure of the pixel area of an active
matrix circuit board, and Fig. 3 is a cross sectional diagram typically showing the basic struc-
ture of a liquid crystal display panel.

ln Fig. 1, active matrix circuit board 10 is divided into a pixel area 10a and drive circuit areas
10b, 10c (peripheral circuit part). Pixel region 13 is divided and formed in pixel area 10a by
_scanning lines (gate lines) 11a, 11b... {11) connected to drive circuit area 10b {scanning line
drive circuit), and data lines 12a, 12b... (12) connected to drive circuit area 10c {data line drive
circuit) as shown in Fig. 2. TFT 10d, which switches between a state connecting and a state
interrupting the data line 12 side and the pixel electrode side based on the scanning signal from
scanning line 11, is formed in pixel region 13. A CMOS circuit is also formed in drive circuit
areas 10b, 10c by thin-film transistors of a different conductive type.

Of these thin-film transistors, a small OFF current characteristic is required in TFT 10d of pixel
area 10a so that a sufficient charge can be held in liquid crystal capacitance 10f. Because high
speed operation compatible with high quality display operation is required in the thin-film tran-
sistor of drive circuit areas 10b, 10c, a thin-film transistor with a self-élignment structure is
generally used in drive circuit areas 10b, 10c.

it is to be noted that, as shown in Fig. 2, there are cases in which storage capacitance 10e is
formed in pixel region 13, and this storage capacitance 10e may be constructed overlaid with

part of the preceding scanning line 11 as the top pole and part of the drain electrode of TFT
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10d as the bottom pole. Therefore, if the OFF current of TFT 10d of pixel area 10a is large, it
is necessary to increase storage capacitance 10e, and the aperture ratio of pixel region 13 is
decreased. Note that liquid crystal capacitance 10f is the capacitance when active matrix
circuit board 10 and counter circuit board 16 on which counter electrode 15 is formed are
placed in opposition sandwiching liquid crystals 17 as shown in Fig. 3.

Thus, three types of thin-film transistors, including a pair of opposite conductive type thin-film
transistors in the drive circuit area and a thin-film transistor in the pixel area, are formed
because the characteristics required in the thin-film transistors are different in a built-in drive

circuit type active matrix circuit board 10.

- The following structure and manufacturing method are therefore used in the present invention
as will be described below so that different types of thin-film transistors can be efficiently

manufactured.

Fig. 4 is a cross sectional diagram typically showing, of the thin-film transistors (hereafter
"TFT"} formed in the active matrix circuit board of the present embodiment, the structure of
the TFT formed in the pixel area and the n-channel type TFT and p-channel type TFT formed in
the drive circuit area.

In Fig. 4, in active matrix circuit board 100 of the present embodiment, n-channel type TFT-A
of the drive circuit area, p-channel type TFT-B of the drive circuit area, and n-channel type TFT-
C of the pixel area are formed on a transparent insulated substrate 101 in order from the left
side as looking at the figure. The CMOS circuit is formed in the drive circuit area by TFT-A and

TFT-B.

Gate insulation film 114 is formed on the surface side of channel formation area 111 and
source-drain areas 112, 113, and gate electrode 115 is formed on the surface side of this gate
insulation film 114 in TFT-A. Source-drain areas 112, 113 are n* high concentration areas
with an impurity concentration equal to or greater than 1 x 101 9Icm3, e.g.. 1 x 10 )cma,

and are formed self-aligned to gate electrode 115.

Gate insulation film 124 is formed on the surface side of channel formation area 121 and
source-drain areas 122, 123, and gate electrode 125 is formed on the surface side of this gate
insulation film 124 in TFT-B. Source-drain areas 122, 123 are p+ high concentration areas
with an impurity concentration equal to or greater than 1 x 1()1 9Icma, e.g., 1x 102°lcm3,

and are formed self-aligned to gate electrode 125.

Gate insulation film 134 is formed on the surface side of channel formation area 131 and
‘'source-drain areas 132, 133, and gate electrode 135 is formed on the surface side of this gate
msulat:on film 134 in TFT-C. Source-drain areas 132, 133 are formed as n” low densntv areas
with an impurity concentration equal to or less than 1 x 10‘I 9/cm3. e.g.. 5x 10 8It:ma, and
are formed self-aligned to gate electrode 135.
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Therefore, a large ON current can be obtained in TFT-A and TFT-B of the drive circuit area. In
addition, the OFF current is small in the TFT-C of the pixel area because source-drain areas
132, 133 are low concentration of impurities. As a result, high resolution, high quality display
can be achieved in a liquid crystal display panel using the active matrix circuit board 100 of
this embodiment because high speed operation is possible in the drive circuit area and the writ-
ten charge can be sufficiently maintained in the pixel area.

The manufacturing method of active matrix circuit board 100 of such a structure is described
with reference to Fig. 5.

Fig. 5 shows a process flow of th'e manufacturing method of the active matrix circuit board of
the present embodiment.

First, as shown in Fig. 5 (a), after forming a polycrystalline silicon film on the surface side of
insulated substrate 101, this is patterned to form silicon films 110, 120, 130. Silicon film 110
is a first silicon film for forming TFT-A in the drive circuit area, and silicon film 120 is a second
silicon film for forming TFT-B in the drive circuit area. Silicon film 130 is a third silicon film for
forming TFT-C in the pixel area (first process).

Next, gate insulation films 114, 124, 134 are formed on the surface side of each silicon film
110, 120, 130 (second process).

Next, after forming a polycrystailine silicon film on the surfaces of gate insulation films 114,
124, 134 {the entire surface of insulated substrate 101), a high concentration impurity is intro-
duced into it. The polycrystalline silicon film into which an impurity was introduced is then
patterned using photoetching technologies to form gate eléctrodes 115, 125, 135. The gate
lines are simultaneously formed with the same materials when forming gate electrodes 115,
125, 135 (third process).

it is to be noted that because the etching end point can be positively confirmed due to dry
etching using CF4 plasma being used in the present embodiment for patterning the polycrystal-
line silicon film, the dimensions of the silicon film after patterning can be precisely controlled.

Next, as shown by arrow P¥, low concentration phosphorus ions are implanted at a 5 x
10"‘,‘Icm2 dose to silicon films 110, 120, 130 using gate electrodes 115, 125, 135 as a mask
(low concentration area formation process).

As a result, {ow concentration areas 170a, 120a, 130a witha b x 1018lcm:3 impurity concen-
tration are formed self-aligned to gate electrodes 115, 125, 135 in silicon films 110, 120, 130.
Low concentration area 130a becomes source-drain areas 132, 133 of TFT-C without further
ion implanting in the following processes. In addition, that part of silicon film 130 positioned
directly below gate electrode 135 becomes channel formation area 131.
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Next, as shown in Fig. 5 (b), after masking the side with silicon films 120, 130 with resist
140, high concentration phosphorus ions are implanted ata 1 x 1015/cm2 dose to silicon film
110 {low concentration area 110a) as shown by arrow P * (fourth process). _

As a result, low concentration area 110a becomes source-drain area 112, 133 int high
density area) witha 1 x 1020Icm3 impurity concentration formed self-aligned to gate electrode
115. In addition, that part of silicon film 110 positioned directly below gate electrode 115

becomes channel formation area 111.

Next, as shown in Fig. 5 (c), after masking the sides with silicon films 110, 130 with resist
150, high concentration boron ions are implanted ata 1 x 10‘I E.’/cm2 dose to silicon film 120
{low concentration area 120a) as shown by arrow B (fourth process).

As a result, low concentration area 120a becomes source-drain areas 122, 123 (p+ high
density area) witha 1 x 1020/cm3 impurity concentration formed self-aligned to gate electrode
125. In addition, that part of silicon film 120 positioned directly below gate electrode 125

becomes channel formation area 121.

In this way, even when three types of TFT are formed on one active matrix circuit board 100,
a low concentration impurity is also implanted to the drive circuit area side in the process
forming the low concentration area on the pixel area side, and a high concentration area is
formed there by the high concentration impurity impianted to the drive circuit area side. There-
fore, the impurity concentration of each area can be separately controiled while holding the
number of masking operations to a minimum. Therefore, a TFT having an optimal structure
can be manufactured by the manufacturing method of the present embodiment without side
etching the gate electrode. As a result, the display definition of the liquid crystal display panel
can be improved because the ON current characteristic of the drive circuit area TFT and the
OFF current characteristic of the pixel area TFT can be improved, and the electrical characteri-
stics are stable.

The electrical characteristics of the TFT-A and TFT-C formed in this way are described with
reference to Fig. 6.

Fig. 6 is a graph showing the relationship between the gate voltage Vg and drain current {d
when the impurity concentration of the source-drain area is varied in an n-channel type TFT.

In Fig. 6, solid line 5E13 shows the characteristics of the TFT with phosphorus implanted at a
5 x 10! 3/cm2 dose to the source-drain area. Solid line 1E14 shows the characteristics of the
TFT with phosphorus implanted at a 1 x 101"'Ir:m2 dose to the source-drain area. Solid line
‘5E14 shows the characteristics of the TFT with phosphorus implanted ata 5 x 101 5I«:m2 dose
to the source-drain area.

As will be known by comparing these characteristics, the ON current drops because the elec-

trical resistance of the source-drain area increases as the dose is reduced. Furthermore, the
1
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OFF current drops because electrical field strength between the drain area and gate electrode is
decreased in addition to the electrical resistance of the source-drain area increasing as the
dose is reduced. Therefore, it is sufficient to form the source-drain area as a low concentration
area in the pixel area TFT where a small OFF current is required.

Because a low OFF current is required in the TFT-C in the pixel area through the gate voitage
Vg range from O V to approximately -10 V, the impurity dose to the source-drain areas 132,
133 is less than or equal to 1 x 1014/cm2, and preferably less than 5 x -1013/cm2. However,
because the level of the TFT-C OFF current differs according to the setting conditions and the
specifications of the liquid crystal display panel in which active matrix circuit board 100 is
mounted, the impurity concentration of source-drain areas 132, 133 is set to an optimal level

according to the specifications and setting conditions.

The ON current of TFT-A and TFT-B in the drive circuit area is generally, however, preferably
greater, and when gate voltage Vg is 10 V, drain current Id must be 10 pA or greater. There-
fore, the impurity dose to the source-drain area of TFT-A and TFT-B must be approximately 1 x
101 4/cm2 or greater.

it is to be noted that the TFT ON current and OFF current are also dependent on the film thick-
ness of the polycrystalline silicon film in the channel formation area and the film thickness of
the gate insulation film, in addition to the impurity concentration of the source-drain area.
Furthermare, the electrical resistance of the source-drain area affecting the ON current and OFF
current is also dependent on the film thickness and polycrystallinity of the source-drain area.
Moreover, in addition to the dosage, the impurity concentration of the source-drain area is also
affected by the ion energy during implantation and the film thickness of the gate insulation
film. Therefore, the dosage is set as may be required with consideration for the ion energy and
the film thickness of the gate insulation film.

Second embodiment

The structure of an active matrix circuit board according to the present embodiment is basically
the same as the structure of the active matrix circuit board according to the first embodiment,
and only that a pad area, which is a high concentration area, is formed in the source-drain area
differs. Therefore, parts with functionality common to the first embodiment are identically
labelled, and further identification in the figures and detailed description are omitted.

Fig. 7 is a cross sectional diagram typically showing the structure of the pixel area TFT formed
in an active matrix circuit board according to the present embodiment.

In active matrix circuit board 100a of this embodiment, source-drain areas 112, 113 of TFT-A
aran™ high concentration areas with an impurity concentration of 1 x 10191cm3 or greater,
eg., 1 x 102°/cm3. and are formed seif-aligned to gate electrode 115. Source-drain areas
112, 113 are composed of thin upper layer source-drain areas 112a, 113a and thick bottom

This is the replacement sheet

i§ 4 00T 9%
Date: A JURUH



layer source-drain areas 112b, 113b formed from a polycrystalline silicon film the same as
channel formation area 111.

Source-drain areas 122, 123 of TFT-B are p ' high concentration areas with an impurity
concentration of 1 x 1019/cm3 or greater, e.g., 1 x 102°/cm3, and are formed self-aligned to
gate electrode 125. Source-drain areas 122, 123 are composed of thin upper layer source-
drain areas 122a, 123a and thick bottom layer source-drain areas 122b, 123b formed from a
polycrystalline silicon film the same as channel formation area 121.

Source-drain areas 132, 133 of TFT-C are formed self-aligned to gate electrode 115, and are
composed of thin upper layer source-drain areas 132a, 133a and thick bottom layer source-
drain areas 132b, 133b formed from a polycrystalline silicon film the same as channel forma-
tion area 131. Of these, the top layer source-drain areas 132a, 133a are n” low concentration
areas with an impurity concentration of 1 x 1019/cm3 or less, e.g., 5 x 1018/cm3. Relative to
this layer, the bottom layer source-drain areas 132b, 133b are nt high concentration areas

with an impurity concentration of 1 x 101 glcm:3 or greater, e.g., 1 x 1020/cm3.

In TFT-A and TFT-B of the drive circuit area thus formed, source-drain areas 112, 113, 122,
123 are formed self-aligned to gate electrodes 115, 125, and, moreover, are formed as high
concentration areas with a low electrical resistance. Furthermore, because source-drain areas
112, 113, 122, 123 are formed in two layers with a thick film thickness, the electrical resi-
stance is low. Therefore, a high ON current can be cobtained in TFT-A and TFT-B of the drive
circuit area. In addition, because the film thickness is thick and source-drain areas 132b,
133b, which are high concentration areas, are formed in source-drain areas 132, 133 of the
TFT-C of the pixel area, the electrical resistance there is low and the ON current is thus high.
Regardless of this, however, that part of source-drain areas 132, 133 near the edge of gate
electrode 135 in the TFT-C of the pixel area is the thin film thickness, low concentration area
source-drain areas 132a, 133a, and a sufficiently low OFF current can therefore be obtained.
As a result, high speed operation is possible in the drive circuit area and the written charge can
be sufficiently maintained in the pixel area.

In the manufacturing method of active matrix circuit board 100a thus constructed, after
forming a thick film thickness polycrystalline silicon film on the surface side of insulated
substrate 101, this is patterned to form silicon films 161, 162, 163 for forming source-drain
areas 112b, 113b, 122b, 123b, 132b, 133b of the bottom layer as shown in Fig. 8 (a).

Next, as shown in Fig. 8 (b), high concentration boron ions are implanted to silicon film 162 at
alx 1015,’cm2 dose with silicon films 161, 163 masked by resist 164 to form source-drain

areas 122b, 123b of the bottom layer.

Ne#t, as shown in Fig. 8 (c), high concentration phosphorus ions are implanted to silicon films
161, 163 ata 1 x 1015/cm? dose with silicon film 162 masked by resist 165 to form source-
drain areas 112b, 113b, 132b, 133b of the bottom layer.
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Heat treatment is then applied to activate the implanted impurity. This activation may be
applied after forming the other component areas during the heat treatment applied to activate

those areas.

Next, as in the process described in the first embodiment with reference to Fig. 5 (a), after
forming a thin polycrystalline silicon film over the entire surface of insulated substrate 101, it is
patterned to form silicon films 110, 120, 130. Thereafter, the same processes described in
the first embodiment with reference to Figs. 5 (a) to Fig. 5 (c), including formation of the gate
insulation film and gate electrodes on the surface side of silicon films 110, 120, 130, are
applied, and further description is therefore omitted.

It is to be noted that because high concentration boron ions are implanted to silicon film 120
using resist 150 covering the TFT-A and TFT-C formation areas in the following processes as
shown in Fig. 5 {c), the process shown in Fig. 8 {b) may be omitted and the bottom layer
source-drain areas 122b, 123b formed in the process shown in Fig. b (c}. By means of this
method, the increase in the number of processes can be held to a minimum even when forming
different conductive type pads (source-drain areas 112b, 113b, 122b, 123b, 132b, 133b of

the bottom layer].

Third embodiment

The structures of an active matrix circuit board according to the present embodiment and the
fourth and fifth embodiments described after this embodiment are basically the same as the
structure of the active matrix circuit board according to the first embodiment, and only the
structure of the TFT in the pixel area differs, Therefore, parts with functionality common to
the first embodiment are identically labelled, and further identification in the figures and detai-
led description are omitted.

Fig. 9 is a cross sectional diagram typicaily showing the structure of the TFT of the pixel area
formed in an active matrix circuit board according to the present embodiment.

In active matrix circuit board 200 of this embodiment, the n-channel type TFT-C of the pixel
area is formed over transparent insulated substrate 101 in Fig. 9, and n-channel type TFT-A
and p-channel type TFT-B of the drive circuit area are formed aver the same insulated substrate

101 as shown in Fig. 4.

As described in the first embodiment, source-drain areas 112, 113, 122, 123 of TFT-A and
TFT-B are high concentration areas with an impurity concentration of 1 x 10’9Icm3 or greater,
and are formaed self-aligned to gate electrodes 115, 125.

Again, in Fig. 9, gate insulation film 234 is formed on the surface side of source-drain areas

232, 233 and channel formation area 231 in TFT-C, and gate electrode 235 is formed on the

surface side of this gate insulation film 234. Lavyer insulation film 260 is formed on the surface
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side of gate electrode 235, source electrode 271 is connected to source-drain area 232
through the first contact hole 261, and pixel electrode 272 is connected to source-drain area

233 through second contact hole 262.

In this embodiment, those parts of source-drain areas 232, 233 corresponding to the openings
of first contact hole 261 and second contact hole 262 are high concentration contact areas
232a, 233a with an impurity concentration of 1 x 1019/cm3 or greater, e.g., 1 x 1_02°Icm3,
and the remaining areas are low concentration source-drain areas 232b, 233b with an impurity
concentration of 1 x 1019Icm3 or less, e.g., 5 x 101 8/cm3. Therefore, that part of TFT-C
positioned near the edge of gate electrode 235 is an LDD structure, i.e., low concentration

source-drain areas 232b, 233b. As a result, the OFF current of TFT-C is small as shown by
solid line 5E13 in Fig. 6.

The TFT-C ON current is also high because high concentration contact areas 232a, 233a are
formed in source-drain areas 232, 233. Specifically, in addition to the overall electrical resi-
stance of the source-drain areas 232, 233 dropping due to high concentration contact areas
232a, 233a, the TFT-C ON current is high, equivalent to the characteristic shown by solid line
5E14 in Fig. 6 because the contact resistance of source-drain area 233 (drain area) and pixel

electrode 272 formed from ITO is low.

Fig. 10 is a graph showing the relationship between the dosage of impurity ions to the area
connected by pixel electrode 272 formed from ITO and the contact resistance there. As
shown in Fig. 10, if the dosage to source-drain area 233 is increased, the contact resistance
tends to drop, and the contact resistance becomes severely low in particular when the dosage

exceeds 1 x 1014/cm2.

Note that even in the connection of source electrode 271, which is an aluminum electrode, and
source-drain area 232 (source area), the contact resistance tends to drop the higher the impu-
rity concentration in the area to which source electrode 271 connects. However, because the
contact resistance of aluminum and polycrystalline silicon is basically low, the contribution to
improving the ON current characteristic is less than when the contact resistance of the pixel
electrode 272 and source-drain area 233 is reduced.

Furthermore, when the length in the lateral direction of low concentration source-drain areas
232b, 233b in source-drain areas 232, 233 (the distance in the lateral direction from the edge
of high concentration contact areas 232a, 233a to the edge of gate electrode 235) was varied
in the range from 1 um tc 4 uym, and the ON current characteristics and OFF current characte-
ristics of the TFT-C were studied, it was confirmed that the OFF current does not change and
the ON current changes only a slight 10+ % in this range. Therefore, in the present embodi-
ment, by setting the length dimension of low concentration source-drain areas 232b, 233b to
approximately 2 ym, variation in the ON current characteristics can be held to 10% or less
even when there is a £ 1 ym variation in this dimension.
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The manufacturing method of an active matrix circuit board of such construction is described

with reference to Fig. 11.

Fig. 11 shows a process flow of the manufacturing method of the active matrix circuit board of
this embodiment.

First, as shown in Fig. 11 (a), after forming a polycrystalline silicon film on the surface side of
insulated substrate 101, this is patterned to form silicon films 110, 120, 230. Silicon film 110
is a first silicon film for forming TFT-A, and silicon film 120 is a second silicon film for forming
TFT-B. Silicon film 230 is a third silicon film for forming TFT-C (first process).

Next, gate insulation films 114, 124, 234 are formed on the surface side of each silicon film
110, 120, 230 (second process}.

Next, after forming a polycrystalline silicon film on the surfaces of gate insulation films 114,
124, 134 (the entire surface of insulated substrate 201), a high concentration impurity is intro-
duced into it. The polycrystalline silicon film is then patterned using photoetching technologies
to form gate electrodes 115, 125, 235. The gate lines are simuitaneously formed with the
same materials when forming gate electrodes 115, 125, 235 {third process).

Next, as shown by arrow P, phosphorus ions are implanted at a b x 1013/cm2 dose to sili-
con films 110, 120, 230 using gate electrodes 115, 125, 235 as a mask. As a result, fow
concentration areas 110a, 120a, 230a with a & x 1018/cm3 impurity concentration are formed
seif-aligned to gate electrodes 115, 125, 235 in silicon films 110, 120, 230 (low concentration
area formation process).

Next, as shown in Fig. 11 {b), the side with silicon films 120, 230 is masked with resist 240.

Openings 241, 242 are formed here in that part of low concentration area 230a of silicon film
230 corresponding to where the high concentration contact areas 232a, 233a are to be
formed. In this state, high concentration phosbhqrus ions are implanted at a 1 x 1015/cm2
dose to silicon films 110, 230 as shown by arrow P * (fourth process).

As a result, low concentration area 110a becomes source-drain areas 112, 133 (nt high
concentration area) with a 1 x 1020lt:m3 impurity concentration formed self-aligned to gate

electrode 115.

With respect to this, high concentration contact areas 232a, 233a with an impurity concentra-
tion of 1 x 10201cm3 are formed in low concentration area 230a of silicon film 230, and that
part to which high concentration ions were not implanted becomes low concentration source-
drain areas 232b, 233b with an impurity concentration of 5 x 101 8Icm3. In addition, that part
of silicon film 230 positioned directly below gate electrode 235 becomes channel formation

area 231.
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Next, as shown in Fig. 11 (c), after masking the sides with silicon films 110, 230 with resist
250, high concentration boron ions are implanted ata 1 x 1015/cm2 dose to silicon film 120
as shown by arrow B (fifth process).

As a result, low concentration area 120b becomes source-drain areas 122, 123 (p* high
concentration areas) with a 1 x 1020.'cm3 impurity concentration formed self-aligned to gate

electrode 125.

Because the dosage conditions can be independently set for the n-channel type TFT-A of the
drive circuit area, the p-channel type TFT-B of the drive circuit area, and the n-channel type
TFT-C of the pixel area by means of the manufacturing method of this embodiment as thus
described, a TFT with optimum electrical characteristics can be manufactured. Furthermore,
because high concentration contact areas 232a, 233a are formed while forming the LDD struc-
ture by twice implanting ions to source-drain areas 232, 233 in TFT-C, the electrical resistance
and the contact resistance of the overall source-drain areas 232, 233 can be reduced with the

QFF current held low.

it is to be noted that in the first through third embodirﬁents the low concentration area forma-
tion process can be applied after either the third, fourth, or fifth process. In addition, the order
of the fourth and fifth processes can be reversed.

Fourth embodiment

Fig. 12 is a cross sectional diagram typically showing the structure of the TFT of the pixel area
formed in an active matrix circuit board according to the present embodiment.

in active matrix circuit board 300 of this embodiment, the n-channel type TFT-C of the pixel
area is formed over transparent insulated substrate 101 in Fig. 12, and n-channel type TFT-A
and p-channel type TFT-B of the drive circuit area are formed over the same insulated substrate

101 as shown in Fig. 4.

As described in the first embodiment, source-drain areas 112, 113, 122, 123 of TFT-A and
TFT-B are high concentration areas with an impurity concentration of 1 x 101 Icm3 or greater,
eg., 1x 1020/cm3, and are formed self-aligned to gate electrodaes 115, 125.

Again, in Fig. 12, gate insulation film 334 is formed on the surface side of source-drain areas
332, 333 and channel formation area 331 in TFT-C, and gate electrode 335 is formed on the
surface side of this gate insulation film 334. Layer insulation film 360 is formed on the surface
side of gate electrode 335, source electrode 371 is connected to source-drain area 332
through the first contact hole 361, and pixel electrode 372 is connected to source-drain area
333 through second contact hole 362.
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TFT-C has an offset gate structure formed at a position approximately 2 ym removed in the
-ateral direction from the edge of gate electrode 335 with the source-drain areas 332, 333 as
high concentration areas with an impurity concentration of 1 x 1019/cm:3 or greater, e.g., 1 X
102°/cm3. TFT-C therefore has a small OFF current. Furthermore, because the distance in
the lateral direction between gate electrode 335 and the source-drain area in TFT-C is set to
approximately 2 um, the drop in the ON current resulting from the offset structure isheldto a
minimum. Moreover, the contact resistance of the drain electrode formed from ITO and the
source-drain areas 332, 333 is low. On the other hand, TFT-A and TFT-B have a high ON
current because of their self-aligned structure,

The manufacturing method of an active matrix circuit board of such construction is described
with reference to Fig. 13.

Fig. 13 is a process cross section showing the manufacturing method of the active matrix
circuit board of this embodiment.

in the manufacturing method of this embodiment, the ion implantation performed in the
process shown in Fig. 11 (a} in the manufacturing method associated with the third embodi-
ment is not performed. Specifically, as shown in Fig. 13 (a), the polycrystalline silicon film
formed over insulated substrate 101 is patterned form silicon fitms 110, 120, 330. Silicon film
110 is a first silicon film for forming TFT-A, and silicon film 120 is a second silicon film for
forming TFT-B. Silicon film 330 is a third silicon film for forming TFT-C (first process}.

Next, gate insulation films 114, 124, 334 are formed on the surface side of each silicon film
110, 120, 330 {second process).

Next, after forming a polycrystalline silicon film on the surfaces of gate insulation films 114,
124, 334 (the entire surface of insulated substrate 201), a high concentration impurity is intro-
duced into it. The polycrystalline silicon film is then patterned using photoetching technologies
to form gate electrodes 115, 125, 335. (third process). '

Next, as shown in Fig. 13 (b), the side with silicon films 120, 330 is masked with resist 340.

Openings 341, 342 are formed here in that part of resist 340 corresponding to where source-
drain areas 332, 333 are to be formed in silicon film 330. In this state, high concentration
phosphorus ions are implanted at a 1 x 1015/cm2 dose to silicon films 110, 330 as shown by
arrow P T (fourth process).

As a result, source-drain areas 112, 133 {(n* high concentration area) with a 1 x 1020/cm3

impurity concentration are formed self-aligned to gate electrode 115 in silicon film 110.

With respect to this, offset gate structure source-drain areas 332, 333 are formed in silicon
film 330 with an impurity concentration of 1 x 10%%/em3 or greater. That part of silicon film
330 to which ions were not implanted becomes channel formation area 331.
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Next, as shown in Fig. 13 (c), after masking the sides of silicon films 110, 330 with resist
350, high concentration boron ions are implanted at a 1 x 1015/t:m2 dose to silicon film 120

as shown by arrow B* (fifth process).

As a resuit, silicon film 120 becomes source-drain areas 122, 123 (p"' high concentration
areas) witha 1 x 1020Icm3 impurity concentration formed self-aligned to gate electrode 125.

It is to be noted that the order of the fourth and fifth processes can be reversed.

Because the dosage conditions can be independently set for TFT-A, TFT-B, and TFI'-C"by
means of the manufacturing method of this embodiment as thus described, formation under
optimal conditions is possible. Furthermore, over-etching for gate electrode 335 is not neces-
sary when forming TFT-C with an offset gate structure. As a result, the gate {ength of TFT-C
is stable, and a high reliability active matrix circuit board 300 can be manufactured.

Fifth embodiment

The structure of the active matrix circuit board of this embodiment is basically the same as the
structure of the active matrix circuit board of the fourth embodiment, and is characterized by
forming a pad area, which is a high concentration area, only in the source-drain area of the n-
channel type TFT.

Fig. 14 is a cross sectional diagram typically showing the structure of the TFT formed in an
active matrix circuit board according to the present embodiment.

In active matrix circuit board 400 of this embodiment, gate insulation film 414 is formed on the
surface side of channel formation area 411 and source-drain areas 412, 413 in TF1-A, and
gate electrode 415 is formed on the surface side of this gate insulation film 414,

Source-drain areas 412, 413 are n* high concentration areas with an impurity concentration
of 1 x 1019/cm3, e.g., 1 x lozolcms, formed self-aligned to gate electrode 415. Source-drain
areas 412, 413 comprise thin top layer source-drain areas 412a, 413a formed from the same
polycrystaliine silicon fifm as channel formation area 411, and thick bottom layer source-drain
areas 412b, 413b.

Gate insulation film 124 is formed on the surface side of channel formation area 121 and
source-drain areas 122, 123, and gate electrode 125 is formed on the surface side of this gate
insulation film 124 in TFT-B. Source-drain areas 122, 123 are p T high density areas with an
‘impurity concentration equal to or greater than 1 x 10’9/cm3, eg., 1 x 10 Icm3, and are
formed self-aligned to gate electrode 125.
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Gate insulation film 434 is formed on the surface side of channel formation area 431 and
source-drain areas 432, 433, and gate electrode 435 is formed on the surface side of this gate
insulation film 434 in TFT-C.

Source-drain areas 432, 433 comprise thin top layer source-drain areas 432a, 433a formed
from the same polycrystalline silicon film as channel formation area 431, and thick bottom
layer source-drain areas 432b, 433b. Top layer source-drain areas 432a, 433a are non-doped
areas. Bottom layer source-drain areas 432b, 433b, however, are n + high concentration areas
with an impurity concentration of 1 x 1019/cm3, e.g.. 1x 1020/cm3. As a result, that part of
top layer source-drain areas 432a, 433a positioned near the edge of gate electrode 435
becomes non-doped offset areas 432c, 433c.

It is to be noted that while not shown in the figures, the source electrodes and drain electrodes
of TFT-A and TET-C are connected to bottom layer source-drain areas 412b, 413b, 432b,

433b.

In TFT-A and TFT-B of the drive circuit area thus formed, source-drain areas 412, 413, 122,
123 are formed seif-aligned to gate electrodes 415, 125, and are formed as high concentration
areas with a low electrical resistance. Furthermore, because source-drain areas 412, 413 are
formed in two layers with a thick film thickness, the electrical resistance is low. Therefore, a
high ON current can be obtained in TFT-A and TFT-B of the drive circuit area. In the same
way, because the film thickness is thick in source-drain areas 432, 433 of TFT-C in the pixel
area, and source-drain areas 432b, 433b, which are high concentration areas, are formed, a
high ON current can be obtained because the electrical resistance there is low. Nevertheless,
because TFT-C in the pixel area has an offset gate structure and the film thickness of offset
areas 432c¢, 433c is thick, the OFF current is sufficiently low. As a result, high speed opera-
tion is possible in the drive circuit area, and the written charge can be sufficiently held in the

pixel area.

In the manufacturing method of an active matrix circuit board 400 of such structure, after first
forming a thick film thickness, non-doped silicon film on the surface side of insulated substrate
101, the silicon film is patterned to form silicon films 401, 402, 403 as shown in Fig. 15 (a).

Next, as shown in Fig. 15 (b), with silicon film 402 masked by resist 420, high concentration
phosphorus ions are implanted ata 1 x 1015/cm2 dose to silicon films 401, 403 as shown by
arrow Pt to form source-drain areas 412b, 413b of the bottom layer.

Next, as shown in Fig. 15 (c), after forming a thin polycrystalline silicon film over the entire
surface of insulated substrate 101, it is patterned to form non-doped silicon films 410, 420,
430. Silicon film 420 combines with silicon film 402 here to form silicon film 120. Silicon film
410 is the first silicon film for forming TFT-A, and silicon film 120 is a second silicon film for
forming TFT-B. Silicon film 420 is the third silicon film for forming TFT-C (first process).
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Next, gate insulation films 414, 124, 434 are formed on the surface side of each silicon film
410, 120, 430 {second process), and then gate electrodes 415, 125, 435 are formed (third

process).

Next, as shown in Fig. 15 (d), the side with silicon films 120, 430 is masked by resist 440. In
this state, high concentration phosphorus ions are implanted ata 1 x 101 5/cm2 dose to silicon
films 410, 430 as shown by arrow P (fourth process).

3

As a result, source-drain areas 412, 433 with a 1 x 1020/cm impurity concentration formed

self-aligned to gate electrode 415.

A resist mask with openings formed in that part of silicon film 430 corresponding to where
source-drain areas 432b, 433b of the bottom layer are to be formed can be used here. In this
case, all of source-drain areas 432, 433 except for the offset area can be formed as n™* high

concentration areas.

Next, after masking silicon films 410, 430 with resist 450 as shown in Fig. 15 (e}, high
concentration boron ions are impianted at a § x 1015/cm‘.2 dose to silicon film 120 as shown
by arrow BY (fifth process).

As a result, source-drain areas 122, 123, which are p+ high concentration areas, are formed
self-aligned to gate electrode 125 in silicon film 120.

it is to be noted that because the thicker the film thickness of source-drain areas 412, 413, the
higher the ON current of TFT-A, and thus the better, the overall thickness of source-drain areas
412, 413 and channel formation area 411 can be increased as in TFT-B. In addition, the order
of the fourth and fifth processes can be reversed.

Sixth embodiment
The manufacturing method of a conductive silicon film is described as the sixth embodiment.

Fig. 16 is a structural diagram of the ion implantation device used to manufacture the n-type
conductive silicon film of this embodiment.

In Fig. 16, an extraction electrode 53 for extracting impurity ions 52 from plasma source 51,
and acceleration electrode 54 for accelerating the impurity ions 52 to a predetermined energy
level are provided in ion implantation machine 50, and a voitage is applied to extraction elec-
trode 53 and acceleration electrode 54. As a result, impurity ions 52 extracted from plasma
source 51 can be implanted to the polycrystalline silicon film formed on the surface of glass

substrate 55.

This is the replacement sheet

11067

Dates



-23-

A mass separator for applying mass separation to the ions generated from the dopant gas is
not provided in ion implantation machine 50, and all ions generated from the dopant gas are
implanted to the polycrystalline silicon film without mass separation.

In the manufacturing method (impurity activation method) of the conductive silicon film accor-
ding to this embodiment using a ion impiantation machine 50 of this type, a polycrystalline sili-
con film with a thickness of, for example, 500 A, is first formed on the surface of a glass sub-
strate, and on the surface of the polycrystalline silicon film is formed a 1200 A thick silicon
dioxide film (SiO‘z film). When forming a TFT from the polycrystalline silicon film, it is
preferable to form the polycrystailine silicon film with a crystallization rate of 75% or higher,
and it is even more preferable to form it with a 30% or higher rate. '

Next, using ion implantation machine 50, all ions generated from a mixed gas {(dopant gas)
containing 5% PH3 with the remainder being hydrogen are implanted to the polycrystalline sili-
con film through the silicon dioxide film at an 80 keV energy level without mass separation

{first ion doping process).

The dosage of the ions implanted at this time is 1 x 1014'/cm2 converted to P ions. As a

result, the P* ion concentration peak in the polycrystalline silicon film will be approximately 1
X 1019/cm3.

Continuing, using ion implantation machine 50, ions generated from a 100% pure hydrogen
gas are implanted to the polycrystaliine silicon film through the silicon dioxide film at a 20 keV
energy level without mass separation {second ion doping process).

In this embodiment, most of the ions generated from the pure hydrogen gas are H2+, and by
setting the implantation energy level to 20 keV in this case, the concentration peak in the Hz +
depth direction can be controlled to be positioned at the boundary of the polycrystalline silicon
film and the silicon dioxide film.

Heat treatment with a temiperature of approximately 300°C is then applied for approximately
one hour to the polycrystalline silicon film implanted with an impurity (Pt ions} (heating
process).

The heat treatment temperature here is in the range from approximately 300°C to approxi-
mately 600°C, and preferably in the range from approximately 300°C to approximately
550°C. Furthermore, in the TFT manufacturing process, when a low-cost glass substrate is
used as the insulated substrate, the heat treatment temperature is preferably set within the
range from approximately 300°C to approximately 460°C.

The relationship between the hydrogen ion dose to the polycrystalline silicon film thus formed
and the sheet resistance is shown in Fig. 17. In Fig. 17 the hydrogen ion does is converted to

aH™' ion quantity.
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As shown in Fig. 17, the resistance of the polycrystalline silicon implanted with a smail quan-
tity of impurity is low when the dose of implanted H * jons is in the range from 1 x 1014Icm"Z
101 x 1015Icm2, or specifically when the concentration peak of H™ ions in the polycrystalline
silicon film is in the range from 6 x 1018/cm3 to1x 102°Icm3. The reasons for this are
believed to be the result of competition between the effect of dangling bonds in the polycry-
stailine silicon film terminating due to hydrogen ion implantation, and the effect of defects
being created by hydrogen ion implantation.

Furthermore, the relationship between the phosphorus ion dose in the first doping process and
sheet resistance is shown in Fig. 18 when the conditions of the second ion doping process are
set so that ions generated from pure hydrogen are implanted without mass separation to the
polycrystalline silicon film at a dose from 1 x 1014'/cm2 tolx 101 5/cm2 to achieve a concen-
tration peak of H* ions in the polycrystalline silicon film in the range from 6 x 10! 8/cm3 {sic]
to1x 1020/cm3. in Fig. 18, the phosphorus ions are shown converted to a P* ion quantity.

As shown in Fig. 18, the sheet resistance drops if the P* ion dose is changed to the range
from 5 x 1012/cm2 to 1.5 x 1015/cm2, and the P* jon concentration peak is increased from
5 x 101-"/cm3 to 1.6 x 1019,’cm3.

Therefore, a low concentration polycrystalline silicon film can be made conductive according to
this embodiment by heat treatment at a relatively low temperature of approximately 300°C by
implanting ions generated from a pure hydrogen gas to the silicon film without mass separation
after implanting all ions generated from a mixed gas, which contains an impurity gas for gene-
rating an impurity with the remainder being hydrogen, to the silicon film without mass separa-
tion. As a result, an LDD structure TFT can be formed on a low-cost glass substrate because a
TFT low concentration source-drain area can be formed even in a low temperature process. In-
addition, because an electrode material with a low electrical resistance can be used as a resuit
of the heat resistance limitations of the gate electrode etc., being relaxed, the gate signai delay
can be reduced and the display quality in a liquid crystal display panel can be improved. In
addition, productivity is high because ions can be implanted to a wide area of the substrate
because mass separation is not used.

It is to be noted that the energy level during ion implantation is a property that must be set to
the optimum conditions based on the thickness and type of the silicon dioxide film formed on
the surface of the polycrystalline silicon film, and the type of ions implanted, and there is there-
fore no limit on the conditions.

For example, when the generated ions are primarily H *, if the implantation energy is set to 10
keV, the concentration peak in the HY depth direction can be controlled to a position at the
boundary of the polycrystalline silicon film and the silicon dioxide film.

In addition, when the thickness of the silicon dioxide film is approximately 800A, using ion
implantation machine 50, all ions _generated from a mixed gas containing 5% PHa with the
remainder being hydrogen are implanted to the polycrystalline silicon film through the silicon

1
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dioxide film at a 50 keV energy level without mass separation. To achieve a P* ion concentra-
tion peak in the polycrystalline silicon film of approximately 1 x 1019/cm3, the ion dose is set
t0 6.5 x 1013/cm2 converted to P ¥ ions (first doping process).

Continuing, using ion implantation machine 50, ions generated from pure hydrogen are implan-
ted to the polycrystalline silicon film through the silicon dioxide film at a 12 keV energy level
without mass separation (first doping process).

Thereafter, heat treatment at approximately 300°C is applied to the polycrystalline silicon film
implanted with an impurity (P ions) for approximately one hour (heating process).

Seventh embodiment

Next, the manufacturing method of a p-type conductive silicon film is described as the seventh
embodiment. It is to be noted that the ion implantation machine 50 used in the sixth embodi-
ment is also used in this embodiment, and with this device all ions generated from the dopant
gas are implanted to the polycrystalline silicon film without mass separation.

In the conductive silicon film manufacturing method according to this embodiment using this
type of ion injection device 50, a polycrystalline silicon film with a thickness of, for example,
500 A, is first formed on the surface of a glass substrate, and on the surface of the polycry-
stalline silicon film is formed a 1200 A thick silicon dioxide film (Si02 film). When forming a
TFT from the polycrystalline silicon film, it is preferable to form the polycrystatline silicon film
with a crystallization rate of 75% or higher, and it is even more preferable to form it with a
80% or higher rate.

Next, using ion implantation machine 50, all ions generated from a mixed gas (dopant gas)
containing 5% ByHg with the remainder being hydrogen are implanted to the polycrystalline
silicon film through the silicon dioxide film at an 80 keV energy level without mass separation
{first ion doping process).

The dosage of the ions implanted at this time is 1 x 1014.'cm“’1 converted to B ions. As a
result, the 8+ ion concentration peak in the polycrystalline silicon film will be approximately 1
x1 O1 9lcm‘?‘ .

Continuing, using ion injection device 50, ions generated from a 100% pure hydrogen gas are
implanted to the polycrystalline silicon film through the silicon dioxide film at a 20 keV energy
level without mass separation {second ion doping process).

In this embodiment, most of the_ ions generated from the pure hydrogen gas are Hz"', and by
setting the implantation energy level to 20 keV in this case, the concentration peak in the H2 +
depth direction can be controlled to be positioned at the boundary of the polycrystalline silicon

film and the silicon dioxide film.
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Heat treatment with a temperature of approximately 300°C is then applied for approximately
one hour to the polycrystalline silicon film implanted with an impurity (8" ions) (heating

process).

The heat treatment temperature here is in the range from approximately 300°C to approxi-
mately 600°C, and preferably in the range from approximately 300°C to approximately
§50°C. Furthermore, in the TFT manufacturing process, when a low-cost glass substrate is
used as the insulated substrate, the heat treatment temperature is preferably set within the
range from approximately 300°C to approximately 450°C.

The relationship between the hydrogen ion dose to the polycrystalline silicon film thus formed
and the sheet resistance is shown in Fig. 19. In Fig. 19 the hydrogen ion does is converted to

aH™ ion quantity.

As shown in Fig. 19, the resistance of the polycrystalline silicon implanted with a small quan-
tity of impurity is low when the dose of implanted H * jons is in the range from 1 x 1014lc':m2
to 1 x 101 5/cm2, or specifically when the concentration peak of H * jons in the polycrystalline
silicon film is in the range from 6 x 10181cm3 to 1 x 102°Icm3. The reasons for this are
believed to be the result of competition between the effect of irregular bonds in the polycry-
stalline silicon film terminating due to hydrogen ion implantation, and the effect of defects

being created by hydrogen ion implantation.

Furthermore, the relationship between the boron ion dose in the first doping process and sheet
resistance is shown in Fig. 20 when the conditions of the second ion doping process are set so
that ions generated from pure hydrogen are implanted without mass separation to the polycry-
stalline silicon film at a dose from 1 x 1014Icm2 to1x 1015/cm2 to achieve a concentration

peak of HY ions in the polycrystalline silicon film in the range from 6 x 101 8I¢:m3 (siclto 1 x

102%/cm3. In Fig. 20, the boron ion is shown converted to a B* ion quantity.

As shown in Fig. 20, the sheet resistance drops if the B ion dose is changed to the range
from 5 x 10121cm2 to 1.5 x1 015/cm2, and the B ion concentration peak is increased from
5 x 101 7/emS t0 1.6 x 1019/em®.

Therefore, a low concentration polycrystalline silicon film can be made conductive according to
this embodiment by heat treatment at a reiatively low temperature of approximately 300°C by
implanting ions generated from a pure hydrogen gas to tha siticon film without mass separation
after implanting all ions generated from a mixed gas, which contains an impurity gas for gene-
rating an impurity with the remainder being hydrogen, to the silicon film without mass separa-

'tiqn.
It is to be noted that in this embodiment, too, the energy level during ion implantation is a

property that must be set to the optimum conditions based on the thickness and type of the

]
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silicon dioxide film formed on the surface of the polycrystalline silicon film, and the type of ions
implanted, and there is therefore no limit on the conditions.

For example, when the generated ions are primarily H *, if the implantation energy is set to 10
keV, the concentration peak in the H' depth direction can be positioned at the boundary of
the polycrystalline silicon film and the silicon dioxide film.

Furthermore, because the ions generated from the mixed gas containing 5% B,oHg with the
remainder hydrogen are primarily BzH * jons, implantation can use an energy level of
approximately 40 keV when primarily B"' ions are generated even though ions were implanted
at 80 keV in this embodiment. : '

Eighth embodiment

A method for manufacturing TFT. applying the manufacturing method of a conductive silicon
film associated with the sixth embodiment is described with reference to Fig. 21 and Fig. 22.

Fig. 21 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 22 shows a process flow of the
manufacturing method.

In Fig. 21, silicon dioxide film 606 for preventing diffusion of heavy metals from glass
substrate 601 to the device area is formed on the surface of glass substrate 601, and on its
surface are formed an approximately 500 A thick polycrystaliline silicon film that will become
channel formation area 607 and source-drain areas 602, 603 formed as n -type low concentra-
tion areas. On the surface of source-drain areas 602, 603 and channel formation area 607 is
formed gate insulation film 608 from an approximately 1200 A thick silicon dioxide film (Si02).
On the surface of this gate insulation film 608 is formed gate electrode 609 from tantalum,
aluminum, or chrome, and TFT 620 is formed from gate electrode 609, source-drain areas 602,
603, and channel formation area 607.

Source-drain areas 602, 603 are low concentration areas formed self-aligned to aate electrode
609 with a concentration peak of phosphorus ions as the impurity from 3 x 10 8k:m3 to 1 x

01 9/cm3

Layer insulation film 611 is formed on the surface side of gate electrode 609, and aluminum
source electrode 613 is connected to source-drain area 602 (source area), and aluminum and
ITO drain electrode 612 is connected to source-drain area: 603 {drain area), through contact
holes 611a, 611b.

In the manufacturing method of TFT 620 thus structured, silicon dioxide film 606 is formed as
an insulation film with a film thickness of approximately 2000 A on the surface of glass
substrate 601 as shown in Fig. 22 (a). This silicon dioxide film 608 is formed for the purpose
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of preventing diffusion of heavy metals, etc., contained in giass substrate 601 to the element
side, and can therefore be omitted when using a substrate of sufficient purity.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystailine sili-
con film 604 is preferably approximately 75% or higher, and is even more preferably 90% or
higher (first process).

Next, gate insulation film 608 is formed from Si02 with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 {second process).

Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 22 (b), in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-1) generated from a mixed gas (doping gas) containing 5% PH3 with the
remainder being H2 gas are implanted to polycrystalline silicon film 604 at an approximately 80
keV energy level to achieve a P* ion dose in the range from 3 x 101alcm2 to1x 1014/cm2

{first ion doping process).

As a result, polycrystalline silicon film 604 becomes low concentration area 604a with a phos-
- phorus ion concentration peak in the range from 3 x 101 8/cm3 to1x 101 9/cm3.

Next, as shown in Fig. 22 (c), in ion implantation machine 50 shown in Fig. 16, all ions {shown

by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion area 604a at an approximately 20 keV energy level to achieve a H™ ion dose in the range
from 1 x 1014/cm2 to1x 1015/cm2 (second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration area 604a is in the range
from 6 x 1078/cm3 to 1 x 1020/cm3

Even after an impurity is implanted in this way, the crystallinity of low concentration area 604a
is retained, and defects in the polycrystalline silicon film are filled by the implanted hydrogen
(above, the fourth process).

Next, as shown in Fig. 15 (d), the impurity is activated in polycrystalline silicon film 604 (low
concentration area 604a) implanted with the impurity by heat treatment for approximately one
hour at approximately 300°C in a nitrogen atmosphere (heating process).

As a resuit, that part of polycrystalline silicon film 604 to which the impurity was introduced

becames source-drain areas 602, 603. In addition, directly below gate electrode 609 becomes
channel formation area 607.
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Next, contact holes 608a, 608b are formed after forming layer insulation film 611 on the
surface of gate electrode 608, and source electrode 613 and drain electrode 612 are connec-
ted to source-drain areas 602, 603.

The relationship between the P¥ dose and the drain current in TFT 620 thus manufactured
when the drain-source voltage V. is 4 V and the gate voltage Vg is 10 V is shown by solid
line 617 in Fig. 23. The relationship between the P' dose and the drain current when the
drain-source voltage Vds is 4 V and the gate voitage Vg is -10 V is also shown in Fig. 23 by
dotted line 618.

As shown in Fig. 23, the OFF current in TFT 620 can be reduced when the P* dose is in the
range from 3 x 1013/cm2 tolx 1014/cm2, in other words when the phosphorus ion concen-
tration peak in the polycrystalline silicon film {source-drain areas 602, 603) is in the range from
3 x 101 8/cm3 to1x 1019/cm3.

in addition, a low cost glass substrate 601 can be used because a heat treatment temperature
of approximately 300°C can be used with the TFT manufacturing method of the present
embodiment. In addition, because high heat resistance is not required in gate electrode 609
and source electrode 613, a low electrical resistance electrode material can be used without
being restricted by heat resistance. Moreover, because mass separation is not used in any of
the ion doping processes,'ions can be implanted to a wide area of the substrate.

Ninth embodiment

Fig. 24 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 25 shows a process fiow of the
manufacturing method. It is to be noted that the basic configuration of the eight embaodiment is
common to the TFT of this embodiment and the TFT of embodiments 10 through 13 described
below, and only the configuration of the source-drain area differs. Therefore, the same
symbols are applied to parts having common functionality, and detailed description thereof is
omitted.

In Fig. 24, an n-channel type TFT 630 comprising gate electrode 609 of tantalum, aluminum,
or chrome, gate insulation film 608, source-drain areas 632, 633 formed self-aligned to gate
electrode 609, and channel formation area 607 is formed on the surface of glass substrate

601.

High concentration contact areas 632a, 633a positianed in the area corresponding to contact
holes 611a, 611b, and low concentration saurce-drain areas 632b, 633b positioned on the
side of the edge of gate electrode 609 are formed in source-drain areas 632, 633, and TFT
630 has an LDD structure. The phosphorus ion concentration peak of the low concentration
source-drain areas 632b, 633b here is in the range from 3 x 10! 8lcrn3 tol1x 101 9k:m:’, and
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the phosphorus ion concentration peak in high concentration contact areas 632a, 633ais 1 x
1020/cm3 or higher.

Therefore, the overall electrical resistance of source-drain areas 632, 633 is low due to the low
electrical rasistance high concentration contact areas 632a, 633a. Moreover, because it is low
concentration source-drain areas 632b, 633b that are positioned near the edge of gate elac-
trode 609, the OFF current is low. Furthermore, because source electrode 613 and drain elec-
trode 612 are connected to source-drain areas 632, 633 through high concentration contact
areas 632a, 633a, the contact resistance is low. In particular, even if drain electrode 612 is
made of ITO as the pixel electrode, the contact resistance can be reduced because ITO is
connected to high concentration contact area 633a.

The manufacturing method of a TFT thus configured is described with reference to Fig. 25.

As shown in Fig. 25 {(al, silicon dioxide film 606 is formed as an insuiation film with a film
thickness of approximately 2000 A on the surface of glass substrate 601.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con film 604 is preferably approximately 75% or higher, and is even more preferably 90% or
higher {first process).

Next, gate insulation film 608 is formed from Si02 with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 (second process).

Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 {second process).

Next, as shown in Fig. 25 (b}, in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-1} generated from a doping gas containing 5% PH3 with the rerq_ainder
being H, gas are implanted to polycrystalline silicon film 604 at an 80 keV energy level to
achieve a P* ion dose in the range from 3 x 10'3/cm? to 1 x 1074/cm? (first ion doping

process).

As a result, polycrystalline silicon film 604 becomes low concentration area 604a with a phos-
phorus ion concentration peak in the range from 3 x 101 8lcm3 to1x 101910m3.

Next, as shown in Fig. 25 (c), in ion implantation machine 50 shown in Fig. 16, all ions {shown
by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion area 604a at an approximately 20 keV energy level to achieve a H * jon dose in the range
frofn 1x 1014Icm2- to1x 1015/cm2 (second ion doping process).
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As a result, the hydrogen ion concentration peak in iow concentration area 604a is in the range

from 6 x 1018/cm3 to1x 10201cm3.

Even after an impurity is implanted in this way, the crystallinity of low concentration area 604a
is retained, and defects in the polycrystalline silicon film are filled by the implanted hydrogen

{above, the fourth process).

Next, as shown in Fig. 25 {d), contact holes 611a, 611b are formed in layer insulation film 611
after forming layer insulation film 611 on the surface of gate eiectrode 609. In this state, in ion
implantation machine 50 shown in Fig. 16, all ions {shown by arrow lon-3) generated from a
doping gas of 5% PHE with the remainder H, gas are implanted to low concentration area
604a to achieve a P ion dose of 1 x 10 /cm2 or greater, forming high concentration
contact areas 623a, 633a with a phosphorus ion concentration peak of 1 x 1020/cm3 in the
area corresponding to the bottom of contact holes 6§11a, 611b. At this time, the impurity ions
are impianted at an approximately 30 keV energy level so that the impurity concentration peak
will be positioned at the center in the depth direction of polycrystalline silicon film 604 at the
bottom side of contact holes 611a, 611b {fifth process).

Next, the impurity is activated by heat treatment of polycrystalline silicon film 604 implanted
with the impurity for approximately one hour at approximately 300°C in a nitrogen atmosphere
{theating process).

As a result, that part of polycrystalline silicon film 604 to which the impurity was introduced
becomes source-drain areas 632, 633. That part of source-drain areas 632, 633 implanted
with a high concentration impurity is high concentration contact areas 632a, 633a, and the
.other area is low concentration source areas 632b, 633b. In addition, the area corresponding
to directly below gate electrode 609 is channel formation area 607.

Next, as shown in Fig. 25 (e], source electrode 613 and drain electrode 612 are connected to
high concentration contact areas 632a, 6332, respectively.

By means of this manufacturing method, even when high concentration contact areas 632a,
633a are formed in source-drain areas 623, 633, a resist mask or other special mask is not
necessary because ions are selectively implanted from contact holes 611a, 611b formed in
layer insulation film 611. As a result, the effect of being able to reduce the number of
manufacturing processes in TFT 630 is obtained in addition to the effects obtained from the

eighth embodiment.

Tenth embodiment

Fig. 26 is a cross section typicaily showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 27 shows a process flow of the
manufacturing method.
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In Fig. 26, an n-channel type TFT 640 comprising gate electrode 609 of tantalum, aluminum,
or chrome, gate insulation film 608, source-drain areas 632, 633 formed self-aligned to gate
electrode 6039, and channel formation area 607 is formed on the surface of glass substrate

601,

High concentration contact areas 642a, 643a with a phosphorus ion concentration peak of 1 x
1020/cm3 or greater is formed in the area of source-drain areas 642, 643 including the bottom
surface of contact holes 611a, 611b, and positioned near the edge of gate electrode 603 are
low concentration source-drain areas 642b, 643b with a phosphorus ion concentration peak in
the range from 3 x 1018/cm3 to 1 x 1019/cm3.

As a result, the overall electrical resistance of source-drain areas 642, 643 is low due to the
low electrical resistance high concentration contact areas 642a, 643a. Moreover, because
what is positioned near the edge of gate electrode 609 is low concentration source-drain areas
642b, 643b, the OFF current is low. In addition, the contact resistance is low because source
electrode 613 and drain electrode 612 are connected to source-drain areas 642, 643 through
high concentration contact areas 642a. 643a. In particular, the contact resistance is low even
if drain electrode 612 is made from ITO as the pixel electrode because ITO is connected to high

concentration contact area 643a.
The manufacturing method of a TFT thus configured is described with reference to Fig. 27.

As shown in Fig. 27 (a), silicon dioxide film 606 is formed as an insulation film with a film
thickness of approximately 2000 A on the surface of glass substrate 601.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con film 604 is preferably approximately 756% or higher, and is even more preferably 90% or
higher (first process). '

Next, gate insulation film 608 is formed from 8102 with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 (second process).

Next, on the surface of gate insulation film 608, a low elactrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 27 (b), in ion injection device 50 shown in Fig. 16, ali ions {shown by
arrow lon-1) generated from a doping gas containing 5% PH3 with the remainder being H2 gas
are implanted to polycrystalline silicon film 604 at an approximately 80 keV energy level to
achieve a P ion dose in the range from 3 x 1013I<:m2 to 1 x 101 4/cm2 (first ion doping

process).
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As a result, polycrystalline silicon film 604 becomes low concentration area 604a with a phos-
phorus ion concentration peak in the range from 3 x 1018/cm3 tolx 1019/cm3.

Next, as shown in Fig. 27 (c), in ion implantation machine 50 shown in Fig. 16, all ions {(shown
by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion area 604a at an approximately 20 keV energy level to achieve a H * jon dose in the range
from 1 x 101"’,'r:m2 to 1 x 1015/cm2 (second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration area 604a is in the range
from 6 x 1018/cm3 to 1 x 1020/cm3.

Even after an impurity is implanted in this way, the crystailinity of low concentration area 604a
is retained, and defects in the poiycrystalline silicon film are filled by the implanted hydrogen

{above, the fourth process).

Next, as shown in Fig. 27 (d), that part of the surface of polycrystalline silicon film 604 around
gate electrode 609 is covered by a mask 645 of a resist, polyimide, or other organic material.
In this state, in ion injection device 50 shown in Fig. 16, all ions {shown by arrow lon-3) gene-
rated from a doping gas of 5% PH3 with the remainder HZ gas are implanted to low concentra-
tion area 604a at approximately 80 keV to achieve a P* ion dose of 1 x 10151cm2 or greater,
forming high concentration contact areas 642a, 643a with a phosphorus ion concentration
peak of 1 x 1020/cm3 or greater in polycrystalline silicon film 604 (fifth process).

Next, as shown in Fig. 27 (e), layer insulation film 611 made from a SiOz film with a 5000 A
film thickness is formed on the surface of gate electrode 609, and then contact holes 611a,
611b are formed in layer insulation film 611. :

Next, the impurity is activated by heat treatment of polycrystalline silicon film 604 impianted
with the impurity for approximately one hour at approximately 300°C in a nitrogen atmosphere
(heating process). '

As a result, that part of polycrystalline silicon film 604 to which the impurity was introduced
becomes source-drain areas 642, 643, That part of source-drain areas 642, 643 implanted
with a high concentration impurity is high concentration contact areas 642a, 643a, and the
other area is low concentration source areas 642b, 643b. In addition, the area corresponding
to directly below gate electrode 609 is channel formation area 607.

Next, source electrode 613 and drain electrode 612 are connected, respectively, to high
concentration contact areas 642a, 643a through contact holes 611a, 611b of layer insulation

film 611.

The implantation energy can be increased in the present embodiment when forming high
concentration contact areas 642a, 643a because the impurity ions are implanted to the silicon
film through gate insulation film 608. As a result, the productivity of TFT 640 manufacture
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can be improved in addition to the effects obtained with the eighth embodiment because of the
advantage of being able to set the ion beam current high.

Eleventh embodiment

Fig. 28 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 29 {sicl shows a process flow of

the manufacturing method.

In Fig. 28, an n-channel type TFT 650 comprising gate electrode 609 of tantalum, aluminum,
or chrome, gate insulation film 608, source-drain areas 652, 6563 formed self-aligned to gate
electrode 609, and channel formation area 607 is formed on the surface of glass substrate

601.

Source-drain areas 652, 653 are low concentration areas with a phosphorus ion concentration
peak in the range from 3 x 1018/cm:3 tolx 10191cm3, and have a double layer structure
comprising low concentration source-drain areas 652a, 653a on the bottom with a film thick-
ness of approximately 1000 A, and low concentration source-drain areas 652b, 653b on the
top with a film thickness of approximately 500 A. Of source-drain areas 652, 653, the top
layer low concentration source-drain areas 652b, 653b are areas formed from the same poly-
crystalline silicon film as channel formation area 607.

Therefore, source-drain areas 652, 653 have an overall low electrical resistance because the
overall film thickness is thick. Moreover, because what is positioned near the edge of gate
electrode 6089 is the thin low concentration source-drain areas 652b, 653b of the top layer, the
OFF current is low. This is believed to be because the number of trap levels decreases the

thinner the film thickness.
The manufacturing method of a TFT thus configured is described with reference to Fig. 29.

As shown in Fig. 29 (a), silicon dioxide film 606 is formed as an insulation film with a film
thickness of approximately 2000 A on the surface of glass substrate 601.

Next, after forming a non-doped polycrystalline silicon film with a 1000 A film thickness, it is
patterned to form polycrystalline silicon film 605.

Next, after forming a non-doped polycrystalline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con films 604 and 605 is preferably approximately 75% or higher, and is even more preferably
90% or higher (first process). '

Next, gate insulation film 608 is formed from Si02 with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 (second process).
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Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 23 {b), in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-1) generated from a doping gas containing 5% PH3 with the remainder
being H2 gas are implanted to polycrystalline silicon film 604 at an approximately 80 keV
energy level to achieve a P* ion dose in the range from 3 x 1013/cm2 to1x 101‘4'Icm2 {first

ion doping process).

As a result, low concentration areas 604a, 605a with a phosphorus ion concentration peak in
the range from 3 x 1018/cm:3 tolx 1019/cm3 are formed in polycrystalline silicon films 604
and 605.

Next, as shown in Fig. 29 {(c), in ion implantation machine 50 shown in Fig. 16, all ions {shown
by arrow lon-2) generated from a _doping gas of pure hydrogen are implanted to low concentra-
tion areas 604a, 605a at an approximately 20 keV energy level to achieve a H * jon dose in
the range from 1 x 1014/cm2 to1x 1015/cm:2 {second ion doping process}.

As a resuit, the hydrogen ion concentration peak in fow concentration areas 604a, 605a is in
the range from 6 x 1018/cm3 tolx 1020/cm3.

Even after an impurity is implanted in this way, the crystallinity of low concentration areas
604a, 605a is retained, and defects in the polycrystalline silicon film are filled by the implanted
hydrogen (above, the fourth process).

Next, as shown in Fig. 29 {(d), the impurity is activated by heat treatment of polycrystalline sili-
con film 604 implanted with the impurity for approximately one hour at approximately 300°C
in a nitrogen atmosphere (heating process).

As a result, that part of polycrystalline silicon film 604 to which the impurity was introduced
becomes source-drain areas 652, 653, and the area corresponding to directly below gate elec-
trode 608 is channel formation area 607.

Next, layer insulation film 611 is formed from an Si0, film with a film thickness of 5000 A on
the surface of gate electrode 609, and contact holes 611a, 611b are then formed in layer
insulation film 611.

In a manufacturing method of this type, contact holes 611a, 611b in layer insulation film 611
can be sufficiently over-etched when formed by dry etching because the bottom side is a
double layer structure with a bottom layer of low concentration source-drain areas 652a, 653a
and a top layer of low concentration source-drain areas 652b, 653b. As a result, the stability
of the manufacturing process is improved in addition to the effects obtained by the eighth
embodiment.
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Twelfth embodiment

Fig. 30 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 31 shows a process flow of the
manufacturing method. In Fig. 30, an n-channel type TFT 660 comprising gate electrode 609
of tantalum, aluminum, or chrome, gate insulation film 608, source-drain areas 662, 663
formed self-aligned to gate electrode 609, and channel formation area 607 is formed on the

surface of glass substrate 601.

Source-drain areas 662, 663 have a double layer structure comprising low concentration
source-drain areas 662a, 663a on the bottom with a film thickness of approximately 1000 A,
and low concentration source-drain areas 662b, 663b on the top with a film thickness of
approximately 500 A. These low concentration source-drain areas 662a, 662b, 663a, 663b,
are low concentration areas with a phosphorus ion concentration peak in the range from 3 x
1018/cm3 to 1 x 1019/cm3. The top layer low concentration source-drain areas 662b, 663b
are areas formed from the same polycrystailine silicon film as channel formation area 607.

In source-drain areas 662, 663, high concentration contact areas 662¢, 663c with a phospho-
rus ion concentration peak of 1 x 1020/cm3 or higher are formed at the position corresponding
to the opening of contact holes 611a, 611b from the surface side of the top layer low concen-
tration source-drain areas 662b, 663b to the bottom side of the bottom layer low concentra-
tion source-drain areas 662a, 663a.

Therefore, source-drain areas 662, 663 have an overall low electrical resistance because the
overall film thickness is thick. Moreover, because what is positioned near the edge of gate
electrode 609 is the thin low concentration source-drain areas 662b, 663b of the top layer, the

OFF current is low.
The manufacturing method of a TFT thus configured is described with reference to Fig. 31.

As shown in Fig. 31 {a), silicon dioxide film 606 is formed as an insulation film with a film
thickness of approximately 2000 A on the surface of glass substrate 601.

Next, after forming a non-doped polyérystalline silicon film with a 1000 A film thickness, it is
‘patterned to form polycrystalline silicon film 605.

Next, after forming a non-doped polycrystailine silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con films 604 and 605 is preferably approximately 75% or higher, and is even more preferably
890% or higher (first process).
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Next, gate insulation film 608 is formed from SiOz with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 (second process).

Next, on the surface of gate insulation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
matety 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 31 (b}, in ion implantation machine 50 shown in Fig. 16, all ions
(shown by arrow lon-1) generated from a doping gas containing 5% PH3 with the remainder
being H2 gas are implanted to polycrystalline silicon films 604, 605 at an approximately 80
keV energy level to achieve a P¥ jon dose in the range from 3 x 10131cm2 to1x 1014lcm2

{first ion doping process).

As a result, low concentration areas 604a, 605a with a phosphorus ion concentration peak in
the range from 3 x 1018Icm:3 to 1 x ‘Iowlcm3 are formed in polycrystalline silicon films 604

and 605.

Next, as shown in Fig. 31 {c}, in ion implantation machine 50 shown in Fig. 16, all ions {shown
by arrow fon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion areas 604a, 605a at an approximately 20 keV energy level to achieve a H* jon dose in
the range from 1 x 1014/cm2 to1x 1015/r:m2 {second {sic] ion doping process).

As a result, the hydrogen ion concentration peak in fow concentration areas 604a, 605ba is in
the range from 6 x 1018/cm:3 to1x 1020/cm3.

Even after an impurity is implanted in this way, the crystallinity of low concentration areas
604a, 605ba is retained, and defects in the polycrystalline silicon film are filled by the implanted
hydrogen (above, the fourth process}.

Next, as shown in Fig. 31 (d), after forming layer insulation film 611 on the surface of gate
electrode 609, contact holes 611a, 611b are formed therein. [n this state, in ion injection
device 50 shown in Fig. 16, all ions {shown by arrow {on-3) generated from a doping gas of
5% PH3 with the remainder Hz gas are implanted to low concentration areas 604a, 605a to
achieve a P% ijon dose of 1 x 101slcm“z or greater, forming high concentration contact areas
662¢c, 663¢c with a phosphorus ion concentration peak of 1 x 102°/cm3 or greater in the area
corresponding to the bottom of contact holes 611a, 611b. At this time, the impurity ions are
implanted at an approximately 30 keV energy level so that the impurity concentration peak in
the bottom of contact holes 611a, 611b is positioned at the center of the total film thickness
of polycrystaliine silicon films 604 and 605 (fifth process).

Then, the impurity is activated by heat treatment of polycrystalline silicon film 604 implanted

with the impurity for approximately one hour at approximately 300°C in a nitrogen atmosphere
{heating process).
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As a result, that part of polycrystalline silicon films 604, 605 to which the impurity was intro-
duced becomes source-drain areas 662, 663, and the area corresponding to directly below
gate electrode 609 is channel formation area 607. That area of source-drain areas 662, 663 to
which a high concentration impurity was implanted is high concentration contact areas 662c,
663c, and the remaining areas are low concentration source-drain areas 662a, 662b, 663a,

663b.

Next, as shown in Fig. 31 (e}, source electrode 613 and drain electrode 612 are respectively
connected to high concentration contact areas 662¢ and 663c.

in TFT 660 manufactured in this way, even when high concentration contact areas 662¢, 663c¢
are formed in source-drain areas 662, 663, a resist mask or other special mask is not neces-
sary because ions are selectively implanted from contact holes 611a, 611b formed in layer
insulation film 611. As a result, the effect of being able to reduce the number of manufactu-
ring processes in TFT 660 is obtained in addition to the effects obtained from the eighth

embodiment.

Thirteenth embodiment

Fig. 32 is a cross section typically showing the structure of a TFT formed on a glass substrate
using the manufacturing method of this embodiment, and Fig. 33 shows a process flow of the
manufacturing method. In Fig. 32, an n-channel type TFT 670 comprising gate electrode 609
of tantalum, aluminum, or chrome, gate insulation film 608, source-drain areas 672, 673
formed self-aligned to gate electrode 609, and channel formation area 607 is formed on the
surface of glass substrate 601. '

Source-drain areas 672, 673 have a double layer structure comprising high concentration
source-drain areas 672a, 673a on the bottom with a film thickness of approximately 1000 A,
and source-drain areas 672b, 673b on the top with a film thickness of approximately 500 A.
That part of source-drain areas 672b, 673b on the top positioned near the edge of gate elec-
trode 609 forms low concentration source-drain areas 672c¢c, 673c with a phosphorus ion
concentration peak in the range from 3 x 101 8Ic:m3 to1x 101 9Ic:ma, and the remaining area
forms high concentration source-drain areas 672d, 673d with a phosphorus ion concentration
peak of 1 x 1020/cm3 or greater. The top laver source-drain areas 672b, 673b are areas
formed from the same polycrystalline silicon film as channel formation area 607.

Therefore, source-drain areas 672, 673 have an overall low electrical resistance because the
overall film thickness is thick. Moreover, because what is positioned near the edge of gate
- electrode 609 is the thin low concentration source-drain areas 6§72c, 673c of the top layer, the
OFF current is low.

The manufacturing method of a2 TFT thus configured is described with reference to Fig. 33.
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As shown in Fig. 33 {(a), silicon dioxide film 606 is formed as an insulfation film with a film
thickness of approximately 2000 A on the surface of glass substrate 601.

Next, after forming a non-doped polycrystalline silicon film with a 1000 A film thickness, it is
patterned to form polycrystalline silicon film 605.

Next, after forming a non-doped polycrystatline silicon film with a 500 A film thickness, it is
patterned to form polycrystalline silicon film 604. The crystallization rate of polycrystalline sili-
con films 604 and 605 is preferably approximately 75% or higher, and is even more preferably
90% or higher (first _process).

Next, gate insulation film 608 is formed from Si02 with a film thickness of approximately 1200
A on the surface of polycrystalline silicon film 604 (second process).

Next, on the surface of gate insufation film 608, a low electrical resistance metal layer such as
aluminum, chrome or tantalum is formed by sputtering, etc., to a film thickness of approxi-
mately 6000 A, and this is then patterned to form gate electrode 609 (third process).

Next, as shown in Fig. 33 (b}, in ion implantation machine 50 shown in Fig. 16, all ions
(shown by arrow lon-1) generated from a doping gas containing 5% PH3 with the remainder
being H2 gas are implanted to polycrystalfine silicon films 604, 605_ at an approximately 80
keV energy fevel to achieve a P ion dose in the range from 3 x 101"3/cm2 to1x 1014/cm2
(first ion doping process).

As a result, fow concentration areas 604a, 605a with a phosphorus ion concentration peak in
the range from 3 x 1018/cm:3 to 1 x 1019/cm:3 are formed in polycrystalline silicon films 604

and 605.

Next, as shown in Fig. 33 (c), in ion implantation machine 50 shown in Fig. 16, all ions (shown
by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low concentra-
tion areas 604a, 605a at an approximately 20 keV energy level to achieve a H * jon dose in
the range from 1 x 1014/cm2 to1x 1015/cm2 {second ion doping process). '

As a result, the hydrogen ion concentration peak in low concentration areas 604a, 6053 is in
the range from 6 x 101 8/cm3 to1x 102°/cm3.

Even after the impurity is implanted in this way, the crystallinity of low concentration areas
604a, 605a is retained, and defects in the polycrystalline silicon film are filled by the implanted
hydrogen (above, the fourth process).

Next, as shown in Fig. 33 (d}, that part of the surface of polycrystalline silicon film 604 around
gate electrode 609 is covered by a mask 675 of a resist, polyimide, or other organic material.
In this state, in ion injection device 50 shown in Fig. 16, all ions (shown by arrow lon-3) gene-
rated from a doping gas of 5% PH3 with the remainder H, gas are implanted ta low concentra-
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tion areas 604a, 605a at approximately 80 keV to achieve a P¥ ion dose of 1 x 101 5/cm or

greater, forming high concentration area 604b with a phosphorus ion concentration peak of 1 x
1020/cm3 or greater in fow concentration area 604a. In addition, polycrystaliine silicon film
605a is made into high concentration area 605b with a phosphorus ion concentration peak of 1
b 1020/cm3 or greater (fifth process).

Next, as shown in Fig. 33 (e), layer insulation film 611 is formed from a 5600 A thick Si02
film on the surface of gate electrode 609, and contact holes 611a, 611b are formed in layer
insulation film 611.

Then, the impurity is activated by heat treatment of polycrystalline silicon film 604 ifnplanied
with the impurity for approximately one hour at approximately 300°C in a nitrogen atmosphere
{heating process).

As a result, low concentration source-drain areas 672c, 673c and high concentration source-
drain areas 672d, 673d are formed in polycrystalline silicon film 604, and the area correspon-
ding to directly below gate electrode 609 becomes channel formation area 607. In addition,
polycrystalline silicon film 605 becomes high concentration source-drain areas 672a, 673a.

Next, source electrode 613 and drain electrode 612 are respectively connected to high concen-
tration source-drain areas 672d, 673d.

In a TFT 670 thus manufactured, contact holes 611a, 611b can be sufficiently over-etched
when formed by dry etching because the bottom side is a double layer structure with a bottom
layer of high concentration source-drain areas 672a, 673a and a top layer of high concentra-
tion source-drain areas 672d, 673d. As a result, the stability of the manufacturing process is
improved in addition to the effects obtained by the eighth embodiment. Furthermore, the ion
beam current can be set high because the implantation energy when forming high concentra-
tion source-drain areas 672a, 672d, 673a, 673d can be high.

Fourteenth embodiment

Three different types of thin-film transistors are formed in an active matrix circuit board with a
built-in drive circuit because the characteristics required of the thin-film transistors are diffe-

rent.

In the present embodiment, therefore, a method for manufacturing different types of thin-film
transistors is described applying the manufacturing method for conductive silicon films accor-
ding to the sixth and seventh embodiments.

Fig.' 34 is a cross sectional diagram typically showing, of the thin-film transistors {hereafter
"TFT") formed in the active matrix circuit board of the present embodiment, the structure of
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the TFT formed in the pixel area and the n-channel type TFT and p-channel type TFT compri-
sing a CMOS circuit formed in the drive circuit area.

In Fig. 34, in active matrix circuit board 700 of the present embodiment, n-channel type TFT-A
of the drive circuit area, p-channel type TFT-B of the drive circuit area, and n-channel type TFT-
C of the pixel area are formed on a glass substrate 701 (insulated substrate) in order from the
left side as looking at the figure.

Source-drain areas 712, 713 of TFT-A are formed as high concentration areas with an impurity
concentration of 1 x 101 9.’cm:3 or greater, and are formed self-aligned to gate electrode 715.

Source-drain areas 722, 723 of TFT-B are formed as high concentration areas with an impurity
concentration of 1 x 101 ‘gf’cm3 or greater, and are formed self-aligned to gate electrode 725.

Source-drain areas 732, 733 of TFT-C are formed as low concentration areas with an impurity
concentration of 1 x 101 2 ’cm:3 or less, and are formed self-aligned to gate electrode 735.

Therefore, a high ON current can be obtained in TFT-A and TFT-B of the drive circuit area. In
addition, a sufficiently low OFF current can be obtained in TFT-C of the pixel area because
source-drain areas 732, 733 are formed as low concentration areas.

The manufacturing method of active matrix circuit board 700 of such construction is described
with reference to Fig. 35.

Fig. 35 shows a process flow of the manufacturing method of the active matrix circuit board of
the present embodiment.

First, as shown in Fig. 35 (a), after forming a polycrystalline silicon film with a film thickness of
approximately 500 A on the surface side of glass substrate 701, this is patterned to form sili-
con films 710, 720, 730. Silicon film 710 is a first silicon film for forming TFT-A, and silicon
film 720 is a second silicon film for forming TFT-B. Silicon fitm 730 is a third silicon film for
forming TFT-C (first process).

Next, gate insulation films 714, 724, 734 with a film thickness of approximately 1200 A are
formed on the surface side of each silicon film 710, 720, 730 (second process).

Next, a metal layer such as tantalum, aluminum, or chrome is formed by sputtering, etc., on
the surface of gate insulation films 714, 724, 734, and is patterned to form gate electrodes
715, 725, 735 with a film thickness of approximately 6000 A {third process}.

Next, as shown by arrow lon-1, low concentration phosphorus ions are implanted to silicon
films 710, 720, 730 using gate electrodes 715, 725, 735 as a mask.
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In this process, in ion implantation machine 50 shown in Fig. 16, all ions generated from a
doping gas containing 5% PHS with the remainder being HZ gas are implanted at an approxi-
mately 80 keV energy level to achieve a P* ion dose in the range from 3 x 101:"‘/cm2 to 1 x
101"'/cm2 {first ion doping process). :

As a result, polycrystalline silicon films 710, 720, 730 become low concentration areas 710a,
720a, 730a with a phosphorus ion concentration peak in the range from 3 x 1018/cm3 to 1 x
101 9/cm3.

Continuing, as shown in Fig. 35 (b}, in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low
concentration areas 710a, 720a, 730a at an approximately 20 keV energy level to achieve a
H* ion dose in the range from 1 x 101‘1’/cm2 to1x 10! 5/t:m2 (second ion doping process).

As a resuit, the hydrogen ion concentration peak in fow concentration areas 710a, 720a, 730a
is in the range from 6 x 101 8/cm3 to1x 102("'/<:m3 {above, the low concentration area forma-

tion processl.

Next, as shown in Fig. 35 (c}, after masking the side with silicon films 720, 730 with resist
740 as a mask, high concentration phosphorus ions are implanted to low concentration area
710a as shown by arrow lon-3 (fourth process).

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, too. In other
words, all ions generated from a doping gas containing 5% PH3 with the remainder being H2
gas are implanted at an approximately 80 keV enérgy level to achieve a P ion dose of 1 x
1015/em? or greater (fifth process). '

As a result, low concentration area 710a becomes source-drain areas 712, 713 int high
concentration areas) formed with a phosphorus ion concentration peak of 1 x 102°/cm3 or
greater seif-aligned to gate electrode 715. In addition, that part of silicon film 710 positioned
directly below gate electrode 715 becomes channel formation area 711.

Next, as shown in Fig. 35 (d), after masking the sides with silicon films 710, 730 with resist
750, high concentration boron ions are implanted to low concentration area 720a as shown by
arrow lon-4 (fifth process).

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, t0o. In other
words, all ions generated from a doping gas containing 5% 82H3 with the remainder being H2
gas are implanted at an approximately 80 keV energy level to achieve a BY ion dose of 1 x
1015/cm2 or greater. As a resuit, low concentration area 720a becomes source-drain areas
'722, 723 (p* high concentration areas) formed with a phosphorus ion concentration peak of 1
X 102°/cm3 or greater self-aligned to gate electrode 725. In addition, that part of silicon film
720 positioned directly below gate electrode 725 becomes channel formation area 721.
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Then, the impurity is activated in polycrystalline silicon films 710, 720, 730 implanted with the
impurity by heat treatment for approximately one hour at approximately 300°C in a nitrogen
atmosphere {heating processl.

The processes foilowing thereafter are identical to the normal TFT manufacturing method, and
description is therefore omitted.

As described hereinabove. by means of the manufacturing method of this embodiment, TFT
with optimum electrical characteristics can be manufactured because the dosage conditions of
TFT-A, TFT-B, and TFT-C can be set independently. In addition, because the heat treatment
temperature is low, the low heat resistance materials can be used for electrodes, and a low
cost glass substrate 701 can be used.

Fifteenth embodiment

The structures of an active matrix circuit board according to the present embodiment and the
sixteenth embodiment described after this embodiment are basically the same as the structure
of the active matrix circuit board according to the fourteenth embodiment, and only the struc-
ture of the TFT in the pixel area differs. Therefore, parts with functionality common to the first
embodiment are identically labelled, and further identification in the figures and detailed
description are omitted.

Fig. 36 is a cross sectionai diagram typically showing the structure of the TFT formed in an
active matrix circuit board according to the present embodiment. :

in Fig. 36, TFT-A, TFT-B, and TFT-C are formed in active matrix circuit board 800 of this
embodiment on glass substrate 701.

As described in the description of the fourteenth embodiment, source-drain areas 712, 713,
722, and 723 of TFT-A and TFT-B are high concentration areas with an impurity concentration
of 1 x 101 9/cm3 or greater, and are formed self-aligned to gate electrodes 715, 725.

In source-drain areas 832, 833 of TFT-C, that area positioned near the edge of gate electrode
835 is low concentration source-drain area 832b, 833b with an impurity concentration of 1 x
1019/cm3-or less, and the other areas are high concentration contact areas 832a, 833a with
an impurity concentration of 1 x 101 9/cm3 or greater.

Therefore, the OFF current of TFT-C is low. In addition, the overall electrical resistance of
source-drain areas 832, 833 is low because high concentration contact areas 832a, 833a are
formed in source-drain areas 832, 833. Moreover, because the sourcs electrode and drain
electrode can be connected to high concentration contact area 832a, 833a, the contact resi-

stance there can be reduced.
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The manufacturing method of an active matrix circuit board of such configuration is described
with reference to Fig. 37.

First, as shown in Fig. 37 (a), after forming a polycrystalline silicon film with a film thickness of
approximately 500 A on the surface side of glass substrate 701, this is patterned to form sili-
con films 710, 720, 830. Silicon film 830 is a third silicon film for forming TFT-C {first

process).

Next, gate insulation films 714, 724, 834 with a film thickness of approximately 1200 A are
formed on the surface side of each silicon film 710, 720, 830 (second process).

Next, gate electrodes 715, 725, 835 with a film thickness of approximately 6000 A are formed
from tantalum, aluminum, chrome, etc. on the surface of gate insulation films 714, 724, 834

(third process).

Next, as shown by arrow lon-1, low concentration phosphorus ions are implanted to silicon
films 710, 720, 830 using gate electrodes 715, 725, 835 as a mask.

In this process, in ion implantation machine 50 shown in Fig. 16, all ions generated from a
doping gas containing 5% PH3 ‘with the remainder being H2 gas are implanted at an approxi-
mately 80 keV energy level to achieve a P* ion dose in the range from 3 x 1013/cm2 to1x
101 4/cm2 {first ion doping process).

As a resuft, polycrystalline silicon films 710, 720, 830 become low concentration areas 710a,
720a, 830a with a phosphorus ion concentration peak in the range from 3 x 1018/c:m3 to 1 x
10191cm3. '

Continuing, as shown in Fig. 37 (b), in ion impiantation machine 50 shown in Fig. 16, all ions
(shown by arrow lon-2} generated from a doping gas of pure hydrogen are implanted to low
concentration areas 710a, 720a, 830a at an approximately 20 keV energy level to achieve a
H* ion dose in the range from 1 x 1014/cm:Z to 1 x 1015/¢:m2 (second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration areas 710a, 720a, 830a
is in the range from 6 x 10'8/em3 t0 1 X 1020/cm3 {above, the low concentration area forma-

tion process).

Next, as shown in Fig. 37 {c), after masking the side with silicon films 720, 830 with resist
840, high concentration phosphorus ions are implanted to low concentration area 710a as
shown by arrow ion-3 (fourth process).

Here, resist 840 covers the area around gate electrade 835 on the side with silicon film 830,
and ions are implanted in this state.
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lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, too. In other
words, all ions generated from a doping gas containing 5% PH3 with the remainder being HZ
gas are implanted at an approximately 80 keV energy level to achieve a P* ijon dose of 1 x
1015/cm2 or greater. As a result, low concentration area 710a becomes source-drain areas
712,713 (nt high concentration areas) formed with a phosphorus ion concentration peak of 1
X IOZOIcm3 or greater self-aligned to gate electrode 715. In addition, that part of silicon film
710 positioned directly below gate electrode 715 becomes channel formation area 711.

Also, high concentration contact areas 832a, 833a with a phosphorus ion concentration peak
of 1 x 102%em® or greater are formed in fow concentration area 830a, and that area to
which high concentration ions are not implanted becomes low concentration source-drain area
83%197, 83é5b with a phosphorus ion concentration peak in the range from 3 x 10‘| 8/cm3 to1x
10 ¥fem™. '

Next, as shown in Fig. 37 (d), after masking the sides with silicon films 710, 830 with resist
850, high concentration boron ions are implanted to low concentration area 720a as shown by
arrow lon-4 {fifth process).

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, too. In other
words, all ions generated from a doping gas containing 5% BZHS with the remainder being H2
gas are implanted at an approximately 80 keV energy level to achieve a 8T ion dose of 1 x
1015/cm2 or greater. As a result, low concentration area 720a becomes source-drain areas
722,723 {p * high concentration areas) formed with a phosphorus ion concentration peak of 1
X 1020It:m3 or greater self-aligned to gate electrode 725. In addition, that part of silicon film
720 positioned directly below gate electrode 725 becomes channel formation area 721.

Then, the impurity is activated in polycrystalline silicon films 710, 720, 830 implanted with the
impurity by heat treatment for approximately one hour at approximately 300°C in a nitrogen
atmosphere.

The processes following thereafter are identical to the normal TFT manufacturing method, and
description is therefore omitted.

As described hereinabove, by means of the manufacturing method of this embodiment, TFT
with optimum electrical characteristics can be manufactured because the dosage conditions of
TFT-A, TFT-B, and TFT-C can be set independently. In addition, because the heat treatment
temperature is low, the low heat resistance material can be used for electrodes, and a low cost
glass substrate 701 can be used.

Sixteenth embodiment

Fig. 38 is a cross sectional diagram typically showing the structure of the TFT formed in an
active matrix circuit board according to the present embodiment,
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in Fig. 38, TFT-A, TFT-B, and TFT-C are formed on glass substrate 701 in active matrix circuit
board 900 of this embodiment.

As described in the description of the fourteenth embodiment, source-drain areas 712, 713,
722, and 723 of TFT-A and TFT-B are high concentration areas with an impurity concentration
of 1 X 101 9/cm3 or greater, and are formed self-aligned to gate electrodes 715, 725.

In source-drain areas 932, 933 of TFT-C, that area positioned near the edge of gate electrode
935 is low concentration source-drain area 932b, 933b with an impurity concentration of 1 x
‘l()1 glcm:3 or less, and the other areas are high concentration contact areas 932a, 933a with

an impurity concentration of 1 x 101 9/cm3 or greater.

Therefore, the OFF current of TFT-C is low. In addition, the overall electrical resistance of
source-drain areas 932, 933 is low because high concentration contact area 932a, 933a are
formed in source-drain areas 932, 933. Moreover, because the source electrode and drain
electrode can be connected to high concentration contact area 932a, 933a, the contact resi-

stance there can be reduced.

The manufacturing method of an active matrix circuit board of such configuration is described
with reference to Fig. 37.

Fig. 39 shows a process flow of the manufacturing method of the active matrix circuit board of
the present embodiment.

First, as shown in Fig. 39 (a), after forming a polycrystalline silicon film with a film thickness of
approximately 500 A on the surface side of glass substrate 701, this is patterned to form sili-
con films 710, 720, 930. Silicon film 930 is a silicon film for forming TFT-C (first process).

Next, gate insulation films 714, 724, 934 with a film thickness of approximately 1200 A are
formed on the surface side of each silicon film 710, 720, 930 (second process).

Next, gate electrodes 715, 725, 935 with a film thickness of approximately 6000 A are formed
from tantalum, aluminum, chrome, etc. on the surface-of gate insulation films 714, 724, 934
{third process).

Next, as shown by arrow lon-1, low concentration phosphorus ions are implanted to silicon
films 710, 720, 930 using gate electrodes 715, 725, 935 as a mask.

in this process, in ion implantation machine 50 shown in Fig. 16, all ions generated from a

doping gas containing 5% PH3 with the remainder being Hz gas are implanted at an approxi-

mately 80 keV energy level to achieve a P ion dose in the range from 3 x 10 3lcm2 to 1 x
014lcm2 (first ion doping process).
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As a result, polycrystalline silicon films 710, 720, 930 become low concentration areas 710a,
720a, 930a with a phosphorus ion concentration peak in the range from 3 x 1018/cm3 to 1 x

1 01 9/cm3.

Continuing, as shown in Fig. 39 (b), in ion implantation machine 50 shown in Fig. 16, all ions
{shown by arrow lon-2) generated from a doping gas of pure hydrogen are implanted to low
concentration areas 710a, 720a, 930a at an approximately 20 keV energy level to achieve a
H* ion dose in the range from 1 x 1014/cm2 to1x 1015/c:m2 {second ion doping process).

As a result, the hydrogen ion concentration peak in low concentration areas 710a, 720a, 930a
is in the range from 6 x 1018/cm:3 to1x 1020/ch3 (above, the low concentration area forma-

tion process).

Next, as shown in Fig. 39 (c), after masking the side with silicon films 720, 930 with resist
940, high concentration phosphorus ions are implanted to low concentration area 710a as
shown by arrow lon-3 (fourth process).

Here, openings 941, 942 are formed in resist 340 at the position corresponding to the inten-
ded formation area of high concentration contact areas 932a, 933a in the surface side of sili-

con film 930.

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, too. In other
words, all ions generated from a doping gas containing 5% PH3 with the remainder being Hz
gas are implanted at an approximately 80 keV energy level to achieve a P* ion dose of 1 x
1015/cm2 or greater.

As a result, low concentration area 710a becomes source-drain areas 712, 713 (n"' high
concentration areas) formed with a phosphorus ion concentration peak of 1 x 102°/cm3 or
greater self-aligned to gate electrode 715. In addition, that part of silicon film 710 positioned
directly below gate electrode 715 becomes channel formation area 711.

Also, high concentration contact areas 932a, 933a with a phosphorus ion concentration peak
of 1 x 1 020/cm3 or greater are formed in low concentration area 930a of silicon film 930, and
that area to which high concentration ions are not implantad becomes low concentration
source-drain area 932b, 933b with a phosphorus ion concentration peak in the range from 3 x
1018/cm3 to1x 1019/cm3.

Next, as shown in Fig. 39 (d), after masking the sides with silicon films 710, 930 with resist
950, high concentration boron ions are implanted to low concantration area 720a as shown by
arrow lon-4 (fifth process).

lon implantation machine 50 shown in Fig. 16 is used for this ion implantation, too. In other
words, all ions generated from a doping gas containing 5% BZHS with the remainder being Hz
gas are implanted at an approximately 80 keV energy level to achieve a BY ion dose of 1 x
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1015/cm2 or greater. As a result, low concentration area 720a becomes source-drain areas
722,723 (p * high concentration areas) formed with a phosphorus ion concentration peak of 1
X 1020/cm:3 or greater self-aligned to gate electrode 725. In addition, that part of silicon film
720 positioned directly below gate electrode 725 becomes channe! formation area 721.

Then, the impurity is activated in polycrystalline silicon films 710, 720, 930 implanted with the
impurity by heat treatment for approximately one hour at approximately 300°C in a nitrogen

atmosphere.

The processes following thereafter are identical to the normal TFT manufacturing method, and
description is therefore omitted.

As described hereinabove, by means of the manufacturing method of this embodiment, TFT
with optimum electrical characteristics can be manufactured because the dosage conditions of
TFT-A, TFT-B, and TFT-C can be set independently. In addition, because the heat treatment
temperature is low, the method is not limited by the heat resistance of the wiring material, and
a low cost glass substrate 701 can be used. ‘

It is to be noted that in embodiments fourteen through sixteen the iow concentration area
formation process may be executed after either of the third, fourth, or fifth processes. In addi-
tion, the. sequence of the fourth and fifth processes may be reversed. Moreover, a silicon
dioxide film with a film thickness of approximately 2000 A may be formed on top of glass
substrate 701 before performing the first process to prevent diffusion of heavy metals from the
side of glass substrate 701 to the component areas. In addition, as in the source-drain struc-
ture described in the eleventh through thirteenth embodiments, the source-drain areas may be
formed from a tWo-layer silicon film.

Possibilities for use in industry

As described above, the TFT of the pixel area is built with an offset gate structure or LDD
structure, and in the drive circuit area the source-drain area of the TFT is formed as a high
concentration area and with a seif-aligned structure in an active matrix circuit board relating to
the present invention. Therefore, according to the present invention, the quality of the display
of a liquid crystal display panel can be improved because the ON current characteristics of the
TFT in the drive circuit area and the OFF current characteristics of the TFT in the pixel area can

both be improved.

in the manufacturing method of such an active matrix circuit board, in the process forming the
low concentration areas on the side of the pixel area, a ow concentration impurity is also
implanted to the drive circuit area side, and a high concentration area is formed there by the
high concentration impurity implanted to the drive circuit area side. Therefore, while holding
. the number of masking operations to a minimum, the impurity concentration of each area can
be independently controlled. As a result, different types of TFT can be easily formed on the
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same substrate. Furthermore, over-etching of the gate electrodes does not occur because a
TFT with an offset gate structure or LDD structure is formed by the mask pattern. As a result,
TFT with stable electrical characteristics can be manufactured because the gate length can be
‘controlled with good precision. In addition, TFT fine structuring is éimple.

In the manufacturing method of a conductive silicon film according to the present invention,
after all ions generated from a mixed gas containing an impurity gas with the remainder being
pure hydrogen gas are implanted to the silicon film without mass separation, ions generated
from a pure hydrogen gas are implanted to the silicon film without mass separation. By means
of such a method, even an impurity with a low concentration dose of 1 x 1014’/cm2 can be
activated by heating the silicon film to approximately 300°C or greater, for example to a
temperature from 300°C to 450°C. Therefore, because low concentration source-drain areas
can be formed even in a low temperéture process, an LDD structure TFT can be formed on a
glass substrate. Furthermore, because the restrictions relating to the heat resistance of the
gate electrode, etc., are alleviated, electrode materials with a low electrical resistance can be
used. As a result, because the- delay of the gate signal can be reduced in an active matrix
circuit board, the quality of the display in a liquid crystal display panel can be improved.
Moreover, because implanting is done without mass separation, ions can be implanted to a
wide area of the substrate.

Furthermore, high concentration areas can also be formed in a low temperature process by
implanting to the silicon fiim without mass separation all ions generated from a mixed gas
containing an impurity gas with the remainder being pure hydrogen gas. Therefore, an active
matrix circuit board comprising different types of TFT in the drive circuit area and the pixel area
can be manufactured in a low temperature process.
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1. An active matrix circuit board having on the surface side of an insulated substrate
a drive circuit area equipped with a CMOS circuit comprising a first thin-film transistor of a first
conductive type and a second thin-film transistor of a second conductive type wherein the
source-drain area is formed seif-aligned to the gate electrode,

and a pixel area comprising a third thin-film transistor of a first conductive type,

and characterized by the impurity concentration of the source-drain area in the third
thin-film transistor being low relative to the impurity concentration of the source-drain area of
the first thin-film transistor.

2. An active matrix circuit board according to Claim 1 wherein the impurity concentra-
tion of the source-drain area of the third thin-film transistor is 1 x 1019/t:m3 or less, and the
impurity concentration of the source-drain area of the first thin-film transistor is 1 x 1019/cm3

or greater.

3. An active matrix circuit board according to Claim 2 wherein the source-drain area
of the third thin-film transistor has a high concentration contact area with an impurity concen-
tration of 1 x 1019/<:m:3 or greater,

and is characterized by the source-drain electrodes being conductively connected to
the source-drain area of the third thin-film transistor through this high concentration contact
area.

4. An active matrix circuit board according to Claim 3 wherein the distance in the
lateral direction between the high concentration contact area and the edge of the gate elec-
trode in the third thin-film transistor is approximately 4 ym or {ess.

5. An active matrix circuit board according to any of Claims 1 through 4 wherein, in
the third thin-film transistor, the source-drain area is formed in a thick silicon film on the
bottom layer side, and the channel formation area is formed in the thin silicon film of a top
layer formed on the surface of said silicon film on the bottom layer.

) 6. An active matrix circuit board having on the surface side of an insulated substrate
a drive circuit area comprising a CMOS circuit comprising a first thin-film transistor of a first

conductive type and a second thin-film transistor of a second conductive type wherein the
source-drain area is formed self-aligned to the gate electrode,

and a pixel area comprising a third thin-film transistor of a first conductive type,

and characterized by the third thin-film transistor having an offset gate structure
whereby the source-drain area is in a position separated a predetermined distance in the lateral
direction from the edge of the gate electrode.

7. An active matrix circuit board having on the surface side of an insulated substrate
a drive cu'cutt area compnsmg a CMOS circuit comprising a first thin-film transistor of a first
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conductive type and a second thin-film transistor of a second conductive type wherein the
source-drain area is formed self-aligned to the gate electrode,

and a pixel area comprising a third thin-film transistor of a first conductive type,

and characterized by the concentration peak of the impurity contained in the source-
drain area of the third thin-film transistor being in the range from 3 x 1018Icm3 to 1 x

019/cm3, and the concentration peak of hydrogen ions being in the range from 6 x

1()18/cm3 to 1 x 1020/cm:3

and the concentration peak of impurity contained in the source-drain areas of the first
thin-film transistor and the second thin-film transistor being 1 x 10201(:m3 or greater.

51- | THIS. SHEET HAS BEEN
— REPLACED

8. An active matrix circuit board according to Claim 7 wherein the source-drain area
of the third thin-film transistor has a high concentration contact area with a concentration peak
of impurity of 1 x-1020/cm:3 or greater, and characterized by the source-drain electrodes being

conductively connected to the source-drain area of the third thin-film transistor through this

high concentration contact area.

9. An active matrix circuit board according to Claim 7 or 8 wherein the insulated
substrate is a glass substrate.

10. A thin-film transistor comprising a channel formation area made from a silicon film
formed on the surface side of an insulated substrate,

a gate insulation film formed on that surface side,

a gate electrode formed on the surface side of this gate insulation film,

and a source-drain area formed self-aligned to this gate electrode,

and characterized by the concentration peak of impurity included in said source—dram
area being in the range from 3 x 10"3/cm3 to1x 1019/cm3. and the concentration peak of
hydrogen ions contained in said source-drain area being in the range from 6 x 101 8It:m to1x

1 Ozolcm

11. A thin-film transistor according to Claim 10 wherein the source-drain area is

formed in a thick bottom layer silicon film,
and the channel formation area is formed in the thin top layer silicon film formed on

the surface of said bottom layer silicon film.

12. A thin-film transistor according to Claim 10 or 11 wherein the source-drain area

comprises a high concentration contact area of which the concentration peak of impurity
contained thereinis 1 x 1020/cm3 or greater,

and is characterized by the source-drain electrodes being conductively connaected to
the source-drain area through this high concentration contact area.

13. A manufacturing method for an active matrix circuit board comprising a first
process for forming on the surface side of an insulated substrate first and second silicon films
for forming a first thin-film transistor of a first conductive type and a second thin-film transistor

gy
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of a second conductive type in the drive circuit area, and a third silicon film for forming a third
thin-film transistor of a first conductive type in the pixel area,
a second process for forming gate insulation films on the surfaces of the first, second,

and third silicon films,
a third process for forming gate electrodes on the surface side of the gate insulation

films,
a fourth process for ion implanting an impurity of a second conductive type to the

second silicon film at a dose of 1 x 1014'/cm2 or greater with the first and third silicon films
covered by a first mask, '

and a fifth process for ion implanting an impurity of a first conductive type to the first
silicon film at a dose of 1 x 10”’Icm2 or greater with the second and third silicon films
covered by a second mask,

and characterized by performing a low concentration area formation process ion
implanting an impurity of a first conductive type at a dose of 1 x 1014/cm2 or less to the first,
second, and third silicon films after either of the third through fifth processes.

14. A manufacturing method for an active matrix circuit board according to Claim 13
wherein in the fifth process that part of the second mask corresponding to the connection area
of the source-drain electrodes to the source-drain areas of the third thin-film transistor is
opened, and ians are also implanted to the third silicon film.

15. A manufacturing method for an active matrix circuit board comprising a first
process for forming on the surface side of an insulated substrate first and second silicon films
for forming a first thin-film transistor of a first conductive type and a second thin-film transistor
of a second conductive type in the drive circuit area, and a third silicon film for forming a third
thin-film transistor of a first conductive type in the pixel area,

a second process for forming gate insulation films on the surfaces of the first, second,
and third silicon films,

a third process for forming gate electrodes on the surface side of the gate insulation
films, .
a fourth process for ion implanting an impurity of a first conductive type to the first
silicon film at a dose of 1 x 101 4/cm2 or greater with the second and third silicon films
covered by a first mask, _

and a fifth process for ion implanting an impurity of a secand conductive type to the
second silicon film at a dose of 1 x 1’014/cm2 or greater with the first and third silicon films
covered by a second mask,

and characterized by performing a low concentration area formation process ion
implanting an impurity of a first conductive type at a dose of 1 x 1014Icm2 or less to the first,
second, and third silicon films after either of the third through fifth processes.

16. A manufacturing method for an active matrix circuit board according to Claim 15
wherein in the fourth process that part of the first mask corresponding to the connection area
of the source-drain electrodes to the source-drain areas of the third thm-f‘ Im transistor is
opened, and ions are also lmplanted to the third silicon film.
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17. A manufacturing method for an active matrix circuit board according to any of
Claims 13 through 16 wherein ion implantation in the low concentration area formation process
is characterized by a first ion doping process for implanting to the silicon film without mass
separation all ions generated from a mixed gas containing an impurity gas for generating impu-
rity ions with the remainder being hydrogen gas, and a second ion doping process for impian-
ting ions generated from a pure hydrogen gas to the silicon film without mass separation,

all ions generated from a mixed gas containing an impurity gas for generating impurity
ions with the remainder being hydrogen gas are implanted to the silicon film without mass
separation for the ion implantation performed in the fourth and fifth processes,

and the heat treatment temperature for activating the ions implanted to the silicon film

is approximately 300°C or greater.

18. A manufacturing method for an active matrix circuit board according to Claim 16
characterized by a first process for forming first, second, and third silicon films for forming
first, second, and third thin-film transistors on the surface side of an insulated substrate,

a second process for forming a gate insulation film on the surfaces of the first,
second, and third silicon films,

a third process for forming gate electrodes on the surface side of the gate insulation
film,

a fourth process for ion implanting an impurity of a second conductive type at a dose
of 1 x 1014/cm2 or greater to the second silicon film with the first and third silicon films
covered by a first mask,

and a fifth process for ion implanting an impurity of a first conductive type at a dose
of 1 x 101"‘Icm2 or greater to the first and third silicon films with the second and third silicon
films covered by a second mask and that part of the second mask corresponding to the inten-
ded formation area of the source-drain area of the third thin-film transistor open.

19. A manufacturing method for an active matrix circuit board defined in Claim 6
characterized by a first process for forming first, second, and third silicon films for forming
first, second, and third thin-film transistors on the surface side of an insulated substrate,

a second process for forming a gate insulation film on the surfaces of the first,
second, and third silicon films, '

a third process for forming gate electrodes on the surface side of the gate insulation
film,

a fourth process for ion implanting an impurity of a first conductive type at a dose of
1 x 10} 4Icm2 or greater to the first and third silicon films with the second and third silicon
films covered by a first mask and that part of the first mask corresponding to the intended
formation area of the source-drain area of the third thin-film transistor open,

and a fifth process for ion implanting an impurity of a second conductive type at a
dose of 1 x 101%/cm?2 or greater to the second silicon film with the first and third silicon films
covered by a second mask.,
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20. A manufacturing method for a conductive silicon film characterized by a first ion
doping process for implanting to the silicon film without mass separation all ions generated
from a mixed gas containing an impurity gas for generating impurity ions with the remainder
being hydrogen gas,

a second ion doping process for implanting ions generated from a pure hydrogen gas
to the silicon film without mass separation,

and a heating process for heating the silicon film implanted with ions to approximately
300°C or greater.

21. A manufacturing-method for a conductive silicon film according to Claim 20
characterized by the concentration peak of implanted impurity. being in the range from 3 x
101-8/cm3 to 1 x 10191cm3, and the concentration peak of implanted hydrogen ions being in
the range from 6 x 101 8/<:m3 to1x 1020/cm3 in the silicon film after heating.

22. A manufacturing method for a thin-film transistor characterized by forming the
source-drain area of-the thin-film- transistor using the manufacturing method of a conductive
silicon film defined in Claim 20 or 21.

23. A manufacturing method for a thin-film transistor comprising a first process for
forming a silicon film on the surface side of an insulated substrate,
a second process for forming a gate insulation film on the surface side of the silicon
film,
a third process for forming a gate electrode on the surface side of the gate insulation
film, '
.a fourth process for implanting an impurity to the silicon film using the embodiment as
a mask to form the source-drain areas,
and a heating process for heating the silicon film implanted with an impurity,
and characterized by performing in the fourth process a first ion doping process for
implanting to the silicon film without mass separation all ions generated from a mixed gas
containing an impurity gas for generating impurity ions with the remainder being hydrogen gas,
and a second ion doping process for implanting ions generated from a pure hydrogen gas to
~ the silicon film without mass separation,
and in the heating process heating the silicon film implanted with ions to approxi-
mately 300°C or greater.

24. A manufacturing method for a thin-film transistor according to Claim 23 compri-
sing after the fourth process a process for forming a layer insulation film, and forming contact
holes to the source-drain area in this layer insulation film, :

and a fifth process for implanting an impurity to the silicon film through said contact
holes to form a high concentration contact area,

_ and characterized by in the fifth process implanting to the silicon film without mass
separation all ions generated from a mixed gas containing an impurity gas for generating impu-
rity ions with the remainder being hydrogen gas.
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25. A manufacturing method for a thin-film transistor according to Claim 23 compri-
sing after the third or fourth process a fifth process for covering the silicon film with a mask
open at that part corresponding to the connection area of the source-drain electrodes to the
source-drain areas, and implanting an impurity to the silicon film in this state to form a high
concentration contact area,

and characterized by in the fifth process impianting to the silicon film without mass
separation all ions generated from a mixed gas containing an impurity gas for generating impu-
rity ions with the remainder being hydrogen gas.

26. A manufacturing method for a thin-film transistor according to any of Claims 23
through 25 wherein in the first process the silicon film is formed by forming a second silicon
film including the intended formation area of the channel formation area on the surface after
forming a first silicon film in the intended formation area of the source-drain area.

27. A manufacturing method for a thin-film transistor according to any of Claims 23
through 26 wherein in the fourth process the concentration peak of impurity implanted to the
source-drain area is in the range from 3 x 1018/cm3 to 1 x 101 9/cm3, and the concentration
peak of implanted hydrogen ions is in the range from 6 x 10! 8/cm3 to 1 x 102°/cm3.

28. A manufacturing method for a thin-film transistor according to Claims 24 or 25
wherein in the fourth process the concentration peak of impurity implanted to the source-drain
area is in the range from 3 x 1018/cm3 to 1 x 101 9/t:m3, and the concentration peak of
implanted hydrogen ions is in the range from 6 x 1018/cm3 to1x 102°/cm3,

and in the fifth process the concentration peak of impurity implanted to the high
concentration contact area is 1 x 102°/cm3 ar greater.
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Abstract

ACti\'.{'fele Matrix Circuit Board, Thin-Film Transistor, And A Manufacturing Method
For se '

In the formation of a thin-film transistor (620) capable of improving the OFF current charactesi—

stic, first, all ions {arrow lon-1) generated from a mixed gas (doping gas) containing 5% PH"3 _
with the remainder being H, gas are implanted to a polycrystalline silicon film (604) at an

approximately 80 keV energy level to achieve a P* ion dose in the rangs from 3 x 10131cm2

to 1 x 101 4Icm2 in the process forming low concentration source-drain areas (602, 603).

‘Next, all ions generated from a doping gas of pure hydrogen (arrow lon-2) are implanted to the

low concentration area (604a) at an approximately 20 keV energy level to achieve an H * jon

dose from 1 x 1014lcm2 to 1 x 10151cm2. Then, the impurity is activated by heat treatment

of the low concentration area (604a) implanted with impurity for approximately one hour at

approximately 300°C in a nitrogen atmosphere.
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CLAIMS:
1. An active matrix panel, comprising:

a drive circuit area arranged on a surface of an insulated substrate
comprising a CMOS circuit comprising a first thin-film transistor of a
first conductivity type and a second thin-film transistor of a second
conductivity type aid first thin film transistor comprises a source-
drain area formed self-aligned to a gate electrode and said second
thin film transistor comprising a second source-drain area and a
pixel area arranged on the surface of said insulated substrate
comprising a third thin-film transistor of the first conductivity type
comprising a third source-drain area.
wherein a concentration peak of an impurity of said third source-
drain area of said third thin-film transistor is in a range from
3x1018/cm3 to 1x1019/cms3, and a concentration peak of hydrogen
ions is in a range from 6x10'8/cm3 to 1x1020/cms3,
wherein a concentration peak of impurity contained in said first
source-drain area of said first thin-film transistor and said second
source drain area second thin-film transistor is at least 1x1020/cm3
or greater.

2. An active matrix circuit board according to claim 1, wherein said
source-drain area of said third thin-film transistor has a high

concentration contact area with a concentration peak of impurity of
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at least 1x1029/cm3, and wherein said third thin film transistor
comprises source-drain electrodes electrically connected. to the
source-drain area of said third thin-film transistor through said high
concentration contact area.
An active matrix circuit board according to claim 1 or 2, wherein the
insulated substrate comprises a glass substrate.
An active matrix panel in which data signals are supplied to liquid
crystal cells through a plurality of thin film transistors arranged in a
matrix of pixels, comprising: |
an insulated substrate defining separate drive circuit and pixel areas
on a surface thereon;
a CMOS drive circuit formed within the drive circuit area of said
insulated substrate, comprising:
a first thin-film transistor of a first conductivity type including
a first source-drain area having an impurity concentration of
at least 1x1019/cm3; and
a second thin-film transistor of a second conductivity type
having a second source-drain area; and
a plurality of pixel thin-film transistors formed within the pixel area
of said insulated substrate defining said matrix of pixels, wherein at
least one of said pixel thin-film transistors comprises a third thin-

film transistor of the first conductivity type, said third thin-film
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transistor including a third source-drain area having an area of
impurity concentration less than said first source-drain area.
The active matrix panel according to claim 4, wherein said third
source-drain area comprises two doped regions respectively formed
through patterning a first silicon film on said insulated substrate
and separated by a channel area formed through patterning a
second silicon film on said insulating substrate.
An active matrix panel in which data signals are supplied to liquid
crystal cells through a plurality of thin film transistors arranged in
matrix of pixels, comprising:
an insulated substrate defining separate drive circuit and pixel areas
on a surface thereon;
a CMOS drive circuit formed within the drive circuit area of said
insulated substrate, comprising;
a first thin-film transistor of a first conductivity type including
a first source drain area; and
a second thin-film transistor of a second conductivity type
having a second source-drain area; and
a plurality of pixel thin-film transistors formed within the pixel area
of said insulated substrate defining said matrix of pixels, wherein at

least one of said pixel thin film transistors comprises a third thin-
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film transistor of the first conductivity type, said third thin-film
transistor comprising:

a third source-drain area including a high concentration contact
area having an impurity concentration of at least 1x1019/cm3; and

a source-drain electrode electrically connected to said high
concentration contact area.

The active matrix panel according to claim 6, wherein said third
thin-film transistor includes a channel area adjacent said third
source-drain area; and

wherein said third source-drain area comprises a lightly-doped
concentration area interposing said channel area and said high
concentration contact area.

The active matrix panel according to claim 6, wherein said third
transistor further comprises a gate electrode spaced, at most, a 4 um
lateral distance away from said high concentration contact area.

An active matrix panel in which data signals are supplied to liquid
crystal cells through a plurality of thin film transistors arranged in a
pixel matrix, comprising:

an insulated substrate defining separate drive circuit and pixel areas
on a surface thereon;

a CMOS drive circuit formed within the drive circuit area of said

insulated substrate, comprising:
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a first thin-film transistor of a first conductivity type including
a first source-drain area; and

a second thin-film transistor of a second conductivity type
having a second source-drain area; and

a plurality of pixel thin-film transistors formed within the pixel area
of said insulated substrate defining said matrix of panels, wherein at
least one of said pixel thin film transistors comprises a third thin-
film transistor of the first conductivity type, said third thin-film
transistor including a third source-drain area and a non-overlapping
gate electrode offset laterally thereto.

The active matrix panel of any one of claims 4-9, wherein the first

conductive type is N-type and the second conductive type is P-type.

The active matrix panel of any one of claim 4-9, wherein the first

conductive type is P-type and the second conductive type is N-type.

A method for manufacturing an active matrix panel, comprising the

steps of:

(@) patterning first and second silicon films on a surface of an
insulated substrate to form first and second thin-film
transistors comprising a display drive circuit;

(b)  patterning a third silicon film on the surface of the insulated
substrate to form a third thin-film transistor within a pixel

matrix;
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forming gate insulating films on the top surfaces of the first,
second and third silicon films;

forming gate electrodes on portions of the gate insulating
films;

implanting the first, second, and third silicon films within
impurities of a first conductivity type at a dose less than
1x104/cm? to create lightly-doped source-drain areas of a first
conductivity type within the first, second, and third
transistors;

masking the first and third silicon films with a first doping-
resistant mask;

implanting the second silicon film with impurities of a second
conductivity type at a dose of at least 1x1014/cm? to form
source-drain areas of the second conductivity type within the
second transistor;

removing the first doping-resistant mask;

making the second silicon film, a gate electrode and a gate
electrode periphery of the third silicon film with a second
doping-resistant mask thereby leaving at least one portion of

the third silicon film unmasked; and
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G) implanting the first silicon film and the unmasked portion of
the third silicon film with impurities of the first conductivity
type at a dose of at least 1x1014/cm?2.

The method of claim 12, wherein said first silicon film implanting

step (J) comprises:

implanting the first silicon film with ions generated without mass

separation from a gaseous mixture consisting essentially of the

impurities of the first conductivity type and hydrogen; and
implanting the first silicon film with ions generated without mass
separation from substantially pure hydrogen.

The method of claim 13, wherein said second silicon film implanting

step (G) comprises:

implanting the second silicon film with ions generated without mass

separation from a gaseous mixture consisting essentially of the

impurities of the second conductivity type and hydrogen; and
implanting the second silicon film with ions generated without mass
separation from substantially pure hydrogen.

The method of claim 14, further comprising:

(K) heat-treating the second silicon film at a temperature of at least

3009C to activate the ions implanted therein.

The method of claim 13, wherein said implanting step (E) comprises
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implanting the first, second and third silicon films with ions
generated without mass separation from a gaseous mixture
consisting essentially of the impurities of the first conductivity type
and hydrogen; and

implanting the first, second, and third silicon films with ions
generated without mass separation from substantially pure
hydrogen.

The method of claim 16, further comprising:

(K) heat-treating the first, second, and third silicon films at a
temperature of at least 3000C to activate the ions implanted therein.
The method of claim 13, further comprising:

(K) heat-treating the first silicon film at a temperature of at least
3000C to activate the ions implanted therein.

The method of claim 12, wherein said second silicon film implanting
step (G) comprises:

implanting the second silicon film with ions generated without mass
separation from a gaseous mixture consisting essentially of the
impurities of the second conductivity type and hydrogen; and
implanting the second silicon film with ions generated without mass
separation from substantially pure hydrogen.

The method of claim 12, wherein said implanting step (E) comprises:
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implanting the first, second, and third silicon films with ions
generated without mass separation from a gaseous mixture
consisting essentially of the impurities of the first conductivity type
and hydrogen; and
implanting the first, second, and third silicon films with ions
generated without mass separation from substantially pure
hydrogen.
An active matrix panel in which data signals are supplied to liquid
crystal cells through a plurality of thin film transistors arranged ina
matrix of pixels, comprising:
an insulated substrate defining separate drive circuit and pixel areas
on a surface thereon;
a CMOS drive circuit formed within the drive circuit area of said
insulated substrate, comprising:
a first thin-film transistor of a first conductivity type including a
first source-drain area having an impurity concentration of at
least 1x1019cm3; and
a second thin-film transistor of a second conductivity type
having a second source-drain area; and
a plurality of pixel thin-film transistor formed within the pixel area of
said insulated substrate defining said matrix of pixels, wherein

at least one of said pixel thin-film transistors comprises a third
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thin-film transistor of the first conductivity type, said third thin-
film transistor comprising:

a channel area; and

source and drain regions interposing said channel area, each
said source and drain region including a lightly-doped
concentration area adjacent said channel area and a highly-
doped concentration area adjacent said lightly-doped

concentration area.

The active matrix panel of claim 21, wherein the first conductive type

is N-type and the second conductive type is P-type.

The active matrix panel of claim 21, wherein the first conductive type

is P-type and the second conductive type is N-type.

A method for manufacturing an active matrix panel, comprising the

steps of:

(2)

patterning first and second silicon films on a surface of an
insulated substrate to form first and second thin-film
transistors comprising a display drive circuit;

patterning a third silicon film on the surface of the insulated
substrate to form a third thin-film transistor within a pixel
matrix; forming gate insulating films on the top surfaces of the

first, second and third silicon films;
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forming gate electrodes on portions of the gate insulating
films;

implanting the first, second, and third silicon films with
impurities of a first conductivity type to create lightly-doped
source-drain areas of a first conductivity type within the first,
second, and third transistors.

masking the first and third silicon film with a first doping-
resistant mask;

implanting the second silicon film with impurities of a second
conducfivity type to form highly-doped source-drain areas of
the second conductivity type within the second transistor;
removing the first doping-resistant mask;

masking the second silicon film, a gate electrode and a gate
electrode periphery of the third silicon film with a second
doping-resistant mask to leave at least one portion of the third
silicon film unmasked; and

implanting the first silicon film and the unmasked portion of
the third silicon film with impurities of the first conductivity
type to develop highly-doped source-drain areas of the first

conductivity type within the first transistor.
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The method of claim 24, wherein said implanting step (E) comprises

implanting the first, second and third silicon films with impurities of

the first conductivity type at a dose less than 1x104/cm?.

The method of claim 49, wherein said implanting step (G) comprises

implanting the second silicon film with impurities of the second

conductivity type at a dose of at least 1x1014/cm?2.

A method for manufacturing an active matrix panel, comprising the

steps of:

(@)

(b)

(©

(d)

(e)

patterning first and second silicon films on a surface of an
insulated substrate to form first and second thin-film
transistors comprising a display drive circuit;

patterning a third silicon film on the surface of the insulated
substrate to form a third thin-film transistor within a pixel
matrix;

forming gate insulating films on the top surfaces of the first,
second and third silicon films;

forming gate electrodes on portions of the gate insulating
films;

implanting the first, second, and third silicon films with
impurities of a first conductivity type at a dose less than

1x1014/cm?;
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¥ masking the first and third silicon films with a first doping-
resistant mask;

(gf implanting the second silicon film with impurities of a second
conductivity type at a dose of at least 1x1014/cm?;

(h) removing the first doping-resistant mask;

(1) masking the second silicon film, a gate electrode and a gate
electrode periphery of the third silicon film with a second
doping-resistant mask to leave at least one portion of the third
silicon film unmasked; and

)] implanting the first silicon film and the unmasked portion of
the third silicon film with impurities of the first conductivity

type at a dose of at least 1x1014/cm?.



