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7) ABSTRACT

A gate-overlap-drain structure is obtained by a single pair of
a single impurity implantation process and a single laser
anneal process, wherein the improved gate-overlap-drain
structure includes lightly activated high impurity concentra-
tion regions exhibiting substantially the same function as the
lightly doped drain regions, wherein the lightly activated
high impurity concentration regions are bounded with high
impurity concentration regions serving as source and drain
regions. The boundaries are self-aligned to edges of a gate
electrode. Side regions of the gate electrode overlap the
lightly activated high impurity concentration regions.
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FIG. 2A prior art

FIG. 2B prior art




Patent Application Publication  Feb. 6, 2003 Sheet 4 of 31 US 2003/0025161 A1

FIG. 2C prior art

W BN\ 14
‘Z“ 4 ..............

13




Patent Application Publication  Feb. 6, 2003 Sheet 5 of 31 US 2003/0025161 A1

FIG.3A prior art

5

{
%457

FI1G. 3B prior art

5.
18

( 4
S, //// / ----------------




Patent Application Publication  Feb. 6, 2003 Sheet 6 of 31 US 2003/0025161 A1

FIG. 3C prior art
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FIELD EFFECT TRANSISTOR AND METHOD OF
MANUFACTURING THE SAME AS WELL AS
LIQUID CRYSTAL DISPLAY USING THE SAME
AND METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a field effect tran-
sistor with an improved gate overlap drain structure and a
method of manufacturing the same by utilizing a laser beam
irradiation technique as well as a liquid crystal display using
the same and a method of manufacturing the same.

[0003] All of patents, patent applications, patent publica-
tions, scientific articles and the like, which will hereinafter
be cited or identified in the present application, will, hereby,
be incorporated by references in their entirety in order to
describe more fully the state of the art, to which the present
invention pertains.

[0004] 2. Description of the Related Art

[0005] In recent years, shrinkage of the semiconductor
device causes shortening a gate width of a field effect
transistor. The shortened gate width may cause short channel
effects and hot carrier injections, thereby resulting in dete-
rioration of reliability of the field effect transistor. The short
channel effects and the hot carrier injections may cause an
extensively high field in the vicinity of the drain region of
the transistor. In order to avoid the above undesired prob-
lems, it is effective to reduce or relax an extensively high
field in the vicinity of the drain region of the transistor. In
order to reduce or relax an extensively high field, a lightly
doped drain (LLD) structure is effective, which has been
known in the art, to which the present invention pertains. In
accordance with the lightly doped drain (LLD) structure,
off-set gate layers having lower impurity concentration are
selectively formed in selected substrate regions between
source/drain regions and a channel region under a gate
electrode. The off-set gate layers contribute to relax undes-
ired extensively high fields in the selected substrate regions
between the source/drain regions and the channel region
under the gate electrode. The off-set gate layers thus con-
tribute to increase the withstand voltages, for example, a
punch-through voltage and a hot carrier withstand voltage.

[0006] A method of forming a typical example of a
conventional lightly doped drain structure will be described
with reference to FIGS. 1A through 1C.

[0007] As shown in FIG. 1A, an isolation oxide film 14 is
selectively formed over a silicon substrate 13 by a local
oxidation of silicon method, thereby to define a field region
which is surrounded by the isolation oxide film 14. A gate
oxide film 4 is formed on the field region by a thermal
oxidation. A polysilicon film is then deposited by a low
pressure chemical vapor deposition method over the gate
oxide film 4 and the isolation oxide film 14. A photo-
lithography and a subsequent dry etching process are then
carried out to form a gate electrode 5. A first ion-implanta-
tion is then carried out at a low impurity concentration by
use of the gate electrode 5 and the isolation oxide film 14 as
masks for subsequent anneal under predetermined condi-
tions to form low impurity concentration regions 16.

[0008] As shown in FIG. 1B, a silicon oxide film is
deposited by a low pressure chemical vapor deposition
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method over the gate electrode 5 and the isolation oxide film
14 as well as the low impurity concentration regions 16. An
anisotropic etching such as a dry etching is then carried out
to etch-back the silicon oxide film, thereby to selectively
form side wall oxide films 17 on opposite side walls of the
gate electrode 5.

[0009] Asshown in FIG. 1C, a second ion-implantation is
carried out at a high impurity concentration by use of the
gate electrode 5, the side wall oxide films 17 and the
isolation oxide film 14 as masks for subsequent anneal under
predetermined conditions to form high impurity concentra-
tion regions 18, while the low impurity concentration
regions 16 remain only under the side wall oxide films 17,
wherein boundaries between the high impurity concentra-
tion regions 18 and the low impurity concentration regions
16 are self-aligned to the outside edges of the side wall oxide
films 17. The high impurity concentration regions 18 serve
as source and drain regions, while the remaining low impu-
rity concentration regions 16 under the side wall oxide films
17 serve as the off-set gate layers.

[0010] The above lightly doped drain structure is, indeed,
effective to relax the expensively high field concentration.
Further high degree of shrinkage of the semiconductor
device causes a further high degree of shortening the gate
width which defines the channel width, namely of shorten-
ing the channel width. Increase in the degree of shortening
the channel width may cause an undesired phenomenon that
hot carriers generated in the vicinity of the drain region are
trapped into side regions of the gate oxide film in the vicinity
of the lightly doped drain regions or the low impurity
concentration regions 16. The trapped hot carriers may cause
an undesired inversion in the conductivity type of the lightly
doped drain regions 16. The inversion in the conductivity
type of the lightly doped drain regions 16 may cause an
undesired variation in threshold voltage of the transistor and
also an undesired drop of the punch-through withstand
voltage.

[0011] In the meantime, it has been known in the art, to
which the present invention pertains, a thin film transistor as
typical one of the field effect transistors is used as a
switching device for a liquid crystal display. In accordance
with a basic structure of a polycrystal silicon thin film
transistor used as a pixel switching transistor in the liquid
crystal display, the lightly doped drain structure is effective
to suppress or reduce a leakage of current, which may be a
dark current. This lightly doped drain structure and the
channel region of the polycrystal silicon thin film transistor
have an disadvantage in possible increase in leakage of
current or dark current upon incidence of light into the
channel region, namely an off-leak current upon incidence of
light into the channel region.

[0012] In order to reduce such undesired off-leak current
upon incidence of light into the channel region, a pair of top
and bottom light shielding layers is provided, wherein the
top light shielding layer overlies the transistor, while the
bottom light shielding layer underlies the transistor. As
described above, in accordance with the lightly doped drain
structure, the low impurity concentration regions are not
covered by the gate electrode. This structure allows a light
reflected by respective layers in an active matrix substrate of
the display to become incident into the low impurity con-
centration regions, even the top and bottom optical shielding
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layers are provided. Namely, it is difficult to avoid the
undesirable leakage of light or possible incidence of light
into the low impurity concentration regions unless the low
impurity concentration regions are completely covered by
the gate electrode. This problem will be remarkable in a light
valve active matrix liquid crystal display for liquid crystal
light projection.

[0013] In order to have attempted to solve the above
problems with the undesired possible trap of the hot carriers
into the gate oxide film and with the undesired possible light
incidence into the low impurity concentration regions, a
gate-overlap-drain structure was proposed, wherein lamina-
tions of a gate insulation film and a gate electrode extend
over the lightly doped drain structure, or over the low
impurity concentration regions. This gate-overlap-drain
structure is disclosed in Japanese laid-open patent publica-
tions Nos. 8-153875 and 8-222736. This gate-overlap-drain
structure will be described.

[0014] FIGS. 2A through 2D are fragmentary cross sec-
tional elevation views of field effect transistors in sequential
steps involved in a typical example of a conventional
method of forming a gate-overlap-drain structure.

[0015] As shown in FIG. 2A, an isolation oxide film 14 is
selectively formed over a silicon substrate 13 by a local
oxidation of silicon method, thereby to define a field region
which is surrounded by the isolation oxide film 14. A gate
oxide film 4 is formed on the field region by a thermal
oxidation. A resist pattern 10 is selectively formed in the
field region, wherein the resist pattern 10 has a smaller size
than an intended size of a gate electrode to be formed in
later. A first ion-implantation is then carried out at a low
impurity concentration by use of the resist pattern 10 and the
isolation oxide film 14 as masks for subsequent anneal under
predetermined conditions to form low impurity concentra-
tion regions 16. After the first ion-implantation is completed,
then the used resist pattern 10 is removed.

[0016] As shown in FIG. 2B, a polysilicon film is then
deposited by a low pressure chemical vapor deposition
method over the gate oxide film 4 and the isolation oxide
film 14. A photo-lithography and a subsequent dry etching
process are then carried out to form a gate electrode § which
has a larger size than the above-described resist pattern 10
which was already been removed, so that side regions of the
gate electrode 5 overlap inside regions of the low impurity
concentration regions 16.

[0017] As shown in FIG. 2C, a second ion-implantation is
carried out at a high impurity concentration by use of the
gate electrode § and the isolation oxide film 14 as masks for
subsequent anneal under predetermined conditions to form
high impurity concentration regions 18, while the low impu-
rity concentration regions 16 remain only under the overlap
side regions of the gate electrode 5, wherein boundaries
between the high impurity concentration regions 18 and the
low impurity concentration regions 16 are self-aligned to the
outside edges of the gate electrode 5. The high impurity
concentration regions 18 serve as source and drain regions,
while the remaining low impurity concentration regions 16
under the side regions of the gate electrode 5 serve as the
off-set gate layers. The side regions of the gate electrode 5
overlap the remaining low impurity concentration regions
16, thereby forming a gate-overlap-drain structure.

[0018] As shown in FIG. 2D, an inter-layer insulator 6 is
deposited over the gate electrode 5, the gate oxide film 4 and
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the isolation oxide film 14. Contact holes are selectively
formed in the inter-layer insulator 6 and over the high
impurity concentration regions 18 serving as the source and
drain regions. Source and drain electrodes 7 are selectively
formed within the contact holes and over the inter-layer
insulator 6, so that the source and drain electrodes 7 are in
contact with the high impurity concentration regions 18
serving as the source and drain regions, thereby forming a
field effect transistor including a gate-overlap-drain struc-
ture.

[0019] FIGS. 3A through 3D are fragmentary cross sec-
tional elevation views of field effect transistors in sequential
steps involved in another typical example of a conventional
method of forming another gate-overlap-drain structure.
This conventional technique is disclosed in Japanese laid-
open open patent publication No. 8-153875.

[0020] As shown in FIG. 3A, an isolation oxide film 14 is
selectively formed over a silicon substrate 13 by a local
oxidation of silicon method, thereby to define a field region
which is surrounded by the isolation oxide film 14. A gate
oxide film 4 is formed on the field region by a thermal
oxidation. A polysilicon film is then deposited by a low
pressure chemical vapor deposition method over the gate
oxide film 4 and the isolation oxide film 14. A photo-
lithography and a subsequent dry etching process are then
carried out to form a gate electrode 5. A first ion-implanta-
tion is then carried out at a low impurity concentration by
use of the gate electrode 5 and the isolation oxide film 14 as
masks for subsequent anneal under predetermined condi-
tions to form low impurity concentration regions 16.

[0021] As shown in FIG. 3B, a silicon-based film is
entirely formed over the gate electrode § and the isolation
oxide film 14 as well as the low impurity concentration
regions 16. An anisotropic etching is then carried out to
etch-back the silicon oxide film, thereby to selectively form
side wall conductive films 19 on opposite side walls of the
gate electrode 5. The side wall silicon-based films 19 are
electrically conductive, for which reason the side wall
conductive films 19 serve as part of the gate electrode in
cooperation with the gate electrode 5.

[0022] As shown in FIG. 3C, a second ion-implantation is
carried out at a high impurity concentration by use of the
gate electrode 3, the side wall conductive films 19 and the
isolation oxide film 14 as masks for subsequent anneal under
predetermined conditions to form high impurity concentra-
tion regions 18, while the low impurity concentration
regions 16 remain only under the side wall conductive films
19, wherein boundaries between the high impurity concen-
tration regions 18 and the low impurity concentration
regions 16 are self-aligned to boundaries between the side
wall conductive films 19 and the gate electrode S. The high
impurity concentration regions 18 serve as source and drain
regions, while the remaining low impurity concentration
regions 16 under the side wall conductive films 19 serve as
the off-set gate layers, thereby forming a gate-overlap-drain
structure.

[0023] As shown in FIG. 3D, an inter-layer insulator 6 is
deposited over the gate electrode 5, the side wall conductive
films 19, the gate oxide film 4 and the isolation oxide film
14. Contact holes are selectively formed in the inter-layer
insulator 6 and over the high impurity concentration regions
18 serving as the source and drain regions. Source and drain



US 2003/0025161 Al

electrodes 7 are selectively formed within the contact holes
and over the inter-layer insulator 6, so that the source and
drain electrodes 7 are in contact with the high impurity
concentration regions 18 serving as the source and drain
regions, thereby forming a field effect transistor including a
gate-overlap-drain structure.

[0024] In accordance with the above described conven-
tional gate-overlap-drain structure, the side regions of the
gate electrode overlap the lightly doped drain regions. This
conventional gate-overlap-drain structure may prevent the
above-described undesired influence of the hot carriers
generated in the vicinity of the drain region. Further, the
lightly doped drain regions are covered by the side regions
of the gate clectrode, wherein the side regions of the gate
electrode serve as light shielding regions and improves a
light-shieldability. Namely, the conventional gate-overlap-
drain structure reduces the above problem with the light
leakage.

[0025] The above-described conventional method for
forming the conventional gate-overlap-drain structure, how-
ever, need at least two ion-implantation processes and
further additional processes for forming the lightly doped
drain regions under the side regions of the gate electrode.
This results in complicated necessary processes for forming
the conventional gate-overlap-drain structure.

[0026] Further, the anneal is carried out after the impurity
has been selectively implanted, wherein the anneal reduces
or relaxes an abruptness of the impurity concentration
profile. This abruptness of the impurity concentration profile
may cause an expensive highly field concentration, for
which reason the reduction or the relaxation of the abrupt-
ness of the impurity concentration profile is effective to
reduce or relax the expensive highly field concentration.
FIG. 4 is a diagram of an impurity concentration profile
across the channel region, the low impurity concentration
region and the high impurity concentration region of the
field effect transistor having the gate-overlap drain structure.
As shown in FIG. 4, the impurity concentration profile
includes two step-like variations in the impurity concentra-
tion at respective boundaries between the channel region and
the low impurity concentration region and between the low
impurity concentration region and the high impurity con-
centration region. Lager variation in the impurity concen-
tration may cause a high field concentration. This impurity
concentration profile with the two step-like variations makes
it difficult to achieve a sufficient relaxation of the field
concentration.

[0027] Furthermore, the above impurity concentration
profile includes the abrupt step-like variation in impurity
concentration at the boundary between the low impurity
concentration region and the high impurity concentration
region. This abrupt step-like variation in impurity concen-
tration causes an undesirable abrupt and large variation in
energy level at the boundary between the low impurity
concentration region and the high impurity concentration
region. Such abrupt and large variation in energy level
promotes an undesired carrier trap, and a carrier recombi-
nation, resulting in a shortened carrier life time.

[0028] In the above circumstances, the development of a
novel field effect transistor free from the above problems is
desirable.
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SUMMARY OF THE INVENTION

[0029] Accordingly, it is an object of the present invention
to provide a novel field effect transistor with an improved
gate overlap drain structure free from the above problems.

[0030] It is a further object of the present invention to
provide a novel field effect transistor with an improved gate
overlap drain structure which may be formed in a reduced
number of processes.

[0031] TItis a still further object of the present invention to
provide a novel field effect transistor with an improved gate
overlap drain structure which provides such a relatively
gentle effective impurity concentration profile free of any
step-like abrupt variation in impurity concentration as relax-
ing a high field concentration.

[0032] TItis yet a further object of the present invention to
provide a novel field effect transistor with an improved gate
overlap drain structure which provides such a relatively
gentle effective impurity concentration profile as avoiding
any shortened carrier life-time.

[0033] It is another object of the present invention to
provide a novel method of forming an improved gate
overlap drain structure of a field effect transistor, which is
free from the above problems.

[0034] It is further another object of the present invention
to provide a novel method of forming an improved gate
overlap drain structure of a field effect transistor, which may
be formed in a reduced number of processes.

[0035] It is still further another object of the present
invention to provide a novel method of forming an improved
gate overlap drain structure of a field effect transistor, which
provides such a relatively gentle effective impurity concen-
tration profile free of any step-like abrupt variation in
impurity concentration as relaxing a high field concentra-
tion.

[0036] Tt is yet further another object of the present
invention to provide a novel method of forming an improved
gate overlap drain structure of a field effect transistor, which
provides such a relatively gentle effective impurity concen-
tration profile as avoiding any shortened carrier life-time.

[0037] Itis an additional object of the present invention to
provide a novel liquid crystal display including a field effect
transistor with an improved gate overlap drain structure,
which is free from the above problems.

[0038] It is a further additional object of the present
invention to provide a novel liquid crystal display including
a field effect transistor with an improved gate overlap drain
structure, which may be formed in a reduced number of
processes.

[0039] It is a still further additional object of the present
invention to provide a novel liquid crystal display including
a field effect transistor with an improved gate overlap drain
structure, which provides such a relatively gentle effective
impurity concentration profile free of any step-like abrupt
variation in impurity concentration as relaxing a high field
concentration.

[0040] It is yet a further additional object of the present
invention to provide a novel liquid crystal display including
a field effect transistor with an improved gate overlap drain
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structure, which provides such a relatively gentle effective
impurity concentration profile as avoiding any shortened
carrier life-time.

[0041] Tt is moreover additional object of the present
invention to provide a novel method of forming a liquid
crystal display including a field effect transistor with an
improved gate overlap drain structure, which is free from the
above problems.

[0042] Tt is further more additional object of the present
invention to provide a novel method of forming a liquid
crystal display including a field effect transistor with an
improved gate overlap drain structure, which may be formed
in a reduced number of processes.

[0043] Tt is still more additional object of the present
invention to provide a novel method of forming a liquid
crystal display including a field effect transistor with an
improved gate overlap drain structure, which provides such
a relatively gentle effective impurity concentration profile
free of any step-like abrupt variation in impurity concentra-
tion as relaxing a high field concentration.

[0044] Tt is yet more additional object of the present
invention to provide a novel method of forming a liquid
crystal display including a field effect transistor with an
improved gate overlap drain structure, which provides such
a relatively gentle effective impurity concentration profile as
avoiding any shortened carrier life-time.

[0045] The present invention provides an improved gate-
overlap-drain structure for a field effect transistor by a single
pair of a single impurity implantation process and a single
laser anneal process, wherein the improved gate-overlap-
drain structure includes lightly activated high impurity con-
centration regions exhibiting substantially the same function
as the lightly doped drain regions, wherein the lightly
activated high impurity concentration regions are bounded
with high impurity concentration regions serving as source
and drain regions. The boundaries are self-aligned to edges
of a gate electrode. Side regions of the gate electrode overlap
the lightly activated high impurity concentration regions.

[0046] After a selective ion-implantation is carried out to
form a high impurity concentration region, then a selective
laser beam irradiation is carried out to a selected region of
the high impurity concentration region for causing complete
activation of the impurity in the laser-irradiated region of the
high impurity concentration region, while causing incom-
plete activation of the impurity in the remaining heat-
diffused region free from the laser irradiation in the high
impurity concentration region. The completely or heavily
activated region of the high impurity concentration region
serve as the source/drain regions, while the incompletely or
lightly activated region of the high impurity concentration
region serve as the lightly doped drain regions.

[0047] The lightly activated region has the same high
impurity concentration as the source and drain regions, for
which reason the lightly activated region is distinctly dif-
ferent from the lightly doped drain region which has a lower
impurity concentration than the source and drain regions.
The lightly activated high impurity concentration region,
however, has a low concentration of effectively activated
impurity which contributes to electrical conductivity
because of the incomplete or light activation. Namely, only
part of the actually implanted impurity is effectively acti-
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vated and serves as effective carrier, while the remaining
part of the actually implanted impurity does not serve as the
carrier.

[0048] The above and other objects, features and advan-
tages of the present invention will be apparent from the
following descriptions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] Preferred embodiments according to the present
invention will be described in detail with reference to the
accompanying drawings. FIGS. 1A through 1C are frag-
mentary cross sectional elevation views of field effect tran-
sistors in sequential steps involved in a conventional method
of forming a typical example of a conventional lightly doped
drain structure.

[0050] FIGS. 2A through 2D are fragmentary cross sec-
tional elevation views of field effect transistors in sequential
steps involved in a typical example of a conventional
method of forming a gate-overlap-drain structure.

[0051] FIGS. 3A through 3D are fragmentary cross scc-
tional elevation views of field effect transistors in sequential
steps involved in another typical example of a conventional
method of forming another gate-overlap-drain structure.

[0052] FIG. 4 is a diagram of an impurity concentration
profile across the channel region, the low impurity concen-
tration regions and the high impurity concentration regions
of the field effect transistor having the gate-overlap drain
structure.

[0053] FIG. 5 is a fragmentary cross sectional elevation
view of a novel thin film field effect transistor with an
improved gate-overlap-drain structure in accordance with
the first embodiment of the present invention.

[0054] FIGS. 6A through 6l are fragmentary cross sec-
tional elevation views of thin film field effect transistors with
the improved gate-overlap-drain structure in sequential steps
involved in a novel method of forming the transistor in
accordance with the first embodiment of the present inven-
tion.

[0055] FIG. 7 is a diagram of an impurity concentration
profile across the channel region, the lightly activated high
impurity concentration layers and the sufficiently activated
high impurity concentration layers of the field effect tran-
sistor having the improved gate-overlap drain structure
shown in FIG. 5.

[0056] FIG. 8 is a fragmentary cross sectional elevation
view of a novel thin film field effect transistor with an
improved gate-overlap-drain structure in accordance with
the second embodiment of the present invention.

[0057] FIGS. 9A through 91 are fragmentary cross sec-
tional elevation views of thin film field effect transistors with
the improved gate-overlap-drain structure in sequential steps
involved in a novel method of forming the transistor in
accordance with the third embodiment of the present inven-
tion.

[0058] FIGS. 10A through 101 are fragmentary cross
sectional elevation views of thin film field effect transistors
with the improved gate-overlap-drain structure in sequential
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steps involved in a novel method of forming the transistor in
accordance with the fourth embodiment of the present
invention.

[0059] FIGS. 11A through 11I are fragmentary cross
sectional elevation views of thin film field effect transistors
with the improved gate-overlap-drain structure in sequential
steps involved in a novel method of forming the transistor in
accordance with the fifth embodiment of the present inven-
tion.

[0060] FIG. 12 is a fragmentary cross sectional elevation
view of a novel thin film field effect transistor with an
improved gate-overlap-drain structure in accordance with
the sixth embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0061] A first aspect of the present invention is a semi-
conductor structure in a field effect transistor. The structure
comprises: a semiconductor layer; an insulating layer over-
lying the semiconductor layer; and a gate electrode for
controlling an electric field applied to at least a part of the
semiconductor layer. The semiconductor layer further
includes: at least a lightly activated high impurity concen-
tration layer and at least a sufficiently activated high impu-
rity concentration layer. The lightly activated high impurity
concentration layer has a first implanted-impurity concen-
tration value, and a first effectively-activated-impurity con-
centration range which is lower than the first implanted-
impurity concentration value. The sufficiently activated high
impurity concentration layer is bounded with the lightly
activated high impurity concentration layer. The sufficiently
activated high impurity concentration layer has a second
implanted-impurity concentration value which is substan-
tially the same as the first implanted-impurity concentration
value, and a second effectively-activated-impurity concen-
tration value which is higher than the first effectively-
activated-impurity concentration range.

[0062] Tt is also preferable that the lightly activated high
impurity concentration layer is positioned under the gate
electrode. Further, preferably, a boundary between the
lightly activated high impurity concentration layer and the
sufficiently activated high impurity concentration layer is
aligned to an edge of the gate electrode.

[0063] Furthermore, it is preferable that the lightly acti-
vated high impurity concentration layer has a gentle
decrease in a first effectively-activated-impurity concentra-
tion value ranged in the first effectively-activated-impurity
concentration range as a distance from the sufficiently acti-
vated high impurity concentration layer is increased.

[0064] TItis further preferable that the sufficiently activated
high impurity concentration layer is sufficiently activated by
a laser beam irradiation, while the lightly activated high
impurity concentration layer is insufficiently activated by a
thermal diffusion from the sufficiently activated high impu-
rity concentration layer.

[0065] 1t is also preferable that the sufficiently activated
high impurity concentration layer serves as a drain region,
while the lightly activated high impurity concentration layer
serves as a field concentration relaxation region.

[0066] As a typical example, it is possible that the semi-
conductor layer comprises: a channel region; the lightly
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activated high impurity concentration layers adjacent to
opposite sides of the channel region; and the sufficiently
activated high impurity concentration layers adjacent to
opposite outsides of the lightly activated high impurity
concentration layers. The sufficiently activated high impu-
rity concentration layers serve as source and drain regions.
Respective boundaries between the lightly activated high
impurity concentration layers and the sufficiently activated
high impurity concentration layers are aligned to opposite
side edges of the gate electrode.

[0067] A second aspect of the present invention is a
semiconductor structure in a field effect transistor. The
structure comprises: a semiconductor layer; an insulating
layer overlying the semiconductor layer; and a gate elec-
trode for controlling an electric field applied to at least a part
of the semiconductor layer. The semiconductor layer further
includes: at least a sufficiently activated high impurity
concentration layer and at least a lightly activated high
impurity concentration layer. The sufficiently activated high
impurity concentration layer is sufficiently activated by a
laser beam irradiation. The lightly activated high impurity
concentration layer is bounded with the sufficiently activated
high impurity concentration layer. The lightly activated high
impurity concentration layer is insufficiently activated by a
thermal diffusion from the sufficiently activated high impu-
rity concentration layer.

[0068] Itis preferable that the lightly activated high impu-
rity concentration layer is positioned under the gate elec-
trode. It is further preferable that a boundary between the
lightly activated high impurity concentration layer and the
sufficiently activated high impurity concentration layer is
aligned to an edge of the gate electrode. It is furthermore
preferable that the lightly activated high impurity concen-
tration layer has a gentle decrease in a first effectively-
activated-impurity concentration value as a distance from
the sufficiently activated high impurity concentration layer is
increased. It is moreover preferable that the lightly activated
high impurity concentration layer has a first implanted-
impurity concentration value, and a first effectively-acti-
vated-impurity concentration range which is lower than the
first implanted-impurity concentration value, and that the
sufficiently activated high impurity concentration layer has
a second implanted-impurity concentration value which is
substantially the same as the first implanted-impurity con-
centration value, and a second effectively-activated-impu-
rity concentration value which is higher than the first effec-
tively-activated-impurity concentration range.

[0069] It is also preferable that the sufficiently activated
high impurity concentration layer serves as a drain region,
while the lightly activated high impurity concentration layer
serves as a field concentration relaxation region.

[0070] As a typical example, it is possible that the semi-
conductor layer comprises: a channel region; the lightly
activated high impurity concentration layers adjacent to
opposite sides of the channel region; and the sufficiently
activated high impurity concentration layers adjacent to
opposite outsides of the lightly activated high impurity
concentration layers. The sufficiently activated high impu-
rity concentration layers serve as source and drain regions.
Respective boundaries between the lightly activated high
impurity concentration layers and the sufficiently activated
high impurity concentration layers are aligned to opposite
side edges of the gate electrode.
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[0071] A third aspect of the present invention is a field
effect transistor including: a substrate; a gate insulating film
over the substrate; a gate electrode over the gate insulating
film; and source/drain regions over and substrate and under
the gate insulating film. The drain region further includes: at
least a lightly activated high impurity concentration lay and
at least a sufficiently activated high impurity concentration
layer. The lightly activated high impurity concentration
layer has a first implanted-impurity concentration value, and
a first effectively-activated-impurity concentration range
which is lower than the first implanted-impurity concentra-
tion value. The sufficiently activated high impurity concen-
tration layer is bounded with the lightly activated high
impurity concentration layer. The sufficiently activated high
impurity concentration layer has a second implanted-impu-
rity concentration value which is substantially the same as
the first implanted-impurity concentration value, and a sec-
ond effectively-activated-impurity concentration value
which is higher than the first effectively-activated-impurity
concentration range.

[0072] TItis preferable that the lightly activated high impu-
rity concentration layer is positioned under the gate elec-
trode. It is further preferable that a boundary between the
lightly activated high impurity concentration layer and the
sufficiently activated high impurity concentration layer is
aligned to an edge of the gate electrode. It is further more
preferable that the lightly activated high impurity concen-
tration layer has a gentle decrease in a first effectively-
activated-impurity concentration value ranged in the first
effectively-activated-impurity concentration range as a dis-
tance from the sufficiently activated high impurity concen-
tration layer is increased. It is moreover preferable that the
sufficiently activated high impurity concentration layer is
sufficiently activated by a laser beam irradiation, while the
lightly activated high impurity concentration layer is insuf-
ficiently activated by a thermal diffusion from the suffi-
ciently activated high impurity concentration layer.

[0073] Tt is also preferable that the source region has the
same structure as the drain region.

[0074] A fourth aspect of the present invention is a field
effect transistor including: a substrate; a gate insulating film
over the substrate; a gate electrode over the gate insulating
film; and source/drain regions over and substrate and under
the gate insulating film. The drain region further includes: at
least a sufficiently activated high impurity concentration
layer and at least a lightly activated high impurity concen-
tration layer. The sufficiently activated high impurity con-
centration layer is sufficiently activated by a laser beam
irradiation. The lightly activated high impurity concentra-
tion layer is bounded with the sufficiently activated high
impurity concentration layer. The lightly activated high
impurity concentration layer is insufficiently activated by a
thermal diffusion from the sufficiently activated high impu-
rity concentration layer.

[0075] Tt is preferable that the lightly activated high impu-
rity concentration layer is positioned under the gate elec-
trode. It is further preferable that a boundary between the
lightly activated high impurity concentration layer and the
sufficiently activated high impurity concentration layer is
aligned to an edge of the gate electrode. It is further more
preferable that the lightly activated high impurity concen-
tration layer has a gentle decrease in a first effectively-
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activated-impurity concentration value as a distance from
the sufficiently activated high impurity concentration layer is
increased. It is moreover preferable that the lightly activated
high impurity concentration layer has a first implanted-
impurity concentration value, and a first effectively-acti-
vated-impurity concentration range which is lower than the
first implanted-impurity concentration value; and that the
sufficiently activated high impurity concentration layer has
a second implanted-impurity concentration value which is
substantially the same as the first implanted-impurity con-
centration value, and a second effectively-activated-impu-
rity concentration value which is higher than the first effec-
tively-activated-impurity concentration range.

[0076] Tt is also preferable that the source region has the
same structure as the drain region.

[0077] A fifth aspect of the present invention is a field
effect transistor including: a substrate; a gate insulating film
over the substrate; a gate electrode over the gate insulating
film; and source/drain regions over and substrate and under
the gate insulating film. Each of the source/drain regions
further includes: at least a lightly activated high impurity
concentration layer and at least a sufficiently activated high
impurity concentration layer. The lightly activated high
impurity concentration layer is positioned under the gate
electrode. The lightly activated high impurity concentration
layer has a first implanted-impurity concentration value, and
a first effectively-activated-impurity concentration range
which is lower than the first implanted-impurity concentra-
tion value. The sufficiently activated high impurity concen-
tration layer is bounded with the lightly activated high
impurity concentration layer. A boundary between the
lightly activated high impurity concentration layer and the
sufficiently activated high impurity concentration layer is
aligned to an edge of the gate electrode. The sufficiently
activated high impurity concentration layer has a second
implanted-impurity concentration value which is substan-
tially the same as the first implanted-impurity concentration
value, and a second effectively-activated-impurity concen-
tration value which is higher than the first effectively-
activated-impurity concentration range. The lightly acti-
vated high impurity concentration layer has a gentle
decrease in a first effectively-activated-impurity concentra-
tion value ranged in the first effectively-activated-impurity
concentration range as a distance from the sufficiently acti-
vated high impurity concentration layer is increased.

[0078] It is preferable that the sufficiently activated high
impurity concentration layer is sufficiently activated by a
laser beam irradiation, while the lightly activated high
impurity concentration layer is insufficiently activated by a
thermal diffusion from the sufficiently activated high impu-
rity concentration layer.

[0079] It is also preferable that the field effect transistor is
a thin film field effect transistor.

[0080] A sixth aspect of the present invention is a liquid
crystal display including a plurality of pixels, each pixel
having a liquid crystal cell and a switching device. The
switching device further comprises: a thin film field effect
transistor including: a substrate; a gate insulating film over
the substrate; a gate electrode over the gate insulating film;
and source/drain regions over and substrate and under the
gate insulating film. Each of the source/drain regions further
includes: at least a lightly activated high impurity concen-
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tration layer and at least a sufficiently activated high impu-
rity concentration layer. The lightly activated high impurity
concentration layer is positioned under the gate electrode.
The lightly activated high impurity concentration layer has
a first implanted-impurity concentration value, and a first
effectively-activated-impurity concentration range which is
lower than the first implanted-impurity concentration value.
The sufficiently activated high impurity concentration layer
is bounded with the lightly activated high impurity concen-
tration layer. A boundary between the lightly activated high
impurity concentration layer and the sufficiently activated
high impurity concentration layer is aligned to an edge of the
gate electrode. The sufficiently activated high impurity con-
centration layer has a second implanted-impurity concen-
tration value which is substantially the same as the first
implanted-impurity concentration value, and a second effec-
tively-activated-impurity concentration value which is
higher than the first effectively-activated-impurity concen-
tration range. The lightly activated high impurity concen-
tration layer has a gentle decrease in a first effectively-
activated-impurity concentration value ranged in the first
effectively-activated-impurity concentration range as a dis-
tance from the sufficiently activated high impurity concen-
tration layer is increased.

[0081] A seventh aspect of the present invention is a
method of forming a semiconductor structure in a field effect
transistor. The method comprises the following steps. A
resist pattern is selectively formed over a first selected
region of a semiconductor layer. A selective impurity-im-
plantation is then carried out by use of the resist pattern as
a mask for selectively implanting an impurity into the
semiconductor layer except under the resist pattern at a first
implanted-impurity concentration, to define at least an impu-
rity-implanted region in the semiconductor layer. The resist
pattern is then removed from the semiconductor layer. A gate
electrode is selectively formed over a second selected region
of the semiconductor layer. The second selected region
completely encompasses the first selected region and also
encompasses an outside region adjacent to a periphery of the
first selected region. At least a gate-overlapped part of then
impurity-implanted region is covered by the gate electrode,
while a remaining non-overlapped part of then impurity-
implanted region is not covered by the gate electrode. A
selective laser beam irradiation to the remaining non-over-
lapped part is carried out by use of the gate electrode as a
mask. The remaining non-overlapped part is sufficiently
activated upon the selective laser beam irradiation. The
remaining non-overlapped part becomes at least a suffi-
ciently activated high impurity concentration layer. The
gate-overlapped part is insufficiently activated by a thermal
diffusion from the remaining non-overlapped part. The gate-
overlapped part becomes at least a lightly activated high
impurity concentration layer.

[0082] It is preferable that the lightly activated high impu-
rity concentration layer has a first implanted-impurity con-
centration value, and a first effectively-activated-impurity
concentration range which is lower than the first implanted-
impurity concentration value; and that the sufficiently acti-
vated high impurity concentration layer is bounded with the
lightly activated high impurity concentration layer, and the
sufficiently activated high impurity concentration layer has
a second implanted-impurity concentration value which is
substantially the same as the first implanted-impurity con-
centration value, and a second effectively-activated-impu-
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rity concentration value which is higher than the first effec-
tively-activated-impurity concentration range.

[0083] Itis further preferable that a boundary between the
lightly activated high impurity concentration layer and the
sufficiently activated high impurity concentration layer is
aligned to an edge of the gate electrode. It is further more
preferable that the lightly activated high impurity concen-
tration layer has a gentle decrease in a first effectively-
activated-impurity concentration value ranged in the first
effectively-activated-impurity concentration range as a dis-
tance from the sufficiently activated high impurity concen-
tration layer is increased.

[0084] As a typical example, it is possible that a dummy
layer is additionally formed over at least an entirety of the
semiconductor layer before selectively forming a resist
pattern over the dummy layer for selectively implanting the
impurity through the dummy layer into the semiconductor
layer in the selective impurity implantation. The dummy
layer may be removed in addition to the removal of the resist
pattern before a gate insulating film is formed prior to the
step of selectively forming the gate electrode over the gate
insulating film.

[0085] The dummy layer may remain as the gate insulat-
ing film, so that the gate electrode is selectively formed over
the dummy layer as the gate insulating film.

[0086] An eighth aspect of the present invention is a
method of forming a semiconductor structure in a field effect
transistor, comprising the following steps. A selective impu-
rity-implantation is carried out for selectively implanting an
impurity into a semiconductor layer, to define at least an
impurity-implanted region in the semiconductor layer. A
selective laser beam irradiation to at least a selected part of
then impurity-implanted region is then carried out, whereby
the selected part of then impurity-implanted region is suf-
ficiently activated upon the selective laser beam irradiation,
and the selected part becomes at least a sufficiently activated
high impurity concentration layer. On the other hand, a
remaining non-selected part of then impurity-implanted
region is insufficiently activated by a thermal diffusion from
the selected part, and the remaining non-selected part
becomes at least a lightly activated high impurity concen-
tration layer.

[0087] Itis preferable that the lightly activated high impu-
rity concentration layer has a first implanted-impurity con-
centration value, and a first effectively-activated-impurity
concentration range which is lower than the first implanted-
impurity concentration value, and also that the sufficiently
activated high impurity concentration layer is bounded with
the lightly activated high impurity concentration layer, and
the sufficiently activated high impurity concentration layer
has a second implanted-impurity concentration value which
is substantially the same as the first implanted-impurity
concentration value, and a second effectively-activated-
impurity concentration value which is higher than the first
effectively-activated-impurity concentration range.

[0088] It is further preferable that a boundary between the
lightly activated high impurity concentration layer and the
sufficiently activated high impurity concentration layer is
aligned to an edge of the gate electrode. It is further more
preferable that the lightly activated high impurity concen-
tration layer has a gentle decrease in a first effectively-
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activated-impurity concentration value ranged in the first
effectively-activated-impurity concentration range as a dis-
tance from the sufficiently activated high impurity concen-
tration layer is increased.

[0089] In accordance with the present invention, the
above-described improved gate-overlap-drain structure is
obtained by a single pair of a single impurity implantation
process and a single laser annecal process, wherein the
improved gate-overlap-drain structure includes lightly acti-
vated high impurity concentration regions exhibiting sub-
stantially the same function as the lightly doped drain
regions, wherein the lightly activated high impurity concen-
tration regions are bounded with high impurity concentra-
tion regions serving as source and drain regions. The bound-
aries are self-aligned to edges of a gate electrode. Side
regions of the gate electrode overlap the lightly activated
high impurity concentration regions.

[0090] As described above, in accordance with the con-
ventional gate-overlap-drain structure, the lightly doped
drain regions are positioned under the side regions of the
gate electrode to suppress hot carrier traps in the vicinity of
the drain region and also to reduce the light leakage. The
conventional gate-overlap-drain structure is, however, dis-
advantage in the necessary complicated manufacturing pro-
cess.

[0091] In the meantime, the manufacturing processes for
the field effect transistors may generally include heat treat-
ments such as activation anneals for activating the implanted
impurity and silicidation anneals for causing silicidation
reactions to form silicide layers over the source and drain
regions. Those anneals may include, but not limited to, a
furnace anneal using an electric furnace, a rapid thermal
anneal using an infrared ray lamp, and a laser anneal using
a laser beam.

[0092] For example, an excited-dimer laser may be used
for the activation anneal. The excited-dimer laser is a pulse
laser having a short width of one-shot-pulse, for which
reason a laser energy is likely to be absorbed in a relatively
shallow region. This means it easy to control a depth of the
activation region. Therefore, the excited-dimer laser anneal
is suitable for activation of the low impurity concentration
region of the lightly doped drain structure. In general, the
purpose of the activation anneal is to cause a complete
activation of the implanted impurity into the laser-irradiated
region. The present inventor, however, proposed for utilizing
a phenomenon that there is a difference in degree of acti-
vation between a laser-irradiated region having received a
laser irradiation and a heat-diffused region having received
a thermal diffusion from the laser irradiation, but not
received the laser irradiation.

[0093] The furnace anneal and the rapid thermal anneal
cause non-localized and non-selected heat supply to the
entirety of the substrate, for which reason those anneals are
incapable of controlling the degree of the activation of the
implanted impurity for respective regions. In contrast, the
laser anneal is advantageous in that the laser energy is
absorbed in the relatively shallow region, and also the
thermal diffusion is limited within a relatively narrow
region. This allows a highly localized control of the degree
of activation of the implanted impurity. After a selective
ion-implantation is carried out to form a high impurity
concentration region, then a selective laser beam irradiation
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is carried out to a selected region of the high impurity
concentration region for causing complete activation of the
impurity in the laser-irradiated region of the high impurity
concentration region, while causing incomplete activation of
the impurity in the remaining heat-diffused region free from
the laser irradiation in the high impurity concentration
region. The completely or heavily activated region of the
high impurity concentration region serve as the source/drain
regions, while the incompletely or lightly activated region of
the high impurity concentration region serve as the lightly
doped drain regions.

[0094] The lightly activated region has the same high
impurity concentration as the source and drain regions, for
which reason the lightly activated region is distinctly dif-
ferent from the lightly doped drain region which has a lower
impurity concentration than the source and drain regions.
The lightly activated high impurity concentration region,
however, has a low concentration of effectively activated
impurity which contributes to electrical conductivity
because of the incomplete or light activation. Namely, only
part of the actually implanted impurity is effectively acti-
vated and serves as effective carrier, while the remaining
part of the actually implanted impurity does not serve as the
carrier. For this reason, the lightly activated high impurity
concentration region may exhibit substantially the same
function as the lightly doped drain region.

[0095] The following embodiments are typical examples
for practicing the foregoing aspects of the present invention.
Although the subject matters of the present invention have
been described in details, the following additional descrip-
tions in one or more typical preferred embodiments or
examples will be made with reference to the drawings for
making it easy to understand the typical modes for practic-
ing the foregoing aspects of the present invention.

[0096]

[0097] A first embodiment according to the present inven-
tion will be described in detail with reference to the draw-
ings. FIG. 5 is a fragmentary cross sectional elevation view
of a novel thin film field effect transistor with an improved
gate-overlap-drain structure in accordance with the first
embodiment of the present invention.

[0098] A thin film field effect transistor is provided over a
glass substrate 1. An under-coat layer 2 overlies the glass
substrate 1. A semiconductor layer 3 is selectively provided
over the under-coat layer 2. Typically, the semiconductor
layer 3 may be made of polysilicon. The semiconductor
layer 3 further comprises a channel layer 3a, lightly acti-
vated high impurity concentration layers 3b in contact
directly with opposite sides of the channel layer 3a, and
sufficiently activated high impurity concentration layers 3c
in contact directly with outsides of the lightly activated high
impurity concentration layers 3b. A gate insulating film 4
extends over the semiconductor layer 3 and the under-coat
layer 2.

[0099] A gate electrode 5 is selectively provided over the
gate insulating film 4. The lightly activated high impurity
concentration layers 3b are positioned under the gate elec-
trode 5, so that the lightly activated high impurity concen-
tration layers 3b are covered by the gate electrode 5. The
sufficiently activated high impurity concentration layers 3¢
are positioned under outsides of the gate electrode 5, so that

First Embodment:
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the sufficiently activated high impurity concentration layers
3¢ are not covered by the gate electrode 5. Respective
boundaries between the sufficiently activated high impurity
concentration layers 3c and the lightly activated high impu-
rity concentration layers 3b are self-aligned to the opposite
side-edges of the gate electrode 5.

[0100] An inter-layer insulator 6 extends over the gate
electrode 5 and the gate insulating film 4. Contact holes are
provided in laminations of the gate insulating film 4 and the
inter-layer insulator 6 but over the sufficiently activated high
impurity concentration layers 3c. Source/drain electrodes 7
are selectively provided in the contact holes and over the
interlayer insulator 6, so that the source/drain electrodes 7
are in contact with the sufficiently activated high impurity
concentration layers 3c. The sufficiently activated high
impurity concentration layers 3¢ serve as source/drain
regions.

[0101] In addition, the transistor has a pair of top and
bottom light shielding layers 95 and 9a, wherein the top light
shielding layer 95 overlies the transistor, while the bottom
light shielding layer 9 underlies the glass substrate 1 of the
transistor.

[0102] The lightly activated high impurity concentration
layers 3b and the sufficiently activated high impurity con-
centration layers 3¢ have the same impurity concentration.
The impurity implanted in the sufficiently activated high
impurity concentration layers 3c are sufficiently activated by
direct laser beam irradiation in the lease anneal process. The
impurity implanted in the lightly activated high impurity
concentration layers 3b are lightly or insufficiently activated
by a thermal diffusion from the sufficiently activated high
impurity concentration layers 3¢. The lightly activated high
impurity concentration layers 3b have not received any laser
irradiation. Namely, the activation energy for the lightly
activated high impurity concentration layers 3b depends on
the thermal diffusion from the sufficiently activated high
impurity concentration layers 3c, for which reason the
activation is insufficient. This insufficient activation depend-
ing on the thermal diffusion gives rise to a lower concen-
tration of the effectively activated impurity than the
implanted-impurity concentration. The effectively activated
impurity only may contribute to provide an electrical con-
ductivity. For those reasons, the lightly activated high impu-
rity concentration layers 3b exhibits substantially the same
function as the lightly doped drain regions.

[0103] Further, the thermal diffusion into the lightly acti-
vated high impurity concentration layers 3b is directed
inwardly from the sufficiently activated high impurity con-
centration layers 3¢ which have received the laser irradiation
in the laser anneal process. For this reason, the heat energy
absorbed into the lightly activated high impurity concentra-
tion layers 3b may gently or gradually decrease from the
outside position near the sufficiently activated high impurity
concentration layers 3¢ to the inside position far from the
sufficiently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3c¢ to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Namely, the concen-
tration profile of the effectively activated impurity may
gently or gradually decrease from the outside position near
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the sufficiently activated high impurity concentration layers
3¢ to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Accordingly, the
concentration profile of the effectively activated impurity
across the channel region 3a, the lightly activated high
impurity concentration layers 3b and the sufficiently acti-
vated high impurity concentration layers 3¢ are free of any
step-like variation or any other abrupt and rapid variation,
whereby no extensively high field concentration is caused.

[0104] FIGS. 6A through 6l are fragmentary cross scc-
tional elevation views of thin film field effect transistors with
the improved gate-overlap-drain structure in sequential steps
involved in a novel method of forming the transistor in
accordance with the first embodiment of the present inven-
tion.

[0105] As shown in FIG. 6A, a transparent insulating
substrate 1 such as a glass substrate 1 is prepared. An
under-coat layer 2 is formed over the transparent insulating
substrate 1. The under-coat layer 2 may typically have a
thickness in the range of 100-500 nm and more preferably
about 300 nm. The under-coat layer 2 is provided in order to
prevent any further impurity diffusion from the substrate 1
to any overlying layers, for example, a semiconductor layer
3. The under-coat layer 2 is not necessarily needed if the
above impurity diffusion is not problem. The under-coat
layer 2 may be formed by one of any available methods such
as a low pressure chemical vapor deposition method, a
plasma enhanced chemical vapor deposition method, a sput-
tering method and a dipping method. The under-coat layer 2
may typically comprise, but not limited to, any one of a
silicon oxide layer, a silicon nitride layer, and laminations
thereof.

[0106] As shown in FIG. 6B, a polycrystal silicon layer 3
is formed over the under-coat layer 2. A typical example of
forming the polycrystal silicon layer 3 is that an amorphous
silicon layer as a precursor is first formed over the under-
coat layer 2, before the amorphous silicon layer is then
crystallized by a laser irradiation. The amorphous silicon
layer may be formed by one of any available methods such
as a low pressure chemical vapor deposition method, a
plasma enhanced chemical vapor deposition method and a
sputtering method. A typical thickness of the amorphous
silicon layer may be in the range of 50-100 nm. Instead of
the laser irradiation for crystallization, a solid-state growth
method may also be available.

[0107] Asshown in FIG. 6C, a resist pattern is selectively
formed over the polycrystal silicon layer 3 by use of the
known lithography technique. The polycrystal silicon layer
3 is then patterned into an island shape by an anisotropic
etching technique using the resist pattern as a mask. The
used resist pattern is then removed.

[0108] As shown in FIG. 6D, another resist pattern 10 is
also selectively formed over the patterned polyerystal silicon
layer 3. A selective impurity-implantation process is carried
out by use of the resist pattern 10 as a mask, so that impurity
ions 11 are selectively implanted into the patterned poly-
crystal silicon layer 3 except under the resist pattern 10,
thereby to form high impurity concentration regions 3a in
the patterned polycrystal silicon layer 3, except under the
resist pattern 10. The impurity may, for example, be phos-
phorous but not limited thereto. A size of the resist pattern
10 is smaller than an intended gate electrode formation
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region by a size of lightly activated high impurity concen-
tration layers. A typical example of the doping conditions is
that an acceleration voltage is approximately 20 keV, and a
dose is in the range of 8El4/cm2 through 3E15/cm?2.
Whereas the above typical example of the doping conditions
has been shown, the acceleration voltage and the dose are
not limited to the above value and range, but should rather
be decided by taking into account the correlation to the laser
anneal process to be described below. The used resist pattern
10 is then removed.

[0109] As shown in FIG. 6E, a gate insulating film 4 is
then formed over the semiconductor layer 3 and the under-
coat layer 2. The gate insulating film 4 may comprise any
available insulating film including but not limited to silicon
oxide and silicon nitride. The gate insulating film 4 may be
formed by one of any available methods such as a low
pressure chemical vapor deposition method, a plasma
enhanced chemical vapor deposition method and a sputter-
ing method. The thickness of the gate insulating film 4 may
advantageously be decided by taking into account a driving
condition of the device and a driving voltage. A typical
example of the thickness of the gate insulating film 4 may be
in the range of 30-200 nm, and preferably 50-100 nm.

[0110] As shown in FIG. 6F, a conductive film is depos-
ited over the gate insulating film 4. The conductive film may
comprise any available conductive film, for example, a
silicide film, a metal film, and an impurity-doped silicon
film. The deposition may typically be made by a plasma
enhanced chemical vapor deposition method. A typical
example of the thickness of the conductive film may be in
the range of 200-400 nm. A resist pattern is selectively
formed over the conductive film by the know lithography
technique. An anisotropic etching process is then carried out
by use of the resist pattern as a mask to define the conductive
film into a gate electrode 5. Since the resist pattern overlaps
predetermined inside regions of the high impurity concen-
tration regions 3a of the semiconductor layer 3, then the gate
electrode 5 also overlaps predetermined inside regions of the
high impurity concentration regions 34 of the semiconductor
layer 3. In this typical example, the above overlap appears
symmetrically both the source and drain sides, but it should
be noted that the above overlap is needed at least in the drain
side. Namely, it is possible that the above overlap appears
only in the drain side, or also possible that the above overlap
appears asymmetrically both in the source and drain sides.
It should also be noted that if the transistor is for the
switching transistor utilizing the inversion between the
source and drain regions, then the above overlap should
appear symmetrically in both the source and drain sides.

[0111] As shown in FIG. 6G, a selective laser irradiation
process is then carried out by use of the gate electrode 5 as
a mask, so that a laser beam 12 is irradiated through the gate
insulating film 4 to the semiconductor layer 3, except under
the gate electrode 5 for the purpose of selective activation of
the semiconductor layer 3, except under the gate electrode 5.
The non-overlapped regions of the semiconductor layer 3 do
receive the laser beam irradiation, whereby the non-over-
lapped regions become sufficiently activated high impurity
concentration layers 3c. The impurity in the non-overlapped
regions or the sufficiently activated high impurity concen-
tration layers 3¢ is sufficiently activated and the most of the
impurity becomes effectively activated impurity which con-
tributes to the electrical conductivity.
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[0112] On the other hand, the gate-overlapped regions of
the semiconductor layer 3 do not receive the laser beam
irradiation but do receive a thermal diffusion from the
non-overlapped regions, whereby the gate-overlapped
regions become lightly activated high impurity concentra-
tion layers 3b. The impurity in the gate-overlapped regions
or the lightly activated high impurity concentration layers 3b
is insufficiently activated and the minority of the impurity
becomes effectively activated impurity which contributes to
the electrical conductivity. Namely, the lightly activated
high impurity concentration layers 3b has a lower concen-
tration of the effectively activated impurity, which contrib-
utes to the electrical conductivity, than the concentration of
the implanted-impurity.

[0113] Namely, the lightly activated high impurity con-
centration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ have the same impurity
concentration. The impurity implanted in the sufficiently
activated high impurity concentration layers 3c are suffi-
ciently activated by direct laser beam irradiation in the lease
anneal process. The impurity implanted in the lightly acti-
vated high impurity concentration layers 3b are lightly or
insufficiently activated by a thermal diffusion from the
sufficiently activated high impurity concentration layers 3c.
The lightly activated high impurity concentration layers 3b
have not received any laser irradiation. Namely, the activa-
tion energy for the lightly activated high impurity concen-
tration layers 3b depends on the thermal diffusion from the
sufficiently activated high impurity concentration layers 3c,
for which reason the activation is insufficient. This insuffi-
cient activation depending on the thermal diffusion gives
rise to a lower concentration of the effectively activated
impurity than the implanted-impurity concentration. The
effectively activated impurity only may contribute to pro-
vide an electrical conductivity. For those reasons, the lightly
activated high impurity concentration layers 3b exhibits
substantially the same function as the lightly doped drain
regions.

[0114] Further, the thermal diffusion into the lightly acti-
vated high impurity concentration layers 3b is directed
inwardly from the sufficiently activated high impurity con-
centration layers 3¢ which have received the laser irradiation
in the laser anneal process. For this reason, the heat energy
absorbed into the lightly activated high impurity concentra-
tion layers 3b may gently or gradually decrease from the
outside position near the sufficiently activated high impurity
concentration layers 3c to the inside position far from the
sufficiently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3¢ to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Namely, the concen-
tration profile of the effectively activated impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3c to the inside position far from the sufficiently activated
high impurity concentration layers 3c.

[0115] Accordingly, the concentration profile of the effec-
tively activated impurity across the channel region free of
impurity implantation, the lightly activated high impurity
concentration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ are free of any step-like
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variation or any other abrupt and rapid variation, whereby no
extensively high field concentration is caused.

[0116] The energy of the laser irradiation may be decided
by taking into account respective thicknesses of the semi-
conductor layer 3 and the gate insulating film 4 as well as
respective surface reflectivities thereof, and also with refer-
ence to an energy which causes semiconductor or silicon of
the semiconductor layer 3 to be melt. A typical example of
the laser irradiation energy may be in the range of 250-300
mlJ, but not limited thereto.

[0117] As shown in FIG. 6H, an inter-layer insulator 6 is
deposited over the gate electrode S and the gate insulating
film 4. Contact holes 8 are selectively formed in the inter-
layer insulator 6 and the gate insulating film 4 and over the
sufficiently activated high impurity concentration layers 3¢
serving as source and drain regions.

[0118] Asshown in FIG. 61, a metal film is also deposited
over the interlayer insulator 6 and within the contact holes
8, so that the metal film is made into contact with the
sufficiently activated high impurity concentration layers 3c.
The deposition may be made by any available method, for
example, a sputtering method. A typical example of the
thickness of the metal film may be in the range of 300-1000
nm, but not limited thereto. A typical example of material for
the metal film may be aluminum, but not limited thereto. The
metal film is then patterned into source and drain electrodes
7 by use of a known lithography technique and a subsequent
anisotropic etching process, thereby forming the thin film
field effect transistor including the improved gate-overlap-
drain structure.

[0119] As described above, the above novel method for
forming the improved gate-overlap-drain structure utilizes a
single pair of the above-described single impurity implan-
tation process and the above-described single laser anneal
process. The improved gate-overlap-drain structure includes
the lightly activated high impurity concentration regions 3b
exhibiting substantially the same function as the lightly
doped drain regions. The lightly activated high impurity
concentration regions 3b are bounded with the sufficiently
activated high impurity concentration layers 3c serving as
source and drain regions. The boundaries are self-aligned to
opposite side edges of the gate electrode 5. Side regions of
the gate electrode 5 overlap the lightly activated high
impurity concentration regions 3b.

[0120] After the above-described selective ion-implanta-
tion is carried out to form a high impurity concentration
region 3a, then the above-described selective laser beam
irradiation is carried out to the non-overlapped regions of the
high impurity concentration region 3a for causing sufficient
activation of the impurity in the laser-irradiated regions 3¢
of the high impurity concentration region 3@, while causing
in sufficient activation of the impurity in the remaining
heat-diffused regions 3b free from the laser irradiation in the
high impurity concentration region 3a. The completely or
highly activated regions 3¢ of the high impurity concentra-
tion region 3a serve as the source/drain regions, while the
incompletely or lightly activated regions 3b of the high
impurity concentration region 3a serve as the lightly doped
drain regions.

[0121] The lightly activated high impurity concentration
layers 3b have the same high impurity concentration as the
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source and drain regions or the sufficiently activated high
impurity concentration layers 3¢, for which reason the
lightly activated high impurity concentration layers 3b are
distinctly different from the lightly doped drain region which
has a lower impurity concentration than the source and drain
regions. The lightly activated high impurity concentration
layers 3b, however, have a low concentration of the effec-
tively activated impurity which contributes to electrical
conductivity because of the incomplete or light activation
depending only upon the thermal diffusion from the suffi-
ciently activated high impurity concentration layers 3c.

[0122] FIG. 7 is a diagram of an effectively activated
impurity concentration profile across the channel region, the
lightly activated high impurity concentration layers and the
sufficiently activated high impurity concentration layers of
the field effect transistor having the improved gate-overlap
drain structure shown in FIG. 5. The thermal diffusion into
the lightly activated high impurity concentration layers 3b is
directed inwardly from the sufficiently activated high impu-
rity concentration layers 3¢ which have received the laser
irradiation in the laser anneal process. For this reason, the
heat energy absorbed into the lightly activated high impurity
concentration layers 3b may gently or gradually decrease
from the outside position near the sufficiently activated high
impurity concentration layers 3c to the inside position far
from the sufficiently activated high impurity concentration
layers 3c. Therefore, the degree of the activation of the
impurity may gently or gradually decrease from the outside
position near the sufficiently activated high impurity con-
centration layers 3¢ to the inside position far from the
sufficiently activated high impurity concentration layers 3c.
Namely, the concentration profile of the effectively activated
impurity may gently or gradually decrease from the outside
position near the sufficiently activated high impurity con-
centration layers 3¢ to the inside position far from the
sufficiently activated high impurity concentration layers 3c.

[0123] Accordingly, as shown in FIG. 7, the concentration
profile of the effectively activated impurity across the chan-
nel region 3a, the lightly activated high impurity concen-
tration layers 3b and the sufficiently activated high impurity
concentration layers 3¢ are free of any step-like variation or
any other abrupt and rapid variation, whereby no extensively
high field concentration is caused. Namely, the above-
improved gate-overlap-drain structure provides a highly
effective controllability to hot carriers and also allow a long
carrier life-time due to no traps of the hot carriers.

[0124] The above-described thin film field effect transistor
may be applicable to a variety of transistors, typically, for
example, a switching transistor acting for ON-OFF of each
pixel included in a display device such as an active matrix
liquid crystal display. Further, the transistor may be appli-
cable to a variety of display devices and semiconductor
devices. As described above, in accordance with the
improved gate-overlap-drain structure, the lightly activated
high impurity concentration layers 3b are covered by the
gate electrode 5. This structure prevents an incidence of light
reflected by respective layers in an active matrix substrate of
the display into the lightly activated high impurity concen-
tration layers 3b. Namely, it is ensured to avoid the unde-
sirable leakage of light or possible incidence of light into the
lightly activated high impurity concentration layers 3b.

[0125] In accordance with the above-described typical
example, the transistor is formed over the glass substrate as
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the transparent insulating substrate. The present invention is
of course applicable to when the transistor is formed over a
variety of substrate, for example, a semiconductor substrate
such as a silicon substrate.

[0126] Second Embodiment:

[0127] A second embodiment according to the present
invention will be described in detail with reference to the
drawings. FIG. 8 is a fragmentary cross sectional elevation
view of a novel thin film field effect transistor with an
improved gate-overlap-drain structure in accordance with
the second embodiment of the present invention.

[0128] A thin film field effect transistor is provided over a
silicon substrate 13. Isolation insulating films 14 are selec-
tively provided over the silicon substrate 13 to define a field
region of the silicon substrate 13. A gate insulating film 4 is
provided over the field region of the silicon substrate 13. A
gate electrode is selectively provided over the gate insulat-
ing film 4. Lightly activated high impurity concentration
layers 3b are selectively provided in the silicon substrate 13,
wherein the lightly activated high impurity concentration
layers 3b are adjacent to opposite sides of a channel layer.
Further, sufficiently activated high impurity concentration
layers 3¢ are also selectively provided in the silicon sub-
strate 13, wherein the sufficiently activated high impurity
concentration layers 3¢ are adjacent to outsides of the lightly
activated high impurity concentration layers 3b. The lightly
activated high impurity concentration layers 3b are posi-
tioned under the gate electrode 5, so that the lightly activated
high impurity concentration layers 3b are covered by the
gate electrode 5. The sufficiently activated high impurity
concentration layers 3¢ are positioned under outsides of the
gate electrode 5, so that the sufficiently activated high
impurity concentration layers 3c are not covered by the gate
electrode 5. Respective boundaries between the sufficiently
activated high impurity concentration layers 3c and the
lightly activated high impurity concentration layers 3b are
self-aligned to the opposite side-edges of the gate electrode
5.

[0129] An inter-layer insulator 6 extends over the gate
electrode 5 and the gate insulating film 4. Contact holes are
provided in laminations of the gate insulating film 4 and the
inter-layer insulator 6 but over the sufficiently activated high
impurity concentration layers 3c. Source/drain electrodes 7
are selectively provided in the contact holes and over the
interlayer insulator 6, so that the source/drain electrodes 7
are in contact with the sufficiently activated high impurity
concentration layers 3c. The sufficiently activated high
impurity concentration layers 3¢ serve as source/drain
regions.

[0130] The lightly activated high impurity concentration
layers 3b and the sufficiently activated high impurity con-
centration layers 3¢ have the same impurity concentration.
The impurity implanted in the sufficiently activated high
impurity concentration layers 3c are sufficiently activated by
direct laser beam irradiation in the lease anneal process. The
impurity implanted in the lightly activated high impurity
concentration layers 3b are lightly or insufficiently activated
by a thermal diffusion from the sufficiently activated high
impurity concentration layers 3¢. The lightly activated high
impurity concentration layers 3b have not received any laser
irradiation. Namely, the activation energy for the lightly
activated high impurity concentration layers 3b depends on
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the thermal diffusion from the sufficiently activated high
impurity concentration layers 3¢, for which reason the
activation is insufficient. This insufficient activation depend-
ing on the thermal diffusion gives rise to a lower concen-
tration of the effectively activated impurity than the
implanted-impurity concentration. The effectively activated
impurity only may contribute to provide an electrical con-
ductivity. For those reasons, the lightly activated high impu-
rity concentration layers 3b exhibits substantially the same
function as the lightly doped drain regions.

[0131] Further, the thermal diffusion into the lightly acti-
vated high impurity concentration layers 3b is directed
inwardly from the sufficiently activated high impurity con-
centration layers 3¢ which have received the laser irradiation
in the laser anneal process. For this reason, the heat energy
absorbed into the lightly activated high impurity concentra-
tion layers 3b may gently or gradually decrease from the
outside position near the sufficiently activated high impurity
concentration layers 3c to the inside position far from the
sufficiently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3c to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Namely, the concen-
tration profile of the effectively activated impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3¢ to the inside position far from the sufficiently activated
high impurity concentration layers 3c¢. Accordingly, the
concentration profile of the effectively activated impurity
across the channel region, the lightly activated high impurity
concentration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ are free of any step-like
variation or any other abrupt and rapid variation, whereby no
extensively high field concentration is caused.

[0132] The above improved gate-overlap-drain structure
may be formed by a single pair of a single impurity
implantation process and a later single laser anneal process
for selective activation. The impurity implantation process is
carried out by using a resist pattern having a smaller size
than the gate electrode 5 as a mask to form high impurity
concentration regions which include both the lightly acti-
vated high impurity concentration layers 3b and the suffi-
ciently activated high impurity concentration layers 3c.
After the gate electrode 5 is formed, then the single laser
anneal process is carried out by using the gate electrode as
a mask for selective activation of the high impurity concen-
tration regions, whereby the laser-irradiated regions non-
overlapped and non-covered by the gate electrode 5 are
sufficiently activated and become the sufficiently activated
high impurity concentration layers 3c, while the laser-
irradiation-free regions overlapped and covered by the gate
electrode 5 are insufficiently activated by the thermal diffu-
sion from the laser-irradiated regions and become the lightly
activated high impurity concentration layers 3b.

[0133] Third Embodiment:

[0134] A third embodiment according to the present inven-
tion will be described in detail with reference to the draw-
ings. This third embodiment is different from the first
embodiment but only parts of the processes for forming the
transistor, for which reason the following descriptions will
focus on the sequential processes.
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[0135] FIGS. 9A through 91 are fragmentary cross sec-
tional elevation views of thin film field effect transistors with
the improved gate-overlap-drain structure in sequential steps
involved in a novel method of forming the transistor in
accordance with the third embodiment of the present inven-
tion.

[0136] As shown in FIG. 9A, a transparent insulating
substrate 1 such as a glass substrate 1 is prepared. An
under-coat layer 2 is formed over the transparent insulating
substrate 1. The under-coat layer 2 may typically have a
thickness in the range of 100-500 nm and more preferably
about 300 nm. The under-coat layer 2 is provided in order to
prevent any further impurity diffusion from the substrate 1
to any overlying layers, for example, a semiconductor layer
3. The under-coat layer 2 is not necessarily needed if the
above impurity diffusion is not problem. The under-coat
layer 2 may be formed by one of any available methods such
as a low pressure chemical vapor deposition method, a
plasma enhanced chemical vapor deposition method, a sput-
tering method and a dipping method. The under-coat layer 2
may typically comprise, but not limited to, any one of a
silicon oxide layer, a silicon nitride layer, and laminations
thereof.

[0137] As shown in FIG. 9B, a polycrystal silicon layer 3
is formed over the under-coat layer 2. A typical example of
forming the polycrystal silicon layer 3 is that an amorphous
silicon layer as a precursor is first formed over the under-
coat layer 2, before the amorphous silicon layer is then
crystallized by a laser irradiation. The amorphous silicon
layer may be formed by one of any available methods such
as a low pressure chemical vapor deposition method, a
plasma enhanced chemical vapor deposition method and a
sputtering method. A typical thickness of the amorphous
silicon layer may be in the range of 50-100 nm. Instead of
the laser irradiation for crystallization, a solid-state growth
method may also be available.

[0138] Asshown in FIG. 9C, a resist pattern is selectively
formed over the polycrystal silicon layer 3 by use of the
known lithography technique. The polycrystal silicon layer
3 is then patterned into an island shape by an anisotropic
etching technique using the resist pattern as a mask. The
used resist pattern is then removed.

[0139] In the above-described first embodiment, the poly-
crystal silicon layer 3 is directly subjected to the impurity
implantation. This direct exposure to the impurity implan-
tation may allow the polycrystal silicon layer 3 to be
damaged in crystal structure. In order to avoid the polycrys-
tal silicon layer 3 from the possibility of damage in the
crystal structure, the following addition process is carried
out.

[0140] As shown in FIG. 9D, a dummy oxide film 15 is
additionally formed over the polycrystal silicon layer 3 and
the under-coat layer 2, before another resist pattern 10 is also
selectively formed over the dummy oxide film 15. A selec-
tive impurity-implantation process is carried out by use of
the resist pattern 10 as a mask, so that impurity ions 11 are
selectively implanted through the dummy oxide film 15 into
the patterned polycrystal silicon layer 3 except under the
resist pattern 10, thereby to form high impurity concentra-
tion regions 3a in the patterned polycrystal silicon layer 3,
except under the resist pattern 10. The impurity may, for
example, be phosphorous but not limited thereto. A size of
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the resist pattern 10 is smaller than an intended gate elec-
trode formation region by a size of lightly activated high
impurity concentration layers.

[0141] As shown in FIG. 9E, the used resist pattern 10 is
then removed. Further, the used dummy oxide film 15 is also
removed.

[0142] As shown in FIG. 9F, a gate insulating film 4 is
then formed over the semiconductor layer 3 and the under-
coat layer 2. The gate insulating film 4 may comprise any
available insulating film including but not limited to silicon
oxide and silicon nitride. The gate insulating film 4 may be
formed by one of any available methods such as a low
pressure chemical vapor deposition method, a plasma
enhanced chemical vapor deposition method and a sputter-
ing method. The thickness of the gate insulating film 4 may
advantageously be decided by taking into account a driving
condition of the device and a driving voltage. A typical
example of the thickness of the gate insulating film 4 may be
in the range of 30-200 nm, and preferably 50-100 nm.

[0143] Further, a conductive film is deposited over the
gate insulating film 4. The conductive film may comprise
any available conductive film, for example, a silicide film, a
metal film, and an impurity-doped silicon film. The depo-
sition may typically be made by a plasma enhanced chemi-
cal vapor deposition method. A typical example of the
thickness of the conductive film may be in the range of
200-400 nm. A resist pattern is selectively formed over the
conductive film by the know lithography technique. An
anisotropic etching process is then carried out by use of the
resist pattern as a mask to define the conductive film into a
gate electrode 5. Since the resist pattern overlaps predeter-
mined inside regions of the high impurity concentration
regions 3a of the semiconductor layer 3, then the gate
electrode 5 also overlaps predetermined inside regions of the
high impurity concentration regions 3« of the semiconductor
layer 3. In this typical example, the above overlap appears
symmetrically both the source and drain sides, but it should
be noted that the above overlap is needed at least in the drain
side. Namely, it is possible that the above overlap appears
only in the drain side, or also possible that the above overlap
appears asymmetrically both in the source and drain sides.
It should also be noted that if the transistor is for the
switching transistor utilizing the inversion between the
source and drain regions, then the above overlap should
appear symmetrically in both the source and drain sides.

[0144] As shown in FIG. 9G, a selective laser irradiation
process is then carried out by use of the gate electrode 5 as
a mask, so that a laser beam 12 is irradiated through the gate
insulating film 4 to the semiconductor layer 3, except under
the gate electrode 5 for the purpose of selective activation of
the semiconductor layer 3, except under the gate electrode 5.
The non-overlapped regions of the semiconductor layer 3 do
receive the laser beam irradiation, whereby the non-over-
lapped regions become sufficiently activated high impurity
concentration layers 3¢. The impurity in the non-overlapped
regions or the sufficiently activated high impurity concen-
tration layers 3c is sufficiently activated and the most of the
impurity becomes effectively activated impurity which con-
tributes to the electrical conductivity.

[0145] On the other hand, the gate-overlapped regions of
the semiconductor layer 3 do not receive the laser beam
irradiation but do receive a thermal diffusion from the
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non-overlapped regions, whereby the gate-overlapped
regions become lightly activated high impurity concentra-
tion layers 3b. The impurity in the gate-overlapped regions
or the lightly activated high impurity concentration layers 3b
is insufficiently activated and the minority of the impurity
becomes effectively activated impurity which contributes to
the electrical conductivity. Namely, the lightly activated
high impurity concentration layers 3» has a lower concen-
tration of the effectively activated impurity, which contrib-
utes to the electrical conductivity, than the concentration of
the implanted-impurity.

[0146] Namely, the lightly activated high impurity con-
centration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ have the same impurity
concentration. The impurity implanted in the sufficiently
activated high impurity concentration layers 3¢ are suffi-
ciently activated by direct laser beam irradiation in the lease
anneal process. The impurity implanted in the lightly acti-
vated high impurity concentration layers 3b are lightly or
insufficiently activated by a thermal diffusion from the
sufficiently activated high impurity concentration layers 3c.
The lightly activated high impurity concentration layers 3b
have not received any laser irradiation. Namely, the activa-
tion energy for the lightly activated high impurity concen-
tration layers 3b depends on the thermal diffusion from the
sufficiently activated high impurity concentration layers 3c,
for which reason the activation is insufficient. This insuffi-
cient activation depending on the thermal diffusion gives
rise to a lower concentration of the effectively activated
impurity than the implanted-impurity concentration. The
effectively activated impurity only may contribute to pro-
vide an electrical conductivity. For those reasons, the lightly
activated high impurity concentration layers 3b exhibits
substantially the same function as the lightly doped drain
regions.

[0147] Further, the thermal diffusion into the lightly acti-
vated high impurity concentration layers 3b is directed
inwardly from the sufficiently activated high impurity con-
centration layers 3¢ which have received the laser irradiation
in the laser anneal process. For this reason, the heat energy
absorbed into the lightly activated high impurity concentra-
tion layers 3b may gently or gradually decrease from the
outside position near the sufficiently activated high impurity
concentration layers 3¢ to the inside position far from the
sufficiently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3c to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Namely, the concen-
tration profile of the effectively activated impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3c to the inside position far from the sufficiently activated
high impurity concentration layers 3c.

[0148] Accordingly, the concentration profile of the effec-
tively activated impurity across the channel region free of
impurity implantation, the lightly activated high impurity
concentration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ are free of any step-like
variation or any other abrupt and rapid variation, whereby no
extensively high field concentration is caused.
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[0149] The energy of the laser irradiation may be decided
by taking into account respective thicknesses of the semi-
conductor layer 3 and the gate insulating film 4 as well as
respective surface reflectivities thereof, and also with refer-
ence to an energy which causes semiconductor or silicon of
the semiconductor layer 3 to be melt. A typical example of
the laser irradiation energy may be in the range of 250-300
mJ, but not limited thereto.

[0150] As shown in FIG. 9H, an inter-layer insulator 6 is
deposited over the gate electrode § and the gate insulating
film 4. Contact holes 8 are selectively formed in the inter-
layer insulator 6 and the gate insulating film 4 and over the
sufficiently activated high impurity concentration layers 3¢
serving as source and drain regions.

[0151] As shown in FIG. 91, a metal film is also deposited
over the interlayer insulator 6 and within the contact holes
8, so that the metal film is made into contact with the
sufficiently activated high impurity concentration layers 3c.
The deposition may be made by any available method, for
example, a sputtering method. A typical example of the
thickness of the metal film may be in the range of 300-1000
nm, but not limited thereto. A typical example of material for
the metal film may be aluminum, but not limited thereto. The
metal film is then patterned into source and drain electrodes
7 by use of a known lithography technique and a subsequent
anisotropic etching process, thereby forming the thin film
field effect transistor including the improved gate-overlap-
drain structure.

[0152]

[0153] A fourth embodiment according to the present
invention will be described in detail with reference to the
drawings. This fourth embodiment is different from the first
embodiment but only parts of the processes for forming the
transistor, for which reason the following descriptions will
focus on the sequential processes.

[0154] FIGS. 10A through 101 are fragmentary cross
sectional elevation views of thin film field effect transistors
with the improved gate-overlap-drain structure in sequential
steps involved in a novel method of forming the transistor in
accordance with the fourth embodiment of the present
invention.

[0155] As shown in FIG. 10A, a transparent insulating
substrate 1 such as a glass substrate 1 is prepared. An-under-
coat layer 2 is formed over the transparent insulating sub-
strate 1. The under-coat layer 2 may typically have a
thickness in the range of 100-500 nm and more preferably
about 300 nm. The under-coat layer 2 is provided in order to
prevent any further impurity diffusion from the substrate 1
to any overlying layers, for example, a semiconductor layer
3. The under-coat layer 2 is not necessarily needed if the
above impurity diffusion is not problem. The under-coat
layer 2 may be formed by one of any available methods such
as a low pressure chemical vapor deposition method, a
plasma enhanced chemical vapor deposition method, a sput-
tering method and a dipping method. The under-coat layer 2
may typically comprise, but not limited to, any one of a
silicon oxide layer, a silicon nitride layer, and laminations
thereof.

[0156] As shown in FIG. 10B, a polycrystal silicon layer
3 is formed over the under-coat layer 2. A typical example
of forming the polycrystal silicon layer 3 is that an amor-

Fourth Embodiment:
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phous silicon layer as a precursor is first formed over the
under-coat layer 2, before the amorphous silicon layer is
then crystallized by a laser irradiation. The amorphous
silicon layer may be formed by one of any available methods
such as a low pressure chemical vapor deposition method, a
plasma enhanced chemical vapor deposition method and a
sputtering method. A typical thickness of the amorphous
silicon layer may be in the range of 50-100 nm. Instead of
the laser irradiation for crystallization, a solid-state growth
method may also be available.

[0157] As shown in FIG. 10C, a resist pattern is selec-
tively formed over the polycrystal silicon layer 3 by use of
the known lithography technique. The polycrystal silicon
layer 3 is then patterned into an island shape by an aniso-
tropic etching technique using the resist pattern as a mask.
The used resist pattern is then removed.

[0158] In the above-described first embodiment, the poly-
crystal silicon layer 3 is directly subjected to the impurity
implantation. This direct exposure to the impurity implan-
tation may allow the polycrystal silicon layer 3 to be
damaged in crystal structure. In order to avoid the polycrys-
tal silicon layer 3 from the possibility of damage in the
crystal structure, the following addition process is carried
out.

[0159] As shown in FIG. 10D, a dummy oxide film 15 is
additionally formed over the polycrystal silicon layer 3 and
the under-coat layer 2. The dummy oxide film 15 is then
selectively removed, so that the dummy oxide film 15
extends only over the polycrystal silicon layer 3. Subse-
quently, another resist pattern 10 is also selectively formed
over the dummy oxide film 15. A selective impurity-implan-
tation process is carried out by use of the resist pattern 10 as
a mask, so that impurity ions 11 are selectively implanted
through the dummy oxide film 15 into the patterned poly-
crystal silicon layer 3 except under the resist pattern 10,
thereby to form high impurity concentration regions 3 in
the patterned polycrystal silicon layer 3, except under the
resist pattern 10. The impurity may, for example, be phos-
phorous but not limited thereto. A size of the resist pattern
10 is smaller than an intended gate electrode formation
region by a size of lightly activated high impurity concen-
tration layers.

[0160] As shown in FIG. 10E, the used resist pattern 10 is
then removed, while the used dummy oxide film 15 remains
over the semiconductor layer 3.

[0161] As shown in FIG. 10F, a gate insulating film 4 is
then formed over the dummy oxide film 15 and the under-
coat layer 2. The gate insulating film 4 may comprise any
available insulating film including but not limited to silicon
oxide and silicon nitride. The gate insulating film 4 may be
formed by one of any available methods such as a low
pressure chemical vapor deposition method, a plasma
enhanced chemical vapor deposition method and a sputter-
ing method. The thickness of the gate insulating film 4 may
advantageously be decided by taking into account a driving
condition of the device and a driving voltage. A typical
example of the thickness of the gate insulating film 4 may be
in the range of 30-200 nm, and preferably 50-100 nm.

[0162] Further, a conductive film is deposited over the
gate insulating film 4. The conductive film may comprise
any available conductive film, for example, a silicide film, a
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metal film, and an impurity-doped silicon film. The depo-
sition may typically be made by a plasma enhanced chemi-
cal vapor deposition method. A typical example of the
thickness of the conductive film may be in the range of
200-400 nm. A resist pattern is selectively formed over the
conductive film by the know lithography technique. An
anisotropic etching process is then carried out by use of the
resist pattern as a mask to define the conductive film into a
gate electrode 5. Since the resist pattern overlaps predeter-
mined inside regions of the high impurity concentration
regions 3a of the semiconductor layer 3, then the gate
electrode 5 also overlaps predetermined inside regions of the
high impurity concentration regions 3« of the semiconductor
layer 3. In this typical example, the above overlap appears
symmetrically both the source and drain sides, but it should
be noted that the above overlap is needed at least in the drain
side. Namely, it is possible that the above overlap appears
only in the drain side, or also possible that the above overlap
appears asymmetrically both in the source and drain sides.
It should also be noted that if the transistor is for the
switching transistor utilizing the inversion between the
source and drain regions, then the above overlap should
appear symmetrically in both the source and drain sides.

[0163] Asshown in FIG. 10G, a sclective laser irradiation
process is then carried out by use of the gate electrode 5 as
a mask, so that a laser beam 12 is irradiated through the gate
insulating film 4 and the dummy oxide film 15 to the
semiconductor layer 3, except under the gate electrode 5 for
the purpose of selective activation of the semiconductor
layer 3, except under the gate electrode 5. The non-over-
lapped regions of the semiconductor layer 3 do receive the
laser beam irradiation, whereby the non-overlapped regions
become sufficiently activated high impurity concentration
layers 3c. The impurity in the non-overlapped regions or the
sufficiently activated high impurity concentration layers 3¢
is sufficiently activated and the most of the impurity
becomes effectively activated impurity which contributes to
the electrical conductivity.

[0164] On the other hand, the gate-overlapped regions of
the semiconductor layer 3 do not receive the laser beam
irradiation but do receive a thermal diffusion from the
non-overlapped regions, whereby the gate-overlapped
regions become lightly activated high impurity concentra-
tion layers 3b. The impurity in the gate-overlapped regions
or the lightly activated high impurity concentration layers 3b
is insufficiently activated and the minority of the impurity
becomes effectively activated impurity which contributes to
the electrical conductivity. Namely, the lightly activated
high impurity concentration layers 3b has a lower concen-
tration of the effectively activated impurity, which contrib-
utes to the electrical conductivity, than the concentration of
the implanted-impurity.

[0165] Namely, the lightly activated high impurity con-
centration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ have the same impurity
concentration. The impurity implanted in the sufficiently
activated high impurity concentration layers 3c are suffi-
ciently activated by direct laser beam irradiation in the lease
anneal process. The impurity implanted in the lightly acti-
vated high impurity concentration layers 3b are lightly or
insufficiently activated by a thermal diffusion from the
sufficiently activated high impurity concentration layers 3c.
The lightly activated high impurity concentration layers 3b
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have not received any laser irradiation. Namely, the activa-
tion energy for the lightly activated high impurity concen-
tration layers 3b depends on the thermal diffusion from the
sufficiently activated high impurity concentration layers 3c,
for which reason the activation is insufficient. This insuffi-
cient activation depending on the thermal diffusion gives
rise to a lower concentration of the effectively activated
impurity than the implanted-impurity concentration. The
effectively activated impurity only may contribute to pro-
vide an electrical conductivity. For those reasons, the lightly
activated high impurity concentration layers 3b exhibits
substantially the same function as the lightly doped drain
regions.

[0166] Further, the thermal diffusion into the lightly acti-
vated high impurity concentration layers 3b is directed
inwardly from the sufficiently activated high impurity con-
centration layers 3¢ which have received the laser irradiation
in the laser anneal process. For this reason, the heat energy
absorbed into the lightly activated high impurity concentra-
tion layers 3b may gently or gradually decrease from the
outside position near the sufficiently activated high impurity
concentration layers 3¢ to the inside position far from the
sufficiently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3c to the inside position far from the sufficiently activated
high impurity concentration layers 3¢. Namely, the concen-
tration profile of the effectively activated impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3c¢ to the inside position far from the sufficiently activated
high impurity concentration layers 3c.

[0167] Accordingly, the concentration profile of the effec-
tively activated impurity across the channel region free of
impurity implantation, the lightly activated high impurity
concentration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ are free of any step-like
variation or any other abrupt and rapid variation, whereby no
extensively high field concentration is caused.

[0168] The energy of the laser irradiation may be decided
by taking into account respective thicknesses of the semi-
conductor layer 3 and the gate insulating film 4 as well as
respective surface reflectivities thereof, and also with refer-
ence to an energy which causes semiconductor or silicon of
the semiconductor layer 3 to be melt. A typical example of
the laser irradiation energy may be in the range of 250-300
mlJ, but not limited thereto.

[0169] Asshown in FIG. 10H, an inter-layer insulator 6 is
deposited over the gate electrode 5 and the gate insulating
film 4. Contact holes 8 are selectively formed in the inter-
layer insulator 6, the gate insulating film 4 and the dummy
oxide film 15 but over the sufficiently activated high impu-
rity concentration layers 3¢ serving as source and drain
regions.

[0170] As shown in FIG. 10L, a metal film is also depos-
ited over the interlayer insulator 6 and within the contact
holes 8, so that the metal film is made into contact with the
sufficiently activated high impurity concentration layers 3c.
The deposition may be made by any available method, for
example, a sputtering method. A typical example of the
thickness of the metal film may be in the range of 300-1000
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nm, but not limited thereto. A typical example of material for
the metal film may be aluminum, but not limited thereto. The
metal film is then patterned into source and drain electrodes
7 by use of a known lithography technique and a subsequent
anisotropic etching process, thereby forming the thin film
field effect transistor including the improved gate-overlap-
drain structure.

[0171] Fifth Embodiment:

[0172] A fifth embodiment according to the present inven-
tion will be described in detail with reference to the draw-
ings. This fifth embodiment is different from the first
embodiment but only parts of the processes for forming the
transistor, for which reason the following descriptions will
focus on the sequential processes.

[0173] FIGS. 11A through 111 are fragmentary cross
sectional elevation views of thin film field effect transistors
with the improved gate-overlap-drain structure in sequential
steps involved in a novel method of forming the transistor in
accordance with the fifth embodiment of the present inven-
tion.

[0174] As shown in FIG. 11A, a transparent insulating
substrate 1 such as a glass substrate 1 is prepared. An
under-coat layer 2 is formed over the transparent insulating
substrate 1. The under-coat layer 2 may typically have a
thickness in the range of 100-500 nm and more preferably
about 300 nm. The under-coat layer 2 is provided in order to
prevent any further impurity diffusion from the substrate 1
to any overlying layers, for example, a semiconductor layer
3. The under-coat layer 2 is not necessarily needed if the
above impurity diffusion is not problem. The under-coat
layer 2 may be formed by one of any available methods such
as a low pressure chemical vapor deposition method, a
plasma enhanced chemical vapor deposition method, a sput-
tering method and a dipping method. The under-coat layer 2
may typically comprise, but not limited to, any one of a
silicon oxide layer, a silicon nitride layer, and laminations
thereof.

[0175] As shown in FIG. 11B, a polycrystal silicon layer
3 is formed over the under-coat layer 2. A typical example
of forming the polycrystal silicon layer 3 is that an amor-
phous silicon layer as a precursor is first formed over the
under-coat layer 2, before the amorphous silicon layer is
then crystallized by a laser irradiation. The amorphous
silicon layer may be formed by one of any available methods
such as a low pressure chemical vapor deposition method, a
plasma enhanced chemical vapor deposition method and a
sputtering method. A typical thickness of the amorphous
silicon layer may be in the range of 50-100 nm. Instead of
the laser irradiation for crystallization, a solid-state growth
method may also be available.

[0176] As shown in FIG. 11C, a resist pattern is selec-
tively formed over the polycrystal silicon layer 3 by use of
the known lithography technique. The polycrystal silicon
layer 3 is then patterned into an island shape by an aniso-
tropic etching technique using the resist pattern as a mask.
The used resist pattern is then removed.

[0177] Inthe above-described first embodiment, the poly-
crystal silicon layer 3 is directly subjected to the impurity
implantation. This direct exposure to the impurity implan-
tation may allow the polycrystal silicon layer 3 to be
damaged in crystal structure. In order to avoid the polycrys-
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tal silicon layer 3 from the possibility of damage in the
crystal structure, an additional dummy oxide film is formed
which may act as a gate oxide film.

[0178] As shown in FIG. 11D, a dummy oxide film 15 is
additionally formed over the polycrystal silicon layer 3 and
the under-coat layer 2. Subsequently, another resist pattern
10 is also selectively formed over the dummy oxide film 185.
A selective impurity-implantation process is carried out by
use of the resist pattern 10 as a mask, so that impurity ions
11 are selectively implanted through the dummy oxide film
15 into the patterned polycrystal silicon layer 3 except under
the resist pattern 10, thereby to form high impurity concen-
tration regions 3« in the patterned polycrystal silicon layer
3, except under the resist pattern 10. The impurity may, for
example, be phosphorous but not limited thereto. A size of
the resist pattern 10 is smaller than an intended gate elec-
trode formation region by a size of lightly activated high
impurity concentration layers.

[0179] As shown in FIG. 11E, the used resist pattern 10 is
then removed, while the used dummy oxide film 15 remains
over the semiconductor layer 3 because the used dummy
oxide film 15 will act as a gate insulating film, for which
reason the dummy oxide film 15 will hereinafter referced to
as a gate insulating film 15.

[0180] As shown in FIG. 11F, a conductive film is depos-
ited over the gate insulating film 15. The conductive film
may comprise any available conductive film, for example, a
silicide film, a metal film, and an impurity-doped silicon
film. The deposition may typically be made by a plasma
enhanced chemical vapor deposition method. A typical
example of the thickness of the conductive film may be in
the range of 200-400 nm. A resist pattern is selectively
formed over the conductive film by the know lithography
technique. An anisotropic etching process is then carried out
by use of the resist pattern as a mask to define the conductive
film into a gate electrode 5. Since the resist pattern overlaps
predetermined inside regions of the high impurity concen-
tration regions 3a of the semiconductor layer 3, then the gate
electrode S also overlaps predetermined inside regions of the
high impurity concentration regions 3« of the semiconductor
layer 3. In this typical example, the above overlap appears
symmetrically both the source and drain sides, but it should
be noted that the above overlap is needed at least in the drain
side. Namely, it is possible that the above overlap appears
only in the drain side, or also possible that the above overlap
appears asymmetrically both in the source and drain sides.
It should also be noted that if the transistor is for the
switching transistor utilizing the inversion between the
source and drain regions, then the above overlap should
appear symmetrically in both the source and drain sides.

[0181] As shown in FIG. 11G, a selective laser irradiation
process is then carried out by use of the gate electrode § as
a mask, so that a laser beam 12 is irradiated through the gate
insulating film 15 and the dummy oxide film 15 to the
semiconductor layer 3, except under the gate electrode 5 for
the purpose of selective activation of the semiconductor
layer 3, except under the gate electrode 5. The non-over-
lapped regions of the semiconductor layer 3 do receive the
laser beam irradiation, whereby the non-overlapped regions
become sufficiently activated high impurity concentration
layers 3c. The impurity in the non-overlapped regions or the
sufficiently activated high impurity concentration layers 3¢
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is sufficiently activated and the most of the impurity
becomes effectively activated impurity which contributes to
the electrical conductivity.

[0182] On the other hand, the gate-overlapped regions of
the semiconductor layer 3 do not receive the laser beam
irradiation but do receive a thermal diffusion from the
non-overlapped regions, whereby the gate-overlapped
regions become lightly activated high impurity concentra-
tion layers 3b. The impurity in the gate-overlapped regions
or the lightly activated high impurity concentration layers 3b
is insufficiently activated and the minority of the impurity
becomes effectively activated impurity which contributes to
the electrical conductivity. Namely, the lightly activated
high impurity concentration layers 3b has a lower concen-
tration of the effectively activated impurity, which contrib-
utes to the electrical conductivity, than the concentration of
the implanted-impurity.

[0183] Namely, the lightly activated high impurity con-
centration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ have the same impurity
concentration. The impurity implanted in the sufficiently
activated high impurity concentration layers 3¢ are suffi-
ciently activated by direct laser beam irradiation in the lease
anneal process. The impurity implanted in the lightly acti-
vated high impurity concentration layers 3b are lightly or
insufficiently activated by a thermal diffusion from the
sufficiently activated high impurity concentration layers 3c.
The lightly activated high impurity concentration layers 3b
have not received any laser irradiation. Namely, the activa-
tion energy for the lightly activated high impurity concen-
tration layers 3b depends on the thermal diffusion from the
sufficiently activated high impurity concentration layers 3c,
for which reason the activation is insufficient. This insuffi-
cient activation depending on the thermal diffusion gives
rise to a lower concentration of the effectively activated
impurity than the implanted-impurity concentration. The
effectively activated impurity only may contribute to pro-
vide an electrical conductivity. For those reasouns, the lightly
activated high impurity concentration layers 3b exhibits
substantially the same function as the lightly doped drain
regions.

[0184] Further, the thermal diffusion into the lightly acti-
vated high impurity concentration layers 3b is directed
inwardly from the sufficiently activated high impurity con-
centration layers 3¢ which have received the laser irradiation
in the laser anneal process. For this reason, the heat energy
absorbed into the lightly activated high impurity concentra-
tion layers 3b may gently or gradually decrease from the
outside position near the sufficiently activated high impurity
concentration layers 3c to the inside position far from the
sufficiently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3¢ to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Namely, the concen-
tration profile of the effectively activated impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3c to the inside position far from the sufficiently activated
high impurity concentration layers 3c.

[0185] Accordingly, the concentration profile of the effec-
tively activated impurity across the channel region free of
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impurity implantation, the lightly activated high impurity
concentration layers 3b and the sufficiently activated high
impurity concentration layers 3¢ are free of any step-like
variation or any other abrupt and rapid variation, whereby no
extensively high field concentration is caused.

[0186] The energy of the laser irradiation may be decided
by taking into account respective thicknesses of the semi-
conductor layer 3 and the gate insulating film 15 as well as
respective surface reflectivities thereof, and also with refer-
ence to an energy which causes semiconductor or silicon of
the semiconductor layer 3 to be melt. A typical example of
the laser irradiation energy may be in the range of 250-300
mlJ, but not limited thereto.

[0187] Asshown in FIG. 11H, an inter-layer insulator 6 is
deposited over the gate electrode 5 and the gate insulating
film 15. Contact holes 8 are selectively formed in the
inter-layer insulator 6 and the gate insulating film 15 but
over the sufficiently activated high impurity concentration
layers 3¢ serving as source and drain regions.

[0188] As shown in FIG. 111, a metal film is also depos-
ited over the inter-layer insulator 6 and within the contact
holes 8, so that the metal film is made into contact with the
sufficiently activated high impurity concentration layers 3c.
The deposition may be made by any available method, for
example, a sputtering method. A typical example of the
thickness of the metal film may be in the range of 300-1000
nm, but not limited thereto. Atypical example of material for
the metal film may be aluminum, but not limited thereto. The
metal film is then patterned into source and drain electrodes
7 by use of a known lithography technique and a subsequent
anisotropic etching process, thereby forming the thin film
field effect transistor including the improved gate-overlap-
drain structure.

[0189] In accordance with the present embodiment, since
the dummy oxide film 15 used in the impurity-implantation
process is further re-used as the gate insulating film 15, for
which reason no process for forming the gate insulating film
is needed.

[0190] Sixth Embodiment:

[0191] A sixth embodiment according to the present
invention will be described in detail with reference to the
drawings. FIG. 12 is a fragmentary cross sectional elevation
view of a novel thin film field effect transistor with an
improved gate-overlap-drain structure in accordance with
the sixth embodiment of the present invention. In the first,
third, fourth and fifth embodiments, the planer-structured
thin film field effect transistors have been provided. In this
sixth embodiment, however, a staggered thin film field effect
transistor is provided, wherein source and drain electrodes
underlie the source and drain regions, above which a gate
electrode is positioned.

[0192] A staggered thin film field effect transistor is pro-
vided over a glass substrate 1. An under-coat layer 2 overlies
the glass substrate 1. Source/drain electrodes 20 are selec-
tively provided over the under-coat layer 2. A semiconductor
layer 3 is selectively provided over the source/drain elec-
trodes 20 and also over the under-coat layer 2 but between
the source/drain electrodes 20 and in the vicinity of the
outside edges of the source/drain electrodes 20. The semi-
conductor layer further comprises an amorphous silicon
channel layer 21, lightly activated high impurity concentra-
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tion layers 3b in contact directly with opposite sides of the
amorphous silicon channel layer 21, and sufficiently acti-
vated high impurity concentration layers 3¢ in contact
directly with outsides of the lightly activated high impurity
concentration layers 3b. A gate insulating film 4 extends
over the semiconductor layer 3 and the under-coat layer 2.

[0193] A gate electrode § is selectively provided over the
gate insulating film 4. The lightly activated high impurity
concentration layers 3b are positioned under the gate elec-
trode 5, so that the lightly activated high impurity concen-
tration layers 3b are covered by the gate electrode 5. The
sufficiently activated high impurity concentration layers 3¢
are positioned under outsides of the gate electrode 5, so that
the sufficiently activated high impurity concentration layers
3¢ are not covered by the gate electrode 5. Respective
boundaries between the sufficiently activated high impurity
concentration layers 3c and the lightly activated high impu-
rity concentration layers 3b are self-aligned to the opposite
side-edges of the gate electrode 5.

[0194] An inter-layer insulator 6 extends over the gate
electrode 5 and the gate insulating film 4. Contact holes are
provided in laminations of the sufficiently activated high
impurity concentration layers 3c, the gate insulating film 4
and the inter-layer insulator 6 but over the source/drain
electrodes 20. Source/drain electrodes 7 are selectively
provided in the contact holes and over the inter-layer insu-
lator 6, so that the source/drain electrodes 7 are in contact
with the source/drain electrodes 20. The sufficiently acti-
vated high impurity concentration layers 3¢ serve as source/
drain regions.

[0195] The lightly activated high impurity concentration
layers 3b and the sufficiently activated high impurity con-
centration layers 3¢ have the same impurity concentration.
The impurity implanted in the sufficiently activated high
impurity concentration layers 3c are sufficiently activated by
direct laser beam irradiation in the lease anneal process. The
impurity implanted in the lightly activated high impurity
concentration layers 3b are lightly or insufficiently activated
by a thermal diffusion from the sufficiently activated high
impurity concentration layers 3c. The lightly activated high
impurity concentration layers 3b have not received any laser
irradiation. Namely, the activation energy for the lightly
activated high impurity concentration layers 3b depends on
the thermal diffusion from the sufficiently activated high
impurity concentration layers 3¢, for which reason the
activation is insufficient. This insufficient activation depend-
ing on the thermal diffusion gives rise to a lower concen-
tration of the effectively activated impurity than the
implanted-impurity concentration. The effectively activated
impurity only may contribute to provide an electrical con-
ductivity. For those reasons, the lightly activated high impu-
rity concentration layers 3b exhibits substantially the same
function as the lightly doped drain regions.

[0196] Further, the thermal diffusion into the lightly acti-
vated high impurity concentration layers 3b is directed
inwardly from the sufficiently activated high impurity con-
centration layers 3¢ which have received the laser irradiation
in the laser anneal process. For this reason, the heat energy
absorbed into the lightly activated high impurity concentra-
tion layers 3b may gently or gradually decrease from the
outside position near the sufficiently activated high impurity
concentration layers 3c to the inside position far from the
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sufficiently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3¢ to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Namely, the concen-
tration profile of the effectively activated impurity may
gently or gradually decrease from the outside position near
the sufficiently activated high impurity concentration layers
3¢ to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Accordingly, the
concentration profile of the effectively activated impurity
across the channel region 3a, the lightly activated high
impurity concentration layers 3b and the sufficiently acti-
vated high impurity concentration layers 3¢ are free of any
step-like variation or any other abrupt and rapid variation,
whereby no extensively high field concentration is caused.
This concentration profile of the effectively activated impu-
rity prevents traps of the hot carriers and thus allow a long
carrier life-time.

[0197] Similarly to the foregoing embodiments, the above
improved gate-overlap-drain structure may also be formed
by a single pair of a single impurity implantation process and
a later single laser anneal process for selective activation.
The impurity implantation process is carried out by using a
resist pattern having a smaller size than the gate electrode 5
as a mask to form high impurity concentration regions which
include both the lightly activated high impurity concentra-
tion layers 3b and the sufficiently activated high impurity
concentration layers 3c. After the gate electrode 5 is formed,
then the single laser anneal process is carried out by using
the gate electrode as a mask for selective activation of the
high impurity concentration regions, whereby the laser-
irradiated regions non-overlapped and non-covered by the
gate electrode $ are sufficiently activated and become the
sufficiently activated high impurity concentration layers 3c,
while the laser-irradiation-free regions overlapped and cov-
ered by the gate electrode § are insufficiently activated by
the thermal diffusion from the laser-irradiated regions and
become the lightly activated high impurity concentration
layers 3b.

[0198] In the foregoing embodiments, the entirety of the
substrate is subjected to the laser anneal. It is, of course,
possible to irradiate the laser beam onto one or more selected
or localized regions. It is also possible to utilize laser anneal
processes under various conditions for causing a variety of
the activation degree.

[0199] Although the invention has been described above
in connection with several preferred embodiments therefor it
will be appreciated that those embodiments have been
provided solely for illustrating the invention, and not in a
limiting sense. Numerous modifications and substitutions of
equivalent materials and techniques will be readily apparent
to those skilled in the art after reading the present applica-
tion, and all such modifications and substitutions are
expressly understood to fall within the true scope and spirit
of the appended claims.
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What is claimed is:
1. A semiconductor structure in a field effect transistor,
said structure comprising:

a semiconductor layer;

an insulating layer overlying said semiconductor layer;
and

a gate electrode for controlling an electric field applied to
at least a part of said semiconductor layer;

wherein said semiconductor layer further includes:

at least a lightly activated high impurity concentration
layer having a first implanted-impurity concentration
value, and a first effectively-activated-impurity con-
centration range which is lower than said first
implanted-impurity concentration value; and

at least a sufficiently activated high impurity concen-
tration layer being bounded with said at least a
lightly activated high impurity concentration layer,
and said at least a sufficiently activated high impurity
concentration layer having a second implanted-im-
purity concentration value which is substantially the
same as said first implanted-impurity concentration
value, and a second effectively-activated-impurity
concentration value which is higher than said first
effectively-activated-impurity concentration range.

2. The semiconductor structure as claimed in claim 1,
wherein said at least a lightly activated high impurity
concentration layer is positioned under said gate electrode.

3. The semiconductor structure as claimed in claim 2,
wherein a boundary between said at least a lightly activated
high impurity concentration layer and said at least a suffi-
ciently activated high impurity concentration layer is aligned
to an edge of said gate electrode.

4. The semiconductor structure as claimed in claim 3,
wherein said at least a lightly activated high impurity
concentration layer has a gentle decrease in a first effec-
tively-activated-impurity concentration value ranged in said
first effectively-activated-impurity concentration range as a
distance from said at least a sufficiently activated high
impurity concentration layer is increased.

5. The semiconductor structure as claimed in claim 4,
wherein said at least a sufficiently activated high impurity
concentration layer is sufficiently activated by a laser beam
irradiation, while said at least a lightly activated high
impurity concentration layer is insufficiently activated by a
thermal diffusion from said at least a sufficiently activated
high impurity concentration layer.

6. The semiconductor structure as claimed in claim 1,
wherein said at least a sufficiently activated high impurity
concentration layer serves as a drain region, while said at
least a lightly activated high impurity concentration layer
serves as a field concentration relaxation region.

7. The semiconductor structure as claimed in claim 1,
wherein said semiconductor layer comprises:

a channel region;

said lightly activated high impurity concentration layers
adjacent to opposite sides of said channel region; and

said sufficiently activated high impurity concentration
layers adjacent to opposite outsides of said lightly
activated high impurity concentration layers, and said
sufficiently activated high impurity concentration lay-
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ers serve as source and drain regions, and respective
boundaries between said lightly activated high impurity
concentration layers and said sufficiently activated high
impurity concentration layers are aligned to opposite
side edges of said gate electrode.
8. A semiconductor structure in a field effect transistor,
said structure comprising:

a semiconductor layer;

an insulating layer overlying said semiconductor layer;
and

a gate electrode for controlling an electric field applied to
at least a part of said semiconductor layer;

wherein said semiconductor layer further includes:

at least a sufficiently activated high impurity concen-
tration layer being sufficiently activated by a laser
beam irradiation, and

at least a lightly activated high impurity concentration
layer being bounded with said at least a sufficiently
activated high impurity concentration layer, and said
at least a lightly activated high impurity concentra-
tion layer being insufficiently activated by a thermal
diffusion from said at least a sufficiently activated
high impurity concentration layer.

9. The semiconductor structure as claimed in claim 8,
wherein said at least a lightly activated high impurity
concentration layer is positioned under said gate electrode.

10. The semiconductor structure as claimed in claim 9,
wherein a boundary between said at least a lightly activated
high impurity concentration layer and said at least a suffi-
ciently activated high impurity concentration layer is aligned
to an edge of said gate electrode.

11. The semiconductor structure as claimed in ¢laim 10,
wherein said at least a lightly activated high impurity
concentration layer has a gentle decrease in a first effec-
tively-activated-impurity concentration value as a distance
from said at least a sufficiently activated high impurity
concentration layer is increased.

12. The semiconductor structure as claimed in claim 11,
wherein said at least a lightly activated high impurity
concentration layer has a first implanted-impurity concen-
tration value, and a first effectively-activated-impurity con-
centration range which is lower than said first implanted-
impurity concentration value; and

wherein said at least a sufficiently activated high impurity
concentration layer has a second implanted-impurity
concentration value which is substantially the same as
said first implanted-impurity concentration value, and a
second effectively-activated-impurity concentration
value which is higher than said first effectively-acti-
vated-impurity concentration range.

13. The semiconductor structure as claimed in claim 8,
wherein said at least a sufficiently activated high impurity
concentration layer serves as a drain region, while said at
least a lightly activated high impurity concentration layer
serves as a field concentration relaxation region.

14. The semiconductor structure as claimed in claim 8,
wherein said semiconductor layer comprises:

a channel region;

said lightly activated high impurity concentration layers
adjacent to opposite sides of said channel region; and
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said sufficiently activated high impurity concentration
layers adjacent to opposite outsides of said lightly
activated high impurity concentration layers, and said
sufficiently activated high impurity concentration lay-
ers serve as source and drain regions, and respective
boundaries between said lightly activated high impurity
concentration layers and said sufficiently activated high
impurity concentration layers are aligned to opposite
side edges of said gate electrode.

15. A field effect transistor including:

a substrate;
a gate insulating film over said substrate;
a gate electrode over said gate insulating film; and

source/drain regions over and substrate and under said
gate insulating film, wherein said drain region further
includes:

at least a lightly activated high impurity concentration
layer having a first implanted-impurity concentration
value, and a first effectively-activated-impurity con-
centration range which is lower than said first
implanted-impurity concentration value; and

at least a sufficiently activated high impurity concen-
tration layer being bounded with said at least a
lightly activated high impurity concentration layer,
and said at least a sufficiently activated high impurity
concentration layer having a second implanted-im-
purity concentration value which is substantially the
same as said first implanted-impurity concentration
value, and a second effectively-activated-impurity
concentration value which is higher than said first
effectively-activated-impurity concentration range.

16. The ficld effect transistor as claimed in ¢laim 15,
wherein said at least a lightly activated high impurity
concentration layer is positioned under said gate electrode.

17. The field effect transistor as claimed in claim 16,
wherein a boundary between said at least a lightly activated
high impurity concentration layer and said at least a suffi-
ciently activated high impurity concentration layer is aligned
to an edge of said gate electrode.

18. The field effect transistor as claimed in claim 17,
wherein said at least a lightly activated high impurity
concentration layer has a gentle decrease in a first effec-
tively-activated-impurity concentration value ranged in said
first effectively-activated-impurity concentration range as a
distance from said at least a sufficiently activated high
impurity concentration layer is increased.

19. The field effect transistor as claimed in claim 18,
wherein said at least a sufficiently activated high impurity
concentration layer is sufficiently activated by a laser beam
irradiation, while said at least a lightly activated high
impurity concentration layer is insufficiently activated by a
thermal diffusion from said at least a sufficiently activated
high impurity concentration layer.

20. The field effect transistor as claimed in claim 15,
wherein said source region has the same structure as said
drain region.

21. A field effect transistor including:

a substrate;
a gate insulating film over said substrate;

a gate electrode over said gate insulating film; and
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source/drain regions over and substrate and under said
gate insulating film,

wherein said drain region further includes:

at least a sufficiently activated high impurity concen-
tration layer being sufficiently activated by a laser
beam irradiation, and

at least a lightly activated high impurity concentration
layer being bounded with said at least a sufficiently
activated high impurity concentration layer, and said
at least a lightly activated high impurity concentra-
tion layer being insufficiently activated by a thermal
diffusion from said at least a sufficiently activated
high impurity concentration layer.

22. The field effect transistor as claimed in claim 21,
wherein said at least a lightly activated high impurity
concentration layer is positioned under said gate electrode.

23. The field effect transistor as claimed in claim 22,
wherein a boundary between said at least a lightly activated
high impurity concentration layer and said at least a suffi-
ciently activated high impurity concentration layer is aligned
to an edge of said gate electrode.

24. The field effect transistor as claimed in claim 23,
wherein said at least a lightly activated high impurity
concentration layer has a gentle decrease in a first effec-
tively-activated-impurity concentration value as a distance
from said at least a sufficiently activated high impurity
concentration layer is increased.

25. The field effect transistor as claimed in claim 24,
wherein said at least a lightly activated high impurity
concentration layer has a first implanted-impurity concen-
tration value, and a first effectively-activated-impurity con-
centration range which is lower than said first implanted-
impurity concentration value; and

wherein said at least a sufficiently activated high impurity
concentration layer has a second implanted-impurity
concentration value which is substantially the same as
said first implanted-impurity concentration value, and a
second effectively-activated-impurity concentration
value which is higher than said first effectively-acti-
vated-impurity concentration range.

26. The field effect transistor as claimed in claim 21,
wherein said source region has the same structure as said
drain region.

27. A field effect transistor including:

a substrate;
a gate insulating film over said substrate;
a gate electrode over said gate insulating film; and

source/drain regions over and substrate and under said
gate insulating film,

wherein each of said source/drain regions further
includes:

at least a lightly activated high impurity concentration
layer being positioned under said gate electrode, and
said at least a lightly activated high impurity con-
centration layer having a first implanted-impurity
concentration value, and a first effectively-activated-
impurity concentration range which is lower than
said first implanted-impurity concentration value;
and
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at least a sufficiently activated high impurity concen-
tration layer being bounded with said at least a
lightly activated high impurity concentration layer,
and a boundary between said at least a lightly
activated high impurity concentration layer and said
at least a sufficiently activated high impurity con-
centration layer being aligned to an edge of said gate
electrode, and said at least a sufficiently activated
high impurity concentration layer having a second
implanted-impurity concentration value which is
substantially the same as said first implanted-impu-
rity concentration value, and a second effectively-
activated-impurity concentration value which is
higher than said first effectively-activated-impurity
concentration range, and

wherein said at least a lightly activated high impurity
concentration layer has a gentle decrease in a first
effectively-activated-impurity ~ concentration  value
ranged in said first effectively-activated-impurity con-
centration range as a distance from said at least a
sufficiently activated high impurity concentration layer
is increased.

28. The field effect transistor as claimed in claim 27,
wherein said at least a sufficiently activated high impurity
concentration layer is sufficiently activated by a laser beam
irradiation, while said at least a lightly activated high
impurity concentration layer is insufficiently activated by a
thermal diffusion from said at least a sufficiently activated
high impurity concentration layer.

29. The field effect transistor as claimed in claim 27,
wherein said field effect transistor is a thin film field effect
transistor.

30. A liquid crystal display including a plurality of pixels,
each pixel having a liquid crystal cell and a switching
device, and said switching device further comprising: a thin
film field effect transistor including:

a substrate;
a gate insulating film over said substrate;
a gate electrode over said gate insulating film; and

source/drain regions over and substrate and under said
gate insulating film,

wherein each of said source/drain regions further
includes:

at least a lightly activated high impurity concentration
layer being positioned under said gate electrode, and
said at least a lightly activated high impurity con-
centration layer having a first implanted-impurity
concentration value, and a first effectively-activated-
impurity concentration range which is lower than
said first implanted-impurity concentration value;
and

at least a sufficiently activated high impurity concen-
tration layer being bounded with said at least a
lightly activated high impurity concentration layer,
and a boundary between said at least a lightly
activated high impurity concentration layer and said
at least a sufficiently activated high impurity con-
centration layer being aligned to an edge of said gate
electrode, and said at least a sufficiently activated
high impurity concentration layer having a second
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implanted-impurity concentration value which is
substantially the same as said first implanted-impu-
rity concentration value, and a second effectively-
activated-impurity concentration value which is
higher than said first effectively-activated-impurity
concentration range, and

wherein said at least a lightly activated high impurity
concentration layer has a gentle decrease in a first
effectively-activated-impurity ~ concentration value
ranged in said first effectively-activated-impurity con-
centration range as a distance from said at least a
sufficiently activated high impurity concentration layer
is increased.

31. A method of forming a semiconductor structure in a

field effect transistor, comprising the steps of:

selectively forming a resist pattern over a first selected
region of a semiconductor layer;

carrying out a selective impurity-implantation by use of
said resist pattern as a mask for selectively implanting
an impurity into said semiconductor layer except under
said resist pattern at a first implanted-impurity concen-
tration, to define at least an impurity-implanted region
in said semiconductor layer;

removing said resist pattern from said semiconductor
layer;

selectively forming a gate electrode over a second
selected region of said semiconductor layer, and said
second selected region completely encompassing said
first selected region and also encompassing an outside
region adjacent to a periphery of said first selected
region, and at least a gate-overlapped part of said at
least an impurity-implanted region being covered by
said gate electrode, while a remaining non-overlapped
part of said at least an impurity-implanted region being
not covered by said gate electrode; and

carrying out a selective laser beam irradiation to said
remaining non-overlapped part by use of said gate
electrode as a mask, whereby said remaining non-
overlapped part is sufficiently activated upon said
selective laser beam irradiation and said remaining
non-overlapped part becomes at least a sufficiently
activated high impurity concentration layer, while said
at least a gate-overlapped part is insufficiently activated
by a thermal diffusion from said remaining non-over-
lapped part, and said at least a gate-overlapped part
becomes at least a lightly activated high impurity
concentration layer.

32. The method as claimed in claim 31, wherein said at
least a lightly activated high impurity concentration layer
has a first implanted-impurity concentration value, and a
first effectively-activated-impurity concentration range
which is lower than said first implanted-impurity concen-
tration value; and

said at least a sufficiently activated high impurity con-
centration layer is bounded with said at least a lightly
activated high impurity concentration layer, and said at
least a sufficiently activated high impurity concentra-
tion layer has a second implanted-impurity concentra-
tion value which is substantially the same as said first
implanted-impurity concentration value, and a second
effectively-activated-impurity ~ concentration value
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which is higher than said first effectively-activated-
impurity concentration range.

33. The method as claimed in claim 32, wherein a
boundary between said at least a lightly activated high
impurity concentration layer and said at least a sufficiently
activated high impurity concentration layer is aligned to an
edge of said gate electrode.

34, The method as claimed in claim 33, wherein said at
least a lightly activated high impurity concentration layer
has a gentle decrease in a first effectively-activated-impurity
concentration value ranged in said first effectively-activated-
impurity concentration range as a distance from said at least
a sufficiently activated high impurity concentration layer is
increased.

35. The method as claimed in claim 31, further including
the step of forming a dummy layer over at least an entirety
of said semiconductor layer before selectively forming a
resist pattern over said dummy layer for selectively implant-
ing said impurity through said dummy layer into said
semiconductor layer in said selective impurity implantation.

36. The method as claimed in claim 35, further including
the steps of:

removing said dummy layer in addition to said removal of
said resist pattern; and

forming a gate insulating film prior to said step of
selectively forming said gate electrode over said gate
insulating film.

37. The method as claimed in claim 35, further including
the step of having said dummy layer remain as said gate
insulating film, so that said gate electrode is selectively
formed over said dummy layer as said gate insulating film.

38. A method of forming a semiconductor structure in a
field effect transistor, comprising the steps of:

carrying out a selective impurity-implantation for selec-
tively implanting an impurity into a semiconductor
layer, to define at least an impurity-implanted region in
said semiconductor layer; and

carrying out a selective laser beam irradiation to at least
a selected part of said at least an impurity-implanted
region, whereby said at least a selected part of said at
least an impurity-implanted region is sufficiently acti-
vated upon said selective laser beam irradiation, and
said at least a selected part becomes at least a suffi-
ciently activated high impurity concentration layer,
while a remaining non-selected part of said at least an
impurity-implanted region is insufficiently activated by
a thermal diffusion from said at least a selected part,
and said remaining non-selected part becomes at least
a lightly activated high impurity concentration layer.

39. The method as claimed in claim 38, wherein said at
least a lightly activated high impurity concentration layer
has a first implanted-impurity concentration value, and a
first effectively-activated-impurity concentration range
which is lower than said first implanted-impurity concen-
tration value; and

said at least a sufficiently activated high impurity con-
centration layer is bounded with said at least a lightly
activated high impurity concentration layer, and said at
least a sufficiently activated high impurity concentra-
tion layer has a, second implanted-impurity concentra-



US 2003/0025161 Al

tion value which is substantially the same as said first
implanted-impurity concentration value, and a second
effectively-activated-impurity  concentration value
which is higher than said first effectively-activated-
impurity concentration range.

40. The method as claimed in claim 39, wherein a
boundary between said at least a lightly activated high
impurity concentration layer and said at least a sufficiently
activated high impurity concentration layer is aligned to an
edge of said gate electrode.
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41. The method as claimed in claim 40, wherein said at
least a lightly activated high impurity concentration layer
has a gentle decrease in a first effectively-activated-impurity
concentration value ranged in said first effectively-activated-
impurity concentration range as a distance from said at least
a sufficiently activated high impurity concentration layer is
increased.
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