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Description

[0001] The present invention relates to a field effect
transistor 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 crys-
tal display using the same and a method of manufactur-
ing the same.

[0002] All of patents, patent applications, patent pub-
lications, scientific articles and the like, which will here-
inafter be cited or identified in the present application,
will, hereby, be incorporated by references in their en-
tirety in order to describe more fully the state of the art,
to which the present invention pertains.

[0003] Inrecent years, shrinkage of the semiconduc-
tor 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 result-
ing in deterioration of reliability of the field effect transis-
tor. The short channel effects and the hot carrier injec-
tions may cause an extensively high field in the vicinity
of the drain region of the transistor. In order to avoid the
above undesired problems, 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) struc-
ture is effective, which has been known in the art, to
which the presentinvention pertains. In accordance with
the lightly doped drain (LLD) structure, off-set gate lay-
ers having lower impurity concentration are selectively
formed in selected substrate regions between source/
drain regions and a channel region under a gate elec-
trode. The off-set gate layers contribute to relax unde-
sired extensively high fields in the selected substrate re-
gions between the source/drain regions and the channel
region under the gate electrode. The off-set gate layers
thus contribute to increase the withstand voltages, for
example, a punch-through voltage and a hot carrier
withstand voltage.

[0004] A method of forming a typical example of a
conventional lightly doped drain structure will be de-
scribed with reference to FIGS. 1A through 1C. As
shownin 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-implantation 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
conditions to form low impurity concentration regions
16.

[0005] As shown in FIG. 1B, a silicon oxide film is de-
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posited by a low pressure chemical vapor deposition
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.

[0006] As shown in FIG. 1C, a second ion-implanta-
tion 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 an-
neal under predetermined conditions to form high impu-
rity concentration regions 18, while the low impurity con-
centration regions 16 remain only under the side wall
oxide films 17, wherein boundaries between the high im-
purity concentration 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 re-
gions, while the remaining low impurity concentration re-
gions 16 under the side wall oxide films 17 serve as the
off-set gate layers. The above lightly doped drain struc-
ture 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 shortening 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 un-
desired inversion in the conductivity type of the lightly
doped drainregions 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 with-
stand voltage.

[0007] In the meantime, it has been known in the art,
to which the present invention pertains, a thin film tran-
sistor as typical one of the field effect transistors is used
as a switching device for a liquid crystal display. In ac-
cordance 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 sili-
con thin film transistor have an disadvantage in possible
increase in leakage of current or dark current upon in-
cidence of light into the channel region, namely an off-
leak current upon incidence of light into the channel re-
gion. 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, where-
in the top light shielding layer overlies the transistor,
while the bottom light shielding layer underlies the tran-
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sistor. As described above, in accordance with the lightly
doped drain structure, the low impurity concentration re-
gions are not covered by the gate electrode. This struc-
ture allows a light reflected by respective layers in an
active matrix substrate of the display to become incident
into the low impurity concentration regions, even the top
and bottom optical shielding layers are provided. Name-
ly, it is difficult to avoid the undesirable leakage of light
or possible incidence of light into the low impurity con-
centration 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 projec-
tion. In order to have attempted to solve the above prob-
lems 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 re-
gions, a gate-overlap-drain structure was proposed,
wherein laminations 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 publications Nos. 8-153875 and
8-222736. This gate-overlap-drain structure will be de-
scribed.

[0008] FIGS. 2A through 2D are fragmentary cross
sectional elevation views of field effect transistors in se-
quential steps involved in a typical example of a con-
ventional method of forming a gate-overlap-drain struc-
ture. 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 re-
gion 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 elec-
trode to be formed in later. A firstion-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 concentration regions 16. After the
first ion-implantation is completed, then the used resist
pattern 10 is removed.

[0009] 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 etch-
ing process are then carried out to form a gate electrode
5 which has a larger size than the above-described re-
sist pattern 10 which was already been removed, so that
side regions of the gate electrode 5 overlap inside re-
gions of the low impurity concentration regions 16.
[0010] As shown in FIG. 2C, a second ion-implanta-
tion is carried out at a high impurity concentration by use
of the gate electrode 5 and the isolation oxide film 14 as
masks for subsequent anneal under predetermined
conditions to form high impurity concentration regions
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18, while the low impurity concentration regions 16 re-
main only under the overlap side regions of the gate
electrode 5, wherein boundaries between the high im-
purity 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 con-
centration 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 concen-
tration regions 16, thereby forming a gate-overlap-drain
structure.

[0011] As shown in FIG. 2D, an inter-layer insulator 6
is deposited over the gate electrode 5, 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 elec-
trodes 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 im-
purity concentration regions 18 serving as the source
and drain regions, thereby forming a field effect transis-
tor including a gate-overlap-drain structure.

[0012] FIGS. 3A through 3D are fragmentary cross
sectional elevation views of field effect transistors in se-
quential 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 patent publication No. 8-153875.
As shown in FIG. 3A, an isolation oxide film 14 is selec-
tively formed over a silicon substrate 13 by a local oxi-
dation 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-
implantation is then carried out at a low impurity con-
centration by use of the gate electrode 5 and the isola-
tion oxide film 14 as masks for subsequent anneal under
predetermined conditions to form low impurity concen-
tration regions 16.

[0013] AsshowninFIG. 3B, asilicon-based filmis en-
tirely formed over the gate electrode 5 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 elec-
trode in cooperation with the gate electrode 5.

[0014] As shown in FIG. 3C, a second ion-implanta-
tion is carried out at a high impurity concentration by use
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of the gate electrode 5, the side wall conductive films 19
and the isolation oxide film 14 as masks for subsequent
anneal under predetermined conditions to form high im-
purity concentration regions 18, while the low impurity
concentration regions 16 remain only under the side wall
conductive films 19, wherein boundaries between the
high impurity concentration regions 18 and the low im-
purity concentration regions 16 are self-aligned to
boundaries between the side wall conductive films 19
and the gate electrode 5. The high impurity concentra-
tion regions 18 serve as source and drain regions, while
the remaining low impurity concentration regions 16 un-
der the side wall conductive films 19 serve as the off-set
gate layers, thereby forming a gate-overlap-drain struc-
ture.

[0015] As shownin FIG. 3D, an inter-layer insulator 6
is deposited over the gate electrode 5, the side wall con-
ductive 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 con-
centration 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 re-
gions 18 serving as the source and drain regions, there-
by forming a field effect transistor including a gate-over-
lap-drain structure.

[0016] In accordance with the above described con-
ventional gate-overlap-drain structure, the side regions
of the gate electrode overlap the lightly doped drain re-
gions. 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 cov-
ered by the side regions of the gate electrode, 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. The
above-described conventional method for forming the
conventional gate-overlap-drain structure, however,
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.
[0017] Further, the anneal is carried out after the im-
purity has been selectively implanted, wherein the an-
neal 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 abruptness of the impurity concentra-
tion profile is effective to reduce or relax the expensive
highly field concentration. FIG. 4 is a diagram of an im-
purity concentration profile across the channel region,
the low impurity concentration region and the high im-
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purity 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 concentration at re-
spective boundaries between the channel region and
the low impurity concentration region and between the
low impurity concentration region and the high impurity
concentration region. Lager variation in the impurity
concentration may cause a high field concentration.
This impurity concentration profile with the two step-like
variations makes it difficult to achieve a sufficient relax-
ation of the field concentration.

[0018] 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 concentra-
tion region. This abrupt step-like variation in impurity
concentration 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 re-combination, resulting in a shortened carrier
life time. In the above circumstances, the development
of a novel field effect transistor free from the above prob-
lems is desirable.

[0019] Accordingly, itis an object of the presentinven-
tion to provide a novel field effect transistor with an im-
proved gate overlap drain structure free from the above
problems.

[0020] 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.

[0021] Itis astill further object of the present invention
to provide a novel field effect transistor with an improved
gate overlap drain structure which provides such a rel-
atively gentle effective impurity concentration profile
free of any step-like abrupt variation in impurity concen-
tration as relaxing a high field concentration.

[0022] Itis yeta further object of the present invention
to provide a novel field effect transistor with an improved
gate overlap drain structure which provides such a rel-
atively gentle effective impurity concentration profile as
avoiding any shortened carrier life-time.

[0023] 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.

[0024] Itis further another object of the presentinven-
tion 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 process-
es.

[0025] It is still further another object of the present
invention to provide a novel method of forming an im-
proved gate overlap drain structure of a field effect tran-
sistor, which provides such a relatively gentle effective
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impurity concentration profile free of any step-like abrupt
variation in impurity concentration as relaxing a high
field concentration.

[0026] It is yet further another object of the present
invention to provide a novel method of forming an im-
proved gate overlap drain structure of a field effect tran-
sistor, which provides such a relatively gentle effective
impurity concentration profile as avoiding any shortened
carrier life-time.

[0027] It is an additional object of the present inven-
tion 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.
[0028] It is a further additional object of the present
invention to provide a novel liquid crystal display includ-
ing a field effect transistor with an improved gate overlap
drain structure, which may be formed in a reduced
number of processes.

[0029] It is a still further additional object of the
presentinvention 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 re-
laxing a high field concentration.

[0030] Itis yeta furtheradditional object of the present
invention to provide a novel liquid crystal display includ-
ing 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.

[0031] It 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.

[0032] It 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.
[0033] It 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
concentration as relaxing a high field concentration.
[0034] It 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.
[0035] 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
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gate-overlap-drain structure includes lightly activated
high impurity concentration regions exhibiting substan-
tially the same function as the lightly doped drain re-
gions, wherein the lightly activated high impurity con-
centration regions are bounded with high impurity con-
centration regions serving as source and drain regions.
The boundaries are self-aligned to edges of a gate elec-
trode. Side regions of the gate electrode overlap the
lightly activated high impurity concentration regions. Af-
ter a selective ion-implantation is carried out to form a
high impurity concentration region, then a selective la-
ser 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 incomplete activation of the impurity in the re-
maining heat-diffused region free from the laser irradia-
tion in the high impurity concentration region. The com-
pletely 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. The lightly activated region has the
same high impurity concentration as the source and
drain regions, for which reason the lightly activated re-
gion is distinctly different from the lightly doped drain re-
gion which has a lower impurity concentration than the
source and drain regions. The lightly activated high im-
purity concentration region, however, has a low concen-
tration of effectively activated impurity which contributes
to electrical conductivity because of the incomplete or
light activation. Namely, only part of the actually implant-
ed impurity is effectively activated and serves as effec-
tive carrier, while the remaining part of the actually im-
planted impurity does not serve as the carrier. The
above and other objects, features and advantages of the
present invention will be apparent from the following de-
scriptions. Preferred embodiments according to the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[0036] FIGS. 1A through 1C are fragmentary cross
sectional elevation views of field effect transistors in se-
quential steps involved in a conventional method of
forming a typical example of a conventional lightly
doped drain structure.

[0037] FIGS. 2A through 2D are fragmentary cross
sectional elevation views of field effect transistors in se-
quential steps involved in a typical example of a con-
ventional method of forming a gate-overlap-drain struc-
ture.

[0038] FIGS. 3A through 3D are fragmentary cross
sectional elevation views of field effect transistors in se-
quential steps involved in another typical example of a
conventional method of forming another gate-overlap-
drain structure.

[0039] FIG. 4 is a diagram of an impurity concentra-
tion profile across the channel region, the low impurity
concentration regions and the high impurity concentra-



9 EP 1282 173 A2 10

tion regions of the field effect transistor having the gate-
overlap drain structure.

[0040] FIG. 5 is a fragmentary cross sectional eleva-
tion 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.
[0041] FIGS. 6A through 61 are fragmentary cross
sectional elevation views of thin film field effect transis-
tors 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 invention.

[0042] FIG. 7 is a diagram of an impurity concentra-
tion profile across the channel region, the lightly activat-
ed 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.

[0043] FIG. 8 is a fragmentary cross sectional eleva-
tion 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.
[0044] FIGS. 9A through 9l are fragmentary cross
sectional elevation views of thin film field effect transis-
tors 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 invention.

[0045] FIGS. 10A through 10l are fragmentary cross
sectional elevation views of thin film field effect transis-
tors 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.

[0046] FIGS. 11A through 11l are fragmentary cross
sectional elevation views of thin film field effect transis-
tors 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 invention.

[0047] FIG. 12 is a fragmentary cross sectional ele-
vation 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.
[0048] Afirstaspect of the presentinvention is a sem-
iconductor structure in a field effect transistor. The struc-
ture comprises : a semiconductor layer ; an insulating
layer overlying the semiconductor layer; and a gate
electrode for controlling an electric field applied to at
least a part of the semiconductor layer. The semicon-
ductor layer further includes : at least a lightly activated
high impurity concentration layer and at least a suffi-
ciently 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 concen-
tration value. The sufficiently activated high impurity
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concentration layer is bounded with the lightly activated
high impurity concentration layer. The sufficiently acti-
vated high impurity concentration layer has a second im-
planted-impurity concentration value which is substan-
tially the same as the first implanted-impurity concen-
tration value, and a second effectively-activated-impu-
rity concentration value which is higher than the first ef-
fectively-activated-impurity concentration range.
[0049] It 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. Fur-
thermore, it is preferable that the lightly activated high
impurity concentration layer has a gentle decrease in a
first effectively-activated-impurity concentration value
ranged in the first effectively-activated-impurity concen-
tration range as a distance from the sufficiently activated
high impurity concentration layer is increased. It is fur-
ther preferable that the sufficiently activated high impu-
rity concentration layer is sufficiently activated by a laser
beam irradiation, while the lightly activated high impurity
concentration layer is insufficiently activated by a ther-
mal diffusion from the sufficiently activated high impurity
concentration layer. It is also preferable that the suffi-
ciently activated high impurity concentration layer
serves as a drain region, while the lightly activated high
impurity concentration layer serves as a field concen-
tration relaxation region. As a typical example, it is pos-
sible thatthe semiconductor 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 acti-
vated high impurity concentration layers. The sufficient-
ly activated high impurity concentration layers serve as
source and drain regions. Respective boundaries be-
tween the lightly activated high impurity concentration
layers and the sufficiently activated high impurity con-
centration layers are aligned to opposite side edges of
the gate electrode.

[0050] A second aspect of the present invention is a
semiconductor structure in a field effect transistor. The
structure comprises : a semiconductor layer ; an insu-
lating layer overlying the semiconductor layer; and a
gate electrode for controlling an electric field applied to
at least a part of the semiconductor layer. The semicon-
ductor layer further includes : at least a sufficiently acti-
vated 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 ther-
mal diffusion from the sufficiently activated high impurity
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concentration layer.

[0051] Itis preferable that the lightly activated high im-
purity concentration layer is positioned under the gate
electrode. It is further preferable that a boundary be-
tween the lightly activated high impurity concentration
layer and the sufficiently activated high impurity concen-
tration layer is aligned to an edge of the gate electrode.
It is furthermore preferable that the lightly activated high
impurity concentration 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 prefer-
able that the lightly activated high impurity concentration
layer has a firstimplanted-impurity concentration value,
and a first effectively-activated-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 implant-
ed-impurity concentration value which is substantially
the same as the first implanted-impurity concentration
value, and a second effectively-activated-impurity con-
centration value which is higher than the first effectively-
activated-impurity concentration range. It is also prefer-
able that the sufficiently activated high impurity concen-
tration layer serves as a drain region, while the lightly
activated high impurity concentration layer serves as a
field concentration relaxation region. As a typical exam-
ple, it is possible that the semiconductor 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 out-
sides of the lightly activated high impurity concentration
layers. The sufficiently activated high impurity concen-
tration layers serve as source and drain regions. Re-
spective boundaries between the lightly activated high
impurity concentration layers and the sufficiently activat-
ed high impurity concentration layers are aligned to op-
posite side edges of the gate electrode.

[0052] A third aspect of the present invention is a field
effect transistor including : a substrate ; a gate insulat-
ing 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 ac-
tivated high impurity concentration layer. The lightly ac-
tivated high impurity concentration layer has a first im-
planted-impurity concentration value, and a first effec-
tively-activated-impurity concentration range which is
lower than the firstimplanted-impurity concentration val-
ue. The sufficiently activated high impurity concentra-
tion layer is bounded with the lightly activated high im-
purity concentration layer. The sufficiently activated high
impurity concentration layer has a second implanted-im-
purity concentration value which is substantially the
same as the first implanted-impurity concentration val-
ue, and a second effectively-activated-impurity concen-
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tration value which is higher than the first effectively-ac-
tivated-impurity concentration range.

[0053] Itis preferable that the lightly activated high im-
purity concentration layer is positioned under the gate
electrode. It is further preferable that a boundary be-
tween the lightly activated high impurity concentration
layer and the sufficiently activated high impurity concen-
tration layer is aligned to an edge of the gate electrode.
Itis further more preferable that the lightly activated high
impurity concentration layer has a gentle decrease in a
first effectively-activated-impurity concentration value
ranged in the first effectively-activated-impurity concen-
tration range as a distance from the sufficiently activated
high impurity concentration layer is increased. Itis more-
over preferable that the sufficiently activated high impu-
rity concentration layer is sufficiently activated by a laser
beam irradiation, while the lightly activated high impurity
concentration layer is insufficiently activated by a ther-
mal diffusion from the sufficiently activated high impurity
concentration layer. It is also preferable that the source
region has the same structure as the drain region.
[0054] A fourth aspect of the present invention is a
field effect transistor including : a substrate ; a gate in-
sulating 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 ac-
tivated 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 ther-
mal diffusion from the sufficiently activated high impurity
concentration layer. It is preferable that the lightly acti-
vated high impurity concentration layer is positioned un-
der the gate electrode. 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. Itis further more preferable that the light-
ly activated high impurity concentration layer has a gen-
tle decrease in a first effectively-activated-impurity con-
centration value as a distance from the sufficiently acti-
vated high impurity concentration layer is increased. It
is moreover preferable that the lightly activated high im-
purity concentration layer has a first implanted-impurity
concentration value, and a first effectively-activated-im-
purity 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 concentration value, and a second effectively-
activated-impurity concentration value which is higher
than the first effectively-activated-impurity concentra-
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tion range. It is also preferable that the source region
has the same structure as the drain region.

[0055] A fifth aspect of the present invention is a field
effect transistor including : a substrate ; a gate insulat-
ing 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 activat-
ed high impurity concentration layer has a first implant-
ed-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
concentration layer. A boundary between the lightly ac-
tivated high impurity concentration layer and the suffi-
ciently 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 sub-
stantially the same as the first implanted-impurity con-
centration value, and a second effectively-activated-im-
purity concentration value which is higher than the first
effectively-activated-impurity concentration range. The
lightly activated high impurity concentration layer has a
gentle decrease in a first effectively-activated-impurity
concentration value ranged in the first effectively-acti-
vated-impurity concentration range as a distance from
the sufficiently activated high impurity concentration lay-
er is increased. It is preferable that the sufficiently acti-
vated high impurity concentration layer is sufficiently ac-
tivated by a laser beam irradiation, while the lightly ac-
tivated high impurity concentration layer is insufficiently
activated by a thermal diffusion from the sufficiently ac-
tivated high impurity concentration layer. It is also pref-
erable that the field effect transistor is a thin film field
effect transistor.

[0056] A sixth aspect of the present invention is a lig-
uid 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 insulat-
ing 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 activat-
ed high impurity concentration layer has a first implant-
ed-impurity concentration value, and a first effectively-
activated-impurity concentration range which is lower
than the first implanted-impurity concentration value.
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The sufficiently activated high impurity concentration
layer is bounded with the lightly activated high impurity
concentration layer. A boundary between the lightly ac-
tivated high impurity concentration layer and the suffi-
ciently 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 sub-
stantially the same as the first implanted-impurity con-
centration value, and a second effectively-activated-im-
purity concentration value which is higher than the first
effectively-activated-impurity concentration range. The
lightly activated high impurity concentration layer has a
gentle decrease in a first effectively-activated-impurity
concentration value ranged in the first effectively-acti-
vated-impurity concentration range as a distance from
the sufficiently activated high impurity concentration lay-
er is increased.

[0057] 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 im-
purity-implantation 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 pat-
tern at a first implanted-impurity concentration, to define
atleast an impurity-implanted region in the semiconduc-
tor layer. The resist pattern is then removed from the
semiconductor layer. A gate electrode is selectively
formed over a second selected region of the semicon-
ductor layer. The second selected region completely en-
compasses the first selected region and also encom-
passes 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-overlapped part is carried out by use of
the gate electrode as a mask. The remaining non-over-
lapped part is sufficiently activated upon the selective
laser beam irradiation. The remaining non-overlapped
part becomes at least a sufficiently activated high impu-
rity concentration layer. The gate-overlapped part is in-
sufficiently activated by a thermal diffusion from the re-
maining non-overlapped part. The gate-overlapped part
becomes at least a lightly activated high impurity con-
centration layer.

[0058] Itis preferable that the lightly activated high im-
purity concentration layer has a first implanted-impurity
concentration value, and a first effectively-activated-im-
purity concentration range which is lower than the first
implanted-impurity concentration value ; and that the
sufficiently activated high impurity concentration layer is
bounded with the lightly activated high impurity concen-
tration layer, and the sufficiently activated high impurity
concentration layer has a second implanted-impurity
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concentration value which is substantially the same as
the first implanted-impurity concentration value, and a
second effectively-activated-impurity concentration val-
ue which is higher than the first effectively-activated-im-
purity concentration range.

[0059] 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 im-
purity concentration layer has a gentle decrease in afirst
effectively-activated-impurity ~ concentration  value
ranged in the first effectively-activated-impurity concen-
tration range as a distance from the sufficiently activated
high impurity concentration layer is increased.

[0060] As atypical example, it is possible that a dum-
my 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 im-
planting the impurity through the dummy layer into the
semiconductor layer in the selective impurity implanta-
tion. 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. The dummy
layer may remain as the gate insulating film, so that the
gate electrode is selectively formed over the dummy lay-
er as the gate insulating film.

[0061] 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 se-
lective impurity-implantation is carried out for selectively
implanting an impurity into a semiconductor layer, to de-
fine at least an impurity-implanted region in the semi-
conductor 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 sufficiently activated upon
the selective laser beam irradiation, and the selected
part becomes at least a sufficiently activated high impu-
rity 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 be-
comes at least a lightly activated high impurity concen-
tration layer.

[0062] Itis preferable that the lightly activated high im-
purity concentration layer has a first implanted-impurity
concentration value, and a first effectively-activated-im-
purity concentration range which is lower than the first
implanted-impurity concentration value, and also that
the sufficiently activated high impurity concentration lay-
eris bounded with the lightly activated high impurity con-
centration layer, and the sufficiently activated high im-
purity concentration layer has a second implanted-im-
purity concentration value which is substantially the
same as the first implanted-impurity concentration val-
ue, and a second effectively-activated-impurity concen-
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tration value which is higher than the first effectively-ac-
tivated-impurity concentration range.

[0063] 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 im-
purity concentration layer has a gentle decrease in a first
effectively-activated-impurity ~ concentration  value
ranged in the first effectively-activated-impurity concen-
tration range as a distance from the sufficiently activated
high impurity concentration layer is increased.

[0064] In accordance with the present invention, the
above-described improved gate-overlap-drain structure
is obtained by a single pair of a single impurity implan-
tation process and a single laser anneal process, where-
in the improved gate-overlap-drain structure includes
lightly activated high impurity concentration regions ex-
hibiting 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.

[0065] As described above, in accordance with the
conventional gate-overlap-drain structure, the lightly
doped drain regions are positioned under the side re-
gions 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, disadvantage in the necessary
complicated manufacturing process.

[0066] Inthe meantime, the manufacturing processes
for the field effect transistors may generally include heat
treatments 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 fur-
nace, arapid thermal anneal using an infrared ray lamp,
and a laser anneal using a laser beam.

[0067] For example, an excited-dimer laser may be
used for the activation anneal.

[0068] 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 ac-
tivation region. Therefore, the excited-dimer laser an-
neal is suitable for activation of the low impurity concen-
tration region of the lightly doped drain structure. In gen-
eral, the purpose of the activation anneal is to cause a
complete activation of the implanted impurity into the la-
ser-irradiated region. The present inventor, however,
proposed for utilizing a phenomenon that there is a dif-
ference in degree of activation between a laser-irradiat-
ed region having received a laser irradiation and a heat-
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diffused region having received a thermal diffusion from
the laser irradiation, but not received the laser irradia-
tion.

[0069] The furnace anneal and the rapid thermal an-
neal 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 re-
gions. In contrast, the laser anneal is advantageous in
thatthe 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 im-
purity. After a selective ion-implantation is carried out to
form a high impurity concentration region, then a selec-
tive laser beam irradiation is carried out to a selected
region of the high impurity concentration region for caus-
ing complete activation of the impurity in the laser-irra-
diated region of the high impurity concentration region,
while causing incomplete activation of the impurity in the
remaining heat-diffused region free from the laser irra-
diation in the high impurity concentration region. The
completely or heavily activated region of the high impu-
rity concentration region serve as the source/drain re-
gions, while the incompletely or lightly activated region
of the high impurity concentration region serve as the
lightly doped drain regions.

[0070] 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
different from the lightly doped drain region which has
a lower impurity concentration than the source and drain
regions. The lightly activated high impurity concentra-
tion region, however, has a low concentration of effec-
tively activated impurity which contributes to electrical
conductivity because of the incomplete or light activa-
tion. Namely, only part of the actually implanted impurity
is effectively activated and serves as effective carrier,
while the remaining part of the actually implanted impu-
rity 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.

[0071] The following embodiments are typical exam-
ples 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 descriptions in one or more typical preferred
embodiments or examples will be made with reference
to the drawings for making it easy to understand the typ-
ical modes for practicing the foregoing aspects of the
present invention.

FIRST EMBODIMENT:

[0072] Afirstembodimentaccording to the presentin-
vention will be described in detail with reference to the
drawings. FIG. 5 is a fragmentary cross sectional ele-
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vation 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. A thin
film field effect transistor is provided over a glass sub-
strate 1. An under-coat layer 2 overlies the glass sub-
strate 1. A semiconductor layer 3 is selectively provided
over the under-coat layer 2. Typically, the semiconduc-
tor layer 3 may be made of polysilicon. The semicon-
ductor layer 3 further comprises a channel layer 3a,
lightly activated 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. A gate electrode 5 is se-
lectively provided over the gate insulating film 4. The
lightly activated high impurity concentration layers 3b
are positioned under the gate electrode 5, so that the
lightly activated high impurity concentration layers 3b
are covered by the gate electrode 5.

[0073] The sufficiently activated high impurity con-
centration layers 3c 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. 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 lay-
ers 3c. Source/drain electrodes 7 are selectively provid-
ed in the contact holes and over the inter-layer insulator
6, so that the source/drain electrodes 7 are in contact
with the sufficiently activated high impurity concentra-
tion layers 3c. The sufficiently activated high impurity
concentration layers 3c serve as source/drain regions.
In addition, the transistor has a pair of top and bottom
light shielding layers 9b and 9a, wherein the top light
shielding layer 9b overlies the transistor, while the bot-
tom light shielding layer 9a underlies the glass substrate
1 of the transistor. The lightly activated high impurity
concentration layers 3b and the sufficiently activated
high impurity concentration layers 3¢ have the same im-
purity concentration. The impurity implanted in the suf-
ficiently 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 dif-
fusion from the sufficiently activated high impurity con-
centration layers 3c. The lightly activated high impurity
concentration layers 3b have not received any laser ir-
radiation. Namely, the activation energy for the lightly
activated high impurity concentration layers 3b depends
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on the thermal diffusion from the sufficiently activated
high impurity concentration layers 3c, for which reason
the activation is insufficient. This insufficient 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 provide an
electrical conductivity. For those reasons, the lightly ac-
tivated high impurity concentration layers 3b exhibits
substantially the same function as the lightly doped
drain regions. Further, the thermal diffusion into the
lightly activated high impurity concentration layers 3b is
directed inwardly from the sufficiently activated high im-
purity concentration layers 3¢ which have received the
laserirradiation in the laser anneal process. For this rea-
son, 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
3ctothe inside position far from the sufficiently activated
high impurity concentration layers 3c. Therefore, the de-
gree of the activation of the impurity may gently or grad-
ually decrease from the outside position near the suffi-
ciently activated high impurity concentration layers 3c
to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Namely, the con-
centration profile of the effectively activated impurity
may gently or gradually decrease from the outside po-
sition near the sufficiently activated high impurity con-
centration layers 3c to the inside position far from the
sufficiently activated high impurity concentration layers
3c. Accordingly, the concentration profile of the effec-
tively activated impurity across the channel region 3a,
the lightly activated high impurity concentration layers
3b and the sufficiently activated high impurity concen-
tration layers 3c are free of any step-like variation or any
other abrupt and rapid variation, whereby no extensively
high field concentration is caused.

[0074] FIGS. 6A through 61 are fragmentary cross
sectional elevation views of thin film field effect transis-
tors 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 invention. As shown in FIG. 6A, a trans-
parent 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 impu-
rity 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 sputter-
ing method and a dipping method. The under-coat layer
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2 may typically comprise, but not limited to, any one of
a silicon oxide layer, a silicon nitride layer, and lamina-
tions thereof.

[0075] AsshowninFIG. 6B, a polycrystal silicon layer
3 is formed over the under-coat layer 2. A typical exam-
ple 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 sili-
con 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 va-
por deposition method, a plasma enhanced chemical
vapor deposition method and a sputtering method. A
typical thickness of the amorphous silicon layer may be
inthe range of 50-100 nm. Instead of the laser irradiation
for crystallization, a solid-state growth method may also
be available.

[0076] As shown in FIG. 6C, a resist pattern is selec-
tively formed over the polycrystal silicon layer 3 by use
of the known lithography technique. The polycrystal sil-
icon 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.
[0077] Asshownin FIG. 6D, another resist pattern 10
is also selectively formed over the patterned polycrystal
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 polycrystal silicon layer 3 except under the
resist pattern 10, thereby to form high impurity concen-
tration regions 3ain the patterned polycrystal silicon lay-
er 3, except under the resist pattern 10. The impurity
may, for example, be phosphorous but not limited there-
to. A size of the resist pattern 10 is smaller than an in-
tended gate electrode formation region by a size of light-
ly activated high impurity concentration 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 8E14 /cm2 through 3E15 /cm2. 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.

[0078] As shown in FIG 6E, a gate insulating film 4 is
then formed over the semiconductor layer 3 and the un-
der-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 sputtering method. The thickness of the gate in-
sulating film 4 may advantageously be decided by taking
into account a driving condition of the device and a driv-
ing voltage. A typical example of the thickness of the
gate insulating film 4 may be in the range of 30-200 nm,
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and preferably 50-100 nm.

[0079] As shown in FIG. 6F, a conductive film is de-
posited over the gate insulating film 4. The conductive
film may comprise any available conductive film, for ex-
ample, 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 concentration regions 3a of
the semiconductor layer 3, then the gate electrode 5 al-
so overlaps predetermined inside regions of the high im-
purity concentration regions 3a of the semiconductor
layer 3. In this typical example, the above overlap ap-
pears 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 not-
ed that if the transistor is for the switching transistor uti-
lizing the inversion between the source and drain re-
gions, then the above overlap should appear symmetri-
cally in both the source and drain sides.

[0080] As shownin FIG. 6G, a selective laser irradia-
tion process is then carried out by use of the gate elec-
trode 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 pur-
pose 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 con-
centration layers 3c. The impurity in the non-overlapped
regions or the sufficiently activated high impurity con-
centration layers 3c is sufficiently activated and the most
of the impurity becomes effectively activated impurity
which contributes to the electrical conductivity. On the
other hand, the gate-overlapped regions of the semicon-
ductor layer 3 do not receive the laser beam irradiation
but do receive a thermal diffusion from the non-over-
lapped regions, whereby the gate-overlapped regions
become lightly activated high impurity concentration lay-
ers 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 im-
purity becomes effectively activated impurity which con-
tributes to the electrical conductivity. Namely, the lightly
activated high impurity concentration layers 3b has a
lower concentration of the effectively activated impurity,
which contributes to the electrical conductivity, than the
concentration of the implanted-impurity.
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[0081] 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 suf-
ficiently 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 diffu-
sion from the sufficiently activated high impurity concen-
tration layers 3c. The lightly activated high impurity con-
centration layers 3b have not received any laser irradi-
ation. Namely, the activation energy for the lightly acti-
vated 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 de-
pending 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 provide an
electrical conductivity. For those reasons, the lightly ac-
tivated high impurity concentration layers 3b exhibits
substantially the same function as the lightly doped
drain regions. Further, the thermal diffusion into the
lightly activated high impurity concentration layers 3b is
directed inwardly from the sufficiently activated high im-
purity concentration layers 3c which have received the
laserirradiation in the laser anneal process. For this rea-
son, 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
3cto the inside position far from the sufficiently activated
high impurity concentration layers 3c. Therefore, the de-
gree of the activation of the impurity may gently or grad-
ually decrease from the outside position near the suffi-
ciently activated high impurity concentration layers 3c
to the inside position far from the sufficiently activated
high impurity concentration layers 3c. Namely, the con-
centration profile of the effectively activated impurity
may gently or gradually decrease from the outside po-
sition near the sufficiently activated high impurity con-
centration layers 3c to the inside position far from the
sufficiently activated high impurity concentration layers
3c. Accordingly, the concentration profile of the effec-
tively activated impurity across the channel region free
of impurity implantation, the lightly activated high impu-
rity concentration layers 3b and the sufficiently activated
high impurity concentration layers 3c are free of any
step-like variation or any other abrupt and rapid varia-
tion, whereby no extensively high field concentration is
caused. The energy of the laser irradiation may be de-
cided by taking into account respective thicknesses of
the semiconductor layer 3 and the gate insulating film 4
as well as respective surface reflectivities thereof, and
also with reference to an energy which causes semicon-
ductor or silicon of the semiconductor layer 3 to be melt.
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A typical example of the laser irradiation energy may be
in the range of 250-300 mJ, but not limited thereto.
[0082] As shown in FIG. 6H, an inter-layer insulator 6
is deposited over the gate electrode 5 and the gate in-
sulating 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 con-
centration layers 3c serving as source and drain re-
gions.

[0083] AsshowninFIG. 61, a metal filmis 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 lay-
ers 3c. The deposition may be made by any available
method, for example, a sputtering method. A typical ex-
ample 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. As described above, the above novel method
for forming the improved gate-overlap-drain structure
utilizes a single pair of the above-described single im-
purity implantation process and the above-described
single laser anneal process. The improved gate-over-
lap-drain structure includes the lightly activated high im-
purity 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 re-
gions. 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. After the above-described se-
lective ion-implantation is carried out to form a high im-
purity concentration region 3a, then the above-de-
scribed selective laser beam irradiation is carried out to
the non-overlapped regions of the high impurity concen-
tration region 3a for causing sufficient activation of the
impurity in the laser-irradiated regions 3c of the high im-
purity concentration region 3a, while causing in suffi-
cient activation of the impurity in the remaining heat-dif-
fused regions 3b free from the laser irradiation in the
high impurity concentration region 3a. The completely
or highly activated regions 3c of the high impurity con-
centration 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. The lightly activated high im-
purity concentration layers 3b have the same high im-
purity concentration as the source and drain regions or
the sufficiently activated high impurity concentration lay-
ers 3c, for which reason the lightly activated high impu-
rity concentration layers 3b are distinctly different from
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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 effectively ac-
tivated impurity which contributes to electrical conduc-
tivity because of the incomplete or light activation de-
pending only upon the thermal diffusion from the suffi-
ciently activated high impurity concentration layers 3c.
[0084] 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 ther-
mal diffusion into the lightly activated high impurity con-
centration layers 3b is directed inwardly from the suffi-
ciently activated high impurity concentration layers 3c
which have received the laser irradiation in the laser an-
neal process. For this reason, the heat energy absorbed
into the lightly activated high impurity concentration lay-
ers 3b may gently or gradually decrease from the out-
side position near the sufficiently activated high impurity
concentration layers 3c to the inside position far from
the sufficiently activated high impurity concentration lay-
ers 3c. Therefore, the degree of the activation of the im-
purity may gently or gradually decrease from the outside
position near the sufficiently activated high impurity con-
centration layers 3c 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 concentration layers 3c to the inside posi-
tion far from the sufficiently activated high impurity con-
centration layers 3c.

[0085] Accordingly, as shown in FIG. 7, the concen-
tration profile of the effectively activated impurity across
the channel region 3a, the lightly activated high impurity
concentration layers 3b and the sufficiently activated
high impurity concentration layers 3c are free of any
step-like variation or any other abrupt and rapid varia-
tion, 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. The above-described thin
film field effect transistor may be applicable to a variety
of transistors, typically, for example, a switching transis-
tor 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 applicable to a variety of
display devices and semiconductor devices. As de-
scribed above, in accordance with the improved gate-
overlap-drain structure, the lightly activated high impu-
rity 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 sub-
strate of the display into the lightly activated high impu-
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rity concentration layers 3b. Namely, it is ensured to
avoid the undesirable leakage of light or possible inci-
dence of light into the lightly activated high impurity con-
centration layers 3b. In accordance with the above-de-
scribed typical example, the transistor is formed over the
glass substrate as 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.

SECOND EMBODIMENT :

[0086] A second embodiment according to the
present invention will be described in detail with refer-
ence to the drawings. FIG. 8 is a fragmentary cross sec-
tional elevation view of a novel thin film field effect tran-
sistor with an improved gate-overlap-drain structure in
accordance with the second embodiment of the present
invention. A thin film field effect transistor is provided
over a silicon substrate 13. Isolation insulating films 14
are selectively 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 pro-
vided over the gate insulating 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 ad-
jacent to opposite sides of a channel layer. Further, suf-
ficiently activated high impurity concentration layers 3c
are also selectively provided in the silicon substrate 13,
wherein the sufficiently activated high impurity concen-
tration layers 3c are adjacent to outsides of the lightly
activated high impurity concentration layers 3b. The
lightly activated high impurity concentration layers 3b
are positioned under the gate electrode 5, so that the
lightly activated high impurity concentration layers 3b
are covered by the gate electrode 5. The sufficiently ac-
tivated high impurity concentration layers 3c are posi-
tioned under outsides of the gate electrode 5, so that
the sufficiently activated high impurity concentration lay-
ers 3c are not covered by the gate electrode 5. Respec-
tive boundaries between the sufficiently activated high
impurity concentration layers 3¢ and the lightly activated
high impurity concentration layers 3b are self-aligned to
the opposite side-edges of the gate electrode 5. An in-
ter-layer insulator 6 extends over the gate electrode 5
and the gate insulating film 4. Contact holes are provid-
ed 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 inter-layer insulator 6, so that the
source/drain electrodes 7 are in contact with the suffi-
ciently activated high impurity concentration layers 3c.
The sufficiently activated high impurity concentration
layers 3c serve as source/drain regions. The lightly ac-
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tivated high impurity concentration layers 3b and the
sufficiently activated high impurity concentration layers
3c have the same impurity concentration. The impurity
implanted in the sufficiently activated high impurity con-
centration 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 acti-
vated by a thermal diffusion from the sufficiently activat-
ed high impurity concentration layers 3c. The lightly ac-
tivated high impurity concentration layers 3b have not
received any laser irradiation. Namely, the activation en-
ergy for the lightly activated high impurity concentration
layers 3b depends on the thermal diffusion from the suf-
ficiently activated high impurity concentration layers 3c,
for which reason the activation is insufficient. This insuf-
ficient activation depending on the thermal diffusion
gives rise to a lower concentration of the effectively ac-
tivated impurity than the implanted-impurity concentra-
tion. The effectively activated impurity only may contrib-
ute to provide an electrical conductivity. For those rea-
sons, the lightly activated high impurity concentration
layers 3b exhibits substantially the same function as the
lightly doped drain regions. Further, the thermal diffu-
sion into the lightly activated high impurity concentration
layers 3b is directed inwardly from the sufficiently acti-
vated high impurity concentration layers 3c which have
received the laser irradiation in the laser anneal proc-
ess. For this reason, the heat energy absorbed into the
lightly activated high impurity concentration layers 3b
may gently or gradually decrease from the outside po-
sition near the sufficiently activated high impurity con-
centration 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 po-
sition near the sufficiently activated high impurity con-
centration layers 3c 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 concentration layers 3c to the inside posi-
tion far from the sufficiently activated high impurity con-
centration layers 3c. Accordingly, the concentration pro-
file of the effectively activated impurity across the chan-
nel region, the lightly activated high impurity concentra-
tion layers 3b and the sufficiently activated high impurity
concentration layers 3c are free of any step-like varia-
tion or any other abrupt and rapid variation, whereby no
extensively high field concentration is caused. 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 se-
lective 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
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lightly activated high impurity concentration 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 5 are sufficiently activated and be-
come the sufficiently activated high impurity concentra-
tion layers 3c, while the laser-irradiation-free regions
overlapped and covered by the gate electrode 5 are in-
sufficiently activated by the thermal diffusion from the
laser-irradiated regions and become the lightly activated
high impurity concentration layers 3b.

THIRD EMBODIMENT:

[0087] A third embodiment according to the present
invention will be described in detail with reference to the
drawings. This third embodiment is different from the
first embodiment but only parts of the processes for
forming the transistor, for which reason the following de-
scriptions will focus on the sequential processes. FIGS.
9A through 9l are fragmentary cross sectional elevation
views of thin film field effect transistors with the im-
proved 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 in-
vention. 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 insu-
lating 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 pro-
vided in order to prevent any further impurity diffusion
from the substrate 1 to any overlying layers, for exam-
ple, 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 sputtering method
and a dipping method. The under-coat layer 2 may typ-
ically comprise, but not limited to, any one of a silicon
oxide layer, a silicon nitride layer, and laminations there-
of.

[0088] AsshowninFIG. 9B, a polycrystal silicon layer
3 is formed over the under-coat layer 2. A typical exam-
ple 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 sili-
con 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 va-
por 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
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for crystallization, a solid-state growth method may also
be available.

[0089] As shown in FIG. 9C, a resist pattern is selec-
tively formed over the polycrystal silicon layer 3 by use
of the known lithography technique. The polycrystal sil-
icon 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. In the
above-described first embodiment, the polycrystal sili-
con layer 3 is directly subjected to the impurity implan-
tation. This direct exposure to the impurity implantation
may allow the polycrystal silicon layer 3 to be damaged
in crystal structure. In order to avoid the polycrystal sil-
icon layer 3 from the possibility of damage in the crystal
structure, the following addition process is carried out.
[0090] 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 pat-
tern 10 is also selectively formed over the dummy oxide
film 15. A selective impurity-implantation process is car-
ried 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 concentration regions 3a in the pat-
terned polycrystal silicon layer 3, except under the resist
pattern 10. The impurity may, for example, be phospho-
rous 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 con-
centration layers.

[0091] As shown in FIG. 9E, the used resist pattern
10 is then removed. Further, the used dummy oxide film
15 is also removed.

[0092] As shown in FIG. 9F, a gate insulating film 4 is
then formed over the semiconductor layer 3 and the un-
der-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 sputtering method. The thickness of the gate in-
sulating film 4 may advantageously be decided by taking
into account a driving condition of the device and a driv-
ing 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. Further, a conductive film is
deposited over the gate insulating film 4. The conductive
film may comprise any available conductive film, for ex-
ample, asilicide 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
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to define the conductive film into a gate electrode 5.
Since the resist pattern overlaps predetermined inside
regions of the high impurity concentration regions 3a of
the semiconductor layer 3, then the gate electrode 5 al-
so overlaps predetermined inside regions of the high im-
purity concentration regions 3a of the semiconductor
layer 3. In this typical example, the above overlap ap-
pears 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 not-
ed that if the transistor is for the switching transistor uti-
lizing the inversion between the source and drain re-
gions, then the above overlap should appear symmetri-
cally in both the source and drain sides.

[0093] As shownin FIG. 9G, a selective laser irradia-
tion process is then carried out by use of the gate elec-
trode 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 pur-
pose 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 con-
centration layers 3c. The impurity in the non-overlapped
regions or the sufficiently activated high impurity con-
centration layers 3c is sufficiently activated and the most
of the impurity becomes effectively activated impurity
which contributes to the electrical conductivity. On the
other hand, the gate-overlapped regions of the semicon-
ductor layer 3 do not receive the laser beam irradiation
but do receive a thermal diffusion from the non-over-
lapped regions, whereby the gate-overlapped regions
become lightly activated high impurity concentration lay-
ers 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 im-
purity becomes effectively activated impurity which con-
tributes to the electrical conductivity. Namely, the lightly
activated high impurity concentration layers 3b has a
lower concentration of the effectively activated impurity,
which contributes to the electrical conductivity, than the
concentration of the implanted-impurity. Namely, the
lightly activated high impurity concentration layers 3b
and the sufficiently activated high impurity concentration
layers 3c have the same impurity concentration. The im-
purity implanted in the sufficiently activated high impu-
rity concentration layers 3c are sufficiently activated by
direct laser beam irradiation in the lease anneal proc-
ess. The impurity implanted in the lightly activated high
impurity concentration layers 3b are lightly or insuffi-
ciently activated by a thermal diffusion from the suffi-
ciently activated high impurity concentration layers 3c.
The lightly activated high impurity concentration layers
3b have not received any laser irradiation. Namely, the
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activation energy for the lightly activated high impurity
concentration layers 3b depends on the thermal diffu-
sion from the sufficiently activated high impurity concen-
tration layers 3c, for which reason the activation is in-
sufficient. This insufficient activation depending on the
thermal diffusion gives rise to a lower concentration of
the effectively activated impurity than the implanted-im-
purity concentration. The effectively activated impurity
only may contribute to provide 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. Further, the
thermal diffusion into the lightly activated high impurity
concentration layers 3b is directed inwardly from the suf-
ficiently activated high impurity concentration layers 3c
which have received the laser irradiation in the laser an-
neal process. For this reason, the heat energy absorbed
into the lightly activated high impurity concentration lay-
ers 3b may gently or gradually decrease from the out-
side position near the sufficiently activated high impurity
concentration layers 3c to the inside position far from
the sufficiently activated high impurity concentration lay-
ers 3c. Therefore, the degree of the activation of the im-
purity may gently or gradually decrease from the outside
position near the sufficiently activated high impurity con-
centration layers 3c 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 concentration layers 3c to the inside posi-
tion far from the sufficiently activated high impurity con-
centration layers 3c. Accordingly, the concentration pro-
file of the effectively activated impurity across the chan-
nel region free of impurity implantation, the lightly acti-
vated high impurity concentration layers 3b and the suf-
ficiently activated high impurity concentration layers 3c
are free of any step-like variation or any other abrupt
and rapid variation, whereby no extensively high field
concentration is caused. The energy of the laser irradi-
ation may be decided by taking into account respective
thicknesses of the semiconductor layer 3 and the gate
insulating film 4 as well as respective surface reflectiv-
ities thereof, and also with reference to an energy which
causes semiconductor or silicon of the semiconductor
layer 3 to be melt. A typical example of the laser irradi-
ation energy may be in the range of 250-300 mJ, but not
limited thereto.

[0094] As shown in FIG. 9H, an inter-layer insulator 6
is deposited over the gate electrode 5 and the gate in-
sulating 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 con-
centration layers 3c serving as source and drain re-
gions.

[0095] AsshowninFIG. 91, a metal filmis 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
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the sufficiently activated high impurity concentration lay-
ers 3c. The deposition may be made by any available
method, for example, a sputtering method. A typical ex-
ample 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.

FOURTH EMBODIMENT :

[0096] 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 de-
scriptions will focus on the sequential processes. FIGS.
10A through 10l are fragmentary cross sectional eleva-
tion views of thin film field effect transistors with the im-
proved 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. As shown in FIG. 10A, a transparent insulat-
ing substrate 1 such as a glass substrate 1 is prepared.
An under-coat layer 2 is formed over the transparent in-
sulating substrate 1. The under-coat layer 2 may typi-
cally 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 dif-
fusion 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 diffu-
sion 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 sputter-
ing 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 lamina-
tions thereof.

[0097] AsshowninFIG. 10B, a polycrystal silicon lay-
er 3 is formed over the under-coat layer 2. A typical ex-
ample 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 sili-
con 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 va-
por 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.
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[0098] As shown in FIG. 10C, a resist pattern is se-
lectively 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. In
the above-described first embodiment, the polycrystal
silicon layer 3 is directly subjected to the impurity im-
plantation. This direct exposure to the impurity implan-
tation may allow the polycrystal silicon layer 3 to be dam-
aged in crystal structure. In order to avoid the polycrystal
silicon layer 3 from the possibility of damage in the crys-
tal structure, the following addition process is carried
out.

[0099] 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.
Subsequently, another resist pattern 10 is also selec-
tively formed over the dummy oxide film 15. 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 un-
der the resist pattern 10, thereby to form high impurity
concentration regions 3a in the patterned polycrystal sil-
icon layer 3, except under the resist pattern 10. The im-
purity may, for example, be phosphorous 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 concentration layers.
[0100] 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.

[0101] 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 com-
prise any available insulating film including but not lim-
ited to silicon oxide and silicon nitride. The gate insulat-
ing film 4 may be formed by one of any available meth-
ods such as a low pressure chemical vapor deposition
method, a plasma enhanced chemical vapor deposition
method and a sputtering 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. Further, a con-
ductive film is deposited over the gate insulating film 4.
The conductive film may comprise any available con-
ductive film, for example, a silicide film, a metal film, and
an impurity-doped silicon film. The deposition may typ-
ically 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 con-
ductive film by the know lithography technique. An ani-
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sotropic 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 con-
centration regions 3a of the semiconductor layer 3, then
the gate electrode 5 also overlaps predetermined inside
regions of the high impurity concentration regions 3a 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 ap-
pears 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.
[0102] As shownin FIG. 10G, a selective laser irradi-
ation process is then carried out by use of the gate elec-
trode 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-overlapped regions of the semi-
conductor layer 3 do receive the laser beam irradiation,
whereby the non-overlapped regions become sufficient-
ly activated high impurity concentration layers 3c. The
impurity in the non-overlapped regions or the sufficiently
activated high impurity concentration layers 3c is suffi-
ciently activated and the most of the impurity becomes
effectively activated impurity which contributes to the
electrical conductivity. On the other hand, the gate-over-
lapped regions of the semiconductor layer 3 do not re-
ceive 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 concentration layers 3b. The impurity in the
gate-overlapped regions or the lightly activated high im-
purity concentration layers 3b is insufficiently activated
and the minority of the impurity becomes effectively ac-
tivated impurity which contributes to the electrical con-
ductivity. Namely, the lightly activated high impurity con-
centration layers 3b has a lower concentration of the ef-
fectively activated impurity, which contributes to the
electrical conductivity, than the concentration of the im-
planted-impurity. Namely, the lightly activated high im-
purity concentration layers 3b and the sufficiently acti-
vated high impurity concentration layers 3c have the
same impurity concentration. The impurity implanted in
the sufficiently activated high impurity concentration lay-
ers 3c are sufficiently activated by direct laser beam ir-
radiation in the lease anneal process. The impurity im-
planted in the lightly activated high impurity concentra-
tion layers 3b are lightly or insufficiently activated by a
thermal diffusion from the sufficiently activated high im-
purity concentration layers 3c. The lightly activated high
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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 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. Further, the thermal diffusion into
the lightly activated high impurity concentration layers
3b is directed inwardly from the sufficiently activated
high impurity concentration layers 3c which have re-
ceived 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 concentra-
tion layers 3c to the inside position far from the suffi-
ciently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity
may gently or gradually decrease from the outside po-
sition near the sufficiently activated high impurity con-
centration layers 3c 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 concentration layers 3c to the inside posi-
tion far from the sufficiently activated high impurity con-
centration layers 3c. Accordingly, the concentration pro-
file of the effectively activated impurity across the chan-
nel region free of impurity implantation, the lightly acti-
vated high impurity concentration layers 3b and the suf-
ficiently activated high impurity concentration layers 3c
are free of any step-like variation or any other abrupt
and rapid variation, whereby no extensively high field
concentration is caused. The energy of the laser irradi-
ation may be decided by taking into account respective
thicknesses of the semiconductor layer 3 and the gate
insulating film 4 as well as respective surface reflectiv-
ities thereof, and also with reference to an energy which
causes semiconductor or silicon of the semiconductor
layer 3 to be melt. A typical example of the laser irradi-
ation energy may be in the range of 250-300 mJ, but not
limited thereto.

[0103] As shown 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 impurity concentration layers 3c serving
as source and drain regions.

[0104] As shown in FIG. 10l, a metal film is also de-
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posited over the inter-layer insulator 6 and within the
contact holes 8, so that the metal film is made into con-
tact with the sufficiently activated high impurity concen-
tration 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 ani-
sotropic etching process, thereby forming the thin film
field effect transistor including the improved gate-over-
lap-drain structure.

FIFTH EMBODIMENT :

[0105] A fifth embodiment according to the presentin-
vention will be described in detail with reference to the
drawings. This fifth embodiment is different from the first
embodiment but only parts of the processes for forming
the transistor, for which reason the following descrip-
tions will focus on the sequential processes. FIGS. 11A
through 111 are fragmentary cross sectional elevation
views of thin film field effect transistors with the im-
proved 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 in-
vention. 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 insu-
lating 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 pro-
vided in order to prevent any further impurity diffusion
from the substrate 1 to any overlying layers, for exam-
ple, 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 sputtering method
and a dipping method. The under-coat layer 2 may typ-
ically comprise, but not limited to, any one of a silicon
oxide layer, a silicon nitride layer, and laminations there-
of.

[0106] AsshowninFIG. 11B, a polycrystal silicon lay-
er 3 is formed over the under-coat layer 2. A typical ex-
ample 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 sili-
con 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 va-
por 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
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for crystallization, a solid-state growth method may also
be available.

[0107] As shown in FIG. 11C, a resist pattern is se-
lectively 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. In
the above-described first embodiment, the polycrystal
silicon layer 3 is directly subjected to the impurity im-
plantation. This direct exposure to the impurity implan-
tation may allow the polycrystal silicon layer 3 to be dam-
aged in crystal structure. In order to avoid the polycrystal
silicon layer 3 from the possibility of damage in the crys-
tal structure, an additional dummy oxide film is formed
which may act as a gate oxide film.

[0108] 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 re-
sist pattern 10 is also selectively formed over the dummy
oxide film 15. 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 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
phosphorous 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 impu-
rity concentration layers.

[0109] 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 here-
inafter refereed to as a gate insulating film 15.

[0110] As shown in FIG. 11F, a conductive film is de-
posited over the gate insulating film 15. The conductive
film may comprise any available conductive film, for ex-
ample, assilicide 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 concentration regions 3a of
the semiconductor layer 3, then the gate electrode 5 al-
so overlaps predetermined inside regions of the high im-
purity concentration regions 3a of the semiconductor
layer 3. In this typical example, the above overlap ap-
pears symmetrically both the source and drain sides, but
it should be noted that the above overlap is needed at
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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 not-
ed that if the transistor is for the switching transistor uti-
lizing the inversion between the source and drain re-
gions, then the above overlap should appear symmetri-
cally in both the source and drain sides.

[0111] As shown in FIG. 11G, a selective laser irradi-
ation process is then carried out by use of the gate elec-
trode 5 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-overlapped regions of the semi-
conductor layer 3 do receive the laser beam irradiation,
whereby the non-overlapped regions become sufficient-
ly activated high impurity concentration layers 3c. The
impurity in the non-overlapped regions or the sufficiently
activated high impurity concentration layers 3c is suffi-
ciently activated and the most of the impurity becomes
effectively activated impurity which contributes to the
electrical conductivity. On the other hand, the gate-over-
lapped regions of the semiconductor layer 3 do not re-
ceive 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 concentration layers 3b. The impurity in the
gate-overlapped regions or the lightly activated high im-
purity concentration layers 3b is insufficiently activated
and the minority of the impurity becomes effectively ac-
tivated impurity which contributes to the electrical con-
ductivity. Namely, the lightly activated high impurity con-
centration layers 3b has a lower concentration of the ef-
fectively activated impurity, which contributes to the
electrical conductivity, than the concentration of the im-
planted-impurity. Namely, the lightly activated high im-
purity concentration layers 3b and the sufficiently acti-
vated high impurity concentration layers 3c have the
same impurity concentration. The impurity implanted in
the sufficiently activated high impurity concentration lay-
ers 3c are sufficiently activated by direct laser beam ir-
radiation in the lease anneal process. The impurity im-
planted in the lightly activated high impurity concentra-
tion layers 3b are lightly or insufficiently activated by a
thermal diffusion from the sufficiently activated high im-
purity 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 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-
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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. Further, the thermal diffusion into
the lightly activated high impurity concentration layers
3b is directed inwardly from the sufficiently activated
high impurity concentration layers 3c which have re-
ceived 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 concentra-
tion layers 3c to the inside position far from the suffi-
ciently activated high impurity concentration layers 3c.
Therefore, the degree of the activation of the impurity
may gently or gradually decrease from the outside po-
sition near the sufficiently activated high impurity con-
centration layers 3c 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 concentration layers 3c to the inside posi-
tion far from the sufficiently activated high impurity con-
centration layers 3c. Accordingly, the concentration pro-
file of the effectively activated impurity across the chan-
nel region free of impurity implantation, the lightly acti-
vated high impurity concentration layers 3b and the suf-
ficiently 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. The energy of the laser irradi-
ation may be decided by taking into account respective
thicknesses of the semiconductor layer 3 and the gate
insulating film 15 as well as respective surface reflectiv-
ities thereof, and also with reference to an energy which
causes semiconductor or silicon of the semiconductor
layer 3 to be melt. A typical example of the laser irradi-
ation energy may be in the range of 250-300 mJ, but not
limited thereto.

[0112] As shown 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 con-
centration layers 3c serving as source and drain re-
gions.

[0113] As shown in FIG. 111, a metal film is also de-
posited over the inter-layer insulator 6 and within the
contact holes 8, so that the metal film is made into con-
tact with the sufficiently activated high impurity concen-
tration 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
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a known lithography technique and a subsequent ani-
sotropic etching process, thereby forming the thin film
field effect transistor including the improved gate-over-
lap-drain structure. In accordance with the present em-
bodiment, 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.

SIXTH EMBODIMENT:

[0114] 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 ele-
vation 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 pro-
vided. 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 posi-
tioned.

[0115] A staggered thin film field effect transistor is
provided over a glass substrate 1. An under-coat layer
2 overlies the glass substrate 1. Source/drain electrodes
20 are selectively provided over the under-coat layer 2.
A semiconductor layer 3 is selectively provided over the
source/drain electrodes 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 semiconductor layer further compris-
es an amorphous silicon channel layer 21, lightly acti-
vated high impurity concentration layers 3b in contact
directly with opposite sides of the amorphous silicon
channel layer 21, 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 semicon-
ductor layer 3 and the under-coat layer 2.

[0116] A gate electrode 5 is selectively provided over
the gate insulating film 4. The lightly activated high im-
purity concentration layers 3b are positioned under the
gate electrode 5, so that the lightly activated high impu-
rity concentration layers 3b are covered by the gate
electrode 5. The sufficiently activated high impurity con-
centration layers 3c 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.

[0117] Aninter-layerinsulator 6 extends over the gate
electrode 5 and the gate insulating film 4. Contact holes
are provided in laminations of the sufficiently activated
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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 se-
lectively provided in the contact holes and over the inter-
layer insulator 6, so that the source/drain electrodes 7
are in contact with the source/drain electrodes 20. The
sufficiently activated high impurity concentration layers
3c serve as source/drain regions.

[0118] The lightly activated high impurity concentra-
tion layers 3b and the sufficiently activated high impurity
concentration layers 3c have the same impurity concen-
tration. The impurity implanted in the sufficiently activat-
ed high impurity concentration layers 3c are sufficiently
activated by direct laser beam irradiation in the lease
anneal process. The impurity implanted in the lightly ac-
tivated 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 lay-
ers 3b have not received any laser irradiation. Namely,
the activation energy for the lightly activated high impu-
rity concentration layers 3b depends on the thermal dif-
fusion from the sufficiently activated high impurity con-
centration layers 3c, for which reason the activation is
insufficient. This insufficient activation depending on the
thermal diffusion gives rise to a lower concentration of
the effectively activated impurity than the implanted-im-
purity concentration. The effectively activated impurity
only may contribute to provide 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.

[0119] Further, the thermal diffusion into the lightly ac-
tivated high impurity concentration layers 3b is directed
inwardly from the sufficiently activated high impurity
concentration layers 3c 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 in-
side position far from the sufficiently activated high im-
purity concentration layers 3c. Therefore, the degree of
the activation of the impurity may gently or gradually de-
crease from the outside position near the sufficiently ac-
tivated high impurity concentration layers 3c to the in-
side position far from the sufficiently activated high im-
purity concentration layers 3c. Namely, the concentra-
tion profile of the effectively activated impurity may gen-
tly or gradually decrease from the outside position near
the sufficiently activated high impurity concentration lay-
ers 3c to the inside position far from the sufficiently ac-
tivated high impurity concentration layers 3c. According-
ly, the concentration profile of the effectively activated
impurity across the channel region 3a, the lightly acti-
vated high impurity concentration layers 3b and the suf-
ficiently activated high impurity concentration layers 3c
are free of any step-like variation or any other abrupt
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and rapid variation, whereby no extensively high field
concentration is caused. This concentration profile of
the effectively activated impurity prevents traps of the
hot carriers and thus allow a long carrier life-time.
[0120] Similarly to the foregoing embodiments, the
above improved gate-overlap-drain structure may also
be formed by a single pair of a single impurity implanta-
tion 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 concentration 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 5 are sufficiently activated and be-
come the sufficiently activated high impurity concentra-
tion layers 3c, while the laser-irradiation-free regions
overlapped and covered by the gate electrode 5 are in-
sufficiently activated by the thermal diffusion from the
laser-irradiated regions and become the lightly activated
high impurity concentration layers 3b.

[0121] 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.

[0122] Although the invention has been described
above in connection with several preferred embodi-
ments therefor, it will be appreciated that those embod-
iments have been provided solely for illustrating the in-
vention, and not in a limiting sense. Numerous modifi-
cations and substitutions of equivalent materials and
techniques will be readily apparent to those skilled in the
art after reading the present application, and all such
modifications and substitutions are expressly under-
stood to fall within the true scope and spirit of the ap-
pended claims.

Claims

1. Asemiconductor structure in a field effect transistor,
said structure comprising:

a semiconductor layer;

an insulating layer overlying said semiconduc-
tor layer ; and

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

characterized in that said semiconductor
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layer further includes :

atleast a lightly activated high impurity concen-
tration layer having a first implanted-impurity
concentration value, and a first effectively-acti-
vated-impurity concentration range which is
lower than said first implanted-impurity concen-
tration value; and

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

The semiconductor structure as claimed in claim 1,
characterized in that said at least a lightly activat-
ed high impurity concentration layer is positioned
under said gate electrode.

The semiconductor structure as claimed in claim 2,
characterized in that 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.

The semiconductor structure as claimed in claim 3,
characterized in that said at least a lightly activat-
ed 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 dis-
tance from said at least a sufficiently activated high
impurity concentration layer is increased.

The semiconductor structure as claimed in claim 4,
characterized in that said at least a sufficiently ac-
tivated high impurity concentration layer is suffi-
ciently activated by a laser beam irradiation, while
said at least a lightly activated high impurity con-
centration layer is insufficiently activated by a ther-
mal diffusion from said at least a sufficiently activat-
ed high impurity concentration layer.

The semiconductor structure as claimed in claim 1,
characterized in that said at least a sufficiently ac-
tivated 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.
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The semiconductor structure as claimed in claim 1,
characterized in that said semiconductor layer
comprises :

a channel region;

said lightly activated high impurity concentra-
tion layers adjacent to opposite sides of said
channel region ; and

said sufficiently activated high impurity concen-
tration layers adjacent to opposite outsides of
said lightly activated high impurity concentra-
tion layers, and said sufficiently activated high
impurity concentration layers serve as source
and drain regions, and respective boundaries
between said lightly activated high impurity
concentration layers and said sufficiently acti-
vated high impurity concentration layers are
aligned to opposite side edges of said gate
electrode.

A semiconductor structure in a field effect transistor,
said structure comprising:

a semiconductor layer;

an insulating layer overlying said semiconduc-
tor layer; and

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

characterized in that said semiconductor
layer further includes :

at least a sufficiently activated high impurity
concentration layer being sufficiently activated
by a laser beam irradiation, and

at least a lightly activated high impurity concen-
tration layer being bounded with said at least a
sufficiently activated high impurity concentra-
tion layer, and said at least a lightly activated
high impurity concentration layer being insuffi-
ciently activated by a thermal diffusion from
said at least a sufficiently activated high impu-
rity concentration layer.

The semiconductor structure as claimed in claim 8,
characterized in that said at least a lightly activat-
ed high impurity concentration layer is positioned
under said gate electrode.

The semiconductor structure as claimed in claim 9,
characterized in that 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.

The semiconductor structure as claimed in claim
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10, characterized in that said at least a lightly ac-
tivated high impurity concentration layer has a gen-
tle decrease in a first effectively-activated-impurity
concentration value as a distance from said at least
a sufficiently activated high impurity concentration
layer is increased.

The semiconductor structure as claimed in claim 11,
characterized in that said at least a lightly activat-
ed high impurity concentration layer has a first im-
planted-impurity concentration value, and a first ef-
fectively-activated-impurity concentration range
which is lower than said first implanted-impurity
concentration value ; and

characterized in that said at least a suffi-
ciently activated high impurity concentration layer
has a second implanted-impurity concentration val-
ue which is substantially the same as said first im-
planted-impurity concentration value, and a second
effectively-activated-impurity concentration value
which is higher than said first effectively-activated-
impurity concentration range.

The semiconductor structure as claimed in claim 8,
characterized in that said at least a sufficiently ac-
tivated 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.

The semiconductor structure as claimed in claim 8,
characterized in that said semiconductor layer
comprises :

a channel region;

said lightly activated high impurity concentra-
tion layers adjacent to opposite sides of said
channel region ; and

said sufficiently activated high impurity concen-
tration layers adjacent to opposite outsides of
said lightly activated high impurity concentra-
tion layers, and said sufficiently activated high
impurity concentration layers serve as source
and drain regions, and respective boundaries
between said lightly activated high impurity
concentration layers and said sufficiently acti-
vated high impurity concentration layers are
aligned to opposite side edges of said gate
electrode.

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,
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characterized in that said drain region fur-
ther includes :

atleast a lightly activated high impurity concen-
tration layer having a first implanted-impurity
concentration value, and a first effectively-acti-
vated-impurity concentration range which is
lower than said first implanted-impurity concen-
tration value ; and

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

The field effect transistor as claimed in claim 15,
characterized in that said at least a lightly activat-
ed high impurity concentration layer is positioned
under said gate electrode.

The field effect transistor as claimed in claim 16,
characterized in that 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.

The field effect transistor as claimed in claim 17,
characterized in that said at least a lightly activat-
ed 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 dis-
tance from said at least a sufficiently activated high
impurity concentration layer is increased.

The field effect transistor as claimed in claim 18,
characterized in that said at least a sufficiently ac-
tivated high impurity concentration layer is suffi-
ciently activated by a laser beam irradiation, while
said at least a lightly activated high impurity con-
centration layer is insufficiently activated by a ther-
mal diffusion from said at least a sufficiently activat-
ed high impurity concentration layer.

The field effect transistor as claimed in claim 15,
characterized in that said source region has the

same structure as said drain region.

A field effect transistor including :
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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,

characterized in that said drain region fur-
ther includes :

at least a sufficiently activated high impurity
concentration layer being sufficiently activated
by a laser beam irradiation, and

at least a lightly activated high impurity concen-
tration layer being bounded with said at least a
sufficiently activated high impurity concentra-
tion layer, and said at least a lightly activated
high impurity concentration layer being insuffi-
ciently activated by a thermal diffusion from
said at least a sufficiently activated high impu-
rity concentration layer.

The field effect transistor as claimed in claim 21,
characterized in that said at least a lightly activat-
ed high impurity concentration layer is positioned
under said gate electrode.

The field effect transistor as claimed in claim 22,
characterized in that 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.

The field effect transistor as claimed in claim 23,
characterized in that said at least a lightly activat-
ed high impurity concentration layer has a gentle
decrease in a first effectively-activated-impurity
concentration value as a distance from said at least
a sufficiently activated high impurity concentration
layer is increased.

The field effect transistor as claimed in claim 24,
characterized in that said at least a lightly activat-
ed high impurity concentration layer has a first im-
planted-impurity concentration value, and a first ef-
fectively-activated-impurity concentration range
which is lower than said first implanted-impurity
concentration value ; and

characterized in that said at least a suffi-
ciently activated high impurity concentration layer
has a second implanted-impurity concentration val-
ue which is substantially the same as said first im-
planted-impurity concentration value, and a second
effectively-activated-impurity concentration value
which is higher than said first effectively-activated-
impurity concentration range.
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The field effect transistor as claimed in claim 21,
characterized in that said source region has the
same structure as said drain region.

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,

characterized in that each of said source/
drain regions further includes:

atleast a lightly activated high impurity concen-
tration layer being positioned under said gate
electrode, and said at least a lightly activated
high impurity concentration layer having a first
implanted-impurity concentration value, and a
first effectively-activated-impurity concentra-
tion range which is lower than said first implant-
ed-impurity concentration value; and

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

characterized in that said at least a lightly
activated high impurity concentration layer has a
gentle decrease in afirst effectively-activated-impu-
rity concentration value ranged in said first effec-
tively-activated-impurity concentration range as a
distance from said at least a sufficiently activated
high impurity concentration layer is increased.

The field effect transistor as claimed in claim 27,
characterized in that said at least a sufficiently ac-
tivated high impurity concentration layer is suffi-
ciently activated by a laser beam irradiation, while
said at least a lightly activated high impurity con-
centration layer is insufficiently activated by a ther-
mal diffusion from said at least a sufficiently activat-
ed high impurity concentration layer.
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29. The field effect transistor as claimed in claim 27,

characterized in that said field effect transistor is
a thin film field effect transistor.

30. Aliquid crystal display including a plurality of pixels,

31.

each pixel having a liquid crystal cell and a switch-
ing 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,

characterized in that each of said source/
drain regions further includes:

at least a lightly activated high impurity concen-
tration layer being positioned under said gate
electrode, and said at least a lightly activated
high impurity concentration layer having a first
implanted-impurity concentration value, and a
first effectively-activated-impurity concentra-
tion range which is lower than said first implant-
ed-impurity concentration value; and

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

characterized in that said at least a lightly
activated high impurity concentration layer has a
gentle decrease in afirst effectively-activated-impu-
rity concentration value ranged in said first effec-
tively-activated-impurity concentration range as a
distance from said at least a sufficiently activated
high impurity concentration layer is increased.

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

removing said resist pattern from said semicon-
ductor layer ;

selectively forming a gate electrode over a sec-
ond selected region of said semiconductor lay-
er, and said second selected region completely
encompassing said first selected region and al-
s0 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-im-
planted 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 irra-
diation 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 activat-
ed by a thermal diffusion from said remaining
non-overlapped part, and said at least a gate-
overlapped part becomes at least a lightly acti-
vated high impurity concentration layer.

The method as claimed in claim 31, characterized
in that said at least a lightly activated high impurity
concentration layer has a first implanted-impurity
concentration value, and a first effectively-activat-
ed-impurity concentration range which is lower than
said first implanted-impurity concentration value ;
and

said at least a sufficiently activated high im-
purity concentration layer is bounded with said at
least a lightly activated high impurity concentration
layer, and said at least a sufficiently activated high
impurity concentration layer has a second implant-
ed-impurity concentration value which is substan-
tially the same as said first implanted-impurity con-
centration value, and a second effectively-activat-
ed-impurity concentration value which is higher
than said first effectively-activated-impurity concen-
tration range.

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

The method as claimed in claim 33, characterized
in that 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.

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 selec-
tively forming a resist pattern over said dummy layer
for selectively implanting said impurity through said
dummy layer into said semiconductor layer in said
selective impurity implantation.

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.

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.

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

carrying out a selective impurity-implantation
for selectively implanting an impurity into a
semiconductor layer, to define at least an im-
purity-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 activated upon
said selective laser beam irradiation, and said
at least a selected part becomes at least a suf-
ficiently activated high impurity concentration
layer, while a remaining non-selected part of
said at least an impurity-implanted region is in-
sufficiently activated by a thermal diffusion from
said at least a selected part, and said remaining
non-selected part becomes at least a lightly ac-
tivated high impurity concentration layer.
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The method as claimed in claim 38, characterized
in that said at least a lightly activated high impurity
concentration layer has a first implanted-impurity
concentration value, and a first effectively-activat-
ed-impurity concentration range which is lower than
said first implanted-impurity concentration value;
and

said at least a sufficiently activated high im-
purity concentration layer is bounded with said at
least a lightly activated high impurity concentration
layer, and said at least a sufficiently activated high
impurity concentration layer has a second implant-
ed-impurity concentration value which is substan-
tially the same as said first implanted-impurity con-
centration value, and a second effectively-activat-
ed-impurity concentration value which is higher
than said first effectively-activated-impurity concen-
tration range.

The method as claimed in claim 39, characterized
in that 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 is aligned to an edge of said gate
electrode.

The method as claimed in claim 40, characterized
in that 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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