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(57) ABSTRACT

A field effect transistor (FET) structure includes a substrate,
an internal gate, an insulation layer, a semiconductor strip,
a gate dielectric insulator, and a gate conductor. The internal
gate includes a floor portion located on the substrate and a
wall portion extending from the floor portion. The insulation
layer is located on the floor portion of the internal gate. The
semiconductor strip is located on the wall portion and a
portion of the insulation layer, and the semiconductor strip
includes source/drain regions and a channel region adjacent
to the source/drain regions. The gate dielectric insulator is
located on the channel region. The gate conductor is located
on the gate dielectric insulator.
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FIELD EFFECT TRANSISTOR STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 105113196, filed on Apr. 28,
2016. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of this specification.

TECHNICAL FIELD

[0002] The disclosure relates to a semiconductor device,
and more particularly, to a field effect transistor (FET)
structure.

DESCRIPTION OF RELATED ART

[0003] In recent years, due to the requirement for the
miniaturization of transistors, various manufacturing tech-
nologies have developed. Here, the junctionless (JL) field
effect transistor (FET) that can effectively lessen the impact
of short channel effect (SCE) and parasitic series resistance
has been considered as one of the mainstream products.
[0004] Nevertheless, it is difficult to manufacture the JL
FET, and the overly high source/drain (S/D) series resistance
may lead to the decrease in the drain current. Therefore, how
to achieve satisfactory electrical performance and simulta-
neously simplify the manufacturing process has become one
of the challenges that the manufacturers face.

SUMMARY

[0005] The disclosure provides an FET structure that can
prevent the issue of the roll-off of a threshold voltage and is
characterized by a negligible drain-induced barrier lowering
(DIBL), the sub-threshold slope (SS) approximating to an
ideal value, a high on/off current ratio, high threshold
voltage modulation, reduced low-frequency noise (LFN),
good reliability, low current leakage, small series resistance,
and reduced current crowding effects.

[0006] In an embodiment of the disclosure, an FET struc-
ture that includes a substrate, an internal gate, an insulation
layer, a semiconductor strip, a gate dielectric insulator, and
a gate conductor is provided. The internal gate includes a
floor portion located on the substrate and a wall portion
extending from the floor portion. The insulation layer is
located on the floor portion of the internal gate. The semi-
conductor strip is located on the wall portion and a portion
of the insulation layer, and the semiconductor strip includes
source/drain regions and a channel region adjacent to the
source/drain regions. The gate dielectric insulator is located
on the channel region. The gate conductor is located on the
gate dielectric insulator.

[0007] According to an embodiment of the disclosure, the
wall portion includes a semiconductor, a conductor, or an
insulator.

[0008] According to an embodiment of the disclosure, the
semiconductor strip includes a first semiconductor layer and
a second semiconductor layer located on the first semicon-
ductor layer, and a conductivity type of the first semicon-
ductor layer is different from a conductivity type of the
second semiconductor layer.

[0009] According to an embodiment of the disclosure, the
insulation layer may be replaced by a third semiconductor

Nov. 2, 2017

layer with a conductivity type different with the conductivity
type of the first semiconductor layer for forming a pn
junction.

[0010] According to an embodiment of the disclosure, the
first semiconductor layer in the channel region is an
inverted-U shaped structure, and the wall portion extends
into the inverted-U shaped structure from the floor portion.
[0011] According to an embodiment of the disclosure, the
semiconductor strip further includes a third semiconductor
layer different from the second semiconductor layer, and the
third semiconductor layer is located on the second semicon-
ductor layer.

[0012] According to an embodiment of the disclosure, the
substrate includes a semiconductor or a conductor.

[0013] According to an embodiment of the disclosure, the
substrate includes metal.

[0014] According to an embodiment of the disclosure, the
internal gate includes a conductive poly-semiconductor, an
amorphous semiconductor, or a single crystal material.
[0015] According to an embodiment of the disclosure, the
internal gate includes a conductive material.

[0016] According to an embodiment of the disclosure, the
gate dielectric insulator includes a dielectric layer located on
the channel region and a polar ferroelectric layer located on
the dielectric layer, and the polar ferroelectric layer achieves
a negative capacitance effect.

[0017] According to an embodiment of the disclosure, the
gate dielectric insulator includes a polar ferroelectric layer
and a charge trapping layer, locations of the polar ferroelec-
tric layer and the charge trapping layer are exchangeable,
and the FET structure acts as a non-volatile memory.
[0018] According to an embodiment of the disclosure, the
gate dielectric insulator includes a charge trapping layer and
a polar ferroelectric layer successively formed on the charge
trapping layer, and the FET structure acts as a non-volatile
memory.

[0019] According to an embodiment of the disclosure, the
charge trapping layer is composed by a layer of metal,
semiconductor, or dielectric.

[0020] According to an embodiment of the disclosure, the
FET structure is a nano-dot memory.

[0021] According to an embodiment of the disclosure, the
charge trapping layer includes Zr Hf Sr,SiO;, metal, a semi-
conductor, nano-dot metal, or an insulator, the polar ferro-
electric layer comprises LiHfZr,0;, Pb,Ba Sr,TiO;,
Li K Ta NbO,, LaSrBaMnO,, ZrHf SrSiO;, Bala,
Sr,Fe,0;, BalaSr,NiO;, or BalaSr,CoO;, 0Osxs<l,
O=<y=l, O=z=<l, and O=r=l1.

[0022] According to an embodiment of the disclosure, the
substrate is a p-type substrate, for instance, and the internal
gate is an n-type conductor, for instance. The semiconductor
strip includes a p-type semiconductor layer located above
the internal gate and an n-type semiconductor layer located
on the p-type semiconductor layer. The p-type substrate and
the p-type semiconductor layer include a material selected
from the group consisting of (poly(3-alkylthiophene)), (poly
(9,9-dioctylfluorene-co-bithiophene)), tetracene, pentacene,
hexacene, and anthracene. The n-type semiconductor layer
includes a material selected from the group consisting of
naphthalene carbodiimide, perylene tetracarboxylic diimide,
and fluorocarbon-substituted thiophene.

[0023] According to an embodiment of the disclosure, the
substrate is an n-type substrate, for instance, and the internal
gate is a p-type conductor, for instance. The semiconductor
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strip includes an n-type semiconductor layer located above
the internal gate and a p-type semiconductor layer located on
the n-type semiconductor layer. The p-type semiconductor
layer includes a material selected from the group consisting
of (poly(3-alkylthiophene)), (poly(9,9-dioctylfluorene-co-
bithiophene)), tetracene, pentacene, hexacene, and anthra-
cene. The n-type substrate and the n-type semiconductor
layer include a material selected from the group consisting
of naphthalene carbodiimide, perylene tetracarboxylic diim-
ide, and fluorocarbon-substituted thiophene.

[0024] In view of the above, a hybrid P-N channel is used
in the JL transistor, which is conducive to the simplification
of the manufacturing process and better preventing the issue
of the roll-off of the threshold voltage; what is more, the
resultant FET structure can be characterized by a negligible
BIDL, the SS approximating to an ideal value, a high on/off
current ratio, high threshold voltage modulation, reduced
LFN, good reliability, low current leakage, small series
resistance, and reduced current crowding effects. With the
design of a three-dimensional dual-gate structure, in the
matter of the electrical performance, the threshold voltage
can be better controlled, the issue of SCE can be resolved,
and the current driving capability can be enhanced. In
addition, the physical and manufacturing limitation on the
miniaturization of the gate length (Lg) can be broken.
[0025] Several exemplary embodiments accompanied
with figures are described in detail below to further describe
the disclosure in details.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and
constitute a part of this specification. The drawings illustrate
exemplary embodiments and, together with the description,
serve to explain the principles of the disclosure.

[0027] FIG. 1 is a schematic three-dimensional view illus-
trating an FET structure according to a first embodiment of
the disclosure.

[0028] FIG. 2 is a schematic three-dimensional view taken
along a section line A-A depicted in FIG. 1.

[0029] FIG. 3Ato FIG. 3E are schematic views illustrating
a manufacturing process of an FET structure according to a
second embodiment of the disclosure.

[0030] FIG. 4 is a schematic three-dimensional view illus-
trating an FET structure according to a third embodiment of
the disclosure.

[0031] FIG. 5 is a schematic three-dimensional view illus-
trating an FET structure according to a fourth embodiment
of the disclosure.

[0032] FIG. 6 is a schematic three-dimensional view illus-
trating an FET structure according to a fifth embodiment of
the disclosure.

[0033] FIG. 7 is a schematic three-dimensional view taken
along a section line B-B depicted in FIG. 6.

[0034] FIG. 8Ato FIG. 8E are schematic views illustrating
a manufacturing process of an FET structure according to a
sixth embodiment of the disclosure.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0035] A description accompanied with drawings is pro-
vided in the following to sufficiently explain embodiments
of the disclosure. However, note that the disclosure may still
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be implemented in many other different forms and should
not be construed as limited to the embodiments described
hereinafter. In the drawings, in order to apparently indicate
the sizes of each layer and region, the layers and regions are
magnified and not sized.

[0036] Hereinafter, when an element or layer is referred to
as being “located on” another element or layer, it can be
directly located on the other element or layer. That is, for
instance, intervening elements or layers may be present.
Moreover, when an element is referred to as “contacting”
another element or layer, there are no intervening elements
or layers present therebetween. Other words for describing
space relations, such as “below”, “above” or the like are
used to describe the relationship between an element or layer
and another element or layer. Such spatially relative tetras
are used to describe a relationship between an element or
layer and another element or layer illustrated in the draw-
ings. It will be understood that the spatially relative terms
are intended to encompass different orientations of the
elements in use and/or operation in addition to the orienta-
tion depicted in the drawings. For example, if the device in
the drawings is turned over, elements described as “on”
and/or “above” other elements or layers would then be
oriented “below” and/or “beneath” the other elements or
layers.

[0037] FIG. 1 is a schematic three-dimensional view illus-
trating an FET structure according to a first embodiment of
the disclosure. FIG. 2 is a schematic three-dimensional view
taken along a section line A-A depicted in FIG. 1.

[0038] With reference to FIG. 1 and FIG. 2, an FET
structure 10 provided in the first embodiment includes a
substrate 100, an internal gate 102, an insulation layer 104,
a semiconductor strip 106, a gate dielectric insulator 108,
and a gate conductor 110. The internal gate 102 includes a
floor portion 102a located on the substrate 100 and a wall
portion 1026 extending from the floor portion 102a. The
insulation layer 104 is located on the floor portion 102a of
the internal gate 102. The semiconductor strip 106 is located
on the wall portion 1025 and a portion of the insulation layer
104, and the semiconductor strip 106 includes source/drain
regions 106a and a channel region 1065 adjacent to the
source/drain regions 106a. The gate dielectric insulator 108
is located on the channel region 1065. The gate conductor
110 is located on the gate dielectric insulator 108.

[0039] The substrate 100 provided in the first embodiment
may be a semiconductor or a conductor, e.g., metal. The
internal gate 102 is, for instance, a conductive poly-semi-
conductor, an amorphous semiconductor, or a single crystal
material. Alternatively, the internal gate 102 may be other
conductive materials.

[0040] The insulation layer 104 provided in the first
embodiment covers the floor portion 102a of the internal
gate 102, and the semiconductor strip 106 covers the top
surface and two sidewalls of the wall portion 1025 of the
internal gate 102 (an inverted-U shaped structure). In an
embodiment of the disclosure, the FET structure 10 may
further include a contact pillar 112a connected to the floor
portion 1024 of the internal gate 102. The contact pillar 112«
and the internal gate 102 may belong to the same structure,
or the contact pillar 112 may be an external conductor. The
external conductor may be a conductive material, e.g., metal
or polysilicon. In an embodiment of the disclosure, the FET
structure 10 may further include an electrical contact 1125
connected to the contact pillar 112a, so as to supply a bias
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voltage to the wall portion 1026 of the internal gate 102
through the contact pillar 112a. Due to carrier confinement,
the bias voltage supplied to the internal gate 102 may
contribute to the effective modulation of the characteristics
of the FET structure 10. The electrical contact 1125 is metal
or conductive polysilicon, for instance.

[0041] The semiconductor strip 106 provided in the first
embodiment includes a first semiconductor layer 114 and a
second semiconductor layer 116 located on the first semi-
conductor layer 114, and a conductivity type of the first
semiconductor layer 114 is different from a conductivity
type of the second semiconductor layer 116. In an embodi-
ment, the first semiconductor layer 114 is a p-type semicon-
ductor layer, and the second-type semiconductor layer 116 is
an n-type semiconductor layer. In another embodiment, the
first semiconductor layer 114 is an n-type semiconductor
layer, and the second semiconductor layer 116 is a p-type
semiconductor layer. In some embodiments of the disclo-
sure, the internal gate 102 and the semiconductor strip 106
including the first semiconductor layer 114 and the second
semiconductor layer 116 are mono-crystalline silicon
formed by performing an epitaxial growing process, for
instance; however, the disclosure is not limited thereto. In
the first embodiment, the first semiconductor layer 114 in the
channel region 1065 and the source/drain regions 106a is an
inverted-U shaped structure, and the wall portion 1025
extends into the inverted-U shaped structure from the floor
portion 102q; the second semiconductor layer 116a in the
channel region 1065 is an inverted-U shaped structure, and
the second semiconductor layer 116a in the source/drain
regions 106a has a hexagonal cross-section. Moreover, in
some embodiments of the disclosure, the insulation layer
104 may be replaced by a third semiconductor layer (not
shown) with a conductivity type different with the conduc-
tivity type of the first semiconductor layer 114 for forming
a pn junction.

[0042] According to the first embodiment, the substrate
100 may be a p-type substrate, and the internal gate 102 may
be an n-type conductor. The semiconductor strip 106 may
include a p-type semiconductor layer located above the
internal gate 102 and an n-type semiconductor layer located
on the p-type semiconductor layer. Here, the p-type semi-
conductor layer acts as the first semiconductor layer 114, and
the n-type semiconductor layer acts as the second semicon-
ductor layer 116. The p-type substrate and the p-type semi-
conductor layer include a material selected from the group
consisting of (poly(3-alkylthiophene)), (poly(9,9-dioctyl-
fluorene-co-bithiophene)), tetracene, pentacene, hexacene,
and anthracene, and the n-type semiconductor layer includes
a material selected from the group consisting of naphthalene
carbodiimide, perylene tetracarboxylic diimide, and fluoro-
carbon-substituted thiophene.

[0043] In the first embodiment, the substrate 100 may also
be an n-type substrate, and the internal gate 102 may be a
p-type conductor. The semiconductor strip 106 may include
an n-type semiconductor layer located above the internal
gate 102 and a p-type semiconductor layer located on the
n-type semiconductor layer. Here, the n-type semiconductor
layer acts as the first semiconductor layer 114, and the p-type
semiconductor layer acts as the second semiconductor layer
116. The p-type semiconductor layer includes a material
selected from the group consisting of (poly(3-alkylthio-
phene)), (poly(9,9-dioctylfluorene-co-bithiophene)), tet-
racene, pentacene, hexacene, and anthracene, and the n-type
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substrate and the n-type semiconductor layer include a
material selected from the group consisting of naphthalene
carbodiimide, perylene tetracarboxylic diimide, and fluoro-
carbon-substituted thiophene.

[0044] In the present embodiment, the FET structure 10 is
implemented in form of a JL. FET, and the dopant concen-
tration of the channel region 1065 is substantially the same
as the dopant concentration of the source/drain regions
106a. The dopant concentration gradient between the
source/drain regions 106a and the channel region 1065 is
substantially zero, and the issue of diffusion does not occur.
Hence, the requirement of the conventional P-N junction for
costly ultra-fast annealing technique is no longer needed,
and the device with the reduced channel length can be
manufactured.

[0045] In the first embodiment, the FET structure 10 may
further include contact metal (not shown) located on the
source/drain regions 106a, and the contact metal is selected
from the group consisting of metal nitride, metal silicide,
tantalum nitride, and titanium nitride, for instance.

[0046] In the present embodiment, the FET structure 10 is
implemented in form of a hybrid P-N channel constituted by
the first and second semiconductor layers 114 and 116 that
have different conductive types. Through the hybrid P-N
channel, the SCE can be greatly controlled. Besides, the
threshold voltage can also be controlled with ease by con-
trolling the dopant concentration of the n-type substrate, and
thus the circuit design of multi-threshold voltage can be
accomplished.

[0047] According to the first embodiment, the gate dielec-
tric insulator 108 is implemented in form of a dielectric
layer, for instance, and the gate dielectric insulator 108 may
include a dielectric layer 108« located on the channel region
1065 and a polar ferroelectric layer 1085 located on the
dielectric layer 108a. The polar ferroelectric layer 1085 can
achieve a negative capacitance effect. Therefore, the FET
structure 10 may be a negative capacitance effect transistor
and may have a small sub-threshold swing. Here, the sub-
threshold swing (SS) is defined as an inverse ratio of the
change in electric current to the change in the gate voltage
per unit. In an embodiment of the disclosure, the dielectric
layer 108a is silicon oxide or zirconium silicate, for
instance. The polar ferroelectric layer 1085 is a material
selected from the group consisting of hafnium zirconium
oxide (HfZrO,), barium titanate, lead titanate, potassium
niobate, potassium tantalite, lithium niobate, and lithium
tantalite, for instance. The gate conductor 110 is a conduc-
tive metal layer or a conductive polysilicon layer, for
instance.

[0048] Inanother embodiment, if the FET structure 10 acts
as a non-volatile memory, the reference number 108a may
represent the polar ferroelectric layer in the gate dielectric
insulator 108, and the reference number 1085 may represent
a charge trapping layer in the gate dielectric insulator 108.
Note that locations of the polar ferroelectric layer 108a and
the charge trapping layer 1085 are exchangeable.

[0049] In some embodiments of the disclosure, the charge
trapping layer 1086 is composed by a layer of metal,
semiconductor, or dielectric, for instance. The FET structure
10 is a nano-dot memory, for instance.

[0050] In other embodiments, the charge trapping layer
1085 is Zr Hf Sr,Si0O;, metal, a semiconductor, nano-dot
metal, or an insulator, and the polar ferroelectric layer 108«
is Li,Hf Zr,0;, Pb,Ba Sr,TiO,, Li K, Ta,NbO;, La,Sr Ba-
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MnOy;, Zr, Hf Sr,Si0,, Ba,La Sr,Fe,O;, Ba,La,Sr,NiO,, or
Ba,La Sr,CoO,. Here, O=x<l, O<y=<1, O<z=<1, and O=r=l.
[0051] FIG.3Ato FIG. 3E are schematic views illustrating
a manufacturing process of an FET structure according to a
second embodiment of the disclosure.

[0052] With reference to FIG. 3A, an internal gate 302 is
formed on a substrate 300 through performing an epitaxial
growing process and a photolithography and etching pro-
cess. The internal gate 302 includes a floor portion 302a, a
wall portion 3025, and a contact pillar 302¢. The contact
pillar 302¢ and the internal gate 302 belong to the same
structure. A deposition process and a dry etching process are
performed, so as to form an insulation layer 304 on the floor
portion 302a of the internal gate 302, and the wall portion
3025 and the contact pillar 302¢ are exposed.

[0053] With reference to FIG. 3B, an epitaxial growing
process is performed to sequentially form a first semicon-
ductor layer 308 and a second semiconductor layer 310 of a
semiconductor strip 306. The semiconductor strip 306
includes source/drain regions 306a and a channel region
3065 adjacent to the source/drain regions 306a.

[0054] With reference to FIG. 3C, a deposition process
and a photolithography and etching process are performed to
form a hard mask layer 312 on a top surface of the
source/drain regions 306a of the semiconductor strip 306. A
material of the hard mask layer 312 is SiNy, SiO_, or SiC,
for instance. Besides, a photoresist material layer 314 covers
a surface of the channel region 3065 of the semiconductor
strip 306. Therefore, except for the sidewalls of the source/
drain regions 306a of the semiconductor strip 306, the
semiconductor strip 306 is covered.

[0055] With reference to FIG. 3D, single crystal silicon is
formed on the sidewalls of the source/drain regions 306a,
and the lattice direction of the single crystal silicon is <110>,
as shown by the arrow. Specifically, the single crystal silicon
is selectively grown on the exposed sidewalls of the semi-
conductor strip 306 along the lattice direction <110>
through performing the epitaxial growth, and a protrusion
316 made of the single crystal silicon is formed on the
sidewalls of the source/drain regions 306a. Accordingly, the
width of the source/drain regions 3064 of the semiconductor
strip 306 is increased, and the series resistance is reduced. In
an embodiment of the disclosure, the second semiconductor
layer 310 in the channel region 3065 is the inverted-U
shaped structure, and the second semiconductor layer 310 in
the source/drain regions 3064 has a hexagonal cross-section.
[0056] With reference to FIG. 3E, the hard mask layer 312
and the photoresist material layer 314 are respectively
removed, and a gate dielectric insulator 318 is formed on the
channel region 3065 of the semiconductor strip 306. A
deposition process and a photolithography and etching pro-
cess are preformed to form a gate conductor 320 and an
electrical contact 322 connected to the contact pillar 302¢ on
the gate dielectric insulator 318.

[0057] FIG. 4 is a schematic three-dimensional view illus-
trating an FET structure according to a third embodiment of
the disclosure. It should be mentioned that the same refer-
ence numbers or symbols as those in the first embodiment
are also used herein to represent the same components.
[0058] With reference to FIG. 4, the difference between
the FET structure 40 and the FET structure 10 provided in
the first embodiment is that the semiconductor strip 402 of
the FET structure 40 includes a first semiconductor layer
404, a second semiconductor layer 406, and a third semi-
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conductor layer 408. In an embodiment of the disclosure, the
first semiconductor layer 404 has a first conductive type, the
second semiconductor layer 406 has a second conductive
type, the third semiconductor layer 408 is different from the
second semiconductor layer 406 and has the first conductive
type, and the third semiconductor layer 408 is located on the
second semiconductor layer 406. For instance, the first
semiconductor layer 404 is a p-type semiconductor layer, the
second semiconductor layer 406 is an n-type semiconductor
layer, and the third semiconductor layer 408 is a p-type
semiconductor layer. By contrast, the first semiconductor
layer 404 may also be an n-type semiconductor layer, the
second semiconductor layer 406 may be a p-type semicon-
ductor layer, and the third semiconductor layer 408 may be
an n-type semiconductor layer.

[0059] FIG. 5is a schematic three-dimensional view illus-
trating an FET structure according to a fourth embodiment
of the disclosure. It should be mentioned that the same
reference numbers or symbols as those in the first embodi-
ment are also used herein to represent the same components.
[0060] With reference to FIG. 5, the difference between
the FET structure 50 and the FET structure 10 provided in
the first embodiment is that the semiconductor strip 502 is
formed by single crystal silicon, and the lattice direction of
the single crystal silicon on the sidewalls of the semicon-
ductor strip 502 is <100>, as shown by the arrow. Specifi-
cally, after the semiconductor strip 502 constituted by the
first semiconductor layer 506 and the second semiconductor
layer 508 is formed, the channel region 5025 is covered by
the photoresist material layer 510, and an epitaxial growing
process is performed, such that the single crystal silicon 504
is grown on the top surface and two sidewalls of the
source/drain regions 502¢ in the semiconductor strip 502.
Accordingly, the height and the width of the source/drain
regions 502a of the semiconductor strip 306 are increased,
and the series resistance is reduced. In FIG. 5, the cross-
section of the channel region 5025 in the semiconductor
strip 502 is substantially rectangular, and the cross-section
of the source/drain regions 502a has an open-ended rectan-
gular shape. A gate dielectric insulator (not shown) and a
gate conductor (not shown) are then formed by performing
steps shown in FIG. 3E, which will not be further explained
herein.

[0061] FIG. 6 is a schematic three-dimensional view illus-
trating an FET structure according to a fifth embodiment of
the disclosure. FIG. 7 is a schematic three-dimensional view
taken along a section line B-B depicted in FIG. 6. It should
be mentioned that the same reference numbers or symbols as
those in the first embodiment are also used herein to repre-
sent the same components.

[0062] With reference to FIG. 6 and FIG. 7, the difference
between the FET structure 60 and the FET structure 10
provided in the first embodiment is that the internal gate 102
and the semiconductor strip 106 of the FET structure 10 are
preferably single crystal silicon through epitaxial growth,
and the internal gate 102 and the semiconductor strip 106 of
the FET structure 60 are conductive polysilicon. Moreover,
in the FET structure 60, the internal gate 102 extends from
the channel region 1065 to a portion of source/drain regions
106a. Besides, the insulation layer 104 not only covers the
floor portion 102a of the internal gate 102 but also extends
to the top surface and two sidewalls of the wall portion 1025
where the channel region 1025 is to be formed. A conductive
bump 700 is formed on the source/drain regions 106a.
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[0063] FIG. 8Ato FIG. 8E are schematic views illustrating
a manufacturing process of an FET structure according to a
sixth embodiment of the disclosure.

[0064] With reference to FIG. 8A, an internal gate 802 is
formed on a substrate 800 through performing an epitaxial
growing process and a photolithography and etching pro-
cess. The internal gate 802 includes a floor portion 8024, a
wall portion 8025, and a contact pillar 802¢. The contact
pillar 802¢ and the internal gate 802 belong to the same
structure. A deposition process and a dry etching process are
performed, so as to form an insulation layer 804 on the floor
portion 802a and the wall portion 8025 of the internal gate
802, and the contact pillar 802¢ is exposed.

[0065] In the present embodiment, the wall portion 8025
of the internal gate 802 is substantially formed on a location
where the channel region 8065 is to be formed, and the wall
portion 80256 does not extend to the location where the
source/drain regions 806a are to be formed. Hence, it is
expected that the back-gate bias voltage has limited effect to
the channel region 8065 and substantially no impact on the
source/drain regions 806a. The internal gate 802 is made of
conductive polysilicon which is formed by depositing a
non-doped amorphous silicon layer through low pressure
chemical vapor deposition (LPCVD) and solid-phase crys-
tallizing the amorphous silicon layer to form a solid phase
crystallization (SPC) layer. Here, if phosphorous ions are
applied to perform an ion implantation process on the SPC
layer, an n-type semiconductor layer is formed; if boron
difluoride ions are applied to perform the ion implantation
process on the SPC layer, a p-type semiconductor layer is
formed.

[0066] An insulation layer 804 is formed by performing a
deposition process and a dry etching process. The insulation
layer 804 covers the top surface and two sidewalls of the
wall portion 8025 where the channel region 8065 is to be
formed, so as to electrically insulate the wall portion 8025
of the internal gate 802 from the semiconductor strip 806 in
the subsequently formed channel region 8065.

[0067] With reference to FIG. 8B, a deposition process
and a photolithography and etching process are performed to
form a conductive bump 808 in the source/drain regions
806a. The conductive bump 808 is, for instance, conductive
polysilicon. The manufacturing method of the conductive
bump 808 is similar to the internal gate 802 depicted in FIG.
8A.

[0068] With reference to FIG. 8C, a deposition process
and a photolithography and etching process are performed to
form a first semiconductor layer 810 on the insulation layer
804 and the conductive bump 808. The first semiconductor
layer 810 is, for instance, conductive polysilicon. The manu-
facturing method of the first semiconductor layer 810 is
similar to that of the internal gate 802 depicted in FIG. 8A.
[0069] With reference to FIG. 8D, a second semiconductor
layer 812 is formed on the first semiconductor layer 810
through performing a deposition process and a photolithog-
raphy and etching process, so as to obtain the semiconductor
strip 806 constituted by the first semiconductor layer 810
and the second semiconductor layer 812. The second semi-
conductor layer 812 is, for instance, conductive polysilicon.
The manufacturing method of the second semiconductor
layer 812 is similar to that of the internal gate 802 depicted
in FIG. 8A.

[0070] With reference to FIG. 8E, a gate dielectric insu-
lator 814 that covers the semiconductor strip 806 is formed
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on the wall portion 8026 of the internal gate, and a gate
conductor 816 and an electrical contact 818 connected to the
contact pillar 802¢ are formed on the gate dielectric insulator
814 through performing a deposition process and a photo-
lithography and etching process.

[0071] To sum up, as provided in the embodiments of the
disclosure, the hybrid P-N channel is used in the JL tran-
sistor, which is conducive to the simplification of the manu-
facturing process and better preventing the issue of the
roll-off of the threshold voltage; what is more, the resultant
FET structure can be characterized by a negligible BIDL, the
SS approximating to an ideal value, a high on/off current
ratio, high threshold voltage modulation, reduced LFN,
good reliability, low current leakage, small series resistance,
and reduced current crowding effects. With the design of a
three-dimensional dual-gate structure, in view of the elec-
trical performance, the threshold voltage can be better
controlled, and the issue of the short channel effect can be
resolved, and the current driving capability can be enhanced.
In addition, the physical and manufacturing limitation on the
miniaturization of the gate length can be broken. As a result,
the FET structure provided herein complies with the future
trend of miniaturization and can be applied to low-standby-
power devices, loT-related devices, and three-dimensional
integrated circuits (3D IC).

[0072] Although the disclosure has been provided with
reference to the above embodiments, it will be apparent to
one of ordinary skill in the art that modifications to the
described embodiments may be made without departing
from the spirit of the disclosure. Accordingly, the scope of
the disclosure will be defined by the attached claims and not
by the above detailed descriptions.

What is claimed is:

1. A field effect transistor structure comprising:

a substrate;

an internal gate comprising a floor portion located on the
substrate and a wall portion extending from the floor
portion;

an insulation layer located on the floor portion of the
internal gate;

a semiconductor strip located on the wall portion and a
portion of the insulation layer, the semiconductor strip
comprising source/drain regions and a channel region
adjacent to the source/drain regions;

a gate dielectric insulator located on the channel region;
and

a gate conductor located on the gate dielectric insulator.

2. The field effect transistor structure of claim 1, wherein
the wall portion comprises a semiconductor, a conductor, or
an insulator.

3. The field effect transistor structure of claim 1, wherein
the semiconductor strip comprises a first semiconductor
layer and a second semiconductor layer located on the first
semiconductor layer, and a conductivity type of the first
semiconductor layer is different from a conductivity type of
the second semiconductor layer.

4. The field effect transistor structure of claim 3, wherein
the insulation layer is replaced by a third semiconductor
layer with a conductivity type different with the conductivity
type of the first semiconductor layer for forming a pn
junction.

5. The field effect transistor structure of claim 3, wherein
the first semiconductor layer in the channel region is an
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inverted-U shaped structure, and the wall portion extends
into the inverted-U shaped structure from the floor portion.

6. The field effect transistor structure of claim 3, wherein
the semiconductor strip further comprises a third semicon-
ductor layer different from the second semiconductor layer,
and the third semiconductor layer is located on the second
semiconductor layer.

7. The field effect transistor structure of claim 1, wherein
the substrate comprises a semiconductor or a conductor.

8. The field effect transistor structure of claim 1, wherein
the substrate comprises metal.

9. The field effect transistor structure of claim 1, wherein
the internal gate comprises a conductive poly-semiconduc-
tor, an amorphous semiconductor, or a single crystal mate-
rial.

10. The field effect transistor structure of claim 1, wherein
the internal gate comprises a conductive material.

11. The field effect transistor structure of claim 1, wherein
the gate dielectric insulator comprises a dielectric layer
located on the channel region and a polar ferroelectric layer
located on the dielectric layer, and the polar ferroelectric
layer achieves a negative capacitance effect.

12. The field effect transistor structure of claim 1, wherein
the gate dielectric insulator comprises a polar ferroelectric
layer and a charge trapping layer, locations of the polar
ferroelectric layer and the charge trapping layer are
exchangeable, and the field effect transistor structure acts as
a non-volatile memory.

13. The field effect transistor structure of claim 1, wherein
the gate dielectric insulator comprises a charge trapping
layer and a polar ferroelectric layer successively formed on
the charge trapping layer, and the field effect transistor
structure acts as a non-volatile memory.

14. The field effect transistor structure of claim 13,
wherein the charge trapping layer is composed by a layer of
metal, semiconductor, or dielectric.
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15. The field effect transistor structure of claim 14,
wherein the field effect transistor structure is a nano-dot
memory.

16. The field effect transistor structure of claim 10,
wherein the charge trapping layer comprises Zr,Hf Sr,SiOs,
metal, a semiconductor, nano-dot metal, or an insulator, the
polar ferroelectric layer comprises Li Hf Zr,O,, Pb,Ba
Sr,TiO;, Li K, Ta,NbO;, La,SrBa,MnO;, Zr Hf Sr,SiO;,
Ba,La Sr,Fe,O;, BalaSrNiO;, or Ba,la,Sr,CoO;,
O=x<l, O=<y=l, O=<z=<l, and O=r=l1.

17. The field effect transistor structure of claim 1, wherein
the substrate is a p-type substrate, the internal gate is an
n-type conductor, the semiconductor strip comprises a
p-type semiconductor layer located above the internal gate
and an n-type semiconductor layer located on the p-type
semiconductor layer, the p-type substrate and the p-type
semiconductor layer comprise a material selected from the
group consisting of (poly(3-alkylthiophene)), (poly(9,9-di-
octylfluorene-co-bithiophene)),  tetracene,  pentacene,
hexacene, and anthracene, and the n-type semiconductor
layer comprises a material selected from the group consist-
ing of naphthalene carbodiimide, perylene tetracarboxylic
diimide, and fluorocarbon-substituted thiophene.

18. The field effect transistor structure of claim 1, wherein
the substrate is an n-type substrate, the internal gate is a
p-type conductor, the semiconductor strip comprises an
n-type semiconductor layer located above the internal gate
and a p-type semiconductor layer located on the n-type
semiconductor layer, the p-type semiconductor layer com-
prises a material selected from the group consisting of
(poly(3-alkylthiophene)), (poly(9,9-dioctylfluorene-co-bith-
iophene)), tetracene, pentacene, hexacene, and anthracene,
and the n-type substrate and the n-type semiconductor layer
comprise a material selected from the group consisting of
naphthalene carbodiimide, perylene tetracarboxylic diimide,
and fluorocarbon-substituted thiophene.
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