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(57) ABSTRACT

The present invention discloses a dielectric structure, a tran-
sistor and a manufacturing method thereof with praseody-
mium oxide. The transistor with praseodymium oxide com-
prises at least a III-V substrate, a gate dielectric layer and a
gate. The gate dielectric layer is disposed on the 1II-V sub-
strate, and the gate is disposed on the gate dielectric layer, and
the gate dielectric layer is praseodymium oxide (Pr,0,),
which has a high dielectric constant and a high band gap. éy
using the praseodymium oxide (Pr,O,, ) as the material of the
gate dielectric layer in the present invention, the leakage
current could be inhibited, and the equivalent oxide thickness
(EOT) of the device with the ITI-V substrate could be further
lowered.
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DIELECTRIC STRUCTURE, TRANSISTOR
AND MANUFACTURING METHOD
THEREOF

FIELD OF THE INVENTION

[0001] Theexemplary embodiment(s) of the present inven-
tion relates to a field of a dielectric structure, a transistor and
amanufacturing method thereof. More specifically, the exem-
plary embodiment(s) of the present invention relates to a
praseodymium oxide dielectric structure, a transistor having
praseodymium oxide and a manufacturing method thereof.

BACKGROUND OF THE INVENTION

[0002] The conventional 11I-V composite semiconductors
have better material properties than those of the silicon semi-
conductors, thus the 1II-V composite semiconductors have
been broadly investigated recently. The technology of depos-
iting a high-k oxide on a III-V composite semiconductor
chips as a gate dielectric layer of the III-V Metal-Oxide-
Semiconductor Field Effect Transistor (II-V MOSFET) has
been developed to replace the conventional silicon-based
MOSFET.

[0003] With the advance of the technology, the size of the
integrated circuit is gradually shrunk, and the need of capaci-
tance per unit is increasing. However, the band gaps of the
high-k materials are usually too low to avoid generating the
leakage current (please refer to the table 1). The native oxide
is used by the conventional silicon semiconductor devices as
the gate dielectric layer to get a bigger capacitance; however,
to those II1-V composite semiconductor devices, there is not
anoxide that has the properties such as good lattice coherence
and good interface property like SiO,/Si.

TABLE 1
Oxides HFO, POy AlL,O,
K 25 32 8-11.5
Eg(ev) 5.7 5.3 6.65

[0004] Taiwan patent number 1304265 has disclosed a
semiconductor device with a high-k gate dielectric and a
metal gate electrode, wherein the high-k dielectric such as
hafnium oxide, hafnium silicon oxide, lanthanum oxide or
lanthanum aluminum oxide is formed between the NMOS
metal gate and substrate. Taiwan patent number 1297947 has
disclosed a semiconductor memory device with a dielectric
structure and a method for fabricating the same, wherein
different high-k dielectric layers such as zinc oxide, hafnium
oxide, lanthanum oxide or tantalum oxide are grew by ALD in
the silicon processes. U.S. Pat. No. 7,595,263 has disclosed a
method of depositing barrier materials by ALD, wherein tan-
talum oxide is deposited on a semiconductor substrate as the
gate dielectric layer by ALD. U.S. Pat. No. 7,150,956 has
disclosed a semiconductor device having multilayer stack
gate, wherein the oxides of hafnium, zinc or zinc hafnium are
used as the dielectric layer between the substrate and the
channel layer in the MOS devices.

[0005] However, the aforementioned prior arts mostly use
zinc oxide, hafnium oxide, hafnium silicon oxide, lanthanum
oxide or tantalum oxide as the gate dielectric layer and apply
to the silicon processes or I1I-V composite semiconductor
processes, and still dose not solve the problem that the leak-
age current and the EOT are to high.
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SUMMARY OF THE INVENTION

[0006] To solve the problems in the conventional arts, it is
a primary object of the present invention to provide a
praseodymium oxide dielectric structure, a transistor having
praseodymium oxide and a manufacturing method thereof to
solve the problem that the leakage current and the EOT of the
conventional semiconductor are too high.

[0007] To achieve the above object, a dielectric structure
having praseodymium oxide according to the present inven-
tion is disclosed, which comprises a III-V substrate, a dielec-
tric layer, a first metal layer and a second metal layer. The
dielectric layer is disposed on the substrate, the first metal
layer is disposed on the dielectric layer, and the second metal
layer is disposed under the substrate. Wherein, the dielectric
layer is praseodymium oxide (Pr,0,).

[0008] Wherein the x is between 1 and 10, and the y is
between 1 and 12.

[0009] Wherein the [11-V substrate is In,,Ga, As, and them
is between 0 and 1, and m+n=1.

[0010] Wherein the first metal layer and the second metal
layer is aluminum or gold.

[0011] To achieve another object, a method of manufactur-
ing a dielectric structure having praseodymium oxide accord-
ing to the present invention is disclosed, which comprises the
following steps of: providing a III-V substrate; disposing a
dielectric layer on the I11-V substrate; disposing a first metal
layer on the dielectric layer; and disposing a second metal
layerunder the I1I-V substrate. Wherein, the dielectric layeris
praseodymium oxide (PrO,).

[0012] Wherein the x is between 1 and 10, and the y is
between 1 and 12.

[0013] Wherein the ITI-V substrate is In,,Ga, As, and the m
1s between 0 and 1, and m+n=1.

[0014] Wherein the first metal layer and the second metal
layer is aluminum or gold.

[0015] To achieve the above object, a transistor having
praseodymium oxide according to the present invention is
disclosed, which comprises a ITI-V substrate, a gate dielectric
layer, and a gate. The gate dielectric layer is disposed on the
1TI-V substrate, and the gate is disposed on the gate dielectric
layer. Wherein, the dielectric layer is praseodymium oxide
(Pr,0,).

[0016] Wherein the x is between 1 and 10, and the y is
between 1 and 12.

[0017] Wherein the [11-V substrate is In,,Ga, As, and the m
is between 0 and 1, and m+n=1.

[0018] Wherein the gate is aluminum, gold or poly silicon.
[0019] To achieve another object, a method of manufactur-
ing a transistor having praseodymium oxide according to the
presentinvention is disclosed, which comprises the following
steps of: providing a I1I-V substrate; disposing a gate dielec-
tric layer on the III-V substrate; and disposing a gate on the
dielectric layer. Wherein, the dielectric layer is praseody-
mivm oxide (Pr,0,).

[0020] Wherein the x is between 1 and 10, and the y is
between 1 and 12.

[0021] Wherein the substrate is In,Ga,As, and the m is
between 0 and 1, and m+n=1.

[0022] Wherein the gate is aluminum, gold or poly silicon.
[0023] With the above arrangements, the praseodymium
oxide dielectric structure, the transistor having praseody-
mium oxide and the manufacturing method thereof according
to the present invention has the following advantage:
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[0024] By using the praseodymium oxide having high
dielectric constant and high band gap as a gate insulator in the
HI-V semiconductor device, the present invention could
effectively decrease the leakage current and the EOT of the
conventional III-V semiconductor.

[0025] With these and other objects, advantages, and fea-
tures of the invention that may become hereinafter apparent,
the nature of the invention may be more clearly understood by
reference to the detailed description of the invention, the
embodiments and to the several drawings herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Theexemplary embodiment(s) of the present inven-
tion will be understood more fully from the detailed descrip-
tion given below and from the accompanying drawings of
various embodiments of the invention, which, however,
should not be taken to limit the invention to the specific
embodiments, but are for explanation and understanding
only.

[0027] FIG. 1illustrates a schematic diagram of the dielec-
tric structure having praseodymium oxide in accordance with
the present invention;

[0028] FIG. 2 illustrates a capacitance-voltage curve dia-
gram of the dielectric structure having praseodymium oxide
in accordance with the present invention;

[0029] FIG. 3 illustrates a schematic diagram of the first
embodiment of the transistor having praseodymium oxide in
accordance with the present invention;

[0030] FIG. 4 illustrates a schematic diagram of the second
embodiment of the transistor having praseodymium oxide in
accordance with the present invention;

[0031] FIG. 5 illustrates a flow chart of the manufacturing
method of the dielectric structure having praseodymium
oxide in accordance with the present invention; and

[0032] FIG. 6 illustrates a flow chart of the manufacturing
method of the transistor having praseodymium oxide in
accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] Exemplary embodiments of the present invention
are described herein in the context of an illuminating system
and a method thereof.

[0034] Those of ordinary skilled in the art will realize that
the following detailed description of the exemplary embodi-
ment(s) is illustrative only and is not intended to be in any way
limiting. Other embodiments will readily suggest themselves
to such skilled persons having the benefit of this disclosure.
Reference will now be made in detail to implementations of
the exemplary embodiment(s) as illustrated in the accompa-
nying drawings. The same reference indicators will be used
throughout the drawings and the following detailed descrip-
tion to refer to the same or like parts.

[0035] Please refer to FIG. 1, which illustrates a schematic
diagram of the dielectric structure having praseodymium
oxide in accordance with the present invention. As shown in
this figure, a dielectric structure 1 (or capacitor) having
praseodymium oxide according to the present invention is
disclosed, which comprises a W-V substrate 10, a dielectric
layer 11, a first metal layer 12 and a second metal layer 13.
The dielectric layer 11 is disposed on the III-V substrate 10,
the first metal layer 12 is disposed on the dielectric layer 11,
and the second metal layer 12 is disposed under the [1I-V
substrate 10. Wherein, the dielectric layer 11 is praseody-
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mium oxide (Pr,0,), the x is between 1 and 10, and the y is
between 1 and 12. The substrate 10 could be In, Ga,As, them
is between 0 and 1, preferred between 0.4 and 0.8, and the n
is preferred between 0.2 and 0.6, and m+n=1. In some pre-
ferred embodiments, the first metal layer 12 and the second
metal layer 13 could be aluminum or gold.

[0036] In this embodiment, the 11I-V substrate 10 further
comprises a first I1I-V material layer 100 and a second I1I-V
material layer 101. The first I1I-V material layer 100 is dis-
posed on the second metal layer 13, and the 10 nm first
material layer 100 is n-type indium gallium arsenide (In,
53Gay, ,,As) doped with 5x10'7 cm™3 silicon; the second I11-V
material layer 101 is disposed on the first material layer 100,
and the 5 nm second I1I-V material layer 101 is n-type indium
gallium arsenide (In,, ,Ga, ,As) doped with 5x10'” cm™ sili-
con. In addition, a n* layer 14 is further disposed between the
second metal layer 13 and the first material layer 100 to
decrease the contact resistance between the second metal
layer 13 and the first material layer 100. In this embodiment,
the dielectric layer 11 is 9 nm praseodymium oxide (Pr,0, ),
and the first metal layer 12 and the second metal layer 13 is 50
nm aluminum.

[0037] Please refer to FIG. 2, which illustrates a capaci-
tance-voltage curve diagram of the dielectric structure having
praseodymium oxide in accordance with the present inven-
tion. As shown in this figure, a thin film layer is formed
between the III-V material and oxide and causes loss, so the
frequency dispersion phenomenon could be found on the C-V
curve. The praseodymium oxide (Pr O, ,) has a high dielec-
tric constant (34), thus compares with the conventional
hafnium oxide (HfO,), the EOT of the present invention is
estimated 2.783 nm according to the 1 kHz capacitance value.
The EOT of the conventional hafnium oxide (HfO,) is 3.343
nm, thus the present invention does improve the EOT of the
conventional semiconductor device.

[0038] Please refer to FIG. 3, which illustrates a schematic
diagram of the first embodiment of the transistor having
praseodymium oxide in accordance with the present inven-
tion. As shown in this figure, the first embodiment of the
transistor 2 having praseodymium oxide according to the
present invention comprises a I1I-V substrate 20, a gate 21, a
gate dielectric layer 22, a channel layer 23 and a source/drain
24. The gate dielectric layer 22 is disposed on the III-V
substrate 20, the gate dielectric layer 22 is disposed on the
gate 21, the channel layer 23 is disposed on the gate dielectric
layer 22, and the source/drain 24 is disposed on the channel
layer 23. The gate dielectric layer 22 is praseodymium oxide
(Pr,0,), the x is between 1 and 10, and the y is between 1 and
12. The substrate 20 could be In,,Ga, As, the m is between 0
and 1, and m+n=1. The gate 21 could be aluminum, gold or
poly silicon. This embodiment is so-called “bottom gate
MOSFET”. Please refer to FIG. 4, which illustrates a sche-
matic diagram of the second embodiment of the transistor
having praseodymium oxide in accordance with the present
invention. As shown in this figure, the main difference
between these two embodiments is that the second embodi-
ment is so-called “top gate MOSFET”, and it means that the
gate dielectric layer 22 is disposed on the substrate 20, and the
gate 21 is disposed on the gate dielectric layer 22. Besides, the
source/drain 24 is disposed on the III-V substrate 20, or
disposed in the substrate 20 by ion implement. The operation
and manufacturing method of the aforementioned transistors
are all prior arts, so it will not be described here again.
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[0039] The concept of the method of manufacturing a
dielectric structure and a transistor having praseodymium
oxide in accordance to the present invention is simulta-
neously described in the description of the dielectric structure
and the transistor having praseodymium oxide disclosed in
the present invention, but in order to get clearer, the following
will still illustrate the flow chart of the method of manufac-
turing the dielectric structure and the transistor having
praseodymium oxide.

[0040] Please refer to FIG. 5, which illustrates a flow chart
of the manufacturing method of the dielectric structure hav-
ing praseodymium oxide in accordance with the present
invention. As shown in this figure, the method of manufac-
turing a dielectric structure having praseodymium oxide
according to the present invention comprises the following
steps of:

[0041] (S10) providing a III-V substrate;

[0042] (S11) disposing a dielectric layer on the III-V sub-
strate, wherein the dielectric layer is praseodymium oxide
(Pr,0,):

[0043] (S12) disposing a first metal layer on the dielectric
layer; and

[0044] (S13)disposing a second metal layer under the [1I-V
substrate.

[0045] Please refer to FIG. 6, which illustrates a flow chart
of the manufacturing method of the transistor having
praseodymium oxide in accordance with the present inven-
tion. As shown in this figure, the method of manufacturing a
transistor having praseodymium oxide according to the
present invention comprises the following steps of:

[0046] (S20) providing a ITI-V substrate;

[0047] (S21) disposing a gate dielectric layer on the [1I-V
substrate, wherein the gate dielectric layer is praseodymium
oxide (Pr,0,); and

[0048] (S22) disposing a gate on the dielectric layer.
[0049] Wherein, the x is between 1 and 10, and the y is
between 1 and 12. The praseodymium oxide is preferred
Pr,O,, or Pr,O;. The I1I-V substrate is In, Ga, As, and the m
1s between 0 and 1, and m+n=1.

[0050] In addition, the method of disposing the praseody-
mium oxide comprises Chemical vapor deposition (CVD),
DC/AC sputtering, Atomic Layer Deposition (ALD) and
Molecular Beam Epitoxy (MBE).

[0051] The other layers of the dielectric structure and the
transistors are all prior arts, only the key components are
described, and the manufacturing processes of the other lay-
ers will not be described here again.

[0052] In summary, the dielectric structure having
praseodymium oxide, the transistor having praseodymium
oxide and the manufacturing method thereof disclosed by the
present invention could effectively decrease the leakage cur-
rent and the EOT of the conventional semiconductor by using
the praseodymium oxide having high dielectric constant and
high band gap as a gate insulator in the II1-V semiconductor
device.

[0053] The implementation of the method of manufactur-
ing the dielectric structure and the transistor having praseody-
mium oxide in accordance with the present invention has
already described in the description of the embodiments of
the dielectric structure and the transistor having praseody-
mium oxide according to the present invention, so it will not
be stated here again.

[0054] While particular embodiments of the present inven-
tion have been shown and described, it will be obvious to
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those skilled in the art that, based upon the teachings herein,
changes and modifications may be made without departing
from this invention and its broader aspects. Therefore, the
appended claims are intended to encompass within their
scope of all such changes and modifications as are within the
true spirit and scope of the exemplary embodiment(s) of the
present invention.

What is claimed is:
1. A dielectric structure having praseodymium oxide, com-
prising:
a I11-V substrate;
a dielectric layer, disposed on the III-V substrate;
a first metal layer, disposed on the dielectric layer; and
a second metal layer, disposed under the III-V substrate;
wherein, the dielectric layer is praseodymium oxide
(Pr,0,).
2. The dielectric structure of claim 1, wherein the x is
between 1 and 10, and the y is between 1 and 12.
3. The dielectric structure of claim 1, wherein the substrate
is In,,Ga,,As, and the m is between 0 and 1, and m+n=1.
4. The dielectric structure of claim 1, wherein the first
metal layer and the second metal layer is aluminum or gold.
5. An method of manufacturing a dielectric structure hav-
ing praseodymium oxide, comprising the following steps of:
providing a I1I-V substrate;
disposing a dielectric layer on the III-V substrate;
disposing a first metal layer on the dielectric layer; and
disposing a second metal layer under the I1I-V substrate;
wherein, the dielectric layer is praseodymium oxide
(Pr.0).
6. The method of ¢laim 5, wherein the x is between 1 and
10, and the y is between 1 and 12.
7. The method of claim 5, wherein the substrate is In Ga-
,As, and the m is between 0 and 1, and m+n=1.
8. The method of claim 5, wherein the first metal layer and
the second metal layer is aluminum or gold.
9. A transistor having praseodymium oxide, comprising:
a I11-V substrate;
a gate dielectric layer, disposed on the ITI-V substrate; and
a gate, disposed on the dielectric layer;
wherein, the gate dielectric layer is praseodymium oxide
Pr,0,)
10. The transistor of claim 9, wherein the x is between 1 and
10, and the v is between 1 and 12.
11. The transistor of claim 9; wherein the I11-V substrate is
In,Ga, As, and the m is between 0 and 1, and m+n=1.
12. The transistor of claim 9, wherein the gate is aluminum,
gold or poly silicon.
13. An method of manufacturing a transistor having
praseodymium oxide, comprising the following steps of:
providing a III-V substrate;
disposing a gate dielectric layer on the 11I-V substrate; and
disposing a gate on the dielectric layer;
wherein, the dielectric layer is praseodymium oxide
(Pr,0,).
14. The method of claim 13, wherein the x is between 1 and
10, and the y is between 1 and 12.
15. The method of claim 13, wherein the substrate is In,,-
Ga,,As, and the m is between 0 and 1, and m+n=1.
16. The method of claim 13, wherein the gate is aluminum,
gold or poly silicon.



