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(57) ABSTRACT
Disclosed is a SiC wide trench-type junction barrier 
Schottky diode. The Schottky diode includes a SiC N- 
epitaxial layer formed on a SiC N+-type substrate and a 
Schottky metal layer having a planar Schottky metal pattern 
layer and a downwardly depressed trench-type Schottky 
metal pattern layer, which are alternately formed at prede
termined intervals and on the upper end part of the SiC N- 
epitaxial layer. The Schottky diode includes a P+ junction 
pattern formed so as to permeate from the lower part of the 
trench-type Schottky metal pattern layer to the SiC N- 
epitaxial layer and a cathode electrode formed on the lower 
part of the SiC N+-type substrate. The width of the P+ 
junction pattern is narrower than the width of the trench-type 
Schottky metal pattern layer, and the P+ junction pattern is 
not formed on a side wall vertical surface region of the 
trench-type Schottky metal pattern layer.

10 Claims, 16 Drawing Sheets
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FIG. 14A
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FIG. 14B
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FIG. 15A

FIG. 15B



U.S. Patent Apr. 21, 2020 Sheet 12 of 16 US 10,629,754 B2

FIG. 16A

FIG. 16B



U.S. Patent Apr. 21, 2020 Sheet 13 of 16 US 10,629,754 B2

C
ur

re
nt

 d
en

si
ty

1500

1000

500

0

FIG. 17

Y~axis(pm;



U.S. Patent Apr. 21, 2020 Sheet 14 of 16 US 10,629,754 B2

rlo. Io



U.S. Patent Apr. 21, 2020 Sheet 15 of 16 US 10,629,754 B2

FIG. 19

100-

90 -
g 80-

70-
60-
50-
40-
30-

20-
10-
0-
0.

JBS_simulation
Wide Trench JBS_simulation |
Trench JBS simulation

ω c Φ

Forward Voltage (V)



U.S. Patent Apr. 21, 2020 Sheet 16 of 16 US 10,629,754 B2

1 E-3

1E-4

1E-5

1E-6

1E-7

1E-8

1E-9
0 200 400 600 800 1000 1200

[ Off-state ]

FIG. 20

Reverse Voltage (V)



US 10,629,754 B2
1

SIC WIDE TRENCH-TYPE JUNCTION 
BARRIER SCHOTTKY DIODE AND 

MANUFACTURING METHOD THEREFOR

CROSS-REFERENCE TO RELATED 
APPLICATIONS

This application is a continuation application, and claims 
the benefit under 35 U.S.C. §§ 120 and 365 of PCT 
Application No. PCT/KR2016/012165, filed on Oct. 27, 
2016, which is hereby incorporated by reference. PCT/ 
KR2016/012165 also claimed priority from Korean Patent 
Application No. 10-2016-0101891, filed on Aug. 10, 2016, 
which is hereby incorporated by reference.

BACKGROUND

Field

The present disclosure relates to a SiC wide trench-type 
junction barrier Schottky diode and a manufacturing method 
therefor.

Description of the Related Art

A Schottky diode is made by bonding a semiconductor 
and a metal, and the Schottky diode may be fabricated using 
a metal-semiconductor junction which provides a Schottky 
barrier and is generated between a metal layer and a doped 
semiconductor layer.

The Schottky diode has a small forward voltage in an ON 
state which allows a current to flow in a forward bias 
direction, and the Schottky barrier generally has capacitance 
that is smaller than that of a general p-n diode.

The Schottky diode has a threshold voltage that is lower 
than that of a general diode.

Since the Schottky diode has a low threshold voltage, i.e., 
a low voltage drop, efficiency in terms of power energy is 
improved, and thus signal distortion may be low.

The Schottky diode has a characteristic in which a reverse 
recovery time is shortened because a current flows through 
majority carriers and thus there is no accumulation effect 
like a general diode.

Such a Schottky diode has an advantage of having a 
higher switching speed than a p-n diode, but has a disad
vantage in that a larger reverse bias leakage current occurs 
than in a p-n diode due to a relatively low reverse bias 
voltage rating.

That is, the Schottky diode has a fast tum-on voltage and 
a high current density, but it has the disadvantage of a large 
leakage current in an OFF state caused by thermal electron 
emission and a Schottky barrier reduction phenomenon.

In order to improve efficiency of a semiconductor includ
ing such a Schottky diode, there is a demand for a technique 
of reducing resistance of an ON state in a tum-on state to 
increase a current density in an ON state and reducing a 
leakage current in a turn-off state.

A related art in conjunction with the present invention is 
disclosed in Korean Patent Registration No. 10-1233953 
(entitled, Schottky Device and Manufacturing Method).

SUMMARY

The present disclosure is directed to providing a SiC wide 
trench-type junction barrier Schottky diode capable of main
taining a characteristic of reducing a leakage current by 
improving a junction pattern structure in a junction barrier 

5

10

15

20

25

30

35

40

45

50

55

60

65

2
Schottky diode and improving a current density character
istic in an ON state, and a manufacturing method therefor.

One aspect of the present invention provides a method of 
manufacturing a SiC wide trench-type junction barrier 
Schottky diode, the method including forming a SiC N- 
epitaxial layer, which is doped with an N“ type impurity, on 
a SiC N+ type substrate, forming a hard mask pattern for 
trench etching on an upper end part of the N“ epitaxial layer, 
and then forming a downwardly depressed trench at prede
termined intervals by performing etching, forming an oxide 
film mask for a space for P+ ion implantation on the upper 
end part of the N“ epitaxial layer by removing the hard mask 
pattern, wherein the oxide film mask is formed to cover a 
sidewall of the trench so as to form the space for P+ ion 
implantation to be narrower than a width of the trench, 
forming a P+ junction pattern on a lower part of the trench 
by injecting P+ ions from an upper portion of an oxide film 
mask pattern, after the forming of the P+ junction pattern, 
removing the oxide film mask and performing first anneal
ing, after the performing of first annealing, forming a 
Schottky metal layer by applying a Schottky metal to the 
upper end part of the N“ epitaxial layer at which the trench 
is formed, and after the forming of the Schottky metal, 
forming upper and lower electrodes and performing second 
annealing for metal bonding.

The P+ junction pattern may be formed to be narrower 
than a width of the trench.

A width of the P+ junction pattern may be formed in a 
range of 2 (±5%) to 4 (±5%) pm, and a vertical depth of the 
P+ junction pattern may be formed with 0.5 (±5%) pm.

A space between the P+ junction patterns may be formed 
in a range of 2 (±5%) to 4 (±5%) pm.

The space between the P+ junction patterns may be 
formed to be 2.2 (±5%) pm.

A vertical depth cl, of the trench and a vertical depth d, of 
a P+junction pattern may be formed in a range satisfying the 
following Equation 1:

wherein S, denotes a width between the P+junction patterns, 
d, denotes a vertical depth of the P+ junction pattern, and dt 
denotes a vertical depth of the trench.

In the forming of the trench, a vertical depth of the trench 
may be in a range of 0.3 (±5%) to 0.5 (±5%) pm, and a width 
of the trench may be in a range of 3 (±5%) to 5 (±5%) pm.

The Schottky metal layer may be formed by applying Ti 
with a thickness of 3000 (±5%) A.

The first annealing may be performed at a temperature of 
1,700 (±5%) ° C., and the second annealing may be per
formed at a temperature of 450 (±5%) ° C.

A doping concentration of the N“ epitaxial layer may be 
1.0 (±5%)xl015 cm-3, and a vertical height of the N“ 
epitaxial layer may be formed to be 15 (±5%) pm.

Another aspect of the present invention provides a SiC 
wide trench-type junction barrier Schottky diode including a 
SiC N“ epitaxial layer formed on a SiC N+ type substrate, a 
Schottky metal layer in which a planar Schottky metal 
pattern layer and a downwardly depressed trench-type 
Schottky metal pattern layer are alternately formed on an 
upper end part of the SiC N“ epitaxial layer at predetermined 
intervals, a P+ junction pattern formed by permeating into 
the SiC N“ epitaxial layer below the trench-type Schottky 
metal pattern layer, and a cathode electrode formed on a 
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lower part of the SiC N+ type substrate, wherein a width of 
the P+ junction pattern is formed to be narrower than that of 
the trench-type Schottky metal pattern layer, and the P+ 
junction pattern is not formed in a vertical surface area of a 
sidewall of the trench-type Schottky metal pattern layer.

A SiC wide trench-type junction barrier Schottky diode 
according to one embodiment of the present invention has an 
effect of optimally increasing a current density characteristic 
of an ON state while maintaining a characteristic of a 
leakage current reduced by a junction pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a structure of a general 
junction barrier Schottky diode (JBS).

FIG. 2 is a diagram illustrating a structure of a trench-type 
junction barrier Schottky diode (TJBS) in which a leakage 
current is reduced in the general JBS structure.

FIG. 3 is a diagram for describing a current flow and a 
resistance distribution in an ON state of the TJBS of FIG. 2.

FIG. 4 is a diagram illustrating a structure of a SiC wide 
TJBS (WTJBS) in which a current density is improved 
according to one embodiment of the present invention.

FIG. 5 is a diagram illustrating a current flow and a 
resistance distribution in an ON state in the structure of the 
SiC WTJBS according to one embodiment of the present 
invention.

FIG. 6 is a diagram illustrating a potential distribution in 
an OFF state of the SiC WTJBS according to one embodi
ment of the present invention.

FIG. 7 is a diagram illustrating design parameters for 
having a minimum leakage current from a potential unbal
ancing point of a Schottky junction and an upper trench 
junction in an OFF state of the SiC WTJBS according to one 
embodiment of the present invention.

FIGS. 8, 9, 10, 11 and 12 are diagrams illustrating an 
example of a manufacturing method of a SiC WTJBS 
according to one embodiment of the present invention.

FIG. 13 is a graph showing electrical characteristics of 
ON and OFF states of the TJBS and the WTJBS according 
to intervals of a P+ junction pattern.

FIGS. 14A, 15A, and 16A are diagrams illustrating cur
rent flow patterns in ON states and FIGS. 14B, 15B, and 16B 
are diagrams illustrating electric field intensity patterns in 
OFF states of the JBS, the TJBS, and the WTJBS.

FIG. 17 is a graph showing variations of current densities 
in ON states of the JBS, the TJBS, and the WTJBS.

FIG. 18 is a graph showing variations of electric field 
intensities in OFF states of the JBS, the TJBS, and the 
WTJBS.

FIG. 19 is a graph showing electrical characteristics in 
ON states of a Schottky barrier diode (SBD), the JBS, the 
TJBS, and the WTJBS.

FIG. 20 is a graph showing electrical characteristics in 
OFF states of the SBD, the JBS, the TJBS, and the WTJBS.

DETAILED DESCRIPTION

The present invention may be modified into various forms 
and may have a variety of embodiments, and, therefore, 
specific embodiments will be illustrated in the drawings and 
described in detail.

The embodiments, however, are not to be taken in a sense 
which limits the present invention to the specific embodi
ments, and should be construed to include modifications, 
equivalents, or substitutes within the spirit and technical 
scope of the present invention.
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4
Also, in the following description of the present inven

tion, when a detailed description of a known related art is 
determined to unnecessarily obscure the gist of the present 
invention, the detailed description thereof will be omitted.

In the drawings, some portions not related to the descrip
tion will be omitted in order to clearly describe the present 
invention, and similar reference numerals are given to 
similar components throughout the disclosure.

The present disclosure relates to a SiC wide trench-type 
junction barrier Schottky diode (SiC WTJBS) and a manu
facturing method therefor.

Hereinafter, a SiC WTJBS according to one embodiment 
of the present invention and a manufacture method therefor 
will be described in comparison with a related art.

FIG. lisa diagram illustrating a general junction barrier 
Schottky diode structure.

FIG. 1 illustrates a structure of a junction barrier Schottky 
diode (hereinafter, referred to as a “JBS”) 10 in which a 
junction is implemented to reduce a leakage current in an 
existing Schottky diode element.

Referring to FIG. 1, an N“ epitaxial layer 18 is formed on 
an N+ substrate 14.

A cathode electrode 15 is formed on a lower part of the N+ 
substrate 14.

A P+ junction pattern 12 is formed at an inner surface of 
an upper end of the N“ epitaxial layer 18 at predetermined 
intervals.

A Schottky metal terminal layer 11 is formed at an upper 
part of the P+ junction pattern 12 and an upper part of the 
remaining N“ epitaxial layer.

A portion at which the P+ junction pattern is formed 
becomes a PN junction in the form of a vertical space to 
perform a function which is the same as that of a PiN diode.

Therefore, in the JBS of FIG. 1, an equivalent circuit may 
be formed such that a general Schottky barrier diode (SBD) 
and a PiN diode are connected in parallel.

In an OFF state of the JBS, the PiN diode and the SBD 
simultaneously applied by an OFF state voltage. At this 
point, since the PiN diode has a thickness of an epitaxial 
layer shorter than the SBD by a P+ junction depth, the PiN 
diode is applied by more OFF state electric fields, and a 
smaller electric field is applied to a Schottky junction. 
Consequently, the electric field applied to a surface of the 
Schottky junction may be reduced such that a leakage 
current may be reduced.

Therefore, the JBS of FIG. 1 has an effect of reducing the 
leakage current caused by the formation of the P+ junction 
pattern 12.

Meanwhile, during an ON state operation, the PiN diode 
and the SBD are connected in parallel, a current flows 
according to an applied forward voltage, and since a turn-on 
voltage in a space region of the P+ junction pattern serving 
as the PiN diode is higher than a required operating voltage, 
the current only flows to the space region serving as the SBD 
to perform the ON state operation.

Therefore, a current density characteristic in an ON state 
is reduced in the JBS of FIG. 1 as compared with a general 
SBD operated by a current flowing in an entire region.

Therefore, the formation of the P+ junction pattern 12 in 
the JBS of FIG. 1 acts as a factor for reducing a current 
density in an ON state.

Meanwhile, when the intervals between the P+ junction 
patterns 12 in the JBS of FIG. 1 are increased, a Schottky 
area is increased and thus the current density may be 
improved. However, an area in which a leakage current is 
generated increases by an increment of the Schottky area so 
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that it is difficult to resolve a trade-off with respect to the 
current density and the leakage current.

Further, when a depth of the P+ junction pattern 12 
becomes deeper, the leakage current may theoretically be 
further reduced. However, a problem may occur in a manu- 5 
factoring process due to deepening a doping depth in SiC.

Further, lateral diffusion occurs in the JBS due to the P+ 
junction pattern and lateral diffusion in SiC diffuses to a 
length equal to a depth of the junction pattern so that when 
the depth of the junction pattern becomes deeper, lateral 10 
diffusion of the junction pattern increases. In this case, a 
total current density decreases.

In the JBS, an electric field shielding effect of the P+ 
junction pattern may be increased as the depth of the 
junction pattern increases, but an ON state characteristic is 15 
that, as the depth of the junction pattern increases, a length 
of a junction field effect transistor (JFET) resistor RJFET 
becomes longer and thus overall resistance increases such 
that a problem may occur in that the ON state characteristic 
degrades. 20

The JBS has an effect of reducing the leakage current due 
to the formation of the P+ junction pattern 12, but on the 
other hand, the formation of the P+ junction pattern 12 acts 
as a factor for decreasing the current density characteristic in 
the ON state. 25

FIG. 2 is a diagram illustrating a trench-type junction 
barrier Schottky diode (TJBS) structure in which a leakage 
current is reduced in the general JBS structure.

In a SiC process, a depth of the junction pattern which 
may be generally doped is only in the range of 0.4 to 0.8 pm, 30 
so a SiC JBS has a limitation on implementation of a deep 
junction pattern.

Further, the depth of the junction pattern should be 
increased so as to overcome the trade-off with respect to the 
leakage current-current density of the JBS, but considering 35 
the lateral diffusion of the junction pattern, it is difficult to 
implement a deep depth of the junction pattern in a general 
planar type JBS.

FIG. 2 illustrates a structure of a SiC TJBS 20 in which 
leakage current reduction efficiency is increased more than 40 
that of a planar JBS using trench etching so as to resolve the 
above-described problem.

Referring to FIG. 2, the structure of the TJBS 20 is 
configured such that an N“ epitaxial layer 28 is formed on 
an upper part of an N+ substrate 24 and a cathode electrode 45 
25 is formed on a lower part of the N+ substrate 24.

A planar Schottky metal 21-1 and a downwardly 
depressed trench-type Schottky metal 21-2 are alternately 
formed at predetermined intervals on an upper end part of 
the N“ epitaxial layer 28. 50

A P+ junction pattern 22 is formed on a lower part and a 
lateral surface of the trench-type Schottky metal 21-2.

The TJBS of FIG. 2 is characterized in that the P+junction 
pattern 22 is more deeply distributed by trench etching 
process than in the JBS 10 of FIG. 1. 55

Owing to the P+ junction pattern 22 being more deeply 
distributed, an effect of reducing an electric field in the 
Schottky junction is further increased so that a leakage 
current may be reduced more than that of the JBS of FIG. 1.

An ON state operation in the TJBS is the same as that in 60 
the JBS 10 in FIG. 1.

Similar to the JBS 10 of FIG. 1, an operating voltage at 
a path of the P+ junction pattern 22 is higher than an 
operating voltage range of the diode such that the TJBS 20 
is operated by blocking a current from flowing in the path of 65 
the P+ junction pattern 22 in an ON state and allowing the 
current to only flow in a path of the Schottky junction.

6
FIG. 3 is a diagram for describing a current flow and a 

resistance distribution in an ON state of the TJBS of FIG. 2.
Referring to FIG. 3, a voltage drop of the TJBS in the ON 

state may be expressed by Equation 1.

„ ,. .. , kT ((S j/WceU)JF\ Equation 1
Vp = -ΔΦβ«) + — ln^ j,2 J +

Here, NF means a forward voltage drop, ΦΒΝ means a 
height of a Schottky junction barrier, ΔΦ.;ν means a height 
of a Schottky junction barrier reduced by an image charge 
barrier descent phenomenon, A** means an effective Rich
ardson constant, k means a Boltzmann constant, Si means a 
width between P+ junction patterns, means an overall 
width of a single cell, J7 means a forward current density, 
and Rtoto/4/, means the sum of resistance components in 
consideration of an area.

In Equation 1, Ά,Ρ,,,Ρ,Ρ may be expressed as Equation 2 by 
referring to a resistance distribution in FIG. 2.14.

Rtotal,sF(jhs)=E+kF,p.p+PFp,,,.,;.p+t<Equation 2

Here, RSLts means substrate resistance, ^Drift^p means 
resistance of an N“ epitaxial layer region in an ON state in 
consideration of an area, RSPJlEjip means resistance of a 
current region diffused across a JFET region, and ^JFET^P 
means a specific resistance of the JFET region in consider
ation of the area.

The resistance components of Equation 1 may be repre
sented as Equations 3 to 5 using lengths shown in FIG. 3.

i Wj λ Equation 3
^Drift.sp ~ PZ)I ^epi ~ dj — dt — — Wdepl I

Here, pE means resistivity of an N“ epitaxial layer, lepi 
means a length of the N“ epitaxial layer, d; means a depth of 
the P+ junction pattern, dt means a vertical depth of a trench, 
W· means a width of the P+ junction pattern, and W,; ; 
means a width of a depletion region in an ON state.

O , ( W«i“ 1 Equation 4
‘'spread,sp — PD ”cell1^1 —

V ~2 Wdepl J

Pd Wceiiidj + dt 4- wdep[) Equation 5
KjFET,sp ~ ------------------------

"2 wdepl

A current density characteristic reduced by the 
resistance components and the junction pattern structure 
may be expressed by the following Equation 6.

, Si , 1 (- ΕΚιοιοίρρ ] , ] Equation 6
= -----------EEr------ J’1]

Here, Js means a saturation current, V., means an applied 
voltage, and n means an ideal factor.

Referring to Equation 6, it can be seen that the current 
density in the TJBS is determined by an area ratio of the 
Schottky junction to all the cells.

Therefore, as in the JBS in FIG. 1, a surface current is 
decreased due to the deeper junction depth, and thus the 
leakage current in the TJBS is reduced as compared with the 
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JBS in FIG. 1, but an influence by which the current density 
is reduced due to the length of the RJEFT still remains.

Further, a leakage current .Ι//Λ//;Λ in an OFF state is 
expressed by the following Equation 7.

, SJ ...^2 I “Δφ®ν)\ Equation 7
Wcell ' kT I

Like the JBS, the TJBS is also a structure for sacrificing 
the current density to reduce the leakage current such that it 
is analyzed that the TJBS has a limitation in being applied 
to a higher breakdown voltage and a large current for a 
power system having a higher breakdown voltage or a power 
system requiring a large amount of current.

FIG. 4 is a diagram illustrating a structure of the SiC wide 
TJBS (WTJBS) in which a current density is improved 
according to one embodiment of the present invention.

FIG. 4 illustrates the structure of the WTJBS which is 
capable of improving a current density characteristic without 
increasing a leakage current according to one embodiment 
of the present invention.

In the examples of the JBS of FIG. 1 and the TJBS of FIG. 
2, the electric field applied to the Schottky junction is 
reduced as the depth of the P+ junction pattern becomes 
deeper such that the leakage current may be reduced.

However, while the leakage current is reduced, the 
Schottky junction area is reduced by the P+ junction pattern 
region, and thus a tolerable current density characteristic is 
also reduced.

As shown in FIG. 4, in order to resolve the above
described problems, the SiC WTJBS according to one 
embodiment of the present invention is characterized as 
using a wide trench-type Schottky metal that is wider than 
where a P+ junction pattern region is formed.

The wide trench-type Schottky metal that is wider than 
the P+ junction pattern region is formed in the SiC WTJBS 
according to an embodiment of the present invention so that 
a bottom portion of the P+ junction pattern region, which 
withstands an electric field in the OFF state, is formed and 
a side wall of a trench remains as a Schottky junction such 
that an effect, in which the overall Schottky junction area is 
increased as compared with the related art, can be achieved.

Referring to FIG. 4, a WTJBS 30 according to one 
embodiment of the present invention is configured such that 
a SiC N“ epitaxial layer 38 is formed on an upper part of a 
SiC N+ substrate 34, and a cathode electrode 35 is formed on 
a lower part of the SiC N+ substrate 34.

A Schottky metal layer 31, where a planar Schottky metal 
pattern layer 31-1 and a downwardly depressed trench-type 
Schottky metal pattern layer 31-2 are alternately formed at 
predetermined intervals, is formed on an upper end part of 
the SiC N“ epitaxial layer 38.

A P+junction pattern 32 having a width narrower than that 
of the trench-type Schottky metal pattern layer 31-2 is 
formed below the trench-type Schottky metal pattern layer 
31-2 by permeating into the SiC N“ epitaxial layer 38.

The width of the downwardly depressed trench-type 
Schottky metal pattern layer 31-2 according to one embodi
ment of the present invention is greater than the width of the 
P+ junction pattern 32.

Therefore, in the SiC WTJBS according to one embodi
ment of the present invention, the P+ junction pattern 32 is 
not formed at a vertical surface of a side wall of the 
trench-type Schottky metal 31-2.

5

10

15

20

25

30

35

40

45

50

55

60

65

8
That is, the SiC WTJBS 30 according to one embodiment 

of the present invention is characterized in that a P+ junction 
pattern having a width narrower than that of the trench-type 
Schottky metal 31-2 is formed.

Accordingly, in the SiC WTJBS 30 according to one 
embodiment of the present invention, the Schottky junction 
region is formed at the sidewall of the trench-type Schottky 
metal 31-2.

In the TJBS 20 of FIGS. 2 and 3, a P+ junction pattern is 
formed in a vertical surface region of the sidewall by 
sidewall ion implantation, thereby preventing the Schottky 
junction region of the sidewall of the trench from being 
exposed.

When a thickness of a sidewall P+junction is a unit 
cell of the TJBS of FIG. 3 includes the thickness of the 
sidewall P+ junction.

Referring to FIG. 4, since the sidewall of the trench of the 
trench-type Schottky metal 31-2 is exposed to the N“ 
epitaxial layer, the SiC WTJBS 30 according to one embodi
ment of the present invention has a form in which W-Za< of 
the TJBS 20 is removed such that the unit cell is reduced by 
2W/jZai as compared with the TJBS of FIG. 3 and thus the 
current density may be improved.

Further, since a Schottky area is constituted by the side
wall, the area of the Schottky junction is further increased by 
dt, which is a depth of the trench, in addition to a distance 
S, between the P+ junctions.

A current density 1WTJBS of the SiC WTJBS according to 
one embodiment of the present invention is expressed by 
Equation 8.

Here, S, means a width between P+ junction patterns, cl, 
means a vertical depth of a trench, W„,s means an overall 
width of a single cell in W///r>. .1., means a saturation current, 
V,, means an applied voltage, J7 means a forward current 
density, n means an ideal factor, and K„„,„2v, means the sum 
of resistance components in consideration of an area.

Referring to Equation 8, the Schottky junction area, which 
is a numerator in a rate for determining the current density, 
is increased by 2d, corresponding to the depth of the trench, 
and a unit cell size, which is a denominator, becomes 
WCe„2=(WCe„1-2W7.Zai), thereby being reduced by 2W;/,„ 
as compared with the TJBS of FIG. 3.

FIG. 5 is a diagram illustrating a current flow and a 
resistance distribution in an ON state in the structure of the 
SiC WTJBS according to one embodiment of the present 
invention.

Referring to the structure of the SiC WTJBS of FIG. 5 
according to one embodiment of the present invention, the 
Schottky junction which allows a current to flow in the ON 
state is increased by the depth of the trench and thus a 
current path is increased, and also since there is no sidewall 
P+ junction as in the conventional TJBS of FIG. 2, a path of 
Rjfet becomes shorter than the related art. Accordingly, in 
the TJBS of FIG. 3, resistance of Rr// that is smaller than 
that of the RJFET by the shortened path is provided at a 
region where the RJFET is distributed.

A specific resistance Rj^rsp of a JFET region in con
sideration of an area of the WTJBS according to one 
embodiment of the present invention and a channel resis
tance Κ< /ΛΛ/. in an ON state in consideration of an area are 
expressed by Equations 9 and 10.
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D PDWceU(dj +w*p/) Equation 9
KjFET,sp ~ --------------------

"2 wdepl

PD^ceiidt Equation 10
PcH,..·. = ----------------

2"

Referring to FIG. 5, Rr// refers to resistance appearing in 
a trench Schottky junction region, and resistivity of Rr// is 
equal to that of RJEET, but according to a Schottky junction 
characteristic, a resistance value of Rr// is smaller than that 
of \k//Er because there is no decrement in area due to a 
depletion region.

Therefore, a total resistance value Rtotaisp of the resis
tance components considering the area in the WTJBS 
according to one embodiment of the present invention is 
smaller than the total resistance value of the conventional 
TJBS of FIG. 2.

Further, in the SiC WTJBS according to one embodiment 
of the present invention, a voltage drop VEdrnrBS in an ON 
state is expressed by the following Equation 11.

Here, means a forward voltage drop, ΦΒΝ means a 
height of a Schottky junction barrier, ΔΦ/; ν means a height 
of a Schottky junction barrier reduced by an image charge 
barrier descent phenomenon, A** means an effective Rich
ardson constant, k means a Boltzmann constant, S; means a 
width between P+ junction patterns, W^^ means an overall 
width of a single cell of the W/ //;l>. J^ means a forward 
current density, and Rtotaisp means the sum of resistance 
components in consideration of an area.

Referring to Equation 11, in the SiC WTJBS according to 
one embodiment of the present invention, a term of the 
current density may be increased by a current increment at 
the voltage drop in the ON state, but since the total resistance 
value Rtotal,sp is reduced, an overall voltage drop in the ON 
state becomes smaller than that of the conventional TJBS of 
FIG. 2.

As with the ON state characteristic, an amount of the 
leakage current in the OFF state of the SiC WTJBS accord
ing to one embodiment of the present invention is such that 
an area of a current source increases due to the exposure of 
the sidewall of the trench, and at this point, the amount of the 
leakage current Jz WEJBS is expressed by Equation 12.

Sj+2d, 2 ζ?(ΦΒΛ.-ΔΦβΛ<)\ Equation 12 Jl, WTJBS = - -ST.-------A T exp --------- —--------
W„ui ' kT I

Referring to Equation 12, the amount of the leakage 
current in the OFF state of the SiC WTJBS according to one 
embodiment of the present invention is shown to increase by 
2d; compared with the conventional TJBS 20 of FIG. 2.

Assuming the WTJBS 30 has (d,+d7) equal to S; of the 
TJBS 20, according to a characteristic of a surface electric 
field applied to the Schottky junction, which is reduced in 
proportion to a distance, the TJBS and the WTJBS have the 
same depth of the P+ junction pattern with respect to the 
same depth of the trench so that the TJBS and the WTJBS 
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10
have the same distance from a potential center to a surface 
of the Schottky junction such that the TJBS and the WTJBS 
have the same surface electric field.

That is, when compared with the conventional TJBS, the 
SiC WTJBS according to one embodiment of the present 
invention has an effect the same as that of the conventional 
TJBS with respect to the image charge barrier reduction 
phenomenon, and only the Schottky junction ratio is 
increased. Although junction depths are the same, the leak
age current of the WTJBS is slightly greater than that of the 
conventional TJBS, but an increment of the leakage current 
is extremely small as compared with the WTJBS which has 
the higher current density characteristic.

Further, the SiC WTJBS according to one embodiment of 
the present invention may decrease the surface electric field 
by sacrificing a portion of the current density and further 
increasing the depth of the junction pattern such that there is 
an effect of effectively improving the trade-off relationship 
of the leakage current and the current density.

Meanwhile, since the Schottky junction is three-dimen- 
sionally configured, the SiC WTJBS 30 should be designed 
in consideration of a relationship between a trench structure 
and a surface electric field.

FIG. 6 is a diagram illustrating a potential distribution in 
an OFF state of the SiC WTJBS according to one embodi
ment of the present invention.

Referring to FIG. 6, a potential unbalancing occurs while 
a potential in an OFF state, which is uniformly increased 
from a cathode node by a uniform electric field distribution, 
approaches the vicinity of the P+ junction pattern. An 
unbalancing point between the P+ junction patterns is deter
mined as a point where reverse voltages, which are applied 
to the depletion region generated in the OFF state between 
the P+ junction pattern and the N“ epitaxial layer, intersect 
with each other when increased.

The electric field decreases from the unbalancing point to 
the Schottky junction, and the electric field reaching the 
Schottky junction area becomes a Schottky surface electric 
field. That is, since the Schottky surface electric field is 
determined according to a distance, in order for the Schottky 
junctions of the sidewall and the upper part to have the same 
leakage current, electric fields El, E2, and E3 to positions of 
Schottky junctions in FIG. 6 should have the same value, 
and to this end, a distance from the unbalancing point to each 
of the Schottky junctions should be the same.

FIG. 7 is a diagram illustrating design parameters for 
having a minimum leakage current from a potential unbal
ancing point of a Schottky junction and an upper trench 
junction in an OFF state of the SiC WTJBS according to one 
embodiment of the present invention.

Referring to FIG. 7, when the P+ junction pattern in the 
OFF state and the depletion region in the N“ epitaxial layer 
expand and increase at the same ratio in both x and y 
directions, the potential unbalancing point may be the same 
as a point where oblique lines of 45° direction extending 
from both P+ junction patterns meet.

According to one embodiment of the present invention, in 
the above case, it is analyzed that a point where a distance 
to the Schottky junction and a distance between the trench 
and the P+ junction are the same becomes an optimal point 
at which the leakage current is minimized.

As shown in FIG. 7, the optimal point of the minimum 
leakage current has a triangular relationship and this may be 
expressed by Equation 13.

That is, according to one embodiment of the present 
invention, when the vertical depth cl, of the trench of the 
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WTJBS and the vertical depth d; of the P+ junction pattern 
satisfy Equation 13, a structure is obtained for the minimum 
leakage current.

Here, S; means a width between the P+ junction patterns, 
d, means a vertical depth of the P+ junction pattern, and dt 
means a vertical depth of the trench.

When a structure of the SiC WTJBS is designed, Equation 
13 may be a measure for finding an optimal point of the 
current density characteristic and the leakage current using 
the relationship of a depth of a trench and a distance between 
a P+ junction and an adjacent P+ junction according to an 
available junction depth in the SiC manufacturing process.

FIGS. 8, 9, 10, 11 and 12 are diagrams illustrating an 
example of a manufacturing method of a SiC WTJBS 
according to one embodiment of the present invention.

According to embodiments which will be described, the 
various operations relating to a manufacturing of a SiC 
WTJBS are well known, and thus for simplicity of expla
nation, conventional known operations may only be briefly 
described herein or omitted without describing the details of 
well-known processes, and only characteristic operations 
according to one embodiment of the present invention will 
be described.

Further, in a manufacturing method of a SiC WTJBS 
according to one embodiment of the present invention, each 
parameter may have a tolerance of about 5%.

FIG. 8 illustrates formation of an N“ epitaxial layer in the 
manufacturing method of a SiC WTJBS.

Referring to FIG. 8, in the manufacturing method of a SiC 
WTJBS, an N“ epitaxial layer 380 doped with an N“ type 
impurity is formed on a prepared N+ SiC substrate 340.

According to one embodiment of the present invention, a 
doping concentration of the N“ epitaxial layer 380 is 1.0 
(±5%)xl015 cm-3, and a vertical height of the N“ epitaxial 
layer 380 is formed to be 15 (±5%) pm.

FIG. 9 illustrates formation of a trench in the manufac
turing method of a SiC WTJBS.

Referring to FIG. 9, a hard mask pattern 351 for trench 
etching is formed on an upper end part of the N“ epitaxial 
layer 380, which is formed in the forming of the N“ epitaxial 
layer, and then a trench 350 is formed at predetermined 
intervals by performing etching through a dry or wet etching 
method.

According to one embodiment of the present invention, 
the trench 350 having a vertical depth in the range of 0.3 
(±5%) to 0.5 (±5%) pm is formed in the formation of the 
trench.

According to one embodiment of the present invention, in 
the manufacturing method of a SiC WTJBS, a vertical depth 
dt of the trench 350 is in the range of 0.3 (±5%) to 0.5 (±5% 
(±5%) pm, a width W, of the trench 350 is in the range of 3 
(±5%) to 5 (±5%) pm, and an interval between the trenches 
350 is in the range of 1 (±5%) to 4 (±5%) pm.

In the case of the manufacturing method of a WTJBS 
according to one embodiment of the present invention, a 
reascending phenomenon of the leakage current may occur 
at a depth of the trench exceeding a depth of the P+ junction 
pattern.

In an exemplary embodiment of the present invention, 
when the depth of the trench is in the range of 0.4 to 0.5 pm, 
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an excellent leakage current characteristic may be achieved, 
and a distance between the P+ junction patterns may be 
optimally shortened.

Further, when the depth of the trench is 0.5 pm or less, 
occurrence of a micro-trench phenomenon, in which the 
vicinity of a trench corner is etched deeper than an inner flat 
surface, decreases during SiC etching. To consider the 
above-described process limitations and design optimiza
tions, a preferred vertical depth of the trench allowing a low 
leakage current without the micro-trench phenomenon was 
analyzed to be 0.4 (±5%) pm.

FIG. 10 illustrates formation of a P+junction pattern in the 
manufacturing method of a SiC WTJBS.

Referring to FIG. 10, after the formation of the trench, the 
hard mask 351 is removed, an oxide film mask pattern 321 
for a space for P+ ion implantation is formed on an upper end 
part of the N“ epitaxial layer 380, and a P+ junction pattern 
320 is formed at a lower part of the trench by injecting P+ 
ions from the top.

According to one embodiment of the present invention, 
the oxide film mask pattern 321 for etching the P+ junction 
pattern 320 is formed to cover a sidewall of the trench 350 
so as to prevent the sidewall of the trench 350 from being 
exposed. Thus, the space for P+ ion implantation formed by 
the oxide film mask pattern 321 for etching is formed to be 
narrower than an inner width of the trench.

According to one embodiment of the present invention, a 
width W; of the P+ junction pattern 320 is formed in the 
range of 2 (±5%) to 4 (±5%) pm, and a vertical depth d, of 
the P+ junction pattern 320 is formed as 0.5 (±5%) pm, and 
a space S; between the P+junction patterns 320 is formed in 
the range of 2 (±5%) to 4 (±5%) pm.

FIG. 13 is a graph showing electrical characteristics of 
ON and OFF states of the TJBS and the WTJBS according 
to a space S; between the P+ junction patterns 320.

Referring to FIG. 13, as the space S; between the P+ 
junction patterns 320 increases, both the TJBS and the 
WTJBS have characteristics in which ON state resistance 
decreases and a leakage current density increases.

Thus, it can be seen that the WTJBS may obtain an 
optimal leakage current density of the TJBS with a space of 
2.2 pm between the P+ junction patterns 320, and at this 
point, ON state resistance is reduced by about 20% more 
than ON state resistance at S;3 pm of the TJBS.

From the foregoing description, it can be seen that the 
WTJBS may achieve a current density characteristic higher 
than the structure of the TJBS of FIG. 3 at the same leakage 
current level through design optimization.

In one embodiment of the present invention, the space S; 
between the P+ junction patterns 320 in consideration of the 
ON state current density characteristic and optimization of 
resistance to leakage current density is set to 2.2 (±5%) pm.

FIG. 11 illustrates first annealing in the manufacturing 
method of a SiC WTJBS.

Referring to FIG. 11, after the formation of the P+ junction 
pattern, the oxide film mask 321 is removed, and then first 
annealing is performed.

Annealing according to one embodiment of the present 
invention is performed at a temperature of 1,700° C.

FIG. 12 illustrates formation of a Schottky metal in the 
manufacturing method of a SiC WTJBS.

Referring to FIG. 12, after first annealing, forming of a 
Schottky metal layer is performed.

The Schottky metal of the SiC WTJBS according to one 
embodiment of the present invention is formed by applying 
Ti with a thickness of 3000 (±5%) A.
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After the forming of the Schottky metal, forming of upper 
and lower electrodes (not shown) is performed, and then 
second annealing for metal bonding is further performed.

Second annealing according to one embodiment of the 
present invention is performed at a temperature of 450° C.

Next, in order to determine the characteristic of the SiC 
WTJBS according to one embodiment of the present inven
tion, characteristics of a JBS and a TJBS, which are manu
factured with the same cell width, the same N“ epitaxial 
layer concentration, and the same thickness, are compared 
with each other.

FIGS. 14A, 15A, and 16A are diagrams illustrating cur
rent flow patterns in ON states and FIGS. 14B, 15B, and 16B 
are diagrams illustrating electric field intensity patterns in 
OFF states of the JBS, the TJBS, and the WTJBS.

Referring to the current flow patterns in ON states of 
FIGS. 14A, 15Aand 16A, unlike the JBS and TJBS of FIGS. 
14A and 15A, it can be seen that a current flow occurs in a 
portion where the Schottky junction is exposed in the 
WTJBS of FIG. 16, and the JFET region due to the depletion 
region is not generated in the trench and is generated only in 
a depth portion of the P+ junction pattern.

From the foregoing description, it can be seen that more 
current flow is dispersed in the WTJBS than the JBS and the 
TJBS (as a current amount increases, a deep red color is 
exhibited).

FIG. 17 is a graph showing variations of current densities 
in ON states of the JBS, the TJBS, and the WTJBS.

Referring to FIG. 17, it can be seen that the current 
density of the WTJBS according to one embodiment of the 
present invention is greater than those of the conventional 
JBS and TJBS.

The reason for this is analyzed to be that the WTJBS 
secures a broader Schottky range than the existing JBS and 
TJBS and secures a path through which a current may flow 
such that the current density becomes high.

Further, it is analyzed that the JBS and the TJBS have a 
lower current density due to the higher resistance value of 
^jfet compared with that of the WTJBS, while the WTJBS 
has a higher current density due to a lower resistance value 
and a wider Schottky junction area.

In FIGS. 14 to 16, the electric field intensity pattern (b) in 
the OFF state is a structure showing electric fields applied to 
a device when a reverse voltage is applied, and it can be seen 
that a maximum electric field is applied to an edge portion 
among red circle portions in each structure.

Generally, as a maximum electric field applied to a diode 
element decreases, the diode element has better perfor
mance.

Referring to the electric field intensity pattern (b) in the 
OFF state of FIGS. 14 to 16, it can be seen that the P+ 
junction pattern has an eflect of decreasing the electric field 
to the Schottky junction while concentrating the electric 
field.

FIG. 18 is a graph showing variations of electric field 
intensities in ON states of the JBS, the TJBS, and the 
WTJBS.

Referring to FIGS. 17 and 18, it can be seen that a highest 
electric field is applied to the JBS, and a lowest electric field 
is applied to the WTJBS.

In the case of the WTJBS, it is analyzed that the Schottky 
junction has a lowest electric field concentration because a 
weaker electric field concentration occurs due to an electric 
field dispersion eflect by an area that is wider than that of the 
JBS or the TJBS.

FIG. 19 is a graph showing electrical characteristics in 
ON states of the SBD, the JBS, the TJBS, and the WTJBS.
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FIG. 20 is a graph showing electrical characteristics in 

OFF states of the SBD, the JBS, the TJBS, and the WTJBS.
FIGS. 19 and 20 illustrate the graphs in which character

istics of the SBD, the JBS, the TJBS, and the WTJBS, which 
are manufactured to be the same cell size, are compared.

Referring to FIG. 19, in the ON state, the SBD having no 
junction pattern has a highest current density and the 
WTJBS has a current density that is higher than that of the 
JBS or TJBS among the JBS, the TJBS, and the WTJBS, 
each of which has the junction pattern.

Further, referring to FIG. 20, it can be seen that the 
WTJBS has a low leakage current in the OFF state.

Referring to FIGS. 19 and 20, the SBD exhibits a highest 
current density characteristic in the ON state and exhibits a 
highest leakage current even in the OFF state. From the 
foregoing description, it can be seen that the current density 
and the leakage current have a trade-olf relationship char
acteristic.

Therefore, the structure of the WTJBS according to one 
embodiment of the present invention has an eflect of being 
capable of optimally increasing a current density character
istic of an ON state without increasing a leakage current due 
to a P+ junction pattern as compared with the conventional 
structure of the TJBD of FIG. 2 and the conventional 
structure of the JBD of FIG. 1.

That is, the structure of the WTJBS according to one 
embodiment of the present invention has an eflect of being 
capable of implementing a Schottky diode having an 
improved leakage current characteristic and an improved 
current density.

Although a first type semiconductor is defined and 
described as an N-type semiconductor and a second type 
semiconductor is defined and described as a P-type semi
conductor in one embodiment of the present invention, even 
when the second type semiconductor is applied as the 
N-type semiconductor and the first type semiconductor is 
applied as the P-type semiconductor, the same eflect may be 
attained and thus these semiconductors can be mutually 
interchanged and applied.

That is, interchanging and applying the above-mentioned 
N-type and P-type semiconductors to each other is a tech
nique falling within an equivalent scope.

The structure of the WTJBS according to one embodi
ment of the present invention can implement a Schottky 
diode having an improved leakage current characteristic and 
an improved current density.

The SiC WTJBS according to one embodiment of the 
present invention is suitable for a high speed operation and 
can be applied to a high speed computer logic circuit, a 
mixer circuit of an ultrahigh frequency (UHF) tuner, a 
microwave receiving mixer, a high speed logic diode, and 
the like.

What is claimed is:
1. A method of manufacturing a SiC wide trench-type 

junction barrier Schottky diode, the method comprising:
forming a SiC N- epitaxial layer, which is doped with an 

N- type impurity, on a SiC N+ type substrate;
forming a hard mask pattern for trench etching on an 

upper end part of the N- epitaxial layer, and then 
forming a downwardly depressed trench at predeter
mined intervals by performing etching;

forming an oxide film mask for a space for P+ ion 
implantation on the upper end part of the N- epitaxial 
layer by removing the hard mask pattern, wherein the 
oxide film mask is formed to cover a sidewall of the 
trench so as to form the space for P+ ion implantation 
to be narrower than a width of the trench;
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forming a P+ junction pattern on a lower part of the trench 
by injecting P+ ions from an upper portion of an oxide 
film mask pattern;

after forming the P+ junction pattern, removing the oxide 
film mask and performing first annealing;

after performing the first annealing, forming a Schottky 
metal layer by applying a Schottky metal to the upper 
end part of the N- epitaxial layer at which the trench is 
formed; and

after forming the Schottky metal layer, forming upper and 
lower electrodes and performing second annealing for 
metal bonding.

2. The method of claim 1, wherein the P+ junction pattern 
is formed to be narrower than a width of the trench.

3. The method of claim 1, wherein a width of the P+ 
junction pattern is formed in a range of 2 (±5%) to 4 (±5%) 
pm, and a vertical depth of the P+ junction pattern is formed 
with 0.5 (±5%) pm.

4. The method of claim 1, wherein a space between the P+ 
junction patterns is formed in a range of 2 (±5%) to 4 (±5%) 
pm.

5. The method of claim 4, wherein the space between the 
P+ junction patterns is formed to be 2.2 (±5%) pm.

6. The method of claim 1, wherein a vertical depth cl, of 
the trench and a vertical depth d, of a P+ junction pattern are 
formed in a range satisfying the following equation, Equa
tion 1:
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wherein S, denotes a width between the P+junction patterns, 
d, denotes a vertical depth of the P+ junction pattern, and cl, 
denotes a vertical depth of the trench.

7. The method of claim 1, wherein, in the forming of the 
trench, a vertical depth of the trench is in a range of 0.3 
(±5%) to 0.5 (±5%) pm, and a width of the trench is in a 
range of 3 (±5%) to 5 (±5%) pm.

8. The method of claim 1, wherein the Schottky metal 
layer is formed by applying Ti with a thickness of 3000 
(±5%) A.

9. The method of claim 1, wherein the first annealing is 
performed at a temperature of 1,700 (±5%) ° C., and the 
second annealing is performed at a temperature of 450 
(±5%) ° C.

10. The method of claim 1, wherein a doping concentra
tion of the N- epitaxial layer is 1.0 (±5%)xl015 cm-3, and 
a vertical height of the N- epitaxial layer is formed to be 15 
(±5%) pm.
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