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(57) ABSTRACT 

A Schottky barrier diode includes: an n-type epitaxial layer 
disposed on a first Surface of an n+ type silicon carbide 
Substrate; a first p-- region disposed on the n-type epitaxial 
layer; an in type epitaxial layer disposed on the n-type epi 
taxial layer and the first p-- region; a second p-- region dis 
posed on then type epitaxial layer, and being in contact with 
the first p-- region; a Schottky electrode disposed on then type 
epitaxial layer and the second p-- region; and an ohmic elec 
trode disposed on a second Surface of the n+ type silicon 
carbide Substrate. Also, the first p-- region has a lattice shape 
including a plurality of Vertical portions and horizontal por 
tions connecting both ends of the respective vertical portions 
to each other. 
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SCHOTTKY BARRIER DODE AND METHOD 
OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims under 35 U.S.C. S 119(a) 
priority to and the benefit of Korean Patent Application No. 
10-2013-0167807 filed in the Korean Intellectual Property 
Office on Dec. 30, 2013, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND 

0002 (a) Field of the Invention 
0003. The present invention relates to a Schottky barrier 
diode including silicon carbide (SiC), and a method of manu 
facturing the same. 
0004 (b) Description of the Related Art 
0005. A Schottky barrier diode (SBD) uses a Schottky 
junction in which a metal and a semiconductor are joined. The 
SBD, unlike a general PN diode, exhibits a rapid switching 
characteristic, and has a lower turn-on Voltage characteristic 
than that of the PN diode. 
0006 Generally, in a Schottky barrier diode, a structure of 
a junction barrier Schottky (JBS), in which a p-- region is 
formed at a lower end of a Schottky junction portion, is 
applied in order to improve a characteristic of leak current 
reduction, thereby obtaining an effect of blocking the leak 
current and improving a breakdown Voltage by overlapping of 
PN diode depletion layers diffused when a reverse voltage is 
applied. 
0007. However, since the p+ region exists in the Schottky 
junction portion, a contact area of a Schottky electrode and an 
n- drift layer, which serves as a current path in a forward 
direction, is decreased, so that there is a problem in that a 
resistance value is increased, and on-resistance of the Schot 
tky barrier diode is increased. Further, since the p-- region 
floats, a width of the depletion layer blocking the leak current 
is not large, and thus, there is difficulty during a process of 
reducing an interval between the p-- regions. 
0008. The above information disclosed in this Back 
ground section is only for enhancement of understanding of 
the background of the invention and therefore it may contain 
information that does not form the prior art that is already 
known in this country to a person of ordinary skill in the art. 

SUMMARY 

0009. The present invention is directed to a Schottky bar 
rier diode of which on-resistance is decreased when a Voltage 
in a forward direction is applied. 
0010. An exemplary embodiment of the present invention 
provides a Schottky barrier diode, including: an n-type epi 
taxial layer disposed on a first Surface of an n+ type silicon 
carbide Substrate; a first p-- region disposed on the n-type 
epitaxial layer; an in type epitaxial layer disposed on the n 
type epitaxial layer and the first p-- region; a second p-- region 
disposed on the n type epitaxial layer, and being in contact 
with the first p+ region; a Schottky electrode disposed on the 
in type epitaxial layer and the second p-- region; and an ohmic 
electrode disposed on a second Surface of the n+ silicon 
carbide Substrate, in which the first p-- region has a lattice 
shape including a plurality of vertical portions and horizontal 
portions connecting both ends of the respective vertical por 
tions to each other, the vertical portions include a plurality of 
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first portions shaped like a hexagon, a plurality of second 
portions connecting the respective first portions, and a plu 
rality of third portions connecting the first portions and the 
horizontal portions, and each second portion and each third 
portion are shaped like a rod. 
0011 Each of the first portions may have a regular hex 
agonal shape. 
0012. A width of each first portion may be larger than a 
width of each second portion. 
0013 The width of each second portion may be the same 
as a width of each third portion. 
0014. A horizontal line passing a center point of the first 
portion may not meet a horizontal line passing a center point 
of the first portion of the adjacent vertical portion. 
0015 The second p-- region may have a quadrangular 
shape. 
0016. The second p+ region may be in contact with the 
horizontal portion and the vertical portions positioned at both 
ends among the plurality of Vertical portions. 
0017. A doping concentration of then type epitaxial layer 
may be higher than a doping concentration of the n-type 
epitaxial layer. 
0018. Another exemplary embodiment of the present 
invention provides a method of manufacturing a Schottky 
bather diode, including: forming an n-type epitaxial layer on 
a first Surface of an n+ type silicon carbide Substrate; injecting 
p+ ions into a Surface of the n-type epitaxial layer to form a 
first p-- region; forming an in type epitaxial layer on the n 
type epitaxial layer and the first p-- region; injecting p-- ions 
into a Surface of then type epitaxial layer to form a second p-- 
region that is in contact with the first p-- region; forming a 
Schottky electrode on then type epitaxial layer and the sec 
ond p-- region; and forming an ohmic electrode on a second 
surface of the n+ type silicon carbide substrate, in which the 
first p-- region has a lattice shape including a plurality of 
Vertical portions and horizontal portions connecting both 
ends of the respective vertical portions to each other, the 
Vertical portions include a plurality of first portions shaped 
like a hexagon, a plurality of second portions connecting the 
respective first portions, and a plurality of third portions con 
necting the first portions and the horizontal portions, and each 
second portion and each third portion are shaped like a rod. 
0019. According to the exemplary embodiments of the 
present invention, the p-- region positioned in a lower layer 
among the p-- regions of the double layers is shaped like a 
lattice including the vertical portions and the horizontal por 
tions, and each vertical portion includes each first portion 
shaped like a hexagon to increase an area of the n-type 
epitaxial layer, thereby increasing a current quantity when a 
Voltage in a forward direction is applied. 
0020. Further, a doping concentration of the n type epi 
taxial layer that is in contact with the Schottky electrode is 
formed to be higher than a doping concentration of the n 
type epitaxial layer positioned under then type epitaxial layer 
to reduce resistance of the Schottky barrier diode, thereby 
increasing increase a current quantity when a Voltage in the 
forward direction is applied. 
0021. Further, an area of Schottky junction is maximized, 
thereby reducing on-resistance when a Voltage in the forward 
direction is applied. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is a cross-sectional view illustrating a Schot 
tky barrier diode according to an exemplary embodiment of 
the present invention. 
0023 FIG. 2 is a plan view illustrating an n-type epitaxial 
layer of FIG. 1. 
0024 FIG. 3 is a plan view illustrating an in type epitaxial 
layer of FIG. 1. 
0025 FIG. 4 is a top plan view illustrating a part of a first 
p+ region of the Schottky bather diode according to the exem 
plary embodiment of the present invention. 
0026 FIG. 5 is a top plan view illustrating a part of a first 
p+ region of a Schottky bather diode according to a Compara 
tive Example. 
0027 FIGS. 6 to 9 are diagrams sequentially illustrating a 
method of manufacturing a Schottky bather diode according 
to an exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0028. Exemplary embodiments of the present invention 
will be described in detail with reference to the accompanying 
drawings. As those skilled in the art would realize, the 
described embodiments may be modified in various different 
ways, all without departing from the spirit or scope of the 
present invention. The exemplary embodiments that are dis 
closed herein are provided so that the disclosed contents may 
become thorough and complete and the spirit of the present 
invention may be sufficiently understood to a person of an 
ordinary skill in the art. 
0029. In the drawings, the thickness of layers and regions 
are exaggerated for clarity. In addition, in the case when it is 
mentioned that a layer is present “on” the other layer or a 
substrate, the layer may be directly formed on the other layer 
or the substrate or a third layer may be interposed therebe 
tween. Like reference numerals designate like constituent 
elements throughout the specification. 
0030. It is understood that the term “vehicle' or “vehicu 
lar” or other similar term as used herein is inclusive of motor 
vehicles in general Such as passenger automobiles including 
sports utility vehicles (SUV), buses, trucks, various commer 
cial vehicles, watercraft including a variety of boats and 
ships, aircraft, and the like, and includes hybrid vehicles, 
electric Vehicles, plug-in hybrid electric Vehicles, hydrogen 
powered vehicles and other alternative fuel vehicles (e.g. 
fuels derived from resources other than petroleum). As 
referred to herein, a hybrid vehicle is a vehicle that has two or 
more sources of power, for example both gasoline-powered 
and electric-powered vehicles. 
0031. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a,” “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises” and/ 
or “comprising, when used in this specification, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. As 
used herein, the term “and/or includes any and all combina 
tions of one or more of the associated listed items. 
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0032 FIG. 1 is a cross-sectional view illustrating a Schot 
tky barrier diode according to an exemplary embodiment of 
the present invention, FIG. 2 is a plan view illustrating an n 
type epitaxial layer of FIG. 1, and FIG. 3 is a plan view 
illustrating an in type epitaxial layer of FIG. 1. 
0033 Referring to FIGS. 1 to 3, in the Schottky bather 
diode according to the exemplary embodiment of the present 
invention, an n-type epitaxial layer 200, an in type epitaxial 
layer 400, and a Schottky electrode 600 are sequentially dis 
posed on a first Surface of an n+ type silicon carbide Substrate 
100, and an ohmic electrode 700 is disposed on a second 
surface of the n+ type silicon carbide substrate 100. A doping 
concentration of then type epitaxial layer 400 is higher than 
a doping concentration of the n-type epitaxial layer 200. 
0034. A first p-- region 300, into which p+ ions are 
injected, is disposed in the n-type epitaxial layer 200, and a 
second p-- region 500, into which p-- ions are injected, is 
disposed in then type epitaxial layer 400. The p-- ions injected 
into the first p-- region 300 and the second p+ region 500 may 
be the same or be different. In particular, the Schottky elec 
trode 600 is in contact with then type epitaxial layer 400 and 
the second p+ region 500. 
0035. The first p-- region 300 is disposed in a lattice shape 
on a surface of the n-type epitaxial layer 200. The first p-- 
region 300 includes a plurality of vertical portions 310, and 
horizontal portions 320 connecting both ends of the respec 
tive vertical portions 310. 
0036. The vertical portions 310 include a plurality of first 
portions 311 having a hexagonal shape, a plurality of second 
portions 312 connecting the respective first portions 311, and 
a plurality of third portions 313 connecting the first portions 
311 and the horizontal portions 320. Each of the first portions 
311 may be shaped like a hexagon, preferably, a regular 
hexagon, and a width of each first portion 311 is larger than a 
width of each second portion 312. The second portions 312 
and the third portions 313 each are shaped like a rod, and 
widths thereof are the same as each other. 
0037. In the two vertical portions 310 which are adjacent 
to each other, the first portions 311 are disposed in a ZigZag 
form so that a horizontal line passing a centerpoint of the first 
portion 311 does not meet a horizontal line passing a center 
point of the first portion 311 positioned in the adjacent verti 
cal portion 310. 
0038. The second p-- region 500 is disposed in a quadran 
gular shape on a Surface of then type epitaxial layer 400, and 
is in contact with the first p+ region 300. The second p+ region 
500 is in contact with the horizontal portions 320 of the first 
p+ region 300 and the vertical portions 310 positioned at both 
ends among the plurality of vertical portions 310. The first p-- 
region 300 and the second p+ region 500 receive a minus 
Voltage when a Voltage in a backward direction is applied by 
the contact, so that a depletion layer of a PN junction, that is 
a junction region of the first p-- region 300 and the n-type 
epitaxial layer 200, becomes wide, thereby maximally sup 
pressing a leak current flowing in the backward direction. 
0039. Further, the plurality of first portions 311 having the 
hexagonal shape is disposed in the first p-- region 300, so that 
an area of the first p+ region 300 per unit area may be 
decreased compared to the first p-- region 300 having the rod 
shape. Accordingly, it is possible to increase an area of the n 
type epitaxial layer 200, thereby increasing a current quantity 
when a voltage in a forward direction is applied. Further, in 
comparison between the Schottky barrier diode in which the 
first p+ region 300 including the plurality of first portions 311 
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shaped like the hexagon is formed and the Schottky barrier 
diode in which the first p-- region 300 shaped like the rod is 
formed, when the current quantities are the same during the 
application of the voltage in the forward direction, the area of 
the Schottky barrier diode may be decreased. 
0040. Further, the first p-- region 300 shaped like the lattice 

is formed on the surface of the n-type epitaxial layer 200, and 
the second p+ region 500 that is in contact with the first p-- 
region 300 is formed at an edge of then type epitaxial layer 
400, so as to increase a Schottky junction area, thereby reduc 
ing on-resistance when the Voltage in the forward direction is 
applied. 

0041 Further, in the present exemplary embodiment, a 
doping concentration of then type epitaxial layer 400 that is 
in contact with the Schottky electrode 600 is formed to be 
higher than a doping concentration of the n-type epitaxial 
layer 200 positioned under the n type epitaxial layer 400 to 
reduce resistance of the Schottky barrier diode, thereby 
increasing a current quantity flowing from the Schottky elec 
trode 600 to the ohmic electrode 700. 

0042 Characteristics of the Schottky barrier diode accord 
ing to the exemplary embodiment of the present invention and 
a Schottky bather diode according to the Comparative 
Example will be described with reference to FIGS. 4 and 5, 
and Table 1. 

0043. The Schottky barrier diode according to the exem 
plary embodiment of the present invention is prepared as 
illustrated in FIG.4, and a Schottky barrier diode according to 
a Comparative Example is prepared as illustrated in FIG. 5. 
0044 FIG. 4 is a top plan view illustrating a part of a first 
p+ region of the Schottky barrier diode according to the 
exemplary embodiment of the present invention. 
0045 Referring to FIG. 4, the first portion 311 is shaped 
like a regular hexagon, and lengths of facing Surfaces are 3 
um. A length of the second portion 312 connecting the first 
portions 311 is 2.598 um, and a width of the first portion 311 
is lum. In particular, a rectangle having a line connecting the 
centerpoint of the first portion 311 and the centerpoint of the 
adjacent first portion 311 as a diagonal line may be formed, 
and the rectangle is referred to as a unit cell. The unit cell 
according to the present exemplary embodiment is the rect 
angle having a size of 4.848 umx2.799 um. The unit cell 
according to the present exemplary embodiment is divided 
into cross section 1 and cross section 2 based on the diagonal 
line connecting the centerpoint of the first portion 311 and the 
center point of the adjacent first portion 311. 
0046 FIG. 5 is a top plan view illustrating a part of a first 
p+ region of the Schottky barrier diode according to the 
Comparative Example. 
0047 Referring to FIG. 5, a shape of a p-- region is a rod, 
and a width thereof is 3 um. A distance between the adjacent 
p+ regions is 3 Lum. In particular, the unit cell is a rectangle 
having a size of 6 umx3 um. 
0048 Table 1 is a table representing a result of a simula 
tion in an on-state for the Schottky barrier diode according to 
the exemplary embodiment of the present invention and the 
Schottky bather diode according to the Comparative 
Example. 
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TABLE 1 

Current Area of 
Current density device 
quantity (A/cm) (cm) 

Unit Cell (A) per per (a)120 
Classification area Lim’ unit cell unit cell A. 

Comparative Example 18 1.005e-4 558 O.215 
6 x 3 

Exemplary embodiment 5.339e-5 393 
Cross section 1 
Exemplary embodiment 6.161e-5 454 
Cross section 2 
Exemplary embodiment 13.571 1.150e-4 847 O.142 
Cross section 1 + 
Cross section 2 

(4.848 x 2.799) 

0049 Referring to FIG. 1, in a case of the Schottky barrier 
diode according to the exemplary embodiment of the present 
invention, the unit cell is divided into cross section 1 and cross 
section 2 to perform the simulation. 
0050. It can be seen that a current density per unit cell of 
the Schottky barrier diode according to the exemplary 
embodiment of the present invention is increased by about 
52% due to an increase in a current quantity per unit cell, 
compared to the Schottky barrier diode according to the Com 
parative Example. According to the increase in the current 
quantity per unit cell, it can be seen that on-resistance of the 
Schottky barrier diode according to the exemplary embodi 
ment of the present invention is reduced compared to the 
Schottky barrier diode according to the Comparative 
Example. 
0051. Further, it can be seen that based on the same current 
quantity of 120 A, an area of the Schottky barrier diode 
according to the exemplary embodiment of the present inven 
tion is decreased by about 34% compared to an area of the 
Schottky barrier diode according to the Comparative 
Example. Accordingly, the number of the Schottky barrier 
diodes according to the exemplary embodiment of the present 
invention per unit wafer may be increased compared to the 
Schottky barrier diode according to the Comparative 
Example, thereby reducing costs. 
0.052 Amethod of manufacturing a Schottky barrier diode 
according to an exemplary embodiment of the present inven 
tion will be described in detail with reference to FIGS. 6 to 9 
together with FIG. 1. 
0053 FIGS. 6 to 9 are diagrams sequentially illustrating a 
method of manufacturing a Schottky barrier diode according 
to an exemplary embodiment of the present invention. 
0054 Referring to FIG. 6, an n+ type silicon carbide sub 
strate 100 is prepared, and an n-type epitaxial layer 200 is 
formed on a first surface of the n+ type silicon carbide sub 
strate 100 by epitaxial growth. 
0055 Referring to FIG. 7, a first p+ region 300 is formed 
by injecting p-- ions to a partial Surface of the n-type epitaxial 
layer 200. The first p-- region 300 is formed in a lattice shape 
on the surface of the n-type epitaxial layer 200. As illustrated 
in FIG. 2, the first p+ region 300 includes a plurality of 
vertical portions 310, and horizontal portions 320 connecting 
both ends of the respective vertical portions 310. The vertical 
portions 310 include a plurality of first portions 311 having a 
hexagonal shape, a plurality of second portions 312 connect 
ing the respective first portions 311, and a plurality of third 
portions 313 connecting the first portions 311 and the hori 
Zontal portions 320. The first portion 311 may be shaped like 
a hexagon, preferably, a regular hexagon, and a width of the 
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first portion 311 is larger than a width of the second portion 
312. The second portion 312 and the third portion 313 are 
shaped like a rod, and widths thereof are the same as each 
other. 
0056 Referring to FIG. 8, an in type epitaxial layer 400 is 
formed on the n-type epitaxial layer 200 and the first p-- 
region 300 by epitaxial growth. In particular, a doping con 
centration of the n type epitaxial layer 400 is higher than a 
doping concentration of the n-type epitaxial layer 200. 
0057 Referring to FIG. 9, a second p+ region 500 is 
formed by injecting p-- ions to a partial Surface of then type 
epitaxial layer 400. The second p+ region 500 is formed in a 
quadrangular shape. The second p-- region 500 is in contact 
with the horizontal portions 320 of the first p-- region 300 and 
the vertical portions 310 positioned at both ends among the 
plurality of vertical portions 310. 
0058 As illustrated in FIG. 1, a Schottky electrode 600 is 
formed on then type epitaxial layer 400 and the second p+ 
region 500, and an ohmic electrode 700 is formed on the 
second surface of the n+ type silicon carbide substrate 100. 
0059 While this invention has been described in connec 
tion with what is presently considered to be practical exem 
plary embodiments, it is to be understood that the invention is 
not limited to the disclosed embodiments, but, on the con 
trary, is intended to cover various modifications and equiva 
lent arrangements included within the spirit and scope of the 
appended claims. 
What is claimed is: 
1. A Schottky bather diode, comprising: 
an n-type epitaxial layer disposed on a first Surface of an 
n+ type silicon carbide Substrate; 

a first p-- region disposed on the n-type epitaxial layer; 
an in type epitaxial layer disposed on the n-type epitaxial 

layer and the first p-- region; 
a second p-- region disposed on then type epitaxial layer, 

and being in contact with the first p-- region; 
a Schottky electrode disposed on then type epitaxial layer 

and the second p+ region; and 
an ohmic electrode disposed on a second Surface of the n+ 

silicon carbide substrate, 
wherein the first p-- region has a lattice shape including a 

plurality of Vertical portions and horizontal portions 
connecting both ends of the respective vertical portions 
to each other, 

the vertical portions include a plurality of first portions 
shaped like a hexagon, a plurality of second portions 
connecting the respective first portions, and a plurality 
of third portions connecting the first portions and the 
horizontal portions, and 

the second portions and the third portions are shaped like a 
rod. 

2. The Schottky barrier diode of claim 1, wherein each first 
portion has a regular hexagonal shape. 

3. The Schottky barrier diode of claim2, wherein a width of 
each first portion is larger thana width of each second portion. 

4. The Schottky barrier diode of claim3, wherein the width 
of each second portion is the same as a width of each third 
portion. 
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5. The Schottky barrier diode of claim 4, wherein a hori 
Zontal line passing a center point of the first portion does not 
meet a horizontal line passing a center point of the first por 
tion of the adjacent vertical portion. 

6. The Schottky barrier diode of claim 1, wherein the 
second p-- region has a quadrangular shape. 

7. The Schottky barrier diode of claim 6, wherein the 
second p-- region is in contact with the horizontal portion and 
the vertical portions positioned at both ends among the plu 
rality of vertical portions. 

8. The Schottky barrier diode of claim 1, wherein a doping 
concentration of the n type epitaxial layer is higher than a 
doping concentration of the n-type epitaxial layer. 

9. A method of manufacturing a Schottky barrier diode, 
comprising: 

forming an n-type epitaxial layer on a first Surface of an n+ 
type silicon carbide substrate; 

injecting p-- ions into a Surface of the n-type epitaxial 
layer to form a first p+ region; 

forming an in type epitaxial layer on the n-type epitaxial 
layer and the first p-- region; 

injecting p-- ions into a surface of then type epitaxial layer 
to form a second p-- region that is in contact with the first 
p+ region; 

forming a Schottky electrode on the n type epitaxial layer 
and the second p+ region; and 

forming an ohmic electrode on a second Surface of the n+ 
type silicon carbide Substrate, 

wherein the first p-- region has a lattice shape including a 
plurality of vertical portions and horizontal portions 
connecting both ends of the respective vertical portions 
to each other, 

the vertical portions include a plurality of first portions 
shaped like a hexagon, a plurality of second portions 
connecting the respective first portions, and a plurality 
of third portions connecting the first portions and the 
horizontal portions, and 

each second portion and each third portion are shaped like 
a rod. 

10. The method of claim 9, wherein each first portion has a 
regular hexagonal shape. 

11. The method of claim 10, wherein a width of each first 
portion is larger than a width of each second portion. 

12. The method of claim 11, wherein the width of each 
second portion is the same as a width of each third portion. 

13. The method of claim 12, wherein a horizontal line 
passing a center point of each first portion does not meet a 
horizontal line passing a center point of each first portion of 
the adjacent vertical portion. 

14. The method of claim 9, wherein the second p+ region 
has a quadrangular shape. 

15. The method of claim 14, wherein the second p+ region 
is in contact with the horizontal portion and the vertical por 
tions positioned at both ends among the plurality of Vertical 
portions. 

16. The method of claim 9, wherein a doping concentration 
of the n type epitaxial layer is higher than a doping concen 
tration of the n-type epitaxial layer. 

k k k k k 


