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(57) ABSTRACT 
A semiconductor diode structure comprising a Schottky 
junction, Where a metal contact and a silicon carbide semi 
conducting layer of a ?rst conducting type form said junc 
tion and Where the edge of the junction exhibits a Junction 
Termination Extension (JTE) laterally surrounding the junc 
tion, said JTE having a charge pro?le With a stepwise or 
uniformly decreasing total charge or effective sheet charge 
density from an initial value to a Zero or almost Zero total 
charge at the outermost edge of the termination following a 
radial direction from the centre part of the JTE toWards the 
outermost edge of the termination. The object of the junction 
termination extension is to control the electric ?eld at the 
periphery of the diode. 
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Fig. 2 
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JUNCTION TERMINATION FOR SIC SCHOTTKY 
DIODE 

TECHNICAL FIELD 

[0001] The invention is related to a metal-semiconductor 
junction device, known as a Schottky diode semiconductor 
device, With silicon carbide as base material, Where the risk 
of voltage breakdown due to a strong electric ?eld at the 
edge of the junction, i. e. the contact surface betWeen the 
metal and a contacting semiconducting layer, is reduced as 
the junction contains an edge termination With a decreasing 
charge or charge density of the semiconductor layer sur 
rounding the metal contact in a direction aWay from the 
junction. 

BACKGROUND ART 

[0002] Semiconductor devices based on silicon carbide as 
base material are continuously developed to be used in 
connection With high temperatures, high poWer applications 
and under high radiation conditions. Under such circum 
stances conventional semiconductors do not Work satisfac 
torily. Evaluations indicate that SiC semiconductors of 
poWer MOSFET-type and diode recti?ers based on SiC 
Would be able to operate over a greater voltage and tem 
perature interval, e.g. up to 650-800° C., and shoW better 
sWitching properties such as loWer losses and higher Work 
ing frequencies and nevertheless have a volume 20 times 
smaller than corresponding silicon devices. These possible 
improvements are based on the favourable material proper 
ties that silicon carbide possesses in relation to silicon, such 
eg a higher breakdoWn ?eld (up to 10 times higher than 
silicon), a higher thermal conductivity (more than 3 times 
higher than silicon) and a higher energy band gap (2.9 eV for 
6H—SiC, one of the crystal structures of SiC). 

[0003] As SiC semiconductor technology is relatively 
young and in many aspects immature, there are many critical 
manufacturing problems Which are to be solved until SiC 
semiconductor devices may be realiZed experimentally and 
manufacturing in a large number may become a reality. This 
is especially true of devices intended for use in high-poWer 
and high-voltage applications. 

[0004] One of the dif?culties to overcome When manufac 
turing high voltage diodes or other types of semiconductor 
devices comprising a voltage absorbing pn junction is to 
produce a proper junction termination at the edge of the 
junction. The electric ?eld at the periphery of the junction is 
normally enhanced compared to the electric ?eld in the bulk 
of the junction. This ?eld increase at the periphery of the 
junction may be further reinforced in the presence of surface 
charge. 
[0005] A high electric ?eld at the edge of the pn junction 
implies a great risk of voltage breakdoWn or ?ash-over at the 
edge of the junction and gives an instability of blocking 
voltage knoWn as voltage drift. 

[0006] To avoid the above-mentioned disadvantages it 
becomes very important to reduce the ?eld concentration, 
Where the junction reaches the surface. Combined With 
efforts to passivate the surface of the component, measures 
are taken to ?atten out the electric ?eld at the surface eg by 
acting on hoW the pn junction emerges at the surface. As an 
example it is knoWn from silicon poWer components to lap 
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(grind, sandblast, etch) the surface of the edge to a certain 
angle in relation to the pn junction to thereby ?atten out the 
?eld. Another knoWn technique is to gradually decrease the 
doping on the highly doped side of the junction, such that the 
doping is reduced toWards the outermost edge of the junc 
tion (so called Junction Termination Extension, JTE). The 
methods, knoWn from silicon technology, used to achieve a 
JTE of an Si component are dif?cult or almost impossible to 
apply to components based on silicon carbide due to the 
great hardness of the material and extremely loW diffusivity 
of proper SiC dopants. 

[0007] The above-mentioned problems have not been 
solved for pn junctions in SiC. Many of the problems to be 
solved When developing semiconductor devices from SiC 
are reminiscent of those prevalent at the beginning of the 
development of corresponding silicon components. Yet, the 
same techniques as hose applicable to silicon cannot be 
utiliZed When solving the speci?c problems related to pro 
duction of SiC semiconductor devices. As an example, 
doping through diffusion is not feasible for SiC, as diffusion 
coef?cients are negligible beloW 2270° K. Also, ion implan 
tation of doping elements, a common technique When manu 
facturing Si components, is dif?cult to master and not yet 
fully developed for SiC. 

[0008] Solutions for arriving at SiC components compris 
ing pn junctions With JTEs are described in patent applica 
tion U.S. Ser. No. 08/520,689 not yet published, Which is 
hereby included in this description by reference. This appli 
cation discloses MESA structure pn junctions having Junc 
tion Termination Extensions. A junction termination for a 
Schottky diode is disclosed in document JP, A, 06268202. 
The component of thsi JP document has an insulating ?lm 
With an aperture for an active Schottky layer. Still, this 
solution is not suf?cient to solve the problem With too high 
electric ?eld concentration at the edge of the junction. 

[0009] Junction termination using gradually diminishing 
doping on the highly doped side of the pn-junction at the 
periphery of the pn junction is an effective Way to secure 
blocking capability for high voltage semiconcuctors. JTE 
techniques for SIC pn junctions have been described for 
mesa-structures in the above-mentioned patent application 
U.S. Ser. No. 08/520,689. The solutions described there 
involve stepWise decreasing charges of the JTE toWards the 
edge of the JTE by use of an etch-doWn technique, epitaxial 
regroWth or ion implatation in order to control the surface 
doping and surface ?elds. 

[0010] Junction terminations (JT) for high voltage Schot 
tky diodes present an extra challenge in an effort to reach 
high voltage levels for said device compared to the JT for 
so-called PIN-diodes Where a normal pn junction is provided 
With a high-doped p-layer, a high-doped n-layer and in 
betWeen an intermediate doped n-layer for voltage blocking 
purposes. There are tWo main reasons for that. First of all the 
electric ?eld maximum determining the breakdoWn level is 
situated much closer to the semiconductor surface (FIG. 1a, 
point A) than in the case of the PIN diode. This entails much 
more severe stress to the interface betWeen the SiC surface 
and a passivating and severe stress to a passivating insulator 
layer itself during voltage blocking by the diode. A second 
reason is that compared to the PIN diode (FIG. 1b) provided 
With a JTE, there is one extra region Where the croWding of 
the potential lines and high electric ?eld have to be avoided. 
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This region is at the transition between the Schottky (metal) 
contact and a Junction Termination area (FIG. 1c, point B), 
Where it is illustrated that although efforts have been made 
by means of a resistive JTE to reduce the ?eld maximum at 
the edge of the Schottky junction, thus displacing the ?eld 
maximum laterally outWards to point A at the edge of the 
space charge region, another point B With a ?eld maximum 
has appeared. 

[0011] Several methods to control the electric ?eld at the 
surface of the Schottky diodes have been published during 
the last couple of years. Most of the knoWn methods are 
concerned, hoWever, With the problem related to the electric 
?eld enhancement at point A, indicated above. This problem 
is identical With that encountered in all bipolar devices as 
Well. Solutions to the problem are discussed and solved 

[0012] by the use of ?eld rings in M. Bhatnagar, P. K. 
Mc Larty, and B. J. Baliga, IEEE Electron Device 
Letter, 13, 501 (1992), 

[0013] by the use of the effect of damage and doping 
on the effective surface charge in D. Alok, B. J. 
Baliga, M. Kothandaraman and P. K. Mc Larty, Proc 
of 6th Silicon Carbide and Related Materials Conf., 
Inst. Phys., Ser. 142, 565 (1995), 

[0014] in A. Itoh, T. Kimoto, and H. Matsunami, 
Proc of 6th 6th Silicon Carbide and Related Mate 
rials Conf., Inst. Phys. Ser. 142, 689 (1995) 

[0015] in T. Kimoto, T. Urushidani, S. Kobayashi 
and H. Matsunami, IEEE Electron Device Lett., 
14, 548, (1993) 

[0016] by the use of J TE termination techniques in D. 
Stephani, Abstracts of 1st European Conf. Silicon 
Carbide and Rel. Materials, 92 (1996). 

[0017] Only the use of the LOCOS oxidation technique in 
K. Ueno, T. Urushidani, K Hashimoto and Y Seki, Proc. of 
7th Int. Symp. PoWer Semicond. Devices and Ics, 107 
(1995) is devoted to controlling the electric ?eld enhance 
ment at point B and is here referred to as the only prior art 
document adressing this problem together With other tech 
niques knoWn from the ?eld of silicon devices such as the 
use of an oxide ?eld plate and the use of a ?eld ring 
described in Baliga, Modern PoWer Devices. John Wiley & 
sons, p 437 (1985). 

[0018] The proper termination of the Schottky diode junc 
tion has to be constructed in such a Way that both ?eld 
enhancements in points A and B are controlled at the same 
time so that none of them is dominating and alone deter 
mines the behaviour of the diode at a high voltage blocking 
voltage applied to it. 

[0019] It is a general property of the Schottky diode and as 
such distinct from any bipolar diode that the ?eld enhance 
ment at point B Will alWays persist When knoWn JT methods 
like an implanted ?eld ring of a directly applied JTE of the 
type described in above mentioned patent application U.S. 
Ser. No. 08/520,689 are used. This is due to the fact that 
metal replacing one side of the pn junction in the Schottky 
diode does not create a space charge absorbing some of the 
potential and the electric ?eld. This makes the transition 
betWeen the Schottky contact area abrupt causing a ?eld 
enhancement as discussed. 
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[0020] In the folloWing a number of methods to realiZe a 
component as charactiZed in the device claims are disclosed. 

[0021] The term SiC is used in the folloWing text to refer 
to any of the principal crystal polytypes of this material 
knoWn as 6H, 4H, 2H, 3C and 15R. 

SUMMARY OF THE INVENTION 

[0022] One aspect of the invention is composed of a 
semiconductor diode structure, Which comprises a Schottky 
junction, Where a metal contact and a silicon carbide semi 
conducting layer of a ?rst conducting type form said junc 
tion and Where the edge of the junction exhibits a Junction 
Termination Extension (JTE) laterally surrounding the junc 
tion, said JTE having a charge pro?le With a stepWise or 
uniformly decreasing total charge or effective sheet charge 
density from an initial value to a Zero or almost Zero total 
charge at the outermost edge of the termination folloWing a 
radial direction from the centre part of the JTE toWards the 
outermost edge of the termination. The purpose of the 
junction termination extension is to control the electric ?eld 
at the periphery of the diode. 

[0023] Other aspects of the invention further comprise 
methods for producing said SiC semiconductor component 
With said decreasing charge pro?le de?ned by the method 
claims. 

[0024] By manufacturing an SiC Schottky diode With the 
features described, the concentration of the electric ?eld, 
When a high reverse voltage is applied to the junction, is 
eliminated as the electric ?eld is ?attened out along the 
extended edge termination. A loW electric ?eld in the lateral 
direction is achieved. Hence, the risk of a voltage break 
doWn at the edge of the junction before a breakdoWn 
someWhere at the metal contact area of the junction is 
reduced. By forming the edges of a Schottky junction of SiC 
material according to the aspects of the invention the reverse 
voltage across the junction may be considerably increased (3 
times and more) before a breakdoWn occurs. 

[0025] Furthermore, the reliability and long term stability 
are improved. This is due to the reduction of the electric ?eld 
in the SiC material at the periphery of the junction. The 
maximum surface electric ?eld must be reduced by at least 
one order of magnitude as long as the passivation schemes 
knoWn from Si technology are used. Taking the measures 
disclosed relieves the stress in?icted on the passivation and 
isolation of the junction. 

[0026] A loW lateral electric ?eld at an interface betWeen 
a JT surface to a passivation layer is vital to a proper 
function of the JT. Unnecessary electric ?eld peaks may be 
detrimental to the short- and long-term stability of the 
component. Hence, one purpose of the invention is to 
establish a component With a metal-SiC Schottky junction 
Where electric ?eld peaks betWeen Zones of different charge 
contents of the JT are reduced to a minimum. 

[0027] The SiC semiconductor component is manufac 
tured according to the invention by means of one of the 
alternative methods described beloW Which have in common 
that the metal contact is applied on top of an n-base region 
implanted into a loWer doped n-substrate, groWn epitaxially 
in a loWer doped n-substrate or groWn epitaxially on top of 
a high-doped n-substrate, said n-base being surrounded by 
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an n-region having lower doping concentration Where this 
surrounding n-regiopn acts as said junction termination. 

[0028] According to a method 1° for achieving a junction 
termination for a Schottky diode, an n-base region is epi 
taxially regroWn on top of a loW-doped n' substrate. This 
loW-doped n- substrate forms a top layer on a high-doped n+ 
layer of the substrate. The n-base region is groWn in a 
truncated V-trench etched in the loW-doped n- substrate 
layer. The metal Schottky contact is then applied to the 
n-base layer by covering the surface of the ?lled trench With 
said metal contact. The n-base region is thus surrounded by 
an n' substrate region With loWer doping concentration, 
Whereby the surrounding n- layer acts as a Junction Termi 
nation. 

[0029] As an alternative, according to a second method 2°, 
the n-base region can become established by means of 
implantation of ions into the loW-doped n- substrate layer, 
the implanted layer thus forming said n-base layer contact 
ing the metal Schottky contact. 

[0030] An alternative to method 1° is possible by use of a 
method 3°, Where the n-base is achieved by an etching step 
performed on an n layer, Which is earlier epitaxially groWn 
on top of an n+ substrate, such that a MESAn layer is formed 
on top of the n+ substrate. All around the MESA structure an 
n' layer is epitaxially groWn. By etching a WindoW in the n' 
epitaxial layer doWn to the n base, a trench is obtained. The 
surfaces of said trench is then covered by a metal contact 
layer forming the Schottky contact. The n- region of the n 
epitaxial layer forming the Walls around the metal covered 
trench then acts as a junction termination as said trench 
surrounding n- region has a loWer doping concentration than 
the n-base contacting the metal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1a schematically describes a section through 
a Schottky junction pointing out the maximum electric ?eld 
at the edge of the space charge region With no junction 
termination. 

[0032] FIG. 1b schematically describes a section through 
a p-i-n diode junction pointing out the maximum electric 
?eld at the edge of the space charge region With a stepped 
doWn Junction Termination. 

[0033] FIG. 1c schematically shoWs a section through a 
Schottky junction With a resistive junction termination, 
Where tWo maximum electric ?eld points are indicated. 

[0034] FIG. 2 depicts a junction termination around the 
edges of a metal Schottky contact applied on an implanted 
or epitaxially groWn n-base region, Where the metal contacts 
said n-base region having a higher doping than a Schottky 
contact surrounding layer of the same conductivity type With 
a loWer doping. 

[0035] FIG. 3 shoWs a junction termination around the 
edges of a metal Schottky contact applied on an n-base 
region epitaxially groWn on a substrate, Where the metal 
contacts said n-base region by means of a trench etched in 
a loWer doped layer epitaxially groWn on and around said 
n-base. 

DESCRIPTION OF EMBODIMENTS 

[0036] The invention Will be described in a number of 
embodiments With reference to the draWings. 
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[0037] In prior art junction terminations as shoWn in 
FIGS. 1a and 1c, M denotes a metal contact forming one 
contact of a Schottky junction. As for FIG. 1b, M denotes 
a contact layer of a pin-diode. A passivation layer, for 
example consisting of SiO2, is covering the unshielded area 
outside the edge of the respective junctions. SCR denotes the 
space charge region of the depleted junction. The letter R of 
FIG. 1c symbolises a resistive layer functioning as a junc 
tion termination. The dots denoted by ErnaX indicate points 
Where the electric ?eld is concentrated. 

[0038] An embodiment of the invention is described refer 
ring to FIG. 2. A?rst method, 1°, for realising a component 
according to one aspect of the invention is described at the 
same time. The component of FIG. 2 is built on a substrate 
of SiC consisting of a highly doped n-conducting layer 6 
forming a cathode of the diode. On top of this layer 6 a 
second layer 7 of a Weakly doped n-conducting type SiC 
material has been epitaxially groWn, Whereby these layers 6 
and 7 form a Wafer. A truncated V-trench 8 is then etched 
into said second n-conducting layer 7. An n-base region 9 
formed by an n-conducting type material is epitaxially 
groWn into the trench 8 such the trench is completely ?lled 
by said n-base material. The doping concentration of this 
n-base region 9 material is of a level betWeen the doping 
concentrations of the high-doped substrate layer 6 and the 
concentration of the second n-conducting layer 7. A metal 
Schottky contact 2 is then applied to the n-base layer 9 by 
covering the surface of the n-base 9 With said metal contact 
2. The n-base region is in this Way surrounded by an n 
substrate region With loWer doping concentration, Whereby 
the surrounding n- layer acts as a junction termination 
extension exhibiting loWer charge contents laterally than the 
n-base junction layer 9 in the direction outWards from the 
metal contact region. 

[0039] The component of FIG. 2 may, as an alternative, be 
arrived, at by another method, 2°, Where the same steps are 
performed as those described under method 1°, With the 
exception that the n-base layer 9 is achieved by means of an 
implantation step, Where ions, e. g. nitrogen, are implanted 
into a region 8 of the second n-conducting loW-doped layer 
7. By use of this method it is not necessary to etch a trench 
8 and also to omit the folloWing epitaxially groWn n-base 
layer 9 as described in method 1°. 

[0040] According to a further method 3°, the invention 
may also be arrived at as the alternative depicted in FIG. 3, 
Where the component is built on a substrate of SiC consisting 
of a highly doped n-conducting layer 6 forming the cathode 
of the diode. AMESA layer 10 for forming an n-base region 
of an n-type SiC material is then epitaxially groWn on top of 
the substrate 6. Another layer, a MESA edge layer 11 
consisting of a loWly doped n-conducting type SiC-material 
is epitaxially groWn all around and above the MESA struc 
ture 10. A truncated trench 8 is etched doWn in the MESA 
edge layer 11 in the same Way as in method 1° as Well as the 
application of a metal contact region in the trench for 
forming the Schottky contact 2. The MESA edge layer 11 
region of the n' epitaxial layer forming the Walls around the 
metal covered trench 8 then acts as a junction termination 
extension as said trench surrounding n' region has a loWer 
doping concentration than the n-base contacting the metal 
contact 2. 

[0041] The doping concentrations of all layers in a Schot 
tky diode established according to any of methods 1°-3° 
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determine the electric ?eld concentrations and thus also the 
breakdown voltage of the diode. 

[0042] Common for all alternatives of the junction 
described is a passivation layer 12 covering the semicon 
ducting material facing the surface outside the metal contact 
2. The passivation layer may, for example, be made of SiO2. 

1. A semiconductor device comprising a ?rst conducting 
type layer (9) and a metal contact layer (2) forming a 
Schottky junction, Where the ?rst conducting type layer is 
made of silicon carbide (SiC), characteriZed in that said ?rst 
conducting type layer (9) is immersed into a second loWer 
doped ?rst conducting type layer (7), Whereby said junction 
is provided With a Junction Termination Extension 

2. A semiconductor device according to claim 1, charac 
teriZed in that the ?rst conducting type layer (9) of the 
Schottky junction is formed as a trench (8) in the second 
layer (7) of the ?rst conducting type. 

3. A semiconductor device according to claim 1, charac 
teriZed in that the ?rst conducting type layer (9) is formed as 
a region established by ion implantation into the second 
layer (7) of the ?rst conducting type. 

4. A semiconductor device according to claim 1, charac 
teriZed in that said second layer (7) of the ?rst conducting 
type is a top layer of a highly doped substrate of the ?rst 
conducting type. 

5. A semiconductor device according to claim 1, charac 
teriZed in that the ?rst conducting type layer of the Schottky 
junction is formed as a MESA (10) on top of a higher doped 
layer (6) of the ?rst conducting type. 

6. A semiconductor device according to claim 5, charac 
teriZed in that a loWer doped second layer (11) of the ?rst 
conducting type surrounds the MESA formed ?rst conduct 
ing type Schottky junction layer (10). 

7. A semiconductor device according to claim 6, charac 
teriZed in that the metal contact (8) is applied to the MESA 
formed ?rst conducting type Schottky junction layer (10) 
through an aperture in the second layer (11) of the ?rst 
conducting type. 

8. Method of manufacturing a semiconductor component 
comprising a ?rst conducting type layer (9) and a metal 
contact layer (2) forming a Schottky junction, Where the ?rst 
conducting type layer is made of silicon carbide (SiC), the 
edge of the Schottky junction to be provided With a termi 
nation extension, comprising the steps of: 

etching a trench (8) at a surface of a silicon carbide Wafer 
(6, 7) having a loWer doped layer (7) of the ?rst 
conducting type SiC material at said surface, 
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epitaxially groWing an n-base region (9) in said trench (8) 
With a ?rst conducting type material being of higher 
doping concentration than said loWer doped layer (7), 

applying a metal contact layer to the surface of said n-base 

region (9) for forming said metal Schottky contact 9. Method of manufacturing a semiconductor component 

comprising a ?rst conducting type layer (9) and a metal 
contact layer (2) forming a Schottky junction, Where the ?rst 
conducting type layer is made of silicon carbide (SiC), the 
edge of the Schottky junction to be provided With a termi 
nation extension, comprising the steps of: 

implanting ions into a region of a surface of a silicon 
carbide Wafer (6, 7) having a loWer doped layer (7) of 
the ?rst conducting type SiC material at said surface for 

creating an n-base region (9) having a ?rst conducting 
type material being of higher doping concentration than 
said loWer doped layer (7), 

applying a metal contact layer on the surface of said 
n-base region (9) for forming said metal Schottky 

contact 10. Method of manufacturing a semiconductor component 
comprising a ?rst conducting type layer (10) and a metal 
contact layer (2) forming a Schottky junction, Where the ?rst 
conducting type layer is made of silicon carbide (SiC), the 
edge of the Schottky junction to be provided With a termi 
nation extension, comprising the steps of: 

epitaxially groWing on a surface of a highly doped ?rst 
conducting type silicon carbide Wafer (6) a ?rst SiC 
layer of the ?rst conductive type having a doping 
concentration loWer than the doping concentration of 
said Wafer (6), 

etching said ?rst layer for forming an n-base region (10) 
as a MESA structure of the remainder of said ?rst layer, 
epitaxially groWing an edge layer (11) of the ?rst 
conductive type SiC material having a loWer doping 
concentration than said n-base region (10) around said 
n-base region, 

etching a WindoW in said edge layer (11) doWn to said 
n-base region (10), and 

applying a metal contact layer on the surface of said 
n-base region (9) for forming said metal Schottky 
contact 

11. Method according to claim 8 or 9, characteriZed in that 
the implant used to form the n-base surrounding layer (9) of 
n-conducting type material is nitrogen. 

* * * * * 


