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( 57 ) ABSTRACT 

A Schottky diode is disclosed that includes a silicon carbide 
substrate , a silicon carbide drift layer , a Schottky contact , 
and a passivation structure . The silicon carbide drift layer 
provides an active region and an edge termination region 
about the active region . The Schottky contact has sides and 
a top extending between the two sides and includes a 
Schottky layer over the active region and an anode contact 
over the Schottky layer . The passivation structure covers the 
edge termination region , the sides of the Schottky contact , 
and at least a portion of the top of the Schottky contact . The 
passivation structure includes a first silicon nitride layer , a 
silicon dioxide layer over the first silicon nitride layer , and 
a second silicon nitride layer over the silicon dioxide layer . 
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niques in order to improve device reliability under extreme 
environmental conditions and elevated operating levels . 

5 

10 

SUMMARY Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica A Schottky diode is disclosed that includes a silicon 
tion ; matter printed in italics indicates the additions carbide substrate , a silicon carbide drift layer , a Schottky made by reissue ; a claim printed with strikethrough contact , and a passivation structure . The silicon carbide drift indicates that the claim was canceled , disclaimed , or held layer provides an active region and an edge termination invalid by a prior post - patent action or proceeding . region about the active region . The Schottky contact has 

sides and a top extending between the two sides and includes CROSS - REFERENCE TO RELATED a Schottky layer over the active region and an anode contact 
APPLICATIONS over the Schottky layer . The passivation structure covers the 

edge termination region , the sides of the Schottky contact , The present application is a reissue of U.S. Pat . No. 15 and at least a portion of the top of the Schottky contact . The 9,991,399 , entitled " PASSIVATION STRUCTURE FOR passivation structure includes a first silicon nitride layer , a SEMICONDUCTOR DEVICES . ” silicon dioxide layer over the first silicon nitride layer , and [ This application ] U.S. Pat . No. 9,991,399 is related to 
U.S. Pat . No. 7,525,122 , entitled PASSIVATION OF WIDE a second silicon nitride layer over the silicon dioxide layer . 
BAND - GAP BASED SEMICONDUCTOR DEVICES 20 In one embodiment , an oxide layer is provided between 
WITH HYDROGEN - FREE SPUTTERED NITRIDES ; the passivation structure and the silicon carbide drift layer . 
U.S. Pat . No. 7,855,401 , entitled PASSIVATION OF WIDE The oxide layer extends outward from the sides of the 
BAND - GAP BASED SEMICONDUCTOR DEVICES Schottky contact over the edge termination region . The 
WITH HYDROGEN - FREE SPUTTERED NITRIDES ; oxide layer may be silicon dioxide . The oxide layer may be 
U.S. Pat . No. 7,858,460 , entitled PASSIVATION OF WIDE 25 thermally grown while the first silicon nitride layer , the 
BAND - GAP BASED SEMICONDUCTOR DEVICES silicon dioxide layer , and the second silicon nitride layer of 
WITH HYDROGEN - FREE SPUTTERED NITRIDES ; the passivation structure may be deposited over the ther 
U.S. Pat . No. 7,598,576 , entitled ENVIRONMENTALLY mally grown oxide layer during a single plasma enhanced 
ROBUST PASSIVATION STRUCTURES FOR HIGH- chemical vapor deposition ( PECVD ) process . 
VOLTAGE SILICON CARBIDE SEMICONDUCTOR 30 In another embodiment , the thickness of the first silicon 
DEVICES ; U.S. Pat . No. 7,696,584 , entitled REDUCED nitride layer is greater than the thickness of the second 
LEAKAGE POWER DEVICES BY INVERSION LAYER silicon nitride layer , and the thickness of the second silicon 
SURFACE PASSIVATION ; U.S. patent application Ser . No. nitride layer is greater than the thickness of the silicon 
13 / 644,506 , filed Oct. 4 , 2012 , now U.S. Pat . No. 8,994,073 , dioxide layer . For example , the thickness of the first silicon 
entitled HYDROGEN MITIGATION SCHEMES IN THE 35 nitride layer may be between about 6400 and 9600 Ang PASSIVATION OF ADVANCED DEVICES ; and U.S. pat stroms , the thickness of the silicon dioxide layer may be ent application Ser . No. 13 / 804,126 , filed Mar. 14 , 2013 , between about 900 and 1100 Angstroms , and the thickness now U.S. Pat . No. 9,812,338 , entitled ENCAPSULATION of the second silicon nitride layer may be between about OF ADVANCED DEVICES USING NOVEL PECVD AND 
ALD SCHEMES , the disclosures of which are incorporated 40 2400 and 3600 Angstroms . Further , an index of refraction 
herein by reference in their entireties . for the first silicon nitride layer may be between about 1.95 

and 2.15 , an index of refraction for the silicon dioxide layer 
FIELD OF THE DISCLOSURE may be between about 1.45 and 1.5 , and an index of 

refraction for the second silicon dioxide layer may be 
The present disclosure relates to semiconductor devices , 45 between about 1.95 and 2.15 . 

and in particular to passivation of such devices . The performance of the disclosed Schottky diodes have 
exceeded expectations . For example , Schottky diodes that 

BACKGROUND have a rated reverse breakdown voltage of at least 600 volts 
are capable of operating at 80 % of the rated reverse break 

Semiconductor devices , such as Schottky diodes and field 50 down voltage , at 85 % humidity , and at 85 Celsius for at least 
effect transistors ( FETs ) , are often used in systems that are 1000 hours without failing . This represents a very impres 
exposed to a variety of harsh environmental conditions . In sive order of magnitude improvement in longevity over 
addition to being exposed to extreme temperature and state - of - the art devices . 
humidity ranges as well as a host of environmental elements , Those skilled in the art will appreciate the scope of the 
such as water , oxygen , and hydrogen , the devices are often 55 disclosure and realize additional aspects thereof after read 
required to operate at or near their rated currents and ing the following detailed description in association with the 
voltages over extended periods of time . Operating in accompanying drawings . 
extreme environmental conditions and at elevated levels 
often leads to deterioration in performance and failure of the BRIEF DESCRIPTION OF THE DRAWINGS 
devices . 

Surface passivation techniques are employed to encapsu- The accompanying drawings incorporated in and forming 
late sensitive surfaces of the devices in an effort to reduce a part of this specification illustrate several aspects of the 
the deteriorating affects associated with being exposed to disclosure , and together with the description serve to explain 
extreme environmental conditions and operating at elevated the principles of the disclosure . 
levels . While current passivation techniques have proven to 65 FIG . 1 is a cross - sectional view of a Schottky diode , 
be beneficial , there is substantial room for improvement . As without the passivation structure , according to one embodi 
such , there is a need for more effective passivation tech- ment of the disclosure . 

60 
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FIG . 2 is a top view of a Schottky diode , without the material has a majority equilibrium concentration of posi 
Schottky layer and anode contact , according to one embodi- tively charged holes . The doping concentrations for the 
ment of the disclosure . various layers or elements may be defined as being lightly , 

FIG . 3 is a top view of a Schottky diode , without the normally , or heavily doped . These terms are relative terms 
Schottky layer and anode contact , according to a second 5 intended to relate doping concentrations for one layer or 
embodiment of the disclosure . element to another layer or element . 
FIG . 4 is a top view of a Schottky diode , without the Further , the following description focuses on an N - type 

Schottky layer and anode contact , according to a third substrate and drift layer being used in a Schottky diode ; 
embodiment of the disclosure . however , the concepts provided herein equally apply to 
FIG . 5 is a top view of a Schottky diode , without the 10 Schottky diodes with P - type substrates and drift layers . As 

Schottky layer and anode contact , according to a fourth such , the doping charge for each layer or element in the 
embodiment of the disclosure . disclosed embodiments may be reversed to create Schottky 
FIG . 6A is a partial cross - sectional view of a Schottky diodes with P - type substrates and drift layers . Further , any 

diode with a uniform JB array according to one embodiment of the layers described herein may be formed from one or 
of the disclosure . 15 more epitaxial layers using any available technique , and 
FIG . 6B is a partial cross - sectional view of a Schottky additional layers that are not described may be added 

diode with a non - uniform JB array according to another between those described herein without necessarily depart 
embodiment of the disclosure . ing from the concepts of the disclosure . 
FIG . 7 is a cross - sectional view of a Schottky diode with The passivation concepts disclosed herein are described 

a current passivation structure . 20 as being applied to a Schottky diode that is formed on a 
FIG . 8 is a cross - sectional view of a Schottky diode with silicon carbide ( SiC ) substrate . However , these passivation 

an improved passivation structure , according to one embodi- concepts are applicable to virtually any type of semicon 
ment of the disclosure . ductor device , including non - Schottky - type diodes as well 

FIGS . 9 through 23 illustrate select processing steps for as bipolar and field effect transistors , which are implemented 
fabricating a Schottky diode according to the embodiment 25 in a variety of material systems . Initially , an overview of an 
illustrated in FIG . 8 . exemplary Schottky diode is provided in association with 

FIGS . 1 through 6A and 6B . An exemplary state - of - the - art 
DETAILED DESCRIPTION passivation technique is described in association with FIG . 

7 , and an improved passivation technique is described in 
The embodiments set forth below represent the necessary 30 association with FIG . 8. Details of the various structural and 

information to enable those skilled in the art to practice the functional aspects of the improved passivation technique as 
disclosure and illustrate the best mode of practicing the well as an exemplary process for fabrication of the Schottky 
disclosure . Upon reading the following description in light diode with the improved passivation technique are described 
of the accompanying drawings , those skilled in the art will in association with FIGS . 9 through 23 . 
understand the concepts of the disclosure and will recognize 35 With reference to FIG . 1 , an exemplary Schottky diode 10 
applications of these concepts not particularly addressed is formed on a substrate 12 and has an active region 14 that 
herein . It should be understood that these concepts and resides within an edge termination region 16 that may , but 
applications fall within the scope of the disclosure and the does not need to , completely or substantially surround the 
accompanying claims . active region 14. Along the bottom side of the substrate 12 , 

It will be understood that when an element such as a layer , 40 a cathode contact 18 is formed and may extend below both 
region , or substrate is referred to as being “ on ” or extending the active region 14 and the edge termination region 16. A 
" onto ” another element , it can be directly on or extend cathode ohmic layer 20 may be provided between the 
directly onto the other element or intervening elements may substrate 12 and the cathode contact 18 to facilitate a low 
also be present . In contrast , when an element is referred to impedance coupling therebetween . A drift layer 22 extends 
as being directly on ” or extending “ directly onto ” another 45 along the top portion of the substrate 12. The drift layer 22 , 
element , there are no intervening elements present . It will the cathode contact 18 , and the cathode ohmic layer 20 may 
also be understood that when an element is referred to as extend along both the active region 14 and the edge termi 
being “ connected ” or “ coupled ” to another element , it can be nation region 16 . 
directly connected or coupled to the other element or inter- In the active region 14 , a Schottky layer 24 resides over 
vening elements may be present . In contrast , when an 50 the top surface of the drift layer 22 , and an anode contact 26 
element is referred to as being “ directly connected ” or resides over the Schottky layer 24. A barrier layer 28 may be 
" directly coupled ” to another element , there are no inter- provided between the Schottky layer 24 and the anode 
vening elements present . contact 26 to prevent material of the Schottky layer 24 from 

Relative terms such as " below ” or “ above ” or “ upper ” or diffusing into material of the anode contact 26 , and vice 
“ lower ” or “ horizontal ” or “ vertical ” may be used herein to 55 versa . Notably , the active region 14 substantially corre 
describe a relationship of one element , layer , or region to sponds to the region where the Schottky layer 24 of the 
another element , layer , or region as illustrated in the Figures . Schottky diode 10 resides over the drift layer 22. For 
It will be understood that these terms and those discussed purposes of illustration only , assume the substrate 12 and the 
above are intended to encompass different orientations of the drift layer 22 are silicon carbide ( SIC ) . Other materials for 
device in addition to the orientation depicted in the Figures . 60 these and other layers of the Schottky diode 10 are discussed 

Notably , the embodiments described herein reference further below . 
various semiconductor layers or elements therein as being In the illustrated embodiment , the substrate 12 is heavily 
doped with an N - type or P - type doping material . Being doped and the drift layer 22 is relatively lightly doped with 
doped with an N - type or P - type material indicates that the an N - type material . The drift layer 22 may be substantially 
layer or element has either an N - type or P - type conductivity , 65 uniformly doped or doped in a graded fashion . For example , 
respectively . N - type material has a majority equilibrium doping concentrations of the drift layer 22 may transition 
concentration of negatively charged electrons , and P - type from being relatively more heavily doped near the substrate 

a 
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12 to being more lightly doped near the top surface of the Schottky diode 10. For this embodiment , assume the JB 
drift layer 22 that is proximate the Schottky layer 24. Doping elements 30 are elongated stripes ( as illustrated in FIG . 2 ) . 
details are provided further below . With the presence of the JB elements 30 , there are at least 

Beneath the Schottky layer 24 , a plurality of junction- two types of junctions about the active region 14. The first 
barrier ( JB ) elements 30 are provided along the top surface 5 is referred to as a Schottky junction Jl , and is any metal 
of the drift layer 22. Doping select regions in the drift layer semiconductor ( m - s ) junction between the Schottky layer 24 
22 with P - type material forms these JB elements 30. As and those portions of the top surface of the drift layer 22 that 
such , each JB element 30 extends from the top surface of the do not have a JB element 30. In other words , the Schottky 
drift layer 22 into the drift layer 22. Together , the JB junction J1 is a junction between the Schottky layer 24 and 
elements 30 form a JB array . 10 those portions of the top surface of the drift layer that are 

The JB elements 30 may take on various shapes , as between two adjacent JB elements 30 or a JB element 30 and 
illustrated in FIGS . 2 through 5. In FIG . 2 , each JB element the edge guard ring 38 ( not shown ) . The second is referred 
30 is a single , long , elongated stripe that extends substan- to as a JB junction J2 , and is any p - n junction between a JB 
tially across the active region 14 , wherein the JB array is a element 30 and the drift layer 22 . 
plurality of parallel JB elements 30. In FIG . 3 , each JB 15 As the Schottky diode 10 is forward - biased , the Schottky 
element 30 is a short , elongated dash , wherein the JB array junctions Jl turn on before the JB junctions J2 turn on . At 
has parallel rows of multiple dashes that are linearly aligned low forward voltages , current transport in the Schottky 
to extend across the active region 14. In FIG . 4 , the JB diode 10 is dominated by majority carriers ( electrons ) 
elements 30 include a plurality of elongated stripes ( 30 ' ) and injected across the Schottky junction Jl . As such , the 
a plurality of islands ( 30 " ) . As described further below , the 20 Schottky diode 10 acts like a traditional Schottky diode . In 
elongated stripes and the islands may have substantially the this configuration , there is little or no minority carrier 
same or substantially different doping concentrations . In injection , and thus no minority charge . As a result , the 
FIG . 5 , the JB elements 30 include an array of smaller , Schottky diode 10 is capable of fast switching speeds at 
circular islands with a plurality of larger , rectangular islands normal operating voltages . 
dispersed evenly with the array of smaller , circular islands . 25 When the Schottky diode 10 is reverse - biased , depletion 
Other shapes and configurations of the JB elements 30 and regions that form adjacent the JB Junctions J2 expand to 
the ultimate JB array that is formed therefrom will be block reverse current through the Schottky diode 10. As a 
appreciated by those skilled in the art after reading the result , the expanded depletion regions function to both 
disclosure provide herein . protect the Schottky junction Jl and limit reverse leakage 

With continued reference to FIGS . 1 through 5 , the edge 30 current in the Schottky diode 10. With the JB elements 30 , 
termination region 16 includes a structure that is formed in the Schottky diode 10 behaves like a PIN diode . 
the top surface of the drift layer 22 and substantially In another embodiment , FIG . 6B provides an enlarged 
surrounds the active region 14. This structure is referred to view of a portion of the active region 14 and is used to help 
as the edge termination structure 32. At least one well 34 is identify the various p - n junctions that come into play during 
formed in a portion of the drift layer 22 that resides below 35 operation of the Schottky diode 10. For this embodiment , 
the bottom surface of the edge termination structure 32. The assume that there are two types of JB elements 30 : the 
well 34 is formed by lightly doping a portion of the drift striped , lower - doped JB elements 30 ' and island - shaped , 
layer 22 that extends into the drift layer 22 from the top higher - doped JB elements 30 " ( as illustrated in FIG . 4 ) . 
surface of the drift layer 22 with a P - type material . Within Again , the Schottky junction J1 is any metal - semiconductor 
the well 34 , a plurality of concentric guard rings 36 are 40 junction between the Schottky layer 24 and the those por 
formed . The guard rings 36 are formed by heavily doping the tions of the top surface of the drift layer that are between two 
corresponding portions of the well 34 with a P - type doping adjacent JB elements 30 or a JB element 30 and the edge 
material . As illustrated , the guard rings 36 are spaced apart guard ring 38 ( not shown ) . The primary JB junction J2 is any 
from one another and may extend from the top surface of the p - n junction between a stripe JB element 30 ' and the drift 
drift layer 22 , through the well 34 , and past the bottom of the 45 layer 22. A secondary JB junction J3 is any p - n junction 
well 34 . between an island JB element 30 " and the drift layer 22. In 

In addition to the guard rings 36 that reside in the edge this embodiment , assume that the stripe JB elements 30 ' are 
termination structure 32 , an edge guard ring 38 may be doped with a P - type material at a concentration that is the 
provided in the top surface of the drift layer 22 and around same or lower than the island JB elements 30 " . 
the periphery of the active region 14. The edge guard ring 38 50 The ratio of the surface area of the active region 14 of the 
effectively resides between the JB elements 30 of the active Schottky diode 10 occupied by the lower - doped JB elements 
region 14 from the guard rings 36 of the edge termination 30 ' and the higher - doped JB elements 30 " to the total surface 
structure 32. The edge guard ring 38 is formed by heavily area of the active region 14 may affect both the reverse 
doping the corresponding portions of the drift layer 22 with leakage current and the forward voltage drop of the Schottky 
a P - type material , such that the edge guard ring 38 is formed 55 diode 10. For example , if the area occupied by lower- and 
about the periphery of the active region 14 and extends into higher - doped JB elements 30 ' , 30 " is increased relative to the 
the drift layer 22. While illustrated as substantially rectan- total area of the active region 14 , the reverse leakage current 
gular in FIGS . 2 through 5 , the edge termination structure may be reduced , but the forward voltage drop of the 
32 , the guard rings 36 , and the edge guard ring 38 may be Schottky diode 10 may increase . Thus , the selection of the 
of any shape and will generally correspond to the shape of 60 ratio of the surface area of the active region 14 occupied by 
the periphery of the active region 14 , which is rectangular in the lower- and higher - doped JB elements 30 ' and 30 " may 
the illustrated embodiments . Each of these three elements entail a trade - off between reverse leakage current and for 
may provide a continuous or broken ( i.e. dashed , dotted , or ward voltage drop . In some embodiments , the ratio of the 
the like ) loop about the active region 14 . surface area of the active region 14 occupied by the lower 
FIG . 6A provides an enlarged view of a portion of the 65 and higher - doped JB elements 30 ' , 30 " to the total surface 

active region 14 and is used to help identify the various p - n area of the active region 14 may be between about 2 % and 
junctions that come into play during operation of the 40 % . 
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As the Schottky diode 10 is forward biased past a first breakdown voltage is exceeded is decreased . Each of these 
threshold , the Schottky junction J1 turns on before the characteristics runs counter to the need to provide a Schottky 
primary JB junctions J2 and the secondary JB junctions J3 , diode 10 that has low reverse leakage currents , high reverse 
and the Schottky diode 10 exhibits traditional Schottky breakdown voltages , and controlled avalanche currents . For 
diode behavior at low forward - biased voltages . At low 5 tunately , providing the guard rings 36 around the Schottky 
forward - biased voltages , the operation of the Schottky diode layer 24 , or active region 14 , generally tends to reduce the 
10 is dominated by the injection of majority carriers across buildup of the electric fields about the periphery of the 
the Schottky junctions Jl . Due to the absence of minority Schottky layer 24 . 
carrier injection under normal operating conditions , the In FIG . 7 , an existing passivation structure 40 is shown 
Schottky diode 10 may have very fast switching capability , 10 covering the edge termination region 16 as well as the sides 
which is characteristic of Schottky diodes in general . and a portion of the top of the contact mesa . The contact 
As indicated , the turn - on voltage for the Schottky junc- mesa resides over the active region 14 and is formed by the 

tions J1 is lower than the turn - on voltage for the primary and Schottky layer 24 , barrier layer 28 , and the anode contact 26 . 
secondary JB Junctions J2 , J3 . The lower- and higher - doped The passivation structure 40 is intended to protect the top 
JB elements 30 ' , 30 " may be designed such that the second- 15 surface of Schottky diode 10 from the deteriorating effects 
ary JB junctions J3 will begin to conduct if the forward- of various environmental elements , such as water , oxygen , 
biased voltage continues to increase past a second threshold . and hydrogen . 
If the forward biased voltage increases past the second Before forming the passivation structure 40 , an oxide 
threshold , such as in the case of a current surge through the layer 42 is generally formed over the top surface of the drift 
Schottky diode 10 , the secondary JB junctions J3 will begin 20 layer 22 in the edge termination region 16. As such , the 
to conduct . Once the secondary JB junctions J3 begin to oxide layer 42 extends from the Schottky layer 24 outward 
conduct , the operation of the Schottky diode 10 is dominated past the edge termination structure 32. The oxide layer 42 is 
by the injection and recombination of minority carriers silicon dioxide SiO2 and is thermally grown . 
across the secondary junction J3 . In this case , the on- The passivation structure 40 includes first passivation 
resistance of the Schottky diode 10 may decrease , which in 25 layer 44 and a second passivation layer 46. The first passi 
turn may decrease the amount of power dissipated by the vation layer 44 is silicon nitride Sin , which is deposited 
Schottky diode 10 for a given level of current and may help through a sputtering process . The second passivation layer 
prevent thermal runaway . 46 is also SiN , but is deposited using a plasma enhanced 

Under reverse bias conditions , the depletion regions chemical vapor deposition ( PECVD ) process instead of 
formed by the primary and secondary JB junctions J2 , J3 30 using a sputtering process . Over the passivation structure 40 
may expand to block reverse current through the Schottky resides an encapsulation layer 48 , which is formed from a 
diode 10 , thereby protecting the Schottky junction J1 and polyimide . A polyimide generally refers to any polymer of 
limiting reverse leakage current in the Schottky diode 10 . imide monomers . The encapsulation layer 48 provides yet 
Again , when reverse biased , the Schottky diode 10 may another layer of protection from environmental elements . 
function substantially like a PIN diode . 35 The second passivation layer 46 is greater in thickness than 

Notably , the voltage blocking ability of the Schottky the first passivation layer 44 . 
diode 10 according to some embodiments of the invention is Unfortunately , the passivation structure 40 has proven to 
determined by the thickness and doping of the lower - doped be susceptible to various environmental conditions over 
JB elements 30 ' . When a sufficiently large reverse voltage is time . The issue is that tiny paths often form in the SiN of the 
applied to the Schottky diode 10 , the depletion regions in the 40 first and second passivation layers 44 and 46. Paths in the 
lower - doped JB elements 30 ' will punch through to the first and second passivation layers 44 and 46 may align to 
depletion region associated with the drift layer 22. As a allow water , oxygen , and hydrogen to reach and react with 
result , a large reverse current is permitted to flow through the the oxide layer 42 , especially in those areas of the edge 
Schottky diode 10. As the lower - doped JB elements 30 ' are termination region 16 that are subjected to high electric 
distributed across the active region 14 , this reverse break- 45 fields . The reaction results in the oxide layer 42 further 
down may be uniformly distributed and controlled such that oxidizing , which tends to raise and crack the passivation 
it does not damage the Schottky diode 10 . structure 40. The cracks further expose the oxide layer 42 

In essence , the breakdown of the Schottky diode 10 is and other parts of the Schottky diode to the environment to 
localized to a punch - through of the lower - doped JB ele- perpetuate a viscous cycle that leads to deteriorating per 
ments 30 ' , which results in a breakdown current that is 50 formance and device failure . 
distributed evenly across the active region 14. As a result , An improved passivation structure 50 is illustrated in FIG . 
the breakdown characteristic of the Schottky diode 10 may 8. The passivation structure 50 is shown covering the edge 
be controlled such that large reverse currents can be dissi- termination region 16 as well as the sides and a portion of 
pated without damaging or destroying the Schottky diode the top of the contact mesa . The passivation structure 50 
10. In some embodiments , the doping of the lower - doped JB 55 includes a first passivation layer 52 , a second passivation 
elements 30 ' may be chosen such that the punch - through layer 54 , and a third passivation layer 56 , which may be 
voltage is slightly less than the maximum reverse voltage deposited successively in a single deposition run using 
that may otherwise be supported by the edge termination of PECVD , atomic layer deposition ( ALD ) , or like deposition 
the Schottky diode 10 . process . 

The design of the edge termination region 16 shown in 60 In one embodiment , the first passivation layer 52 is SiN , 
FIG . 1 further enhances both the forward and reverse current the second passivation layer 54 is SiO2 , and the third 
and voltage characteristics of the Schottky diode 10. Nota- passivation layer 56 is Sin . The first passivation layer 52 is 
bly , electric fields tend to build about the periphery of the deposited using PECVD with a thickness between about 
Schottky layer 24 , especially as the reverse voltage 6400 and 9600 Angstroms with a relatively high index of 
increases . As the electric fields increase , the reverse leakage 65 refraction between about 1.85 and 2.25 . Alternative thick 
current increases , the reverse breakdown voltage decreases , ness ranges for the first passivation layer 52 are between 
and the ability to control the avalanche current when the about 7500 and 8500 Angstroms and between about 7800 
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and 8200 Angstroms . An alternative index of fraction range potential barrier develops between the two layers . The 
is between about 1.95 and 2.15 . barrier height associated with the Schottky junction J1 

The second passivation layer 54 is deposited using corresponds to the native potential barrier . Absent applica 
PECVD with a thickness between about 750 and 1250 tion of an external voltage , this native potential barrier 
Angstroms with a relatively low index of refraction between 5 prevents most charge carriers , either electrons or holes , from 
about 1.4 and 1.6 . Alternative thickness ranges for the moving from one layer to another the other . When an second passivation layer 54 are between about 800 and 1200 external voltage is applied , the native potential barrier from 
Angstroms and between about 900 and 1100 Angstroms . An the semiconductor layer's perspective will effectively alternative index of fraction range is between about 1.45 and increase or decrease . Notably , the potential barrier from the 1.5 . metal layer's perspective will not change when the external The third passivation layer 56 is deposited using PECVD 
with a thickness between about 2200 and 3800 Angstroms voltage is applied . 

When a Schottky diode 10 with an N - type drift layer 22 with a relatively high index of refraction between about 1.85 
and 2.25 . Alternative thickness ranges for the third passiva is forward biased , application of a positive voltage at the 
tion layer 56 are between about 2400 and 3600 Angstroms 15 Schottky layer 24 effectively reduces the native potential 
and between about 2800 and 3200 Angstroms . An alterna barrier and causes electrons to flow from the semiconductor 
tive index of fraction range is between about 1.95 and 2.15 . across the metal - semiconductor junction . The magnitude of 
In this embodiment , the thickness of the first passivation the native potential barrier , and thus barrier height , bears on 
layer 52 is greater than the thickness of the third passivation the amount of voltage necessary to overcome the native 
layer 56 , which is greater than the thickness of the second 20 potential barrier and cause the electrons to flow from the 
passivation layer 54. An encapsulation layer 58 is provided semiconductor layer to the metal layer . In effect , the poten 
over the third passivation layer 56. The encapsulation layer tial barrier is reduced when the Schottky diode is forward 
58 may be a polyimide , organic or polymer - based scratch biased . When the Schottky diode 10 is reverse biased , the 
protectant , or the like . potential barrier is greatly increased and functions to block 

The cathode ohmic layer 20 is nickel ( Ni ) . The cathode 25 the flow of electrons . 
contact 18 may be formed over the cathode ohmic layer 20 The material used to form the Schottky layer 24 largely 
with consecutive layers of titanium ( Ti ) , nickel ( Ni ) , and dictates the barrier height associated with the Schottky 
silver ( Ag ) . Other constructions for the cathode ohmic layer junction Jl . In many applications , a low barrier height is 
20 and the cathode contact 18 will be appreciated by those preferred . A lower barrier height allows one of the follow 
skilled in the art . 30 ing . First , a lower barrier height device with a smaller active 

With the above configuration for the passivation structure region 14 can be developed to have the same forward turn 
50 , the Schottky diode 10 has proven to be surprisingly more on and operating current and voltage ratings as a device 
resilient to adverse environmental conditions than existing having a larger active region 14 and a higher barrier height . 
structures . In fact , the passivation structure 50 consistently In other words , the lower barrier height device with a 
allows high voltage Schottky diodes 10 to operate without 35 smaller active region 14 can support the same forward 
failure at 80 % ( or greater ) of the rated reverse - biased voltage at a given current as a device that has a higher barrier 
breakdown voltage , 85 Celsius ( or greater ) , and 85 % ( or height and a larger active region 14 . 
greater ) humidity for at least 1000 consecutive hours , Alternatively , a lower barrier height device may have 
wherein the rated reverse breakdown voltage is at least 600 lower forward turn on and operating voltages while handling 
volts . By comparison , a Schottky diode 10 that employs the 40 the same or similar currents as a higher barrier height device 
passivation structure 40 ( of FIG . 7 ) will typically fail in less when both devices have active regions 14 of the same size . 
than 100 hours . As such , the improved passivation structure Lower barrier heights also lower the forward biased on 
50 affords a longevity improvement for a high - voltage Sic resistances of the devices , which help make the devices 
Schottky diode 10 of an order of magnitude or more over the more efficient and generate less heat , which can be destruc 
existing passivation structure 40. Exemplary ratings for the 45 tive to the device . 
Schottky diode 10 include 600 volts at 1 , 2 , 3 , 4 , 6 , 8 , 10 , and Exemplary metals ( including alloys ) that are associated 
50 amperes ; 650 volts at 2 , 3 , 4 , 6 , 8 , 10 , 30 , and 50 amperes ; with low barrier heights in Schottky applications that 
and 1200 volts at 2 , 5 , 8 , 10 , 15 , 20 , and 50 amperes . The employ a SiC drift layer 22 include , but are not limited to 
voltage ratings are for the reverse - biased breakdown voltage tantalum ( Ta ) , titanium ( Ti ) , chromium ( Cr ) , and aluminum 
and the ampere ratings are for the forward biased current . 50 ( Al ) , where tantalum is associated with the lowest barrier 

While the above embodiments are directed to Schottky height of the group . These metals are defined as low barrier 
diodes 10 , all of the contemplated structures and designs are height cable metals . While the barrier height is a function of 
equally applicable to other semiconductor devices that suffer the metal used for the Schottky layer 24 , the material used 
from adverse field effects about the periphery of an active for the drift layer 22 , and perhaps the extent of doping in the 
region . Exemplary devices that may benefit from the con- 55 drift layer 22 , exemplary barrier heights that may be 
templated structures and designs of the edge termination achieved with certain embodiments are less than 1.2 election 
region 16 include all types of field effect transistors ( FETs ) , volts ( eV ) , less than 1.1 eV , less than 1.0 eV , less than 0.9 
insulated gate bipolar transistors ( IGBTs ) , and gate turn - off eV , and less than about 0.8 eV . 
thyristors ( GTOs ) . Turning now to FIGS . 9 through 23 , an exemplary process 

Another characteristic that affects both forward and 60 for fabricating a Schottky diode 10 , such as the one illus 
reverse current and voltage characteristics of the Schottky trated in FIG . 8 , is provided . In this example , assume that the 
diode 10 is the barrier height associated with the Schottky JB elements 30 are elongated stripes , as illustrated in FIG . 
junction J1 ( FIGS . 6A and 6B ) , which again , is the metal- 2. Through the description of the process , exemplary mate 
semiconductor junction between the metal Schottky layer 24 rials , doping types , doping levels , structure dimensions , and 
and the semiconductor drift layer 22. When a metal layer , 65 the selected alternatives are outlined . These aspects are 
such as the Schottky layer 24 , is in close proximity with a merely illustrative , and the concepts disclosed herein and the 
semiconductor layer , such as the drift layer 22 , a native claims that follow are not limited to these aspects . 
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The process starts by providing an N - doped , single crys- JB elements 30 , the edge guard ring 38 , and the guard rings 
tal , 4H SIC substrate 12 , as shown in FIG.9 . The substrate 36 all doped at a concentration between about 5x1017 cm - 3 
12 may have various crystalline polytypes , such as 2H , 4H , and 5x1019 cm - 3 . 
6H , 3C and the like . The substrate 12 may also be formed In other embodiments , these elements may be doped at 
from other material systems , such as gallium nitride ( GaN ) , 5 different concentrations using the same or different ion 
gallium arsenide ( GaAs ) , silicon ( Si ) , germanium ( Ge ) , implantation process ; for example , when the JB array of JB 
SiGe , and the like . The resistivity of the N - doped , SiC elements 30 includes different shapes or sizes , as provided 
substrate 12 is between about 10 milliohm - cm and 30 in FIGS . 4 and 5 , or where the different JB elements 30 have 
milliohm - cm in one embodiment . The initial substrate 12 different depths . The depth and spacing between adjacent JB 
may have a thickness between about 200 microns and 500 10 elements 30 , between the edge guard ring 38 and a JB element 30 , and between adjacent guard rings 36 may vary microns . based on desired device characteristics . For example , the The drift layer 22 may be grown over the substrate 12 and depth of these elements may range from 0.2 to greater than doped in situ , wherein the drift layer 22 is doped as it is 1.5 microns , and the respective elements may be spaced 
grown with an N - type doping material , as shown in FIG . 10. 15 apart from each other between about one and four microns . Notably , one or more buffer layers ( not shown ) may be As illustrated in FIG . 13 , a thermal oxide layer 42 is formed on the substrate 12 prior to forming the drift layer 22 . formed over the top surface of the drift layer 22. For a Sic 
The buffer layer may be used as a nucleation layer and be drift layer 22 , the oxide is silicon dioxide ( SiO2 ) . Next , the 
relatively heavily doped with an N - type doping material . portion of the thermal oxide layer 42 associated with the 
The buffer layer may range from 0.5 to 5 microns in certain 20 active region 14 is removed , as shown in FIG . 14 , to form 
embodiments . a Schottky recess 60 in which the Schottky layer 24 will be 

The drift layer 22 may be relatively uniformly doped formed . 
throughout or may employ graded doping throughout all or Once the Schottky recess 60 is formed , the Schottky layer 
a portion thereof . For a uniformly doped drift layer 22 , the 24 is formed over the portion of drift layer 22 that was 
doping concentration may be between about 2x1015 cm - 3 25 exposed by the Schottky recess 60 , as illustrated in FIG . 15 . 
and 1x1016 cm - 3 in one embodiment . With graded doping , The thickness of the Schottky layer 24 will vary based on 
the doping concentration is highest at the bottom of the drift desired device characteristics and the metal used to form the 
layer 22 near the substrate 12 and lowest at the top of the Schottky layer 24 , but will generally be between about 100 
drift layer 22 near the Schottky layer 24. The doping and 4500 angstroms . For the referenced 600V device , a 
concentration generally decreases in a stepwise or continu- 30 Schottky layer 24 formed of titanium ( Ti ) may be between 
ous fashion from a point at or near the bottom to a point at about 500 and 2500 angstroms ; a Schottky layer 24 formed 
or near the top of the drift layer 22. In one embodiment of tantalum ( Ta ) may be between about 200 and 1200 
employing graded doping , the lower portion of the drift layer angstroms ; and a Schottky layer 24 formed of aluminum 
22 may be doped at a concentration of about 1x1015 cm ( Al ) may be between about 3500 and 4500 angstroms . 
and the upper portion of the drift layer 22 maybe doped at 35 Depending on the metal used for the Schottky layer 24 and 
a concentration of about 5x1016 cm - 3 . In another embodi- the to - be - formed anode contact 26 , one or more barrier 
ment employing graded doping , the lower portion of the drift layers 28 may be formed over the Schottky layer 24 , as 
layer 22 may be doped at a concentration of about 5x1015 shown in FIG . 16. The barrier layer 28 may be formed of 
cm - 3 and the upper portion of the drift layer 22 may be tantalum ( Ta ) , titanium tungsten alloy ( TiW ) , titanium 
doped at a concentration of about 1x1016 cm - 3 . 40 nickel alloy ( Tin ) , and any other suitable material , and may 

The drift layer 22 may be between four and ten microns be between about 75 and 400 angstroms thick in select 
thick in select embodiments , depending on the desired embodiments . The barrier layer 28 helps prevent diffusion 
reverse breakdown voltage . In one embodiment , the drift between the metals used to form the Schottky layer 24 and 
layer 22 is about one micron thick per 100 volts of desired the to - be - formed anode contact 26. Notably , the barrier layer 
reverse breakdown voltage . For example , a Schottky diode 45 28 is not used in certain embodiments where the Schottky 
10 with a reverse breakdown voltage of 600 volts may have layer 24 is tantalum ( Ta ) and the to - be - formed anode contact 
a drift layer 22 with a thickness of about six microns . 26 is formed from aluminum ( Al ) . The barrier layer 28 is 
Next , the well 34 is formed by selectively implanting a generally beneficial in embodiments where the Schottky 

portion of the drift layer 22 with a P - type material , as shown layer 24 is titanium ( Ti ) and the to - be - formed anode contact 
in FIG . 11. For example , a Schottky diode 10 with a reverse 50 26 is formed from aluminum ( Al ) . Tantalum ( Ta ) is a good 
breakdown voltage of 600 volts and capable of handling a material for the barrier layer in this configuration . 
sustained forward current of 50 A may have a well 34 that Next , the anode contact 26 is formed over the Schottky 
is lightly doped at a concentration between about 5x1016 layer 24 , or if present , the barrier layer 28 , as shown in FIG . 

2-3 and 2x1017 cm - 3 . The well 34 may be between about 17. The anode contact 26 is generally relatively thick , 
0.1 and 0.5 microns deep and have a width substantially 55 formed from a metal , and acts as a bond pad for the anode 
corresponding to the width of the edge termination structure of the Schottky diode 10. The anode contact 26 may be 
32 . formed from aluminum ( Al ) , gold ( Au ) , Silver ( Ag ) , and the 
Once the well 34 is formed , the JB elements 30 , the edge like . 

guard ring 38 , and the guard rings 36 are formed by As shown in FIGS . 18 , 19 , and 20 , the first , second , and 
selectively implanting the corresponding portions of the top 60 third passivation layers 52 , 54 , 56 may be sequentially 
surface of the drift layer 22 with a P - type material , as shown formed in a single PECVD process . In one embodiment , the 
in FIG . 12. The JB elements 30 , the edge guard ring 38 , and first passivation layer 52 is silicon nitride ( SIN ) , the second 
the guard rings 36 are relatively heavily doped and may be passivation layer 54 is silicon dioxide ( SiO2 ) , and the third 
formed at the same time using the same ion implantation passivation layer 56 is silicon nitride ( SiN ) . As shown in 
process . In one embodiment , a Schottky diode 10 with a 65 FIG . 21 , the encapsulation layer 58 is formed over the third 
reverse breakdown voltage of 600 volts and capable of passivation layer 56. The encapsulation layer 58 is a poly 
handling a sustained forward current of 50 A may have the imide in one embodiment , and can be etched using photo 
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lithography . As such , an area of the encapsulation layer 58 a Schottky contact having sides and a top extending 
that is over a central portion of the anode contact 26 is etched between the sides and comprising a Schottky layer over 
away to expose a portion of the third passivation layer 56 , the active region and an anode contact over the 
as shown in FIG . 22 . Schottky layer ; and 

The remaining portion of the encapsulation layer 58 may 5 a passivation structure comprising a first silicon nitride 
at act as mask for etching away those portions of the first , layer , a silicon dioxide layer over the first silicon nitride second , and third passivation layers 52 , 54 , and 56 that layer , and a second silicon nitride layer over the silicon reside over that central portion of the anode contact 26. Once dioxide layer , wherein the first silicon nitride layer , the etched , the central portion of the anode contact 26 is exposed silicon dioxide layer , and the second silicon nitride as shown in FIG . 23. Ultimately , bond wires or the like may 10 layer are plasma enhanced chemical vapor deposition be soldered or otherwise connected to the top surface of the layers such that a thickness of the first silicon nitride anode contact 26 through the opening that exposed the 
central portion of the anode contact 26 . layer is greater than a thickness of the second silicon 
At this point , processing switches from the front side ( top ) nitride layer and the passivation structure covers the 

of the Schottky diode 10 to the back side ( bottom ) of the 15 edge termination region , the sides of the Schottky 
Schottky diode 10. While not illustrated , the substrate 12 is contact , and at least a portion of the top of the Schottky 
substantially thinned by removing a bottom portion of the contact . 

substrate 12 though a grinding , etching , or like process . For 2. The Schottky diode of claim 1 further comprising an 
the 600V reference Schottky diode 10 , the substrate 12 may oxide layer between the passivation structure and the silicon 
be thinned to a thickness between about 50 and 200 microns 20 carbide drift layer and extending outward from the sides of 
in a first embodiment , and between about 75 and 125 the Schottky contact over the edge termination region . 
microns in a second embodiment . Thinning the substrate 12 3. The Schottky diode of claim 2 wherein the oxide layer 
or otherwise employing a thin substrate 12 reduces the does not cover the top of the Schottky contact and porti 
overall electrical and thermal resistance between the anode of the sides of the Schottky contact that extend above the 
and cathode of the Schottky diode 10 and allows the device 25 oxide layer . 
to handle higher current densities without overheating . 4. The Schottky diode of claim 3 wherein the oxide layer 

Finally , the cathode ohmic layer 20 is formed on the is a thermally grown silicon dioxide layer . 
bottom of the thinned substrate 12 with an ohmic metal , such 5. The Schottky diode of claim 2 wherein the oxide layer 
as nickel ( Ni ) , nickel silicide ( NiSi ) , and nickel aluminide is a thermally grown silicon dioxide layer . ( NiAl ) . In embodiments where the encapsulation layer 58 is 30 6. The Schottky diode of claim 1 further comprising a employed , the cathode ohmic layer 20 may be laser annealed cathode contact on a bottom side of the silicon carbide instead of baking the entire device at a high temperature to substrate opposite the silicon carbide drift layer . anneal the ohmic metal . Laser annealing allows the ohmic 
metal to be heated sufficiently for annealing , yet does not 7. The Schottky diode of claim 1 wherein the Schottky 
heat the rest of the device to temperatures that would 35 contact further comprises a tantalum barrier layer between 
otherwise damage or destroy the encapsulation layer 58 . the anode contact and the Schottky layer . 
Once the cathode ohmic layer 20 is formed and annealed , the 8. The Schottky diode of claim 1 further comprising an 
cathode contact 18 is formed over the cathode ohmic layer encapsulation layer over the passivation structure . 
20 to provide a solder or like interface for the Schottky diode 9. The Schottky diode of claim 8 wherein the encapsula 
10. In one embodiment , the cathode contact 18 may be 40 tion layer is a polyimide layer . 
formed over the cathode ohmic layer 20 with consecutive 10. The Schottky diode of claim 1 wherein the thickness 
layers of titanium ( Ti ) , nickel ( Ni ) , and silver ( Ag ) wherein of the second silicon nitride layer is greater than a thickness 
silver ( Ag ) is the outermost layer . of the silicon dioxide layer . 

With the concepts disclosed herein , very high perfor- 11. The Schottky diode of claim 1 wherein the thickness 
mance Schottky diodes 10 may be designed for various 45 of the first silicon nitride layer is between about 6400 and 
applications that require various operation parameters . The 9600 Angstroms , a thickness of the silicon dioxide layer is 
current density associated with DC forward - biased currents between about 900 and 1100 Angstroms , and the thickness 
may exceed 440 amperes / cm in certain embodiments , and of the second silicon nitride layer is between about 2400 and 
may exceed 500 amperes / cm in other embodiments . Further , 3600 Angstroms . 
Schottky diodes 10 may be constructed to have a ratio of DC 50 12. The Schottky diode of claim 11 wherein an index of 
forward - biased current density to reverse - biased anode- refraction for the first silicon nitride layer is between about 
cathode capacitance greater than 0.275 , 0.3 , 0.325 , 0.35 , 1.95 and 2.15 , an index of refraction for the silicon dioxide 
0.375 , and 0.4 ampere / pico - Farad ( A / PF ) in various embodi- layer is between about 1.45 and 1.5 , and an index of 
ments , wherein the reverse - biased anode - cathode voltage is refraction for the second silicon nitride layer is between 
determined when the Schottky diode is reverse biased to a 55 about 1.95 and 2.15 . 
point where the active region is essentially fully depleted . 13. The Schottky diode of claim 1 wherein an index of 

Those skilled in the art will recognize improvements and refraction for the first silicon nitride layer is between about 
modifications to the embodiments of the present disclosure . 1.95 and 2.15 , an index of refraction for the silicon dioxide 
All such improvements and modifications are considered layer is between about 1.45 and 1.5 , and an index of 
within the scope of the concepts disclosed herein and the 60 refraction for the second silicon nitride layer is between 
claims that follow . about 1.95 and 2.15 . 
What is claimed is : 14. The Schottky diode of claim 1 further comprising an 
1. A Schottky diode comprising : oxide layer that extends outward from the sides of the 
a silicon carbide substrate ; Schottky contact over the edge termination region , and 
a silicon carbide drift layer over the silicon carbide 65 wherein 

substrate and providing an active region and an edge for the passivation structure , the first silicon nitride layer 
termination region about the active region ; is directly on the oxide layer , the silicon dioxide layer 
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is directly on the first silicon nitride layer , and the 27. The method of claim 26 wherein an index of refraction 
second silicon nitride layer is directly on the silicon for the first silicon nitride layer is between about 1.95 and 
dioxide layer . 2.15 , an index of refraction for the silicon dioxide layer is 

15. The Schottky diode of claim 14 wherein the oxide between about 1.45 and 1.5 , and an index of refraction for 
layer is a thermally grown silicon dioxide layer that does not 5 the second silicon nitride layer is between about 1.95 and 
cover the top of the Schottky contact and portions of the 2.15 . 
sides of the Schottky contact that extend above the silicon 28. The method of claim 18 wherein the Schottky diode 
dioxide layer . has a rated reverse breakdown voltage and can operate at 

16. The Schottky diode of claim 1 wherein the Schottky 80 % of the rated reverse breakdown voltage , at 85 % humid 
diode has a rated reverse breakdown voltage and can operate ity , and at 85 Celsius for at least 1000 hours without failing . 
at 80 % of the rated reverse breakdown voltage , at 85 % 29. The method of claim 18 wherein the Schottky diode 
humidity , and at 85 Celsius for at least 1000 hours without has a rated reverse breakdown voltage of at least 600 V. 
failing . 30. The method of claim 18 further comprising forming a 

17. The Schottky diode of claim 1 wherein the Schottky polyimide layer over the passivation structure . 
diode has a rated reverse breakdown voltage of at least 600 31. The method of claim 18 further comprising forming 
V. an oxide layer that extends outward from the sides of the 

18. A method for fabricating a Schottky diode comprising : Schottky contact over the edge termination region prior to 
providing a silicon carbide substrate with a silicon carbide forming the passivation structure , and wherein the first 

drift layer over the silicon carbide substrate , the silicon 20 silicon nitride layer is directly on the oxide layer , the silicon 
carbide drift layer having an active region and an edge dioxide layer is directly on the first silicon nitride layer , and 
termination region about the active region ; the second silicon nitride layer is directly on the silicon 

forming a Schottky contact over the active region , the dioxide layer . 
Schottky contact having sides and a top extending 32. The method of claim 18 wherein the oxide layer is a 
between the sides and comprising a Schottky layer over 25 thermally grown silicon dioxide layer that does not cover the 
the active region and an anode contact over the top of the Schottky contact and portions of the sides of the 
Schottky layer ; and Schottky contact that extend above the silicon dioxide layer . 

forming a passivation structure comprising a first silicon 33. The method of claim 18 wherein the thickness of the 
nitride layer , a silicon dioxide layer over the first silicon second silicon nitride layer is greater than a thickness of the 
nitride layer , and a second silicon nitride layer over the 30 silicon dioxide layer . 
silicon dioxide layer , wherein the first silicon nitride 34. The method of claim 18 wherein an index of refraction 
layer , the silicon dioxide layer , and the second silicon for the first silicon nitride layer is between about 1.95 and 
nitride layer are plasma enhanced chemical vapor depo- 2.1 an index of refraction for the silicon dioxide layer is 
sition layers such that a thickness of the first silicon between about 1.45 and 1.5 , and an index of refraction for 
nitride layer is greater than a thickness of the second 35 the second silicon nitride layer is between about 1.95 and 
silicon nitride layer and the passivation structure covers 2.15 . 
the edge termination region , the sides of the Schottky 35. The method of claim 18 further comprising forming a 
contact , and at least a portion of the top of the Schottky tantalum barrier layer between the anode contact and the 
contact . Schottky layer . 

19. The method of claim 18 wherein the first silicon 40 36. A semiconductor device comprising : 
nitride layer , the silicon dioxide layer , and the second silicon a silicon carbide substrate ; 
nitride layer are successively formed during a single plasma a silicon carbide drift layer over the silicon carbide 
enhanced chemical vapor deposition process . substrate ; 

20. The method of claim 18 further comprising forming a contact on the silicon carbide drift layer , the contact 
an oxide layer that extends outward from the sides of the 45 having sides and a top extending between the sides ; 
Schottky contact over the edge termination region prior to and 
forming the passivation structure . a passivation structure covering the sides of the contact 

21. The method of claim 20 wherein the oxide layer does and at least a portion of the top of the contact , the 
not cover the top of the Schottky contact and portions of the passivation structure comprising a first silicon nitride 
sides of the Schottky contact that extend above the oxide 50 layer , a silicon dioxide layer on the first silicon nitride 
layer . layer , and a second silicon nitride layer on the silicon 

22. The method of claim 21 wherein the oxide layer is a dioxide layer , wherein : 
thermally grown silicon dioxide layer . the first silicon nitride layer , the silicon dioxide layer , 

23. The method of claim 20 wherein the oxide layer is a and the second silicon nitride layer are plasma 
thermally grown silicon dioxide layer . enhanced chemical vapor deposition layers ; and 

24. The method of claim 18 further comprising forming a a thickness of the first silicon nitride layer is greater 
cathode contact on a bottom side of the silicon carbide than a thickness of the second silicon nitride layer . 
substrate opposite the silicon carbide drift layer . 37. The semiconductor device of claim 36 wherein the 

25. The method of claim 24 wherein the thickness of the silicon carbide drift layer provides an active region and an 
first silicon nitride layer is greater than a thickness of the 60 edge termination region about the active region . 
silicon dioxide layer . 38. The semiconductor device of claim 37 wherein the 

26. The method of claim 18 wherein the thickness of the passivation structure covers the edge termination region . 
first silicon nitride layer is between about 6400 and 9600 39. The semiconductor device of claim 38 further com 
Angstroms , a thickness of the silicon dioxide layer is prising an oxide layer between the passivation structure and 
between about 900 and 1100 Angstroms , and the thickness 65 the silicon carbide drift layer , the oxide layer extending 
of the second silicon nitride layer is between about 2400 and outward from the sides of the contact over the edge termi 
3600 Angstroms . nation region . 
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40. The semiconductor device of claim 39 wherein the 48. The semiconductor device of claim 47 wherein : 
oxide layer does not cover the top of the contact and an index of refraction for the first silicon nitride layer is 
portions of the sides of the contact that extend above the between about 1.95 and 2.15 ; 
oxide layer . an index of refraction for the silicon dioxide layer is 

41. The semiconductor device of claim 40 wherein the 5 between about 1.45 and 1.5 ; and 
oxide layer is a thermally grown silicon dioxide layer . an index of refraction for the second silicon nitride layer 

is between about 1.95 and 2.15 . 42. The semiconductor device of claim 39 wherein the 
oxide layer is a thermally grown silicon dioxide layer . 49. The semiconductor device of claim 36 wherein : 

43. The semiconductor device of claim 36 further com an index of refraction for the first silicon nitride layer is 
between about 1.95 and 2.15 ; prising an additional contact on the silicon carbide sub 

strate opposite the drift layer . an index of refraction for the silicon dioxide layer is 
44. The semiconductor device of claim 36 further com between about 1.45 and 1.5 ; and 

prising an encapsulation layer over the passivation struc an index of refraction for the second silicon nitride layer 
is between about 1.95 and 2.15 . ture . 50. The semiconductor device of claim 38 further com 45. The semiconductor device of claim 44 wherein the 

encapsulation layer is a polyimide layer . prising an oxide layer that extends outward from the sides of 
46. The semiconductor device of claim 36 wherein the the contact over the edge termination region , wherein the 

thickness of the second silicon nitride layer is greater than first silicon nitride layer is directly on the oxide layer , the 
a thickness of the silicon dioxide layer . silicon dioxide layer is directly on the first silicon nitride 

47. The semiconductor device of claim 46 wherein : 20 layer , and the second silicon nitride layer is directly on the 
silicon dioxide layer . the thickness of the first silicon nitride layer is between 

about 6400 and 9600 Angstroms ; 51. The semiconductor device of claim 50 wherein the 
the thickness of the silicon dioxide layer is between about oxide layer is a thermally grown silicon dioxide layer that 

900 and 1100 Angstroms ; and does not cover the top of the contact and portions of the sides 
the thickness of the second silicon nitride layer is between 25 of the contact that extend above the silicon dioxide layer . 

about 2400 and 3600 Angstroms . 
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