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Chapter 6: SiC Devices, Circuits and Systems

6.1 Schottky Barrier Diodes

833

837

841

845

849

853

857

861

865

869

873

877

881

885

889

893

897

901

905



Impact of Surface Morphology above Threading Dislocations on Leakage Current in 4H-
SiC Diodes

F. Hirokazu, T. Katsuno, T. Ishikawa, H. Naruoka, M. Konishi, T. Endo, Y. Watanabe, K.
Tsuruta, S. Onda, A. Adachi, M. Nagao and K. Hamada

Experimental Demonstration of 1200V SiC-SBDs with Lower Forward Voltage Drop at
High Temperature
T. Tsuji, A. Kinoshita, N. Iwamuro, K. Fukuda, K. Tezuka, T. Tsuyuki and H. Kimura

Performance of a 650V SiC Diode with Reduced Chip Thickness
R. Rupp, R. Gerlach, U. Kirchner, A. Schlogl and R. Kern

A Fully Electrically Isolated Package for High Temperature SiC Sensors
G. Brezeanu, F. Draghici, M. Badila, I. Rusu, F. Bernea and P. Godignon

Current Distribution in the Various Functional Areas of a 600V SiC MPS Diode in Forward
Operation
R. Rupp, R. Gerlach and A. Kabakow

4H-SiC Trench Structure Schottky Diodes
M. Aketa, Y. Yokotsuji, M. Miura and T. Nakamura

Influence of Anode Layout on the Performance of SiC JBS Diodes
R. Radhakrishnan and J.H. Zhao

Performance of Hybrid 4.5 kV SiC JBS Freewheeling Diode and Si IGBT
K.D. Hobart, E.A. Imhoff, F.J. Kub, A.R. Hefner, T.H. Duong, J.M. Ortiz-Rodriguez, S.H. Ryu,
D. Grider, S. Leslie, J. Sherbondy and B. Ray

Hybrid Si-IGBT/SiC Rectifier Co-Packs and SiC JBS Rectifiers Offering Superior Surge
Current Capability and Reduced Power Losses
S.G. Sundaresan, C. Sturdevant, H. Issa, M. Marripelly, E. Lieser and R. Singh

6.2 PiN and Heterojunction Diodes

12.9 kV SiC PiN Diodes with Low On-State Drops and High Carrier Lifetimes
S.G. Sundaresan, C. Sturdevant, M. Marripelly, E. Lieser and R. Singh

Design, Yield and Process Capability Study of 8 kV 4H-SiC PIN Diodes
A. Bolotnikov, P.A. Losee, K. Matocha, J. Nasadoski, J. Glaser, S. Arthur, Z. Stum, J. Garrett, A.
Elasser, L. Stevanovic, H. Naik and T.P. Chow

Characterization of Packaged 6.5 kV SiC PiN-Diodes up to 300 °C
K.O. Dohnke, D. Peters and R. Schérner

11.72 cm? SiC Wafer-Scale Interconnected 1.8 kV / 64 kA PiN Diode
M. Snook, H. Hearne, T. McNutt, V. Veliadis, B. Nechay, S. Woodruff, R.S. Howell, D. Giorgi,
J. White and S. Davis

Transient Electrical Characteristics of Electron Irradiated High Blocking Voltage 4H-SiC
Pin Diode
K. Asano, A. Tanaka, S. Ogata, K. Nakayama and Y. Miyanagi

600 V PIN Diodes Fabricated Using On-Axis 4H Silicon Carbide
G. Civrac, F. Laariedh, N. Thierry-Jebali, M. Lazar, D. Planson, P. Brosselard, J. Hassan, A.
Henry, E. Janzén, B. Vergne and S. Scharnholz

Experimental Study on Various Junction Termination Structures Applied to 15 kV 4H-SiC
PiN Diodes
H. Niwa, G. Feng, J. Suda and T. Kimoto

Single Photolithography/Implantation 120-Zone Junction Termination Extension for High-
Voltage SiC Devices

M. Snook, T. McNutt, C. Kirby, H. Hearne, V. Veliadis, B. Nechay, S. Woodruff, R.S. Howell, J.
White and S. Davis

Positive Temperature Coefficient SiC PiN Diodes
E.A. Imhoff, K.D. Hobart, F.J. Kub, M.G. Ancona, R.L. Myers-Ward, N.Y. Garces, V.D.
Wheeler, L.O. Nyakiti, C.R. Eddy and D.K. Gaskill

Fully Ion Implanted Vertical p-i-n Diodes on High Purity Semi-Insulating 4H-SiC Wafers
R. Nipoti, A. Nath, Y.L. Tian, F. Tamarri, F. Moscatelli, P. de Nicola and M.V. Rao

Electrical Characteristics of 4H-SiC Pin Diode with Carbon Implantation or Thermal
Oxidation
K. Nakayama, A. Tanaka, K. Asano, T. Miyazawa, M. Ito and H. Tsuchida

911

917

921

925

929

933

937

941

945

949

953

957

961

965

969

973

977

981

985

989



Physical Modelling of 4H-SiC PiN Diodes
C.A. Fisher, M.R. Jennings, A.T. Bryant, A. Pérez-Tomas, P.M. Gammon, P. Brosselard, P.
Godignon and P.A. Mawby

Thermal Stress Response of Silicon Carbide pin Diodes Used as Photovoltaic Devices
S. Barker, K.V. Vassilevski, I.P. Nikitina, N.G. Wright and A.B. Horsfall

Effect of Surface Morphology on the On-State Resistance of SiC Photoconductive
Semiconductor Switches
X.C. Liu, W. Huang, S.H. Chang, M.X. Zhu, J.H. Yang and E.W. Shi

Novel Low Vo Poly-Si/4H-SiC Heterojunction Diode Using Energy Barrier Height Control
S. Yamagami, T. Hayashi and M. Hoshi

Fabrication of 4H-SiC/Nanocrystalline Diamond PN Junctions
R. Amano, M. Goto, Y. Kato and K. Teii

6.3 JFETSs and SITs

Recovery of Bipolar-Current Induced Degradations in High-Voltage Implanted-Gate
Junction Field Effect Transistors
V. Veliadis, H. Hearne, W. Chang, J.D. Caldwell, E.J. Stewart, M. Snook, R.S. Howell, D.
Urciuoli, A.J. Lelis and C. Scozzie

Demonstration of SiC Vertical Trench JFET Reliability
K.M. Speer, K. Chatty, V. Bondarenko, D.C. Sheridan, K. Matocha and J.B. Casady

Reliable Operation of 1200-V SiC Vertical Junction-Field-Effect-Transistor Subjected to
16,000-Pulse Hard Switching Stressing
K. Lawson, G. Alvarez, S.B. Bayne, V. Veliadis, H.C. Ha, D. Urciuoli and C. Scozzie

Avalanche Breakdown Energy in Silicon Carbide Junction Field Effect Transistors
M. Hinojosa, S. Bayne, V. Veliadis and D. Urciuoli

Characterization of SiC JFET in Novel Packaging for 1 MHz Operation
K. Okamura, K. Ise, M. Wake, Y. Osawa, K. Takaki and K. Takayama

Packaging Technologies for 500°C SiC Electronics and Sensors
L.Y. Chen, R.W. Johnson, P.G. Neudeck, G.M. Beheim, D.J. Spry, R.D. Meredith and G.W.
Hunter

High Voltage SiC Vertical JFET for High Power RF Applications
C. Hecht, R. Elpelt, R. Schorner, R. Irsigler and O. Heid

Design of an Integrated SiC JFET Power Switch and Flyback Diode
R. Radhakrishnan and J.H. Zhao

A Novel 4H-SiC Fault Isolation Device with Improved Trade-Off between On-State Voltage
Drop and Short Circuit SOA
W.J. Sung, B.J. Baliga and A.Q. Huang

Fabrication Issues of 4H-SiC Static Induction Transistors
A. Stavrinidis, G. Konstantinidis, M. Kayambaki, F. Cayrel, D. Alquier, Z. Gao and K. Zekentes

6.4 MOSFET: s (See also Sections 3.3 and 5.1)

High Performance SiC IEMOSFET/SBD Module

S. Harada, Y. Hoshi, Y. Harada, T. Tsuji, A. Kinoshita, M. Okamoto, Y. Makifuchi, Y. Kawada,
K. Imamura, M. Gotoh, T. Tawara, S. Nakamata, T. Sakai, F. Imai, N. Ohse, M. Ryo, A. Tanaka,
K. Tezuka, T. Tsuyuki, S. Shimizu, N. Iwamuro, Y. Sakai, H. Kimura, K. Fukuda and H.
Okumura

Development of 1200 V, 3.7 mQ-cm? 4H-SiC DMOSFETs for Advanced Power Applications
S.H. Ryu, L. Cheng, S. Dhar, C. Capell, C. Jonas, R. Callanan, M.J. O'Loughlin, A.A. Burk, A.J.
Lelis, C.J. Scozzie, A.K. Agarwal and J.W. Palmour

High-Temperature Performance of 1200 V, 200 A 4H-SiC Power DMOSFETSs
L. Cheng, S.H. Ryu, A.K. Agarwal, M.J. O'Loughlin, A.A. Burk, J. Richmond, A.J. Lelis, C.
Scozzie and J.W. Palmour

690V, 1.00 mQcm? 4H-SiC Double-Trench MOSFETs
Y. Nakano, R. Nakamura, H. Sakairi, S. Mitani and T. Nakamura

SiC MOSFET Reliability Update
M.K. Das, S.K. Haney, J. Richmond, A. Olmedo, Q.J. Zhang and Z. Ring

Material Defects and Rugged Electrical Power Switching in Semiconductors
K. Shenai, P.G. Neudeck, M. Dudley and R.F. Davis

993

997

1001

1005

1009

1013

1017

1021

1025

1029

1033

1037

1041

1045

1049

1053

1059

1065

1069

1073

1077



Comparative Study of SiC MOSFETs in High Voltage Switching Operation
T. Funaki, Y. Nakano and T. Nakamura

Charge Trapping in Sic Power MOSFETs and its Consequences for Robust Reliability
Testing
R. Green, A.J. Lelis and D.B. Habersat

4H-SiC MOSFETs with a Stable Protective Coating for Harsh Environment Applications
W. Daves, A. Krauss, V. Hiublein, A.J. Bauer and L. Frey

Integration of Temperature and Current Sensors in 4H-SiC VDMOS
M. Berthou, P. Godignon, P. Brosselard, D. Tournier and J. Millan

SiC-MOSFET Structure Enabling Fast Turn-On and -Off Switching
S. Hino, N. Miura, A. Furukawa, S. Watanabe, Y. Nakao, S. Nakata, M. Imaizumi, H. Sumitani
and T. Oomori

Calibration of Mobility and Interface Trap Parameters for High Temperature TCAD
Simulation of 4H-SiC VDMOSFETSs
M.G. Jaikumar and S. Karmalkar

4H-SiC MOSFET:s with Si-Like Low-Frequency Noise Characteristics
S.L. Rumyantsev, M.S. Shur, M.E. Levinshtein, P.A. Ivanov, J.W. Palmour, A.K. Agarwal and S.
Dhar

High Temperature Performance of 3C-SiC MOSFETSs with High Channel Mobility
H. Uchida, A. Minami, T. Sakata, H. Nagasawa and M. Kobayashi

Dependence of the Channel Mobility in 3C-SiC n-MOSFETs on the Crystal Orientation and
Channel Length

B. Zippelius, M. Hauck, S. Beljakowa, H.B. Weber, M. Krieger, H. Nagasawa, H. Uchida, G.
Pensl and A. Schoner

6.5 Bipolar Transistors

Enhanced Current Gain (>250) in 4H-SiC Bipolar Junction Transistors by a Deep-Level-
Reduction Process
H. Miyake, T. Kimoto and J. Suda

100 and pon3 mQem?
M. Domeij, A. Konstantinov, A. Lindgren, C. Zaring, K. Gumaelius and M. Reimark

1200 V-Class 4H-SiC “Super” Junction Transistors with Current Gains of 88 and Ultra-
Fast Switching Capability
R. Singh, S. Jeliazkov and E. Lieser

Investigation of Current Gain Degradation in 4H-SiC Power BJTs
B. Buono, R. Ghandi, M. Domeij, B.G. Malm, C. Zetterling and M. Ostling

Development of 15 kV 4H-SiC IGBTs
S.H. Ryu, L. Cheng, S. Dhar, C. Capell, C. Jonas, J. Clayton, M. Donofrio, M.J. O'Loughlin, A.A.
Burk, A.K. Agarwal and J.W. Palmour

Ultra high performance of 12kV Clustered Insulated Gate Bipolar Transistor (CIGBT) in
4H-SiC
K.G. Menon, L.K. Ngwendson, A. Nakajima, E.M. Sankara Narayanan and G.P. Bruce

An Investigation of Material Limit Characteristics of SiC IGBT's
T. Hatakeyama, K. Fukuda and H. Okumura

Improved Energy Efficiency Using an IGBT/SiC-Schottky Diode Pair
N.A. Parker-Allotey, D.P. Hamilton, O. Alatise, M.R. Jennings, P.A. Mawby, R. Nash and R.
Magill

6.6 Thyristors and GTOs

12 kV, 1 em? SiC GTO Thyristors with Negative Bevel Termination
Q.J. Zhang, A K. Agarwal, C. Capell, L. Cheng, M.J. O'Loughlin, A.A. Burk, J.W. Palmour, S.L.
Rumyantsev, T. Saxena, M.E. Levinshtein, A. Ogunniyi, H. O'Brien and C. Scozzie

High dl/dt Pulse Switching of 1.0 em? SiC GTOs
H. O'Brien, W. Shaheen, A. Ogunniyi, C. Scozzie, Q.J. Zhang, A.K. Agarwal and V. Temple

Integrated SiC Anode Switched Thyristor Modules for Smart-Grid Applications
S.G. Sundaresan, E. Lieser and R. Singh

Fabrication and Characterization of 4H-SiC 6kV Gate Turn-Off Thyristor
L. Lin and J.H. Zhao

1081

1085

1089

1093

1097

1101

1105

1109

1113

1117

1123

1127

1131

1135

1139

1143

1147

1151

1155

1159

1163



Comparison of SiC Thyristors with Differently Etched JTEs
G. Paques, S. Scharnholz, N. Dheilly, D. Planson and R.W. De Doncker

High-Yield 4H-SiC Thyristors for Wafer-Scale Interconnection
B. Nechay, M. Snook, H. Hearne, T. McNutt, V. Veliadis, S. Woodruff, R.S. Howell, D. Giorgi,
J. White and S. Davis

Bipolar Degradation in 4H-SiC Thyristors
S.I. Soloviev, P.A. Losee, S. Arthur, Z. Stum, J.L. Garrett and A. Elasser

Pulse Characterization of Optically Triggered SiC Thyristors
N. Dheilly, G. Paques, S. Scharnholz and D. Planson

Evaluation of High Power Experimental SiC SGTO Devices for Pulsed Power Applications
S. Lacouture, K. Lawson, S. Bayne, M. Giesslmann, H. O'Brien and C.J. Scozzie

6.7 Sensors and Photodetectors

Characterization of Large Area 4H-SiC and 6H-SiC Capacitive Devices at 600 °C
R.N. Ghosh and R. Loloee

Development of High Temperature SiC Based Hydrogen/Hydrocarbon Sensors with Bond
Pads for Packaging

J.C. Xu, G.W. Hunter, L.Y. Chen, A.M. Biaggi-Labiosa, B.J. Ward, D. Lukco, J.M. Gonzalez IlI,
P.S. Lampard, M.A. Artale and C.L. Hampton

Laser-Doped SiC as Wireless Remote Gas Sensor Based on Semiconductor Optics
G. Lim, T. Manzur and A. Kar

Silicon Carbide Ultraviolet Photodetector Modeling, Design and Experiments
A. Akturk, M. Dandin, A.V. Vert, S.I. Soloviev, P. Sandvik, S. Potbhare, N. Goldsman and P.
Abshire

4H-SiC PN UV Photodiodes : A Comparison between Beam and Plasma Doping Processes

S. Biondo, L. Ottaviani, M. Lazar, D. Planson, J. Duchaine, V. Le Borgne, M.A. El Khakani, F.
Milesi, W. Vervisch, O. Palais and F. Torregrosa

A Theoretical and Experimental Comparison of 4H- and 6H-SiC MSM UV Photodetectors
J.K. Lim, L. Ostlund, Q. Wang, W. Kaplan, S.A. Reshanov, A. Schoner, M. Bakowski and H.P.
Nee

Characterization of Poly-SiC Pressure Sensors for High Temperature and High Pressure
Applications
S. Jin, S. Rajgopal and M. Mehregany

High Temperature Capacitive Pressure Sensor Employing a SiC Based Ring Oscillator
R.D. Meredith, P.G. Neudeck, G.E. Ponchak, G.M. Beheim, M.C. Scardelletti, J.L. Jordan, L.Y.
Chen, D.J. Spry, M.J. Krasowski and G.W. Hunter

6.8 Systems and Circuits

High Temperature Silicon Carbide Power Modules for High Performance Systems

A.B. Lostetter, J. Hornberger, B. McPherson, J. Bourne, R. Shaw, E. Cilio, W. Cilio, B. Reese, E.

Heinrichs, T. McNutt and M. Schupbach

10 kV SiC Power MOSFETSs and JBS Diodes: Enabling Revolutionary Module and Power
Conversion Technologies
M.K. Das, D. Grider, S. Leslie, R. Raju, M. Schutten and A. Hefner

SiC JFET Power Modules for Reliable 250°C Operation
D.C. Sheridan, J.B. Casady, T. Autry, R. Aguirre, V. Lee, R.W. Johnson, M.J. Palmer and J.
Scofield

A Compact 5-nH One-Phase-Leg SiC Power Module for a 600V-60A-40W/cc Inverter
K. Matsui, Y. Zushi, Y. Murakami, S. Tanimoto and S. Sato

Performance of a 25kW 700V Galvanically Isolated Bidirectional DC-DC Converter Using
1.2kV Silicon Carbide MOSFETSs and Schottky Diodes
A.K. Jain, D. McIntosh, M. Jones and B. Ratliff

Switching Losses in a SiC-Based DC-DC Multilevel Boost Converter
O. Mostaghimi, N.G. Wright and A.B. Horsfall

High Voltage SiC Schottky Diodes in Rectifiers for X-Ray Generators
P. Liirkens, P. Guimaraes, P. Godignon and J. Millan

SiC Solid-State Disconnect for High Power System Applications
X.Q. Li, P. Alexandrov, L. Fursin, C. Dries and J.H. Zhao

1167

1171

1175

1179

1183

1187

1191

1195

1199

1203

1207

1211

1215

1219

1225

1229

1233

1237

1241

1245

1249



A 450°C High Voltage Gain AC Coupled Differential Amplifier
J. Yang, J. Fraley, B. Western, M. Schupbach and A.B. Lostetter

Bipolar Integrated OR-NOR Gate in 4H-SiC .
L. Lanni, R. Ghandi, C. Zetterling, B.G. Malm and M. Ostling

300C Capable Digital Integrated Circuits in SiC Technology
A. Patil, N. Rao and V. Tilak

Reliability of Silicon Carbide Integrated Circuits at 300°C
A.V. Vert, E.A. Andarawis and C.P. Chen

Direct Frequency Modulation of a High Temperature Silicon Carbide Oscillator
D. Brennan, K. Vassilevski, N.G. Wright and A.B. Horsfall

Chapter 7: Related Materials

7.1 Nanomaterials

Conversion of Si Nanowires into SiC Nanotubes
M. Ollivier, L. Latu-Romain, E. Bano, A. Mantoux and T. Baron

Growth of SiC Nanowires on Different Planes of 4H-SiC Substrates
R.V.K.G. Thirumalai, B. Krishnan, I. Levin, A. Davydov, S.G. Sundaresan, J.N. Merrett and Y.
Koshka

Fabrication of Silicon Carbide Thin Film as a Stabilizing Layer for Improving the Stability
of Porous Silicon Photodiodes
N. Naderi and M.R. Hashim

7.2 III-Nitrides

Low Defect Density Bulk AIN Substrates for High Performance Electronics and
Optoelectronics

B. Raghothamachar, R. Dalmau, B. Moody, H.S. Craft, R. Schlesser, J.Q. Xie, R. Collazo, M.
Dudley and Z. Sitar

Control of the Growth Habit in the Na Flux Growth of GaN Single Crystals
M. Imade, Y. Konishi, H. Takazawa, K. Murakami, H. Imabayashi, Y. Todoroki, A. Kitamoto, D.
Matsuo, M. Maruyama, M. Yoshimura, Y. Kitaoka, T. Sasaki and Y. Mori

Evolution of Structural and Electrical Properties of Au/Ni Contacts onto P-GaN after
Annealing

G. Greco, F. Roccaforte, R. Lo Nigro, C. Bongiorno, S. Di Franco, P. Prystawko, M. Leszczynski
and V. Raineri

Large GaN p-n Junction Diodes of 3 mm in Diameter on Free-Standing GaN Substrates
with High Breakdown Voltage
K. Nomoto, T. Nakamura, N. Kaneda, T. Kawano, T. Tsuchiya and T. Mishima

Performance Comparison of GaN Power Transistors and Investigation on the Device Design
Issues

C.Y. Lee, Y.H. Chen, L.S. Lee, C.C. Hung, C.T. Yen, S.F. Lin, R. Xuan, W.H. Kuo, T.K. Ku and
M.J. Tsai

Design of High-Performance Synchronous Buck DC-DC Converters Using GaN Power
HEMTs
K. Shenai and K. Shah

7.3 Diamond

Density Functional Simulations of Transition Metal Terminated (001)-Diamond Surfaces
A K. Tiwari, J.P. Goss, P.R. Briddon, N.G. Wright and A.B. Horsfall

Electrical Characterisation of Defects in Polycrystalline B-Doped Diamond Films
0.S. Elsherif, K.D. Vernon-Parry, J.H. Evans-Freeman and P.W. May

Diamond Vertical Schottky Barrier Diode with Al,O; Field Plate
H. Umezawa, M. Nagase, Y. Kato and S. Shikata

7.4 n-ZnO/p-SiC Heterojunctions, Novel Nitride Semiconductors

1253

1257

1261

1265

1269

1275

1279

1283

1287

1291

1295

1299

1303

1307

1311

1315

1319



Fabrication and Characterization of n-ZnQ/p-SiC Heterojunction Diode
M. Guziewicz, W. Jung, R. Kruszka, J. Domagala, A.B. Piotrowska, K. Gotaszewska, L.
Wachnicki, E. Guziewicz and M. Godlewski 1323

Effects of Substrate Temperature on the Electrical and the Optical Properties of N-Type

ZnO/P-Type 4H-SiC

J.C. Jung, J.H. Kim, K.M. Do, B.M. Moon, S.J. Joo, W. Bahng, S.C. Kim, N.K. Kim and S.M.

Koo 1327

CdGeN,; and ZnGe 5Sn; sN,: Two New Nitride Semiconductors with Band Gaps in the
Blue-Green
A. Punya and W.R.L. Lambrecht 1331



	Table of Contents

