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� Consists of an equal number of silicon and carbon
atoms, arranged in a hexagonal lattice

� One of the hardest materials known

� Extremely high thermal and chemical stability

� Breakdown field ~ 10x higher than silicon

� Forms a high quality native oxide:  SiO2

� Figure-of-merit for high-frequency power devices is 
~ 400x higher than silicon

Unique Features of Silicon Carbide



Crystal Structure of SiCCrystal Structure of SiC
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Electrical PropertiesElectrical Properties
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JLEAKAGE = 
ni (T) 

τG

Temperature CapabilityTemperature Capability

ni = Intrinsic Carrier Concentration

τG = Generation Lifetime
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Assumed System GoalsAssumed System Goals

!! High Temperature OperationHigh Temperature Operation
!! ( ≥ 400 °C desired )( ≥ 400 °C desired )

!! High Radiation ToleranceHigh Radiation Tolerance
!! ( for use in space applications )( for use in space applications )



SiC BJT as Power SwitchSiC BJT as Power Switch

!! High Blocking VoltageHigh Blocking Voltage
!! ( due to ( due to high critical fieldhigh critical field in SiC )in SiC )

!! High Temperature OperationHigh Temperature Operation
!! ( no critical MOS oxide )( no critical MOS oxide )

!! High Radiation ToleranceHigh Radiation Tolerance
!! ( no critical MOS oxide )( no critical MOS oxide )

!! Low OnLow On--ResistanceResistance
!! ( due to ( due to conductivity modulationconductivity modulation of drift region )of drift region )



N+ 4H SiC Substrate

N- 2.4e15 cm-3  20 µm

P 1.2e17, 1 µm

N+ 1 µm

JTE JTE

Au

P+ P+ P+

Collector

Emitter Emitter

BaseBase Base

SiC BJT FabricationSiC BJT Fabrication



Purdue SiC NPN Purdue SiC NPN BJTsBJTs
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“Small” BJT

OnOn--State CharacteristicsState Characteristics

β β β β = 55

Ron = 24 
mΩ-cm2

IC = 2A @ JC = 190A/cm2



High Current GainHigh Current Gain

β β > 40> 40

Collector Current (A/cm2)
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Temperature DependenceTemperature Dependence
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High Blocking VoltageHigh Blocking Voltage

BVCEO > 3,200 V



Options for Digital and Linear IC’sOptions for Digital and Linear IC’s

!! MOS Field Effect Transistors (MOSFETs)MOS Field Effect Transistors (MOSFETs)
!! NMOSNMOS
!! CMOSCMOS

!! Bipolar Junction Transistors  (Bipolar Junction Transistors  (BJTsBJTs))

!! Junction Field Effect Transistors (Junction Field Effect Transistors (JFETsJFETs))



Purdue SiC NMOS IC’s (1994)Purdue SiC NMOS IC’s (1994)
Memory Cells Sense Amplifiers

Ring Oscillators Test MOSFETs

Row Select



Cree/Purdue 1 kB SiC BJT NVRAMCree/Purdue 1 kB SiC BJT NVRAM
with NMOS Control Logic (1995)with NMOS Control Logic (1995)



Purdue SiC CMOS IC’s (1997)Purdue SiC CMOS IC’s (1997)
Differential
Amplifiers

Half Adders Inverters, Flip-Flops

Flip-Flops

XORs

Ring OscillatorsMOS-C, MOSFETs, TLMs

NANDs,
NORs,
Inverters



ObservationsObservations

!! SiC MOS IC�s are capable of SiC MOS IC�s are capable of moderatelymoderately
high levels of integrationhigh levels of integration

!! SiC MOS IC�s are limited to T ≤ 250 °C SiC MOS IC�s are limited to T ≤ 250 °C 
because of because of oxide reliability concernsoxide reliability concerns



(Deposition)(Epigrowth)
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P-Type  4H-SiC Substrate
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TTL 4TTL 4--Input NAND GateInput NAND Gate
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TTL Logic FamilyTTL Logic Family



BJT Linear ICsBJT Linear ICs



Layout of TTL 4Layout of TTL 4--NAND GateNAND Gate

Area = 2.2x10Area = 2.2x10--44 cmcm22.  A 2x2 mm.  A 2x2 mm22 chip would contain 182 chip would contain 182 TTL gates.TTL gates.



SiC JFET IC’sSiC JFET IC’s
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DirectDirect--Coupled FET Logic Coupled FET Logic 
(DCFL) JFET 4(DCFL) JFET 4--NAND GateNAND Gate
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Layout of JFET 4Layout of JFET 4--NAND GateNAND Gate

Area = 3.0x10Area = 3.0x10--55 cmcm22. A 2x2 mm. A 2x2 mm22 chip would contain 1355  JFET gates.chip would contain 1355  JFET gates.



ObservationsObservations

!! JFET gates are JFET gates are smallersmaller than BJT gates.than BJT gates.

!! TTL gates incorporate a TTL gates incorporate a pushpush--pull outputpull output with with 
active pullactive pull--upup.  This .  This reduces the temperature reduces the temperature 
sensitivitysensitivity of TTL gates.of TTL gates.

!! Because of their Because of their passive pullpassive pull--upup, JFET gates , JFET gates 
are are more sensitive to temperaturemore sensitive to temperature..



Comparison of TechnologiesComparison of Technologies
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Other ApplicationsOther Applications

!! Microwave ComponentsMicrowave Components
(both transmit and receive)(both transmit and receive)

!! Rugged SensorsRugged Sensors
(gas sensors, optical sensors,(gas sensors, optical sensors, CCDsCCDs...)...)



ChallengesChallenges
!! Design ChallengesDesign Challenges

!! Assuring proper circuit operation over a Assuring proper circuit operation over a wide wide 
temperature rangetemperature range ( 0  to  >400 °C )( 0  to  >400 °C )

!! Materials ChallengesMaterials Challenges
!! Control of Control of critical device parameterscritical device parameters

!! Assuring Assuring high temperature reliabilityhigh temperature reliability of...of...
!! Passivation Passivation layerslayers
!! Ohmic Ohmic contactcontact metalurgymetalurgy
!! InterconnectInterconnect metalurgymetalurgy

!! Assuring desired level of Assuring desired level of radiation toleranceradiation tolerance



Suggested Development ProgramSuggested Development Program

Materials Research Materials Research ----
Metals and InsulatorsMetals and Insulators

3 Years, $500K/Yr.3 Years, $500K/Yr.

4 Years, $1M+/Yr.4 Years, $1M+/Yr.

3+ Years, $1M+/Yr.3+ Years, $1M+/Yr.
Circuit Design forCircuit Design for

Wide Temperature RangeWide Temperature Range

Total Cost:Total Cost:
$ 8$ 8--12 M12 M

Technology IntegrationTechnology Integration
and Demonstrationand Demonstration



SummarySummary

!! SiC electronics are SiC electronics are ideally suitedideally suited for extreme for extreme 
environments (high temperature and radiation)environments (high temperature and radiation)

!! MOSFETs will be limited to MOSFETs will be limited to T ≤ 250 °CT ≤ 250 °C, while , while 
BJTs BJTs andand JFETs JFETs can operate at can operate at T ≥ 400 °CT ≥ 400 °C

!! Substantial progress can be made by a Substantial progress can be made by a fivefive--
year development programyear development program costing $8costing $8--12M12M



For more information...For more information...

www.www.ecnecn.purdue.edu/WBG.purdue.edu/WBG


