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Gate Length Scaling TrendsGate Length Scaling Trends
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Off-State Leakage CurrentOff State Leakage Current
• Generally high Vth is needed to 

reduce leakage current.
• Vth remains constant by 

reducing the subthreshold swing g
• High Vth reduces ON current in tunnel FETs

• Off current can be reduced by 
several orders

log(ID) log(ID)

Higher Vth

Gate Voltage (VGS) Gate Voltage (VGS)



Sub-threshold Slope EngineeringSub threshold Slope Engineering
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MOSFET Carrier TransportMOSFET Carrier Transport



MOSFET Subthreshold SlopeMOSFET Subthreshold Slope



Tunnel FET OperationTunnel FET Operation



Tunneling Barrier WidthTunneling Barrier Width
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Improving Performance
• T-FET Limitation: Low ON current

Barrier height
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Literature ReviewLiterature Review

Bhuwalka et al 2004 Boucart et al 2007Bhuwalka et. al. 2004         Boucart et. al. 2007
S~50 mV/dec                          



Literature Review



Literature ReviewLiterature Review

• CNT based T-FET 
• Knoch et. al. 2007
• S=13 mV/dec



Literature ReviewLiterature Review

• Complementary T-FET
• Wang et. al. 2004
• High voltage requirement



Literature ReviewLiterature Review

• First experimental work
• Choi et. al. 2007 (UC Berkeley)
• High voltage requirement



Literature ReviewLiterature Review
• Ge tunneling transistor

Zh t l 2008• Zhang et. al. 2008
• Low voltage, 2nm body thickness

Claims to be faste than CMOS at VDS 0 5 V• Claims to be faster than CMOS at VDS=0.5 V



FabricationFabrication
Chen et. al. 2009
IME-Singapore



i-SiGe based T-FETi SiGe based T FET
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Comparison of i-SiGe and Heavily 
d SiG iDoped SiGe Devices
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Input CharacteristicsInput Characteristics
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Performance OptimizationPerformance Optimization
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Performance OptimizationPerformance Optimization
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p-T-FETp T FET
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Input Characteristics p-T-FETInput Characteristics p T FET
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Performance OptimizationPerformance Optimization
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Circuit AnalysisCircuit Analysis
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Inverter VTCInverter VTC
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Circuit AnalysisCircuit Analysis
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Green FET (Berkeley)Green FET (Berkeley)



IOFF ReductionIOFF Reduction



Parasitics in T-FETParasitics in T FET

• Mookerja et. al. 2009j
• Cgd dominant in T-FET



Parasitics in T-FETParasitics in T FET


