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	q NAVY-SPCO MTO programs


	q MTO thyristor concept


	q MTO thyristor hybrid and interdigitated design


	q MTO HPEBBs for utility and propulsion systems
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MTOTM Thyristor and related NAVY Programs





q MTO demonstration (ONR)


	* 53 mm - 4.5 kV MTOs by July 1996


	* 53 mm - 6.0 kV MTOs by September 1996





q High power MTO devices (SBIR - ONR)





q	High power density packaging (SBIR - ONR) for SCR, GTO and MTO devices





q	Propulsion drive study using 9.0 kV MTOs (TI from NSWC under Lockheed Martin’s IPS program)





q	MCT ARCP inverter demonstrator using Harris MCTs (TI from NSWC under Lockheed Martin’s IPS program)
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MTOTM Thyristor
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GTO and MTOTM thyristor conceptual differences.





�MTOTM thyristor characteristics


•	bipolar structure identical to GTO thyristor


•	turn-on gating requirements identical to GTO


•	unity gain turn-off accomplished with integrated MOSFET devices to simplify turn-off gate driver





MTOTM thyristor specifications


	- symmetric and asymmetric MTOTM thyristors


	- scaleable from 33 to 125 mm (500 to 6,750 A)


	- voltage ranges from 2.5 to 9.0 kV


	- reliable double sided cooled press package


	- switching frequencies up to 10 kHz


	- accommodates HiRel gate drive design





�
• MTOTM thyristor key characteristics





	q MTO devices use same manufacturing technology as GTOs


	q MTO devices reach same ratings as GTOs but offer lower turn-off losses


	q MTO devices can be manufactured using hybrid and interdigitated technology
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Hybrid MTOTM Thyristor - Generation 0
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Hybrid MTOTM thyristor design.





�MTOTM thyristor characteristics





•	pretested GTO wafers and MOSFET wafers are bonded together


•	Tungsten alloy provides lower transient thermal impedance and greater flatness (lowers clamping forces)


•	turn-off MOSFETs are connected with multiple Al wires to Molybdenum strain buffer to lower stray inductance and resistance


•	MOSFET devices are soldered to Si wafer of MTO to eliminate thermal stress in bonding interface


•	turn-on and turn-off gate leads are connected separately to simplify gate drive design





�
• Generation 0 Hybrid MTOTM thyristor key characteristics





	q Gen0 - MTO devices can be readily manufactured


	q 4.5  and 6.0 kV Gen0 - MTO devices have been demonstrated and tested


	q Gen0 - MTO devices achieve unity gain turn-off
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Interdigitated MTOTM Thyristor
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Structure of the  interdigitated MTO Thyristor





�MTOTM thyristor characteristics





•	requires bipolar and MOS fabrication technology


•	maintains tungsten alloy interface


•	peak controllable current determined by integrated MOSFET channel resistance


•	Si-Si wafer bonding techniques may be required to achieve high yield


•	turn-on and turn-off gate leads are connected together minimizing gate leads





�
• Interdigitated MTOTM thyristor key characteristics





	q development program started in May 1996 under SBIR - ONR program


	q Interdigitated MTO devices will enable highest peak controllable current


	q Interdigitated MTOs offer lowest cost when high volume production is achieved


	q Simulation supported by VPI (Prof. A. Huang)
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GTO Thyristor Gate Drive Requirements








�
�





GTO gate driver schematic





�GTO thyristor driver characteristics





•	GTO gate driver requires 4 independent power supplies and 3 independent gate driver stages


•	failure in logic can lead to shorted power supplies


•	turn-off power supply requires very low impedance and high rms rating


•	GTO gate drivers require up to 500 W of power when switching at 1.5 kHz





•	HD-GTO requires ultra low impedance turn-off MOSFETS and capacitors


•	HD-GTO driver requires careful tuning to prevent overdriving GTO (gain less than unity)


•	HD-GTO driver is less reliable than GTO and MTO gate driver (more parts plus Si-Cu bonding  and wire bonding in MOSFETs is less reliable)








�
q GTO gate driver is typically 2x cost of MTO gate driver and is 30% less reliable
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MTOTM Thyristor Gate Drive Requirements
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MTO gate driver schematic








�MTO thyristor driver characteristics





•	MTO gate driver requires 3 independent power supplies and 2 independent gate driver stages





•	failure in logic can not lead to shorted power supplies





•	turn-off power supply can be accommodated with logic power supply 





•	MTO gate drivers require less than 100 W of power when switching at 10 kHz








�
q MTO gate driver is typically half cost of GTO gate driver and is 30% more reliable 
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MTOTM Thyristor Test Data








q 53 mm - 6 kV MTO devices were tested (4Q95)


	- peak controllable current 1,000 A


	- Eoff = 100 mJ at 500 A, 4.0 kV bus, 125 °C


	- Eoff = 250 mJ at 1,000 A, 4.0 kV bus, 125 °C





	- GTO Eoff = 1,000 mJ at 500 A, 4.0 kV bus, 125 °C


	- GTO Eoff = 2,000 mJ at 1,000 A, 4.0 kV bus, 125 °C








q 53 mm - 4.5  kV MTO devices are being tested (2Q96)
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MTOTM Thyristor Applications








q Transformerless propulsion systems for Navy SS 


	- 5 MVA rating per three phase inverter


	- 6.0 kV dc bus voltage for 4.16 kV ac system


	- requires 77 mm - 9.0 kV devices





q Utility UPS/STATCON inverters


	- 3.3 to 5 MVA rating per three phase inverter


	- 4.0 kV and 6.0 kV dc bus voltage


	- requires 77 mm - 9.0 kV devices





q AC Locomotive traction inverters


	- 1.2 MVA rating per three phase inverter


	- 1.5 kV dc bus voltage


	- requires 77 mm - 2.5 kV devices
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