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Silicon Carbide GTO Wafer GE Corporate R&D

SIC GTO Wafer: 50mm Epi
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Silicon Carbide GTOs. Dynamic Testing GE Corporate R&D

SiC GTO Switching Test Ckt.

e Tested 12nm, 30nm,
S o 50mm Epi GTOs
@) iE « Single and double
T Pulse Test
/ e Tested at RT and up
PPPPPPPPPPPPP 1. to 150°C
T e Tested Various
_ % Configurations
Infineon SiC Y (Involute, Concentric,..)
Packaged o » Tested Various Sizes
Schottky Diode (800rmm, 1200mm,
600V/6A o | 2400mm) Diameters
Part Number: SDP06S60 e
i
W SiIC GTOs Pulse Tester sz
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Silicon Carbide GTOs. Dynamic Switching GE Corporate R&D

SIC GTO Inductive Switching Tests
Medium Involute Gate, 1200nm Diameter, 30mm Epi

Tek Run: 50.0MS/s  Sample [IEE Tek Run: 50.0MS/s  Sample [EE
[ - ] [

250\-" ...... MT.UO}JSE Ch1i'\. i 5V 12 Oct 2000 Ch1250V M1.00p55 Ch1i'\. : 5V 12 Oct 2000

chz 100V 11:22:10 Ch3 100V 11:51:29

RT T=100°C
Toff=600ns, |goff=680mA Toff=720ns, | goff=920mA
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Silicon Carbide GTOs. Dynamic Switching GE Corporate R&D

SIC GTO Inductive Switching Tests
Medium Involute Gate, 1200nm Diameter, 30mm Epi

Tek Run: 50.0MS/s  Sample [EE Tek Run: 250MS/s Sample [HEFE
[ [

Chi 250V [fF 2007V M 1.00ps CA1 % 0V 12 Oct 2000 Chi~ 25,0V Cho 2.007V W 200Rs CRAT %~ 0V 12 Qct 2000
chs 100V 15:02:23 Ch3 100V 16:14:31

RT,V =100V RT, V =400V
Toff=640ns, [goff=B00MA T off=400ns, 1 goff=880mA e
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Hybrid SI/SIC Inverter: Full Bridge PWM Inverter GE Corporate R&D

High Low
Frequency Frequency
Leg (%) Wous Leg
a&vm i r Dhxcn Camurt S J--:s: i
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o VY ) &,ﬁ\ﬂ— o
b s o W | . i
g
FEra ¥ *
 Four Single IGBT / I ,
Modules (Si IGBT/SIC Diode) N—
« Laminated L ow F=20kHz L
Inductance Bus Full Bridge Si IGBT/SIC Diodes

Hard Switched Pulse Width
Modulated Inverter
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Hybrid Inverter: Optimal Layout GE Corporate R&D

Positive DC Bus

Optimal Layout for the

PWM Inverter: Ensures
very low inductance, hence
SiC Inverter Bus Card Layout

JHR ZT3T0
Colbh Y Seteh &S0 Irvmrier QpHLaremast wsd

reduces overall stress Negative DC Bus

caused by di/dts
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Hybrid Modules. Si IGBT/SIiC Diodes GE Corporate R&D

This module allows monitoring of:
« S IGBT Current
e SIC Diode Current
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GE/Powerex S IGBT/SIC Diodes:
S Powerex PT IGBT: 600V/1200V, 75/
Single Chip

SIC GE Diode: 600V, 20A, 6 Diesin ||
Each Dieisa 5nm Epi, Medium Size
800mMmx800mm

pat

October 17, 2000 DARPA/GE SiC Megawatt 9



Hybrid Modules: Si IGBT/SIC Diodes GE Corporate R&D

Module with minimum
Inductance between S IGBT
and SIC Diode

(3 F‘-E-LDES)

GE/Powerex S IGBT/SIC Diodes: ‘gﬁj ‘E

Si Powerex PT IGBT: 600V/1200V, 75A
Single Chip

SIC GE Diode: 600V, 20A, 6 Diesin ||
Each Dieisa 5nm Epi, Medium Size
800Mmx800mm
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SI/SIC Module Internals GE Corporate R&D

SICIGBT Module:
No Wire Bonds

Gedled Modules
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SI/SIC Module Internals GE Corporate R&D

J
W

"SIC Diode (Soldered)
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Hybrid Inverter: PWM Control Circuit GE Corporate R&D
PWM Inverter Control Circuit

Control
Signals
/ =---}xl"“* — - T B R - > for
Low |, e s gg’ai% 4
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Hybrid Inverter Contral
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Hybrid Inverter: IGBT Drivers GE Corporate R&D

|GBT Driver Circuit
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Hybrid SI/SIC Inverter: Hardware GE Corporate R&D

L oad

| nverter

—_—

]

Drivers Control Circuit
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V

bus

Tek SJGIH 250kS/s 23 Acgs
i

=150Vdc, Fs=20kHz, F

](]OV M200}.|.5J'—]3A

Ch3 5.00A &%

load

=2kHz, R

load™

200ng/div

Te

100V/div A

| Ay | |

K 250kS/s

Hybrid SI/SIC Inverter Waveforms GE Corporate R&D

27 Acqs

| BA/div |

10 Oct 2000
15:46:07

| 200V/diy

Ch3 5.00A &%

" ;2.0.0.“.55 AviNs J' . E]...3.A

12.5W, L=1mH

10 Oct 2000
15:03:43

Module (IGBT/Diode) Voltage Module (IGBT/Diode) Voltage
SIC Diode Current

SiC Diode Current
L oad Voltage
|GBT Current
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Hybrid Si/SiC Inverter: Commutation Process ©GE Corporate R&D

V

nus—1o0vVdce, Fs=20kHz, F, ~2kHz, R, ,+~12.5W, L=1mH

200mg/div 20ms/div

Tek SR 2.50MS/s 31 Acqs
[ -+

_ 100V/div AR S D 0 | LA

PN I

100V ...... M 200”5 Ch3f 13.8A 130Ct 2000 Ch1100v Mzo.o”srﬁ.oA 130Ct 2000
C“3 3.004 16:50:06 Ch3 5.00A & 16:57:44

Module (IGBT/Diode) Voltage =~ Module (IGBT/Diode) Voltage
SiC Diode Current SIC Diode Current
IGBT Current |GBT Current i
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Hybrid SI/SIC Inverter vs. All S Inverter GE Corporate R&D

SI/SIC Inverter All S Inverter

DC Bus 100V 150V 200V 250V
Voltage

Load Input | 114W 250W 440W 690W
Power
Hybrid
S/ISC 1 90.6% | 96.3% | 975% | 97.8%
Efficiency
All Si

| nverter 92% 92.7% 95.5% 97.1%
Efficiency
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Power Systems Applications GE Corporate R&D

» For Power Systems Applications, High Voltage, High Current Diodes
aswell as High Current/High Voltage SCRs are needed for a
number of applications:

« Static Transfer Switches

e Dynamic Voltage Restorers
o Static Var Compensators

« HVDC

 FACTS

October 17, 2000 DARPA/GE SiC Megawatt 19



Power Systems Applications GE Corporate R&D

Static Transfer Switches

Basic STS Unit (One Line)
Source1  Source 2

SOURCE 2 SOURCE 1 BOURCE 2

¥, h
/ '-.
! H
! /
! iy
! Iy
BT 4 BTE 3 §TS 1

TRAMSFER TIME:
-4 mg TP

Static Transfer Switch Operation for
Two Source System L

Critical Load

Problem Need High Voltage/High Current SCRs (up to 25kV, Up to 5000A)
Silicon Solution: Strings of 5kV SCRsin Series and in parallel to sustain Voltage
Silicon Carbide Opportunity: With High Voltage SCRs (4kV-10kV), the size of Transfer Switches can

be reduced. Further the SIC High Temperature and High Current density can reduce the size of the coollng
system PR
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Power Systems Applications GE Corporate R&D

Dynamic Voltage Restorers

Booster Transformer

Mains O uily
= 1 Ik
i i
TAHAY] 1
AR Converter ‘HT__' -4

Source: ABB Power
I Electronic Systems

Lightning stroke Energy Ié‘,tu rage Load side relisved

from Vollage sags /

causes up to 50%

voltage sags in the swells within less
100 ms range AN A A A— than 1 millisecond
affecting consumers

production.

Problem Need High Voltage/High Current GTOs, SCRsor IGBTs for Inverter and Chopper

Silicon Solution: Strings of 5kV SCRsin Series and in parallel to sustain Voltage and Current
Silicon Carbide Opportunity:SIC can reduce the size of the converters by providing high voltage devices
and in this case also reducing Inverter and Chopper Losses, herce increasing their efficiency
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Power Systems Applications GE Corporate R&D

Static Var Compensators

z
q
[
1. Trarstormer
| 1 2. Thuristor Walve
g e ﬁ —”— 3. Damping Beactor
4. Capacitor
2. Conral
_H.
Capaoitor ou ment
5

|
C Source: ABB Power

Transmission

Problem Need High Voltage/High Current SCRs, GTOs, IGCTSs,... for the Series AC Switch

Silicon Solution: Strings of 5kV SCRsin Series and in parallel to sustain Voltage (Up to 25kV or more,
Large currents (Thousands of Amps.)

Silicon Carbide Opportunity: Very High Voltage SCRs (>=10kV), the size of the Valves can bereduced
dramatically, hence reducing the overall size and Cost of these Systems AT
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Power Systems Applications GE Corporate R&D

High Voltage DC Transmission (HVDC)

Canverter station Transmizsion Converbes
line ar cable station

ESmoothing

o bt
Convarber

1‘ ""ﬁf .

Shunt
capaciors BAC fifers
ar eiher
reactive
egquipment

Source: ABB Power
Transmission

Problem Need High Voltage/High Current SCRs for Very High Voltage Rectfication

Silicon Solution: Strings of 5kV SCRsin Series and in parallel to sustain Voltage and Currents
Silicon Carbide Opportunity: Very High Voltage SCRs (>=10kV) will reduce the size of the HVYDC
Converters, reducing in turn the cost by eliminating Snubbers, balancing Resistors and Capacitors,...
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Power Systems Applications GE Corporate R&D

Flexible AC Transmission System (FACTS)

Booster _ Y
UPFC
Transfﬂrmerﬁ

Shunt Series
Converter Converter

OIS
Shunt

Transformer

Measured variables F 1,2 Ref
Control System Q 1,2 Ref
Farameter settings U 1 Raf

Problem Need High Voltage/High Current GTOs and SCRs

Silicon Solution: Strings of 5kV SCRsin Series and in parallel to sustain Voltage and Current
Silicon Carbide Opportunity: With High Voltage SCRs (>=10kV), the size of the Shunt and Series
Converter can be reduced. Cost will be aso reduced and Coolingwill be optimized.

Source: ABB Power
Electronic Systems
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Remaining Tasks GE Corporate R&D

o Further Tests on the Hybrid SI/SIC Inverter to confirm our
Initial Results

* Increase Switching frequency (50-75kHz), Bus Voltage (400V)

e Build an All SIC PWM Inverter with:
» Packaged SIC GTOs and Diodes

e Test it at High Temperature, High Voltage (at least 600V) and
High Current (=25 to 50A Peak)
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Summary GE Corporate R&D

e Hybrid Modules with Si IGBTs or MOSFETs and SIiC
Diodes can play a major role in increasing the overall
switching frequency of All Si Inverters while
providing significant improvements in Efficiency

e SIC GTOs and SIC Diodes (Schottkys and PINs) are a key
to getting SiC within the application community. These
device types have a mature technology. Many
manufacturers are starting or planing to offer these devices

In the near term.
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