Advanc
Hig

Power Technology for
tt Power Conditioning

David Grider, Anant Agarwal, ‘
Sei-Hyung Ryu, Lin Cheng,

Craig Capell, Charlotte Jonas,
Al Burk, Michael O’Loughlin,

Mrinal Das, John Palmour

A

Cree, Inc.
May 24, 2012

Copyright © 2012 Cree, Inc.



Why SiC Power?

SiC’s Material Difference

Copyright © 2012, Cree, Inc.

e 10X Breakdown Field of Si

— Lower specific on-resistance and
faster switching for the same

breakdown voltage

e 3X Thermal Conductivity of Si

— Higher current densities

e 3X Bandgap of Si

— Higher temperature operation

]

Semiconductor Properties
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For more than 60 years, silicon — - a8 = B_ut In terms of delivering additional
has been the “go-to” material Sgl& \. A fficiency, silicon is nearing its limit.
for power semiconductors.

silicon—we’ll take it from here. }

Silicon Carbide is the most efficient and highest reliability
power semiconductor material in the world today

—and it will power our future.

MOTOR & MOTION CONTROL SOLAR TRACTION WIND ENERGY SERVERS AND MANY MORE




Cree Commercial SiC Power Product Portfolio

ZERO RECOVERY™ The Z-FET™ MOSFET
Rectifier Product Family Product Family

600V Z-Rec SiC JBS Diodes 1200V SiC DMOSFET
1,2,3,4,6,8,10 & 20 80mQ & 160mQ available today
650V Z-Rec SiC JBS Diodes

4,6,8,10 & 20A <7 (o
New! Z-Rec 1200V SiC JBS Diodes / oo

2,5,7.5,10,15, 20, 30 & 40A
1200V SiC JBS Diodes

]

5,10, 20 & 50A
1700V Z-Rec SiC JBS Diodes Packages
10 & 25A THROUGH HOLE: TO-247 TO-220,

Fully molded TO-220,
SMT: TO-252 (D-Pak), TO-263 (D2-Pak)

- [ —
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Cree Commercial JBS Diode Production

*In FY2011 Cree * Over 5x Cost Reduction
Shipped >113 GVA Result of 3 Factors
— 61% Increase Over 2010 — Higher Quality SiC Material
— 66% CAGR Since 2005 — Larger Production Volumes
— SiC Wafer Size Increased From
Mega-VA of Cree SiC JBS Diodes 3inch to 100 mm Diameter
120,000
100,000 SiC Cost Reduction Over Time
80,000 ’/-i
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Industry-Lowest Field Failure Rate of Cree SiC JBS Diodes
._-—-—-—'—'_'_'_-_-_-_-_ _________'_'_‘—'—-—-—-_.

Cree Field Failure Rate Data since Jan. 2004

0.16

CSDxxx60 205,000,000,000

C3Dxxx60 81,000,000,000 0.09
C2Dxx120 46,000,000,000 1.35
Total 332,000,000,000 0.31

* This rate is 10 times lower than the typical silicon

330 billion device hours in the field with an
industry-leading FIT rate of only 0.31

Copyright © 2012, Cree, Inc. pg. 6



Z-FET™

Industry’s First SiC MOSFET Available in Volume Production
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CMF20120D-silicon Carbide Power MOSFET

L-FET™ MOSFET

N-Channel Enhancement Mode

Features

Package

Vv

Ds

R

DS{on)

ID{MAX]

= 1200V

= 80 mQ
@t.=25°Cc =33 A

Industry Leading Rps(on)

High Speed Switching

Low Capacitances

Easy to Parallel

Simple to Drive

Pb-Free Plating, RoHS Compliant, Halogen Free

Benefits

Higher System Efficiency

Reduced Cooling Requirements
Avalanche Ruggedness

Increased System Switching Frequency

Applications

Part Number

Package

CMF20120D

TO-247-3

®  Solar Inverters
®* High Voltage DC/DC Converters
® Motor Drives

Avalanche Energy =2.2 J

CREE®



Solar Inverter Example Using
1200 V/20A SiC MOSFETs

7kW 750V DC link 3-Phase Solar Inverter

(Fraunhofer Institute, Freiberg Germany)

99

98
. /f** IR M S [~ 2% Efficiency \
37 7 Improvement vs. Si IGBT
% * fff hh-_-""-—___.___

.f B Record PV efficiency since
BT o SIC MOSFET demonstrated at 99.05%
s || ~=—IGBT Module BSM15GD120DN2 QVith SiC power devices j
i) 1000 2000 3000 4000 5000 G000 T000
AC power W

A E— ——
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1200V SiC MOSFET Results in
Dramatic Improvement in APEI All-SiC Inverter

e

—
Actual Size Comparison

28” |Characteristics Commercial Si Inverter APEI, Inc. SiC Inverter Comparison
Heat Sink >
Power 5 kW 5kw Same
Cooling Free Air Convection Free Air Convection Same
Peak Efficiency @ Pk Power 95.50% 96.75% APEI increased efficiency 1.25%
Power Loss 205 watts 162 watts APEI reduces losses 27%
Size 28.5"x 16" x 5.75" 45"x9"x9" APEI > 7x smaller volume
Volume 2,622 cubic inches 365 cubic inches APE| > 7x smaller volume
Mass 58 Ibs. 7.25 lbs. APEI > 8x lighter
Pk Temperature Capability <125°C >225°C APEIl 2x temperature capability
14”
Heat Sink

| i 77 All-SiC inverter

-"‘--..,—l—-'-'-_ -

: operates at 225C

: - 7x smaller
&; - 8x lighter
- has 27% lower losses
Commercial APEI, Inc.
Si Inverter SiC Inverter




1200V Gen2 SiC DMOSFET With
Dramatically Reduced On-Resistance

""_ Forward I-V characteristics
1200 V Gen1 SiC DMOSFET 1200 V Gen2 SiC DMOSFET
120 : . . . . o 120 es=20V . . . .
S0V | 25C [N T 7 V=10V
wlffmsl
< < [/
804 w 80 -t b e
- (- |
o o |
8 60 560 ______ .
c ] £ | |
@ 404 © 40 J-Jf-f-te e .
5 a -
20 - 20 ------ ------
_ ‘k‘i/VGisv
0 0 .
o 1 2 3 4 5 6 7 8
Drain Bias (V) Drain Bias (V)
Rsp.on = 9.0 mQ-cm? at Vg = 20V Rp.on = 3.6 mQ-cm? at Vg = 20V

..‘_ | 1 I |
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Reliability of Cree’s SiC Gate Oxide

for SiC MOSFETs
Ramped TDDB at 175°C -

o
oo O O o
.~ N O m @

0.05]
0.021

Cumulative Failure Fraction

le+5 1e+6  1e+7  1e+8  1e+9
Lifetime (yr) Projected to 175 °C and 20 V

e Projects to a MTTF of ~ 400 million years for SiC MOS
capacitors at Vo = 20 V gate bias

..‘_ | 1 I |
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10 kV/10 A SiC DMOSFETs Developed
Under DARPA/ONR HPE Program
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10kV/10A SiC DMOSFET On-Resistance vs. Temperature -
Means Good Current Sharing Between Devices in Parallel

e

o
= =
9 3
G s O
S 3
—— .
& <
£ N
1d
50 100 150 200 250 *Schaffer et al., Mat. Res.
Soc. Symp. Proc. Vol. 339

(1994), pp. 595 — 600

Temperature (°C)

Ron,sp INcreases about 3x with a temperature increase to 200°C
Increase dominated by drift layer resistance




10 kV/10 A SiC DMOSFET
Clamped Inductive Switching

30

T 30 6
Turn-on Time =197 nsec | }’DDS Turn-off Time = 144 nsec — ?EDS
] g — VGS |, ] A —ves [1,

15

VDS (kV)

10

ID (A), VGS (V)
VDS (kV)
*\H‘“

ID (A), VGS (V)

W, = 1.23 mJ/cm?

-5

1.2 11.3 11.4

toon = 17 nsec Time (usee) ¢ =180 nsec to orr = 50 nsec Time (usec)  t..,= 94 nsec
10 kV/10 A SiC DMOSFET 10 kV/10 A SiC DMOSFET
Turn-On Waveform Turn-Off Waveform

A E— ——
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Power Loss Comparison Between
SiC 10 kV Switches and Si IGBTs

Copyright © 2012, Cree, Inc. pg. 15

33 A/cm?
500 Hz | 5 kHz 20 kHz | 50% Duty
5 kV 5 kV 5 kV 100°C
Device BV I:sw,sp I:sw,sp I:sw,sp PCOHdISP
(kv) | (W/em?) | (W/cm?) | (w/cm?) (W/cm?)
Cree
SiC DMOSFET | 10 4l 40 160 100
Cree
SiC n-IGBT 12 6.5 65 260 66
ABB 2%
Si IGBT 6.5 72.5 725 2900 182
5SMX 12M6500 ]



Excellent Reverse Bias Safe Operating Area
For 10 kV/10 A SiC DMOSFET

Courtesy: Dr. Allen Hefner, NIST
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Off-State Blocking Reliability
Of 10 kV SiC DMOSFET

— HTRB of 10 kV SiC MOSFET

200 A MM%M
DUT Temperature = 200°C
é 150
S8
° E 100
g8
m £
Se r
~ 50 ent
-
o
0 .
0 100 200 300 400 500 600 700 800 900 1000
HTRB Duration (hr)
Courtesy of Penn State EOC PENNSTATE

o
Prof. Joe Flemish & Mike Horgan W EG

Y MmN I=Cry n B E——
lllllllllllll K O
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Highest Voltage Schottky Diode
10 kV/10 A SiC Junction Barrier Schottky Dlodes

I— 4 5E-06 ‘ : N
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] : ; Fast Switching
/g 104 om SEEPPPTR. LOW QRR
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Current (Amps)

10 kV/10 A SiC JBS Diode Switching

Inductive Switching Characteristics

JBS Diode
T B 25°C | 125°C
10 Ny t., 365 ns | 350 ns
] . lrmee) | 3-15A | 3.15A
- JBS Q, |0.84puC |0.79uC

O04--- 7 &Y~ R N ~ .

5 ......... PiN Diod.e'.

‘) m
A0 TP SR A 25°C | 125°C
. L =

. T %, t. 400 ns | 550 ns
750 500 250 0 250 'Escl)p 750 lrmpe) | T-2A | 11.4A
Time (ns) 70,;‘.‘ Q,, 1:.8' uC | 4.0puC



10kV/120A SiC DMOSFET - JBS Diode
Half H-Bridge Module Capable of 20 kHz Operation

e e

Si Schottky
SiC
G1 JBS
S1P ——
S1D2

H L sic
G2 —||— A J|'35

Each switch comprised of 12 paralleled 10kV/10A SiC DMOSFETs
Each rectifier comprised of 6 paralleled 10kV/10A SiC JBS Diodes
Series Si Schottky to bypass SiC DMOSFET body diode

Copyright © 2012, Cree, Inc.




HPE III 10 kV/120 A Half H-Bridge Module
Static HTRB Verifies High Voltage Capability

18 1 .
; ~e—SN006 Q1 @ 5KV
16 ¢
: ~=-SN006 Q1 @ 6KV
14 4
<
2 124
O
O i
10O [
® ¢
1) [
il
S 67 <
© [
g 4,1 ) | skvbDC | [ 6kV DC
E I )/
2 s
h“ N\ W e s nFa
0 500 1000 1500 2000 2500 3000
Elapsed Time (Hrs)
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10 kV, 120 A SiC Half H-Bridge Module
Switching Waveforms

5 kV

."'."*" e o P B, i g,

P e e i

70 50.0A v MO By 500M
| T 1.0kVidiv

u I ca ] -"L o0y
M0 By:s00M  Dg

500ns 20.0G5is

S0.0psa/pt
Trig Dily: 1 events Run Sample
B\ soov 6 acqs RL:100k
— | mMan

January 16, 2009

ZCAMNEREX

&

Imag nation at work
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4 Stage - Single Phase (13.8 kV AC to 465/V3 V AC)
SSPS Demonstratrated by GE and Tested at NSWC

One Stage AC-AC Building Block

SSPS installed for testing at NSWC,
Philadelphia (picture courtesy of NSWC & GE)

Single Phase 1 MVA SSPS

Stacks tested to full power at GE




Dramatic Reduction in SiC Module Size and Weight
In 13.8 kV AC to 465/V3 V AC SSPS

SiC 10 kV Modules are 9% of the Weight and
129% of the Volume of Si IGBT 13.5 kV Module

SiC MOSFET Module Si IGBT Module
10 kV, 120amps 13.5 kV, 100amps

SOMWEIREX | ‘REE &



Dramatic Reduction in Transformer Size and Welght @
In 13.8 kV AC to 465/V3 V AC SSPS |

Los Alamos National Laboratory
High Frequency Transformer

A Court f
* Los Alamos Bill Roass.
250 kVA - 20 kHz transformer 330 kVA 60 Hz transformer
16” high 55” high
75 Ibs

2700 Ib

-- [ 1 |
regrasonoccr .. REE®



4 Stage - Single Phase (13.8 kV AC to 465/V3 V AC) @D
SSPS Based on 10 kV/120 A SiC DMOSFET Modules & =%

Single Phase SSPS - Demonstrated 860 kVA Operation

W
¥ Y e -
~ e —a

3 | N &
A » B - = b

40% Reduction in Size @

Single Phase Testing 2

FOMWEREX CREE®

imagination at work




15 kV/ 20 A SiC p-IGBT

World’s First 15 kV Semiconductor Switch Gl e

-_

SiC IGBT Power At Your Fingertips!

15 kV/20 A SiC p-IGBT
50 / —

) |/
[/ et

30 Vge=-15V
Vge=-10V

—Vges# -5V

——Vge= 0V

20

Ic (A)

0 5 10 15 20
Vce (V)

* 15 kV/20 A SiC p-IGBT

*Ve=6.5V@ 20 A, Ve = 20V

+ State-of-the-Art SiC p-IGBT
Developed Under ARPA-E

15 kV SiC p-IGBT — World’s Highest Voltage Semiconductor Switch ADEPT Program

C
"
m
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SiC p-IGBT and SiC n-IGBT Operation

I

=

P- drift

-

e current ZS

P field-stop buffer

Small PMOS NMOS with

N | driving a big cond. mod.
=10:11in4H-SiC NPN BJT drift layer

Qi °|)\i"e? PR—
CREES
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15kV/20A SiC p-IGBT

DC Device Characteristics at 25°C Uirpare

J—

Gate

E"‘“t;f 15 kV SiC p-IGBT - Highest Breakdown Voltage

Ever Reported for a Semiconductor Switch!

120 - 100.0p
P- drift 110 - e
2x10"4 cm3, 140 pm 100 - ——ID(10v) 80.0p |
90 ooy
P field-stop buffer 80 - s0.0u |
2 um, 1 — 5x107 cm-3 — 70 3 <
N* injector/Substrate :Ggg ; =° wal
40
Collector
30 7 200p
SiC P-IGBT Structure 20
) 8.4 mm 10
_ 0 Ideeeeeeee——eeeee—— 2000 0 2000 4000 6000 8000 10000 12000 14000 16000
0 5 10 15 20 25 30
VeelV)
-V (V) i
@ 15 kV Blocking
Room Temperature

Copyright © 2012, Cree, Inc.

Device Characteristics
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No Latch-Up Observed
In 15kV/10A SiC p-IGBT

arpPa-e

140 A 60.0
120 50,0
<
100 - £ -40.0
_ =
< 80 A O -30.0
~ i S
—060— $ 200
e 3
40 ] é-m.u-
20 ] = 0.0
i 10.0
0 LI B L L O B L
0O 5 10 15 20 25 30 35
- Ve (V)

Dr. A. Hefner, NIST

| | 6.0
SiC p-channel IGBT-IG3
Ratings:15kV,5 A
Active Area: 0.15 cm? -+ 5.0
T=25°C
\ -4.0
- 3.0
\
\\\ I I 'li
JLTRRY | | r -2.0
NS
AR WY
-1.0
s 0.0
Rg=15.5 Q, L=240 uH
1.0
0.0 1.0 2.0 3.0 4.0
Time [us]

No Static Latch-up @ I.=145A @ 22.5V No Dynamic Latch-up
during turn-off transients:

lc = -40A

=> Current density: 906 A/cm?
=> Power density: 45 kW/cm?

Copyright © 2012, Cree, Inc.

30

—500V
=750V
—1kV
=125 kV
—1.5kV
175 kV
2kV
=3 25 kV
25kV
—275kV

Collector-Emitter Voltage [kV]

=3 KV




15 kV SiC p-IGBT and n-IGBT Device Structures

(Based on SiC DMOSFETS)

Emitter

P- drift
2x10'* cm-3, 140 um

P field-stop buffer

2 um, 1 — 5x10"7 cm?-3
N* injector/Substrate

Collector

SiC P-IGBT structure
QEPA-©
- -

Emitter

N- drift
2x10"4 cm3, 140 um

P* injector

Collector
SiC N-IGBT structure




12.5kV/35A SiC n-IGBT R,
QTP le l(C

DC Device Characteristics at 25°C
.—-—-—'_'_-_-_-_-_-_-_-_ _____-_____-_-_'_‘—-—-—.
. Gat . . . gn .
Emitter - 12.5 kV SiC n-IGBT With Specific On Resistance
ﬁ (Ronsp ) ©f Only 5.3 mQ-cm?!
) — 1.0X10™ pryr—ypye ey
N- drift V__=20V ]
2x10"4 cm3, 140 pm 40 15V . g.ox10° F
N field-stop buffer _ *°[ 1 _soxio°t
2-10 um, 1 — 5x106 cm-3 < < :
Collector " i 1oV 1  zo0x0° - \
SiC N-IGBT Structure oF . ool
-2 " (.) " ; " :1 " (.5 " é " 1.0. 1.2 " 1.4. 1.6. 1.8. 20 . 0.0 2.0k 4.0k 6.0k 8.0k 10.0k 12.0k 14.0k
Ve (V) V. (V)
: | V=41V @5 A, Vge = 20V , 12.5 kV blocking
~ =6.1V@32A (200 A/cm?) (Vge=0V)
R,, s, = 5.3 mQ-cm? Room Temperature
(VG’E;’ 20V, V.= 6.1V) Device Characteristics
6.7 mm i:"'%i:_:;i__
32 A 4 BT | (]

Copyright © 2012, Cree, Inc.



12.5kV SiC n-IGBT Turn-Off Switching 2/

QrpQ-e
Up to 8 kV at 25°C and 175°C -
(o) o

20.0 25°C 14.0 20.0 175°C 14.0

16.0 Ratings: 12kV,5A |1 13.0 16.0 Ratings: 12kV,5A | 13.0

12.0 - Active AIea: ?.15cm2 112.0 12.0 Active Area: 0.15cm?| | 49
— 80 i [ 1 DS L T T
= 40 1100 2 = 40 100 =
= 00 — 90—~ 00 ‘ 90 o
© 40 80 o o .40 80 3
S 80 70 2 = 30 = 70 =
© 12,0 60 ° & 120 - 60 =
= -16.0 50 _ ~ 6.0 | /- 50 ~
o 200 | - 40 o 200 | ~ 40 @
= 240 - 30 © 2 94 | 30 =

-28.0 - 20 -28.0 | 20

-32.0 | /\: 1.0 -32.0 | 1.0

36.0 0.0 360 | - 00

-40.0 ‘ ‘ ‘ ‘ ‘ ‘ -1.0 -40.0 \ \ \ \ \ -1.0

05 1.0 15 20 25 3.0 35 40 05 10 15 20 25 30 35 40
Time [us] Time [us]

Measurements by Al Hefner at NIST

- — —
o = 6
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15 kV/20A SiC n-IGBT (Lot #4A)
Successfully Demonstrated

QrpPQ-@

e

-

15 kV/20 A SiC n-IGBT Lot #4A

Die Size: 8.4 mm x 8.4 mm / Active Area: 0.32 cm?

50
V=20V
40
7.0V @ 20A 15V
30 \
[ 10V
108
(1] S
0 . 5 10 15
VCE (V)

20

2.5x10°

2.0x10°

1.5x10° b

(A)

—©1.0x10° }

5.0x10° |

0.0

15 uA @ 15 kV ~
Vge=0V

20k 00 20k 40k 6.0k 8.0k 10.0k 12.0k 14.0k 16.0k

Vee (V)

Room temperature, on-wafer measurements



Dramatic Improvement in SiC IGBTs
Under the ARPA-E ADEPT Program

arpa-e

50

40

30

Ic (A)

20

10

12 kv/ 0.5 A SiC p-IGBT

—Vge=|-25V
—Vge=|-21V
—=\Vge=-17V

—Vge= -13V
—Vge= -9V
—Vge=| -7V

5 10 15
Vce (V)

é

20

Ic (A)

12 kV/35 A SiC n-IGBT

50

40 I‘

—Vge=20V

—Vge=s15V
——Vge=10V
—Vge= 5V

Nl
.

\/
vgesu-Vv

10 /

0
0 5 10

15

Vce (V)

20

Ic (A)

50

40

30

20

10

15 kV/20 A SiC p-IGBT

[

/

/

/
-

Vge==15V
~=Vge=-10V
—=Vgez= -5V
——Vges 0V

ge==15V

5 10
Vce (V)

15

20

* 12 kV/0.5 A SiC p-IGBT & n-IGBT

*Ve=6.5V@0.5A, Vg = 20V
* Previously Developed Under
DARPA/ONR HPE Program

SiC IGBT - Room
Temperature
Forward I-V

Characteristics

*12.5 kV/35 A SiC n-IGBT

*Ve=6.5V@ 35A, Vg = 20V

« State-of-the-Art SiC n-IGBT
Developed Under ARPA-E

ADEPT Program

* 15 kV/20 A SiC p-IGBT

*Vp=6.5V@20A, Vg = 20V

 State-of-the-Art SiC p-IGBT
Developed Under ARPA-E
ADEPT Program

* Dramatic Improvement in SiC IGBTs Under ARPA-E ADEPT Program
* Over 40x Increase in Current Rating of SiC n-IGBTs and SiC p-IGBTs
* 15 kV SiC p-IGBT - Highest Voltage Semiconductor Switch Ever Developed

CREE®



Highlights of SiC IGBT Development S AEAA . @
Under the ARPA-E ADEPT Program Cirpare

—_—

* Developed 15 kV SiC IGBT — World’s
Highest Voltage Semiconductor Switch

—Over 2x Higher Than
6.5 kV SiC IGBT

~ SiC IGBTs Capable of Switching
" Over 20x Faster Than Si IGBT

*15 v |C IS|t Ie Id s
nghest Voltage Semlcondgctor SW|tch . Higher Voltage and Switching Speed

o of SiC IGBTs Enables a 3x to 5x

ﬂ - ui'“.\ Reduction in Size and Weight of Solid

-
( ‘ 'l State Transformer (TIPS)

wiﬂmwﬂwuu / * SiC IGBTs Result in a 3x to 4x
“="' N Ry Reduction in Losses for Solid State

- 15 kV/10 A SiC p-IGBTs Fabricated Transformer (TIPS)

On 100 mm 4HN-SiC Wafer . — ——
CRE=S
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NCSU Developing TIPS R
Based Upon 15 kV SiC IGBTs QrpPG-@

22 kV

o o4

GRID

13.8kYV, 3-
Phase supply

RECTIFIER
MODULE

Analog input Analog input
PWM %

800 V DC Bus

TE®

GRID
"1' ot 3 e [| K80 Volt,
1 3-Phase

i supply

DIGITAL
CONTROLLER

a

DIGITAL DIGITAL
CONTROLLER CONTROLLER

CAN Communication CAN Communication

Develop 13.8 kV to 480 V Solid State Distribution Transformer

With Dramatically Reduced Weight and Size

TIPS Functions as VAR Compensator On Both HV and LV Side.
15 kV SiC IGBT Power Switches on HV Side and

1.2 kV SiC MOSFET Power Switches on LV Side

High Frequency Link Nanocrystalline Transformer

Provides Magnetic Isolation
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11526DCC1: 15 kV, 1 cm?, SiC p-SGTO

e

Gate

Anode

P+

Gate

P- drift layer: 2x10%* cm3, 120 um

P buffer layer: 2-5x10Y7 cm3, 2.5 um

N* field-stop layer: 5x108 cm3, 1 um

4°-off, N*, 4H-SiC Substrate

m1

Cathode

BN
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A, . ive = 0.5214 cm?
Gate Pads

3

Anode Pad
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11526DCC1: DC Characteristics of SiC p-SGTO

— s ——

» V(100 A/cm?2) = 5.47 V, V; (650 A/cm?) = 10.68 V
> Avg. Roy gitf = 9.5 mQ-cm? at 100~650 A/cm?
> Avg. Ry gitf = 5.99 mQ.cm? at 600~650 A/cm?

350 T+ 1.5E-07
300 1 leae = 100 mA 126 nA at 15 kV
Ancive ~ 0.521 cm? ™~
250 )
< 200 1 -
< < 1.0E07 - K
< X ®
= 150 17 90 %
100 é i 00.. ..o.. .Q.O‘O{“Mof.
1 100 A/cm? : ‘("'“ D
o] O i E ety et
O LI I R B B rr 1 r1 11 r1rrr1rrri1 5OE'O8 lllllllllllll
01 2 3 456 7 8 9 1011 0 5000 10000 15000
n - VAK (V) VGK (V)
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11526DCC1: 1 cm?, SiC p-SGTO: on-wafer BV maps

12 kV @ < 1 A yield: 77.6% (38/49)

12 kV @ < 1 pA yield: 73.5% (36/49)
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11526DCC1: 1 cm?, SiC p-SGTO: on-wafer V; map

Avg. V; = 6.98 V, Median V; = 7.09 V

Lot : 11526DCC1 [ ] V@ 99.9A
————————— Wafer : JU0453-13 99999.00 g =200mA
B 5t7

HE B B B m Nroe
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