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Technical Program

379 Presentations were selected from 426 total submitted abstracts
- 127 Oral Presentations, 252 Poster Presentations
- 25 Invited Speakers, 5 Invited Posters
- 2 Late News Speakers, 29 Late News Posters
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1200 V — 200 A DMOSFET (Cree)

1200V SiC DMOSFET Vgs = 2.58V @ 200 A (Vgg = 20 V)
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690 V — 1.0 mQcm? FLFMOSFET (
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Figure 1 Schematics cross section of (a) conventional
single-trench structure and (b) double-trench structure
with source trench and gate trench.
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Figure 2 The electric field distribution of device cross
section on the epi1 layer at V.= 600V and Vgs =0V. (a)

sigle-trench structure. (b) double- trench structure. e
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Figure 4 I, — V,_characteristics of double-trench
MOSFETSs in case of V,=18V. The chip size is
1.6 mm x 1.6 mm. Active area 1s 0.01422 cm?.
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58 (> 250°C) /N\TJ—F2a1—)L (APEI)

Die Junction@ 25°C

1200 V, > 100 A, > 250°C g e
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Fig. 1. APEIL Inc.’s high power (1200V 0 5 10 15 20
and >100A) SiC power module products _ Vos (V)
with (top) hermetically sealed, high Fig. 3. APE HTQU?P power illﬂf_mlﬂ
reliability option (APE HT-1000 series) output curves from 25 °C to 200 °C n a
and (bottom) commercial, ultra-lightweight half-bridge configuration (single switch
low profile option (APE HT-2000 series). position shown) with 1200V SiC power

MOSFETs [1].



SIC Solid-State Disconnect (United SIC)
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Fig.3. DC characteristics of the bi-directional SSD for current flow in both
directions at 100°C heat-sink temperature.



30 kW/L B EL 35 (FUPET{h)

Table 1 Inverter specications

Output power 15 kW

Input DC 600V

Output 36 — AC 400 V (60 Hz)

Switching frequency 8 kHz

Dead time 0.75 ps

Power factor 0.85

Inverter size 500cc (I5cmx9cemx 3.7 cm)

FETs SJEC120R025 (1200 V, Rds=25 mQ) | : :

Diodes SDC30S120 (1200 V.30 A) Fig. 2 Two-in-one-type SiC power module.

1200 V — 25 A SIC JFETs
1200 V — 30 A SiC SBDs

e 5 5 5 Vuyi (uo v rdu)
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15 kW (f = 8 kHz) 318> /3 —4 Y W | \H\H \ | H\HH ‘

;I:)J $ : > 99% Iu (20 A/div) 5 ms/div
H:ll jj jj r_ 30 kW / L (30 W / C C) Fi;g. 4 \Va\;'cforms lc-f i.uvener voltage and motor cuﬁent. . l
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| Gate drive & control unit
Fig. 1 Three-phase all-SiC inverter.




1 MWERZ #2258 (Cree/Powerex)

: Conducting
Blocking 5 kV 100 A

Fig. 5. Double pulse switching 5 kV and 100 A using the

upper switch in the 10 kV, 120 A SiC half H-bridge MOSFET
module shows fast 200 nsec transtions.

Fig. 3. Internal layout of the 10 kV, 120 A half H-

bridge module containing 12 MOSFETs and 6 JBS
diodes for each switch.

10 kV — 10 A SIC MOSFET x 12
10 kV — 20 A SIC JBS X 6

1 MW Solid-State Power Substation
TE: 97%
HA4X:1/2,

= 1/4 (Sith)
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SERFBBITOERNTOER (REK)

Emitter (Ni) Emitter & Base Epitaxy
Base n*-SiC
(NI)  (2x10%%cm-3, 1.2um) Double-Mesa Formation (RIE)
++_SiC p*-SIC Base lon Implantation
P | (2x10Ycm-3,0.35um) P
n-SiC
(1x10%°cm-, 10pm) Oxidation (1150°C 15min)

n*-SIiC (000-1) 8°off-axis sub.
Collector (Ni)

Activation Anneal @ 1800°C
Oxidation (1150°C 15min)

*Note
Doping concentration Surface Passivation
of p-SIC base Is lower
by a factor of 5. Metal Deposition (Ni)

Metallization Anneal @ 950°C
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High injection mode at low I due to the lower base doping
on (0001) Si-face B =257 - on (0001) C-face =439
Highest current gain ever reported

First operation of C-face BJTs

with current gain beyond 400
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6.5 kV — 2.5 mQcm? 4 A1) X3 (GeneSiC)
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12 kV — 100 A H (1) X% (Cree)

2HT147 N‘N‘)IA DS im

Negative bevel Anode 1cmx1cm
- H tﬂfmmj/tmﬂ (termination: 600 um)

M: 1817 cm=, 2.5 um D S

P =2e14 cm™, 90 um

77

P: Tel6 cm™, 2.5 um

Drift thickness: 90um; chip size: 1cmX1cm

MN* substrate 120
|
K 100 — ——— T ——————]'——————

15-JTEs 0o Ve=3.8V @ 100 A
N - (R,, =4 mQcm?) /

—— m 4
i J.54 kV
j e I I improvement

’ 40 ANy (1] AEENNENY ANEEEENEEE
20
0.2 - : — Terrace /

I (A)

LB L LB

o 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

] 2000 4000 6000 BOOD 10000 12000
Ve (V)

Vex (Vi




S EIGBT (Cree)

o Possibility of Ultra-High Voltage devices
— Reduction in # of series devices in high voltage stacks
— Increased reliability
— Silicon thyristors limited to ~ 11 kV
4H-SiC IGBT structures yplayc
(Based ':'EEEEMOSFETS) \_i_l__lfki ~

Emitter Gate Emitter Gate
m W E
=
P- drift N- drift < | Emiter |
2x10%4 cm-3, 140 pm 2x10" cm=, 140 um T R
P field-stop buffer N field-stop buffer : .
2 pm, 1 5x10' cm? 2-10 um, 1 - 5x10%6 cm? 6.7 mm
N+ injector/Substrate Chip size: 6.7 mm x 6.7 mm
Active area: 0.16 cm?
Target current: 5 A (30 A/cm?)
Collector Collector

SiC P-IGBT structure SiC N-IGBT structure



15 kV pF+ 1~ JLIGBT (Cree)

4H-SiC P-IGBT Characteristics (RT) (il 0 ¢
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Highest BV reported in semiconductor switches!
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12.5 kV nF+ = JLIGBT (Cree)

4H-SiC N-IGBT Characteristics (RT) (il [JC1°@E
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