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Materials Issues for SiC: Bulk Defects

6" SiC wafers are now available

« Bulk defects can limit yield, reliability, and area of
individual devices (e.g. for high-current capability)

* Micropipe density is now very low

* Densities of other defects (e.g. stacking faults, various
types of dislocations) are also low, and decreasing
(may affect reliability, e.g. Ve degradation)

Growth spiral due to
micropipe in 6H-SiC

N. Ohtani et al., J. Crystal Growth 226, 254 (2001)
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Defects in 4H-SIiC p*n
junctions grown on SiC

P. G. Neudeck et al., Solid-State Elect. 42, 2157 (1998) . i i f \.
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Materials Issues for SIC: MOS D /

« Si0, may be grown thermally on SiC

« High interface state density(10'3 cm-
2eV-1) at the conduction band edge;
density decays exponentially with

energy below E.

» Post-oxidation NO anneal reduces D
by a factor of roughly 10

Mobility (cm?/V's)

5 10
Gate Voltage (V)

& .
gE> D R &

. 5
< 4H-SiC
> 10%E
2 i GRS H Samples
> ‘EO | — .
2 A without POA
(7]
[
o}
2 B Samples with
o) var oy S a amples wi
=1 I, . . .
% 10"k 500 ‘?OAgNéA £ <1 Nitric Oxide POA

[ O a
[0} OH B 8 q;: P \o
S ° 5 A a0
"(!:U N aeR e NH
] LESSD NAN £ A ..‘...
= a NO NH
c N f
- N . a ® V\z)
1011 1
1.0 0.8 0.6 0.4 0.2 0.0
E.-E (V)

Figure courtesy of Jim Cooper, Purdue University

« Low channel electron mobility as-grown
(10 cm?/Vs; bulk p, ~ 600-800 cm?/Vs)

« Post-oxidation NO anneal may increase

u, to around 50 cm?/Vs

Recent work is investigating P anneal

(u, ~ 80 cm?/Vs, Dy < 102 cm2eV")

Y. K. Sharma et al., Solid-State Electronics 68, 103 (2012)
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Materials Issues for SIC: V. Instability

Small conduction band offset; 1.4+ |
potentially susceptible to high-T degradation - L T =25C /A/A
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S. DasGupta et al., APL 99, 023503 (2011)
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“Materials Issues for (Al)GaN: Bulk

Bulk substrates (HVPE, Ammono- (Ammono)
Thermal) are not widely available and GaN
are limited to small sizes

Vast majority of (Al)GaN growth is
heteroepitaxy on Al,O,, SiC, or Si
Precludes vertical device as is
common in Si and SiC technology
Lateral HEMT taking advantage of
(Al)GaN polarization and high p, at
AlGaN/GaN interface is used instead
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Passivation  High dislocation density
2DEG for heteroepitaxial GaN
(10%-10"° cm-2)

Image courtesy of Andy Allerman, Sandia National Labs
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Deep levels give rise to
current collapse with Control of unintentional donors (O, V,) and
slow recovery compensating acceptors (C, V,) during growth

S. DasGupta et al., IEEE TED 59, 2115 (2012)
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Materials Issues for (Al)GaN: Dielectrics

Surface passivation:
Current collapse and Pacistd B Dogradetion 3 Racory

Unpassivated @ Degradation O Recovery

“virtual gate” - fs =
g . E kl\-\' §§. . ~o
£ 05 Z S 0.5 Ty
G. Koley et al., IEEE TED 50, 886 (2003) g8 38
bl -} Alo.15Gao.ssN/ - Alo.15Gao.ssN/ H H .
85 [ 8 gl 5 gl Surface passivation:
TR ) ) ' ' qgate_gla;(\?) -gate-glas-}\?} H HH
50 | ] Device stability vs.
_ [ =z sof .i i R . N N
R N g 10 g | gate leakage current
z b ; 0 o 8sgg§8§§§§§§@g§§l§
S 40 E 5 : < cfacpapedoesd idisese
E z < 10"} E“Egg' o Passivated 1 S. DasGupta et al., IEEE TED 59, 2115 (2012)
o > 1 Egggsgg [
'E 35 = 10-12]@8@9@ @ Unpassivated S
5 [ 15 2 5] ! v v . x v ]
30 Time (5 ] o 4 =2 3 -4 5
r Unpassivated Vg(V)
[ Passivated
5 1 1 1 1 1 P -
0 200 400 600 800 1000 1200 1400
Time (s)
Ohmic last Ohmic first
, (@ 10° (@) (b) i
O oAb G ] ~  [ZnmAoGaRT]  CALD-ALO:
€ 102 | (after 800°C annealing)] § 107 s
(%]
g <
Robust gate > 10* >10°
. . 2 2
dielectrics g 40¢ 8 10°
5 S e
Y. Hori et al., JJAP 49, 080201 (2010) = 10°|- 5 10
(@] el (&
S o il S L A 107°L -
8 -6-4-20 2 4 6 —86420246
Gate voltage (V) Gate voltage (V)

Sandia
m National _

ORNL Automotive WBG Workshop, 2012-11-15 Laboratories




