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Technology Trend of SiC CMOS Device/Process and Integrated Circuit
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Several industrial applications such as space exploration, aerospace, automotive, the
downhole oil and gas industry, and geothermal power plants require specific electronic
systems under extremely high temperatures. For the majority of such applications,
siicon-based technologies (bulk silicon, silicon-on-insulator) are limited by their
maximum operating temperature. Silicon carbide (SiC) has been recognized as one of
the prime candidates for providing the desired semiconductor in extremely high-
temperature applications. In addition, it has become particularly interesting owing to a
Si-compatible process technology for dedicated devices and integrated circuits, This
paper briefly introduces a variety of SiC-based integrated circuits for use under
extremely high temperatures and covers the technology trend of SiC CMOS devices

and processes including the useful implementation of SiC ICs,
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Property Silicon SiC(4H) GaN
Band—gap energy (eV) 1.1 3.2 3.4
Relative dielectric constant 11.9 9.7 9.5
Breakdown electric field at ND=10"’cm " (MV/cm) 0.3 3.0 2-3
Intrinsic carrier concentration (cm ) 10" ~107" ~107"°
Thermal conductivity at 300K (W/cm.K) ~1.3 ~2.8 ~3.0
Electron/hole mobility (cm’/V-s) 1,400/600 900/100 1,250/200
Saturated electron drift velocity (10'cm/s) 1.0 2 2.5
Thermal oxidation process @) 0 X

Aoz 29 4 gk, WA, SicE ik neEa
o] 7Fs %t 221 W 0|5 L2 sh= YA
o] FUglo] olFolA girf, & A= 12§ SiC7]
wke] 22}/ 24 9 {2 5] 2 (Integrated Circuit)o] thah

Al 714L 2708k, ETRIZ E£35E 2 71453
dfal a7fskarat g,
. 22

1. SiC CMOS AXt/3d 7|15

a7 wheA] JAs]29] Yo MOSFET(Metal
Oxide Semiconductor Field Effect Transistor)AAF=
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Ref, Oxidation Annealing condition |Dit at EC—E(cm %eV™))| Peak mobﬂity(cm2/V's)
[11] Dry Oxidation NO(1,150%C, 2h) 2x10" @ 0,16V 30~35

[14] Dry + POCls N3(900~1,0007T, 0.5h) | 3x10" @ 0,26V 89

[15] Dry + PSG + TEOS - 3x10" @ 0,2V 90

[16] Dry + Sb Implant NO(1,175%C, 0.5h) - 80~110

[10] Dry + As Implant NO(1,175C, 0.5h) - 160

[17] Dry Oxidation BN Diffusion Source 9%10" @ 0,2V 102

[18] | NyO RTO(Rapid Thermal Oxidation) + TEOS | BN Diffusion Source 1x10" @ 0,26V 120~160

[13] Dry(Ultra—thin) Al,03 MOCVD 8x10" @ 0,2V 200~300
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Ref. Type Ohmic Metal ASLE
(23] MoSiy or WSiy 400C
[22] Ti/Ni/TiW 600C
n—type - -
[20] W(75%) :Ni(25%)/Si 1,000C
[21] Ti/TaSiy/Pt 600C
[19] p—type Au/Ti/Al 700°C
- Pt/TaSiy/Ni/Ti/Ni
[95] n—type /TaSis/ ?/ /Ni 500C
p—type Pt/Ti
—_ N'
[04] |—2—pe — 355°C
p—type Ti/Al
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[£4] Reprinted from H.A. Mantooth et al,, “Emerging Trends
in Silicon Carbide Power Electronics Design,” CPSS
Trans, FPower Electron, Applicat,, vol, 2, no, 3, Sept,
2017, pp. 161-169.
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[£A]] Reprinted from 43 Hitachi, Sept, 14, 2017, http://www,
hitachi, com/New/cnews/month/2017/09/170914, pdf
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IRE oA HFHCH43]. 1237 (300T)0A41<]
24 (Logic)31 2 AFE SiC PMOSY| & o]Fw U
E2 FHHGOE PMOS tiAl FolAES o]g-sto]
£4& eIt

ETRE= 2015E2E 6914 7|49ke] Trenchd SiC &
AAHSBD: Schottky Barrier Diode, MOSFET)7I4F
AR g A7 SIC 22454 T A5 78 5
off ATH(LH 5) 2=, [44],

FZol= CMOS ¥857°] 7Fs?t ETRI 554
T4 Z83to] SiC CMOS 224t A 2 3371 7
2 Zofl glom, JHE CMOS AME7F 150T oA ¢
AHor FARRE Elseld, 71E sWrlsd o=

P+ grid \ Scholtky
Trench Metél

- ? Acc.V  Spot Magn Det WD—
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P—body

k ; NSD - Poly

Acc.V  Spot Magn Det WDF————
e = 2um

(38 5) ETRIC| 621%X|] 7|t SiC
MOSFET HIZ ¢J0|m % SEMEHHE
[&A4] SAREAATLY, “SiC7|u B E A A7 3§
A7)1&7e 2017 ALRIA, 2017,

HMAXt (a) SBD, (b)
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Al PMOSE S2HAIA QIHEE F-5A1X1 Aol on|7t
em], AR 300CoMe] & FA AFE B7F ol
ATH(ELE 6) 2=,

Y, AALE] SiC CMOSe} ALAtAE A2 5)s)
7] ¢8] SiC LIGBT(Lateral Insulated Gate Bipolar
Transistor) 224 AlAkste] 4714 545 Ege
], o= (27 7)ol Wk, 1,000V o] o] gHEzet
EAo| Ul LIGBTAAHE SiC CMOS 22219} 317
A3} 3 2 ool 1A o] REe B2 T
Kol 7hsste}{45],

25

* NMOS, W=25.0um, L=2.0um
20 * PMOS, W=75.0pm, L=2.0um
15 Temperature:

RT~150C

Output voltage(V)

0 5 10 15 20 25
Input voltace(V)

(b)
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