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SiC Crystal Structures
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Properties of typical SIC polytypes and Si, GaAs, GaN

SiC Si GaAs | GaN

Crystal Form 3C(ZB)  6H | 4H | dia. 7B \%Y%

Band Structure indirect direct

Bandgap [eV] 2.3 3.0 3.3 1.11 1.43 3.5

Electron Mobility [cm?/V s] 1000 450 | 900 | 1500 8500 900
Hole Mobility [cm?/V s] 50 50 | 100 | 600 400 30?

Breakdown Field [MV/cm] 2 3 3 0.3 0.4 3
Thermal Conductivity [W/cm K] 4.9 49 | 4.9 1.5 0.5 1.3
Electron Saturation Velocity [107cm/s] 2.7 2 2.7 1 2* 2.5
Dielectric Constant ¢ 9.7 9.7 9.7 11.8 12.8 9.5
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Various Substrate for GaN Power Amplifiers

Sapphire | n-type | s.i. GaN bulk | Si
SiC SiC
Lattice mismatch (%) 13 3.1 3.1 0 17
Availability / Price (2, $) | 100 500 3000 | not 100
available
Thermal Conductivity 0.3 4 4 1.3 1.48
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Wurtzite GaN, InN, and AIN
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Lattice constant a; (A)

* substrate for GaN/InN/AIN - Al,O; (lattice mismatched)
SiC (lattice mismatched)
GaN (lattice matched) : difficult to grow
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*Band-edge Lineup of Heterojunctions (1)

ECA

AEc§ £,  ALGa As/GaAs <MBXN =T >
Egn LR S AE, ~0.6AE,
E., AE, § v AE, ~0.4AE,

* Electron-Affinity Rule ( Classical theory) — AE_ = q(yg- x4 Hl & 6tH

AEc ~ O.SSAEg
Vacuum Vacuum
Level Level 1
A ax Work
qxXs function
Ec Ec
---------------- E;
Ey

o &I gt XtOIJt Li= &2l ; interface E3H0 2IoH AE. B3}
- atom&| rearrangement

=

- wave function=2 interaction.

* Ref, “Electronic Materials Science” (Ch.14.4)
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*Band-edge Lineup of Heterojunctions (11)

Heterostructure
Barrier
E Eo
AE 0
i - Eg2 i I
X
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*Band-edge Lineup of Heterojunctions (I11)
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Transistor Nanotechnology
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Strained St MOSFET - 45nm node

Liner tensile

High Stress
|
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T. Ghani et al., IEDM 2003
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INTEL, 45nm Node (Ref.) T. Ernst, 2006
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Valence Band of SiGe in Compressive Strain

* Pseudomorphic * Valence Band of SiGe
in Compressive Strain
Si e
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Conduction/Valence Band of Si in Tensile Strain
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Drift velocity (cm/s)

Right Material for n-Channel (1)
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Right Material for n-Channel (11)

10° |

M. Fischetti, 2001.
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8. Laux, P. Solomon, M. Fischetti, 2003.

(Source) D. K. Sadana, Sematech Workshop, 2005

Higher mobility leads to
higher speed at a given bias.

Si Si InGaAs InGaAs vs InGaAs vs
o 10nm 20nm 20nm Si 10nm Si 20nm
V) (ps) {ps) {ps) oA (%)
0.25 4.9 5.9 28 V76 110 N
0.6 2.8 3.8 1.9 N 45 a8
—_—

Performance benefits
continue down to Lg= 20 nm.

Mobility continues to be
important in scaled devices
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High-mobility dual-channel CMOS for (sub)-22 nm

(Target of DUALLOGIC) - 36month project of EU

Monolithic co-integration of Ge pMOS with III-V nMOS
on the same engineered substrate using a 65 nm/200 mm platform

Gate stack

nMOS

pMOS

=

=, P+/n
‘ Si handle wafer \

Main project components

s-Si

S/D contact

lll-V compounds

Sub-22 nm node

- Local GeOl substrates and evaluation

- ITI-V Selective epitaxy process and tool development
- Front end modules development and co-integration S
- Device modeling and generic circuit design

(LETI, ST-Crolles, AIXTRON, IMEC,
IBM-Zurich, NCSR, UoG, KUL, NXP, UoG)

Gate

| Gate |

Gate dielectric

Insulator

Material He Hi
(cm2/Vs) (cm?2/Vs)
Diamond 2200 1800
Si 1350 480
Ge 3900 1900
InP 5400 200
GalAs 8500 400
InGals (53%) 12000 300
InAs 40000 500
Gasb 3000
InSh 77000 850
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High Mobility Channel Materials
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Resonant Interband Tunneling Diode (RITD)

~HEN

1000-2000 A n*InAs

300 A n'InAs

120 A InAs

15 A AISb barrier

80 A GaSb well
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Etch Stop

Source

20-50 A InAs

(Ref.) B. R. Benett, et al.,
J. Vac. Sci. Technol. B 18, p. 1650, 2000
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p-Channel ; 70nm Ge PMOS - SEMATECH (2007)
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CMOS-like 111-V Logic based on Sb-compounds

InAs-AlGaSb HEMTs GaSb-AlGaSb HEMTs
(n-channel) (p-channel)

GaSb cap

Al,:Ga, sSh
InAs channel

Al,sGaysSb

GaSb

Al,sGa, Sb

- AISb buffer
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Strained Sh-based p-channel HFET
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