WBG Materials
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Table 2.1. Physical characteristics of Si and the major WBG semiconductors £
Property Si GaAs 6H-SiC 4H-5iC GaN Diamond :g !
Bandgap. E; (V) 112 143 3.03 326 345 545 8 ’
©
{2}
Dielectric constant. &° 11.9 13.1 9.66 10.1 9 5.5 E 001
1S
Electric breakdown field. E, o}
(KV/cm) 300 400 2,500 2.2“9 2,000 10,000 &
8 le-5
Q.
Electron mobility, s, (cm®V-s)  1.500 8,500 5;]“ 1.000 1250 2200 »
- s L =
E 600 400 101 115 850 850 le-7
Hole mobility. 1, (c™/V-s) lo 100 1000
Thermal conductivity, 4 15 046 49 49 13 22
(W/em-K)
. — S &
Saturated electron drift R
velocity, Vg (107 cm/s) 1 1 z 2 22 27 mme= 4HSIC [

—— GgN
= Diamond

g =g, -5, where 5=885x107" Flem.
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Specific Capacitance (nF/cmz)

Breakdown Voltage VB V)
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Supplemental Materials
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I8 Additional References

Semiconductor design

Archived lecture slides from ECE 581 in Fall 2014:
- Review of Semiconductor Physics

- Specific resistance and capacitance

- FET resistance and WBG materials

- Die size selection example

= Trench and Superjunction Devices

- Superjunction on-resistance

ﬂ Simulation/Analysis Software
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Overlap Time

9 Typ. gate charge
Vgs=f(Q gate); 10=5.2 A pulsed

parameter: Vpp

10

Gate threshold voltage Vesm |Vos=Ves. [o=0.34mA| 25 35
=
Gate resistance Re  |r=1MHz opendrain | - 18
s - = =
n
2w ﬂ-% V\'%
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FET Turn-On e o 524" o~
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Device Transconductance
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Example Simulation

.icV(g)=0
Aran 050n 0 1p
AN
Q,
T 300 =Vre

I=IF(V(g)<10,1,0)

.model myD D(n=.01)

.model testFET VDMOS(Rg=.1 Rd=0 Rs=0 Vto=3 Kp=9 =
+ Cgdmin=0p Cgs=0p Cjo=1.5f Is=26p Rb=0m Vds=600 Ron=385m Qg=0n)
—_——
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Simulation Waveforms — Turn On
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Turn-Off Transition (- 56)
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