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() R Introduction

Table 1 Key characteristic parameters of typical
semiconductor materials GaN material characteristics:

v" Large band gap;
E=m

v High Saturation electron velocity
£ = i) v High breakdown electric field;

v" High thermal conductivity;

Electron mobility
1400 8500 5400 2000 . ) o
He [em?/(Ves)] High frequency and high power applications.
g q y gnp
Saturation electron | ) - - InP material characteristics:
. 7 :
velocity v,y (107em/s) v High Saturation electron velocity
Breakdown voltage
s s = High frequency applications

Ec (MV/cm)

Thermal conductivity
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State-of-the-art GaN HEMT power and speed
Both RF and DC performance needs to be improved
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() R Introduction

Factors of RF performance GaN HEMTs

(o

“f1~tparier N€EdsS to be optimized

-f;~Ls needs to be reduced

-fuax~ Ry needs to be maximized

-L. needs to be minimized for reduced parasitic resistance
Contact resistance R,

-Gate leakage current should be reduced

tbarrie-:tr

Surfdce

-AlGaN, InAIN can be the barrier layer, InAIN is better due to the better scaling behavior

For enhanced RF, thinner barrier is needed; however, when t,_,....reduces,
gate leakage increases, leading to degraded breakdown performance; an
oxide is needed in between gate and channel. Electical & Gomputer Engincering | 4




@ evoiveETNG Recap from last year’s results

-In the previous workshop, | introduced TiO, as the dielectric
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TiO, N,O treatment is needed; Longer treatment will lead to crystallization of
TiO, as well as the oxidation of channel, thus we need new oxide materials.
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Experimental Design
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-Revisit the graph
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Both high k and high bandgap material is needed; Al,O, had high bandgap
dielectric constant; while TiO, has low bandgap and high dielectric constant
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Oxide (m{fgfiec) (l);:lt(;f)f 2?35‘3’ AZg' & (eV?citm‘z)
ALO, 100 5.4x105  1.22x10°  1.62  13.06  7.04x102
ALTi,0 114 31x106  1.20x10% 177 1438 7.32x10%
ALTi,O 84 2.6x107  1.14x10% 194 3227  4.27x10"
ALT,0 98 21x107  9.58x102 220  29.55  6.06x102
TiO, 85 1.9x107  1.02x1018 253 4582  3.03x10%
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Vs (V)

The more Al content, the less gate leakage Electical & Gomputer Engincering | 7
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Comparison with other MISHEMTs
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Conclusions

GaN MISHEMTs with Ti;Al,O exhibits best DC and RF performance
GaN MISHEMTs with 2nm HfZrO exhibits excellent DC and RF performance
In future, we may scale down TiAIO further
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