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Figure 1.4 Photograph of reaction cell used for arsenide and
phosphide growth.
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Figure 1.6 Photograph of reaction cell used for nitride growth.
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Figure 3.4 AFM images of three GaAs buffer designs, (a) is grown
at 550° C, (b) is at 635° C, while (c) uses first both 635° C and 550°
C growth temperatures.
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Figure 3.7 AFM images of the GaAs channel with different
surface miscut angles, a) 0°, b) 3°, ¢) 6° towards the <111>B.
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Figure 4.3 SEM image of mushroom gate structure (top image)
and top view of a “T" gate transistor (bottom image).
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{1130)

[1100)

Figure 5.1. Nomarski images of surface scratches present on the
sapphire surfaces (left image). One micron of GaN is then
imaged on the right, showing the preferential growth along the
scratches and is highlighted by the white lines.
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height (A)

SCAN QISTANCE (Wi

Figure 5.2. Surface features present on SiC substrates. The top
left shows defects and cracks, the top right shows a region with a
rippled surface. The bottom images show pit defects with the
associated surface scan, indicating that the pits have a large cross
section and are several thousand Angstroms deep.
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(a) (b) (©)

Figure 5.4. Surface micrographs of AlGaN/GaN HEMTs grown
on semi-insulation 4H-SiC. Voids are observed in the Nomarski
image shown in (a) and the SEM image (b) when the Al mole
fraction in the nucleation layer is below the minimum required.
Increasing the Al content in the nucleation layer eliminates the
voids as seen in (¢)
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Figure 5.5. Nomarski surface images of transistor structure
deposited on various Semi-Insulating SiC substrates. These 4
substrates were all in the same epitaxial growth run. The images
on the right (2A&F) are structures deposited on 1-3/8 inch SI SiC
from a second vendor. The top right micrograph shows voids
similar to those in 1B, which can be eliminated as discussed
above. In 2B, drcular features are seen on the entire surface with
some indications that they follow scratches on the substrate
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/ Two Temperature \

Nucleation
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Recrystallization and
GaN Growth

o N

Figure 5.6 Nucleation/Growth model for single high

temperature nudeation (to the left) and the conventional two-
temperature scheme shown to the right.
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Figure 5.8. Nomarski image of 1 um thick GalN film with reactor
not bake prior to epitaxial run. Pyramid (hexagonal) growth is
observed from contaminated and non-uniform nucleation layers.
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SicC

Figure 5.10 Top AFM image is a plan view of a 1 pum GaN buffer
layer grown on SiC. The AlGaN nucleation layer had
approximately 6 % Al and was 1800 A thick. The threading
dislocation density is-determined by counting dark circular
features on the surface at step edge terminations. The bottom set
of micrographs is a surface comparison of Al percentage in the
AlGaN nucleation layer and resulting surface morphologies for 1
pm GalN overlayer. Minimal of 6% and 15% Al required for SiC
and sapphire respectively.
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Figure 6.4. AFM images of terminated surfaces of 200 A thick
Aly3gGagzN barrier layers. Image to the right has a V/III ratio of
~1800 producing crackled 3-dimensional surfaces. The image to
the right shows a 2-dimensional surface with a V/III ratio
reduced to ~900. ‘
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Figure 6.7. Relaxation (%) versus alloy composition for 300 A
AlGaN barriers. The shorter dashed line is from equation 6.13,
while the solid line is an improved fit to the given data points.
At higher Al content, a logarithmic fit might result in a better
prediction of the degree of relaxation.

165

JSMART 00000435

Cornell Ex 2011, p.190 of 268

IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.191 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.192 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.193 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.194 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.195 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.196 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.197 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.198 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.199 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.200 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.201 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.202 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.203 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.204 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.205 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.206 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.207 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.208 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.209 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.210 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.211 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.212 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.213 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.214 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.215 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.216 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.217 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.218 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.219 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.220 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.221 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.222 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.223 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.224 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.225 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.226 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.227 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.228 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.229 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.230 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.231 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.232 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.233 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.234 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.235 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.236 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.237 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.238 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.239 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.240 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.241 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.242 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.243 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.244 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.245 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.246 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.247 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.248 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.249 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.250 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.251 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.252 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.253 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.254 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.255 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.256 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.257 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.258 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.259 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.260 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.261 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.262 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.263 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.264 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.265 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.266 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.267 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609



Cornell Ex 2011, p.268 of 268
IQE PLC v. Cornell Research Foundation
IPR2024-00609





