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ABSTRACT

II (Al Ga, In)-Nitride (N) family material hetero-structures have emerged as an important
building block for the next generation opto-electronics and electronics applications. Among
many devices, AlGaN/GaN HEMT (High Electron Mobility Transistor) has been widely used
for high frequency, high power RF applications. It is the inherent material properties such as
large energy bandgap, high breakdown field, high peak electron velocity and very high 2DEG
concentration ~1x10'3 cm even without intentional doping which make it superior to its other
technological counterparts such as Si and III-As. However, there are various unsolved
challenges in the epitaxial growth of crack-free, high-quality III-N based epi-layers and HEMT
structures. Hence, to utilize the full potential of III-N, a systematic strategy is adopted to
address several challenges related to IT1I-N hetero-epitaxy on SiC substrate in this dissertation.
The strategy involved in-depth research on III-N hetero-epitaxy followed by fine-tuning of
different growth parameters at different layers/stages of HEMT structure. This leads to
repeatable and sustainable material development and growth processes.

The brief details about the growth technique to grow III-Nitride hetero-epitaxy on SiC substrate
i.e. MOVPE (Metal Organic Vapour Phase Epitaxy) and characterization tools to characterize
structures are also discussed.

The work reported in this dissertation is focused on the improvement of quality (crystalline,
surface and interface) of AIN nucleation layer, AlGaN and InAIN barrier layers of HEMT
structures. Hence, the work reported in this dissertation highlights the importance of growth
parameters to achieve high quality (crystalline, interface and surface) epi-layers of III-Nitride
based HEMT structure.

The work reported in this dissertation has resulted an optimized AlGaN/GaN and InAIN/GaN
HEMT structures with step-flow surface morphology with excellent electrical and structural
characteristics. The achieved 2DEG mobility is 2050 ¢m?/V's with 1x10'* ¢cm? 2DEG
concentration in AlGaN/GaN while 1500 ¢cm?/V's with 2.4x10'3 cm? in lattice matched
InAIN/GaN HEMT structures respectively

This dissertation also focuses on the growth of AlGaN/GaN HEMT structure with thin-GaN
(~200 nm) buffer and compared its material and device characteristics with conventional-GaN
(~2 pm) based HEMT structure.

The work reported in this dissertation has resulted a similar material and device characteristics

of conventional-GaN and thin-GaN based AlGaN/GaN HEMT structure.



111 (Al, Ga, In)-ATgeTss (N) URaTRes Irft §e=)-Teamr oTell Wit & Sifpl-soiaei-ad SR gaaei-ag
VAT & foN U Heayy fafedT said & ¥0 H IWRT 81 Hs Iuavl &, AlGaN/GaN HEMT @
SaaeH TR CifReR) &1 AMUS ¥4 ¥ 3= Mg, I Wfad RE SN & fod ST far T g |
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fomr o fafir sFgesh gAIfadr & | 3T, 111-N &1 O &id] &1 SUART = & fod, 39 Y- & SiC
Feuee R I11-N gR1-ufieat S afid &g goifad &1 T $HR- & ol U Fafeid Ui 3uTS T8
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¥ foru oo dop-iler & IR H Tfed faaRur 3R W13 o1 faRwansii &) fAsfid o= & fore derr guig
JuHR0 IR Wi == B B
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YT TRl BT I[UIaT (e, g SR $eth) & YUR W Hiad ¢l SAfY, 3 MY-FHRf H FTg MY
T 111--T8eTss 3Metid HEMT IR=T &1 3= Tura (fhiediiy, Sexthy 31 Idg) T-o’R U1 &
¥ fore fa T AU Sl & HEd R UeHI STerd ¢ |

g Ty-o1d § Raid fory U 1 & uRumReRe U Iy faggd Stk TRaHTes faRvdreh & 9 SHeH-vdrg
g SMpla-aw & Y Th 3B AlGaN/GaN @R InAIN/GaN HEMT IReATT &% €1
AlGaN/GaN ® 1x10'3 cm? 2DEG Jigdl & 914 U 2DEG Tfa=fierdr 2050 cm?/V s § Saih dfed
%ﬁraé?ﬁam InAIN/GaN # 2.4x10'3 cm? 2DEG Jigal & 914 Ui 2DEG Tfa=fied 1500 cm?/V s

g MY-H f¥9-GaN (~200 nm) FH & Y AlGaN/GaN HEMT TR & fahra wR oft Hfxa § ok
IRUR®-GaN (~2 pm) 3T HEMT IReAT & T1Y 390! IRl 3R IuchR0T faRvaraft &t ga-T &
2139 y-ord # RO frw U s & uRumasy gRufke-GaN 3R RF-GaN memid AlGaN/GaN
HEMT TEH1 &1 GHH IRl 3R IS0 fARivand e 318 g
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