BT W ARHHALEHEE L
i BN
Department of Materials and Optoelectronic Science

National Sun Yat-sen University

-—Doctorate-Dissertation--,

:1
i

BEBBETEH, THBZEH

Ly
;

84
g
A%
i

f
v
£
i
f

i
e

Investigation of Ej ric L Performance af%’nd Establishment of

Physical MechamsmsionSﬂmim:B

and Gallium Nitride High Electron Mobility Transistors
Li-Chuan Sun

HEHIK REH HE
Dr. Tsung-Ming Tsai

PHERE 114418

January 2025




wXEEE

By L ASHEL BRI ELE
ARBHRLEHES A B L
| FRLFBEL (3 DIB3I00008) Aritshx |
j&%ﬁﬁ%ﬁﬁﬁﬂ%&%@%%ﬁ*%&ﬁz@%ﬁﬁﬁ%&%ﬁW 
Investigation of Electrical Performance and Establisliment of Physical |
Mechanisms for Silicon-Based Thin-Filin Transistors and Gallium Nitride |
| High Eléctron Mobility Transistors

[r8RE 13 %2 82 aessReRsEREoR . Hou)
EHeA AR L '

| sesnzrge:

% ﬁ'&ﬁﬂaﬁﬁﬁgﬁ% %

% B 4%= Aida

BuaGire It 4 &




&
REER RAM BRTBEOEDRME AL R LT E 5 E LN
BLEE b RBER LR RGOE AT EL T BREE -~ AHHHE
TR P FAFI A BB W e

F RRAM R B R R E T RERBREGE —RML GRA

AR ) S0 IR N 0 S T A 7 o A 9 2 8 BEBIHRE LN

oy RBRRBBAPIEPIEBRHBATRE - AFF R T IR 324 - L &

MR ERE > G - : ﬁ‘éé@ﬁ%é‘ﬁfﬁl CHAIRBFEY S

&ﬁ%&ﬁﬁﬁéa’
S48 Tl FRBIRAMRANH L6 - LR B R HEIT > L RBA LT HL
BEEE SRR T S hofa) Sa4300 5 MR R 0% R ET § oL
HER  YHAXEFLRGORE -

ARETHEGREB REERABTREDASR HIUABELR - EB2E-

ERERBEE

FheRMEREEE - ER oM ERmE LD AT B %

SHES HAOARERE L EEOHE - AE > LA M ERE 5 ] 249 3k

z~$ﬁ~ﬁﬁ\ﬁ%~%ﬂ\$m~%$ﬁﬁ%'&%ﬁﬁﬂﬁi%%ﬁﬁﬁ%’

it




BN —FER T REORBREE  RMRRA RN R TR GBGE - Hy

ARAFAPEEATRAIEE - R E 2 o phsh REEHABRM TR EHL B0k &

%}E?&‘%f‘%?if&‘étﬁii"f’%’i?ﬁ‘E&?’-‘Z?ré"fi#%‘iﬁA&‘Xiﬁ*%ﬁ*ﬁ‘ﬁ%\

B REBE SR BT W BB B e A

BB HBARETREAR HERALEH LA M CRTRE RS

RIEN M RF AR A YA R -

RERWH AR OBMHL 0 BB ESFHIE  ROMMIL - BA IS

R EHERBAREY, *“%%%% A % e R %

E 3%
;%’ﬁﬁ%ﬁ%HBéﬁ

qE z

i
Ma - BAE RS 5
a% |

AZEX%& ~TEM & %%_%_ ;ixﬁ CERBOEEMR
i ik
e T
wH P B i{%ﬁ@;ﬁ@ﬂ?_ Zrﬁifﬁ?ﬁ%kéﬁzﬁmlﬂf

R BREBEHNBRBABRNEA LRALBAL - HMFEAE B R L H

FOR RBERBBERDECHE  AFBMLE | 4k TAE B 580 P o
B RAR-FAHRNBA RRREHTHOE20 ) AMEB T EEE
AeeHATMABBN TS URARACRBG LI T RN L35 RRSTEEL

JRF He it o

BEREQUBEABY > CEDAE THNGLHATY » RAARTAS
TREEOEB AR - AROIAE T DDA ASUR RS R
BER B

it




R

MEBRERPHEAROREER ALEEIEBRAGEHEE  TH
FAERALOARESAE T ANHERO R AP N AR -HABET &
RBARBEAMPEARAMAHEEMER L - BABAHRERLRERM e
ERAGNE FAETHEZRLMOO MRS > 2R E - P ERT R BB
RIS AL BT BE M E W B3 & A A T 2 e AT 2 e

A BRATERAMRAF R EEIRERA BELTHMBRANE

R
otphous-Si, a-Si) #48:8 %

- E,(? ( Low~Temperatur

Transistor, TFT) #) % é‘b
s ,‘ﬁ.}

:; 5‘5;'5:‘:
1
AR A » 12 b A R A RIS

Lﬁﬂﬁ%ﬁmﬁﬁgﬁﬁiﬁmi%ﬁ%’
ERERRFKS - sbsh TR XBT B 47604 R 1543 5 8 © 5 (Polyimide, PI)
B R A MR AR AP R B R B R Fo L B BT
RBEAREREE  FRESGHERE -

WXEBTREAMIARY » 444 TFT B 7T — R a2 e
Hik AT BATERRE R FA - 4 At S ifo f A2 5 BT R Bb3st o %

FERE  BREGETHOAAREET BN THABERZER  AFLE




ANGH T B R REE T A RAR &) TFT 432 4] > R T RS ER T oo sk
REM > BTHABTE AW EICB A4 TEARE R LT -
ASHBASFT T AHXEEN QA4 (Galliumnitride, GaN ) & E F24
#E &8 (High electron mobility transistors, HEMTs ) &M 4E4E4k - A E Z KT
R EHHRZ— QB EARRFER SO ETRENRA LT FAL
B RALESDE - SHEEATRABEEY BELZRANDERKRE K

MBI EEERR-BHTE-FHREAEETHERATHER LB RH LR

# GaN Ak fE ﬂ‘J'?’/%EM&E$ B BB 54T é’J%'Ibﬁ?%sEﬂ‘ TERANFEH -

1_;L__m ;«

kit

f«i }{
\-’f*'i‘_‘@' m%%?F

E:

VRS 0 T ABAE

kﬂu “

7{‘ N{ E R

st Ry (su,i__fcon cag?;édé?Si@ e T

K £ 13': 1 §.’f )
”r'v ,}E B .y_.z;,

HEWHBERATH ELADRARNOV LS R BB E LRG0 R THLAS
SRR P YT o

REMM ARXBAREABRERSEHEA 4SS BREELRETEEA
BARFERAZTHPEGERNOBPRRE TES ol E - SEHERR
HERACDLEZAHRAGFENBIREARAFHEEIMESHER - R1E

BH T REBRBROBFOAT  BRET Binh o E @AM -




B-ERETRY SRS (L% TRABTE - FETF

R BT
REETLM

) s3]




Abstract

The automotive industry is undergoing a profound technological transformation
driven by environmental demands and the rapid development of emerging technologies.
The rise of electric vehicles (EVs) and smart cars has redefined public expectations of
vehicles, highlighting the importance of automotive display components and high-power
components. Display components serve as the primary interface between the driver and

the vehicle, requiring precision in presenting critical data such as speed, energy
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 fast-charging technology,
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practicality.
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For display components; Girrent mainstream Techa Jogies utilize amorphous silicon

(a-S1) or low-temperature polycrystalline silicon (LTPS) as the active layer materials for
thin-film transistors (TFTs). Each material offers unique trade-offs in terms of cost and
performance, with a-Si being cost-effective but relatively low-performing, and LTPS
providing higher electron mobility and superior performance at a higher production cost.
Additionally, advancements in flexible display technologies have introduced polyimide
(PI) as an emerging substrate material due to its .excellent thermal stability, chemical

resistance, and compatibility with solution-based processes.
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This research proposes a rapid quality assessment method for TFTs to overcome
current measurement speed limitations, introducing structural and process optimizations
to ensure device stability under high-temperature and high-humidity conditions.
Furthermore, it explores the physical mechanisms of TFTs on flexible PI substrates,
focusing on their structural stability under bending applications. These findings offer
theoretical foundations and technical support for the commercialization of flexible
display components.

In the realm of hig_h-,po,wgrvﬂ-;cqumonents;:this;,;study: ocuses on optimizing the

performance of gallium nj ide% 1t¥éiransistors (HEMTs). As a

N/ exhibits high breakdown

third-generation wide-bandgap sei:lgl )

[P

s
voltage, high saturation ¢lectron v

nal electron gas (2DEG)

e;:gﬁ‘iixhjgh; equency applications such
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properties, making it advantageous.forhigh-pow

as power amplifiers, switching devices, and radar systems. This research investigates the
impact of illumination on GaN device performance and its degradation behavior under
various environmental stresses. Experimental results reveal performance fluctuations
under illumination and accelerated degradation rates in low-pressure environments,
offering insights into the stability design of high-power components.

Compared to silicon carbide (SiC), GaN demonstrates higher electron mobility and
lower switching power losses, making it more suitable for high-frequency, high-power
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applications. While SiC excels in high-temperature stability, its performance in high-.
frequency applications is limited by surface scattering mechanisms that reduce mobility.

In summary, this dissertation advances the optimization and stability of automotive
display and high-power components, providing theoretical and technical support for the
development of smart cars and EVs. These findings contribute to the application of high-
power components and in-vehicle display technologies, enhancing driving experiences,

vehicle safety, and user convenience.
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