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Abstract

As a new generation of semiconductor materials, Il nitride owning advantages
like wide direct band gap, high thermal conductivity, high electron mobility, high
temperature resistance, corrosion resistant and radiation resistant. Thus it is suitable
for fabricating electronic device like AlGaN-based deep UV LEDs. However, there
still exist a number of problems like low gquantum efficiency and low light output
power for UV LEDs, and the two effective solutions maybe improving the crystal
quality and carriers injection efficiency. As we know, the main factor that influencing
carrier injection efficiency is band bending caused by polarization field. This paper
turned mainly on band engineering and polarization-induced doping based on APSYS
software.

First of all, this thesis reviewed the history of DUV LEDs, then introduced
properties of AlGaN materials, the structure, luminous mechanism and research
difficulties of UV LEDs. We also introduced the simulation method of UV LEDs
including basic quations and physical models. And the file structure, operating
procedure and convergence issues of APSYS software have also been introduced.

Then we focus on polarization-induced doping method, we changed the constant
Al mole composition into gradual form. In structure B, the Al mole composition of
p-AlGaN is graded from 0.6 to 0.4; in structure C, the Al mole composition of
n-AlGaN is graded from 0.45 to 0.55. The simulation result shows that p-type
polarization doping method can largely improve the output performance of UV LEDs,
and the impact brought by n-type polarization doping method is much smaller. From
the band structure image, we can find that the polarization doping method can
decrease band bending phenomenon, which is beneficial for hole injection.

Lastly, we tried to optimize the structure of EBL, we designed three new UV
LEDs with different superlattice EBL: decreased superlattice barriers
composition(DSB) EBL, increased superlattice barrier composition(ISB) EBL and
triangle superlattice barriers composition(TSB) EBL. The simulation results show that

DSB structure owning best performance. And we finally found an optimal superlattice



structure, the Al mole composition of superlattice barrier is 0.90, 0.85, 0.80, 0.75,
0.70 and 0.65 along the growth direction. We attribute performance improvement to
three main factors: 1) higher effective barrier in the conduction band suppressing the
spill-over of electrons out of active region; 2) holes injection improvement due to
lower potential height in the in valence band; 3) lower resistivity of the structure due

to lower Al component on the whole.

Key Words: DUV LED; band engineering; polarization modification;
superlattice EBL



g = 2 T 1
L L B B ettt ettt ettt ettt et e eeeeen, 1
1.2 AlGaN E 429D LED BUBZASTERR ..ot 2
1.3 LED IR RBTRSFATEBIRE ..o 5
LA B NTHEZR oottt ettt 7
e vl AT 9

BoE REINLEDBEAAENE oo, 13
IR it b~ O 14
2. 2 AP SY S AR N B ..o e 18
B 1 1Y < T ST 22
L vl RO U PR URPRUR 23

=Rk = s A= Y o SR 24
BiL B oo e 24
IR - 5. 53 G T 6y 25
B ARG R R B I T oo, 26
K . = TS 34
L 74 TSROSO 36

PUE £ LED BREE FREEBHMEATR ..o 37
=] (=1 TP 37
A, B R R B A e oo, 37
4.3 FBEAME EBL BAZBATBIMRIEREE ..o 38
A4 FBERKE EBL ZE LA BITITT oottt 39
4.5 DSB-EBL BY UV-LED B S HT .o 42
BB AR BTN oo e 45
vl TSP 46

B E RS REE oo, 47

2 Tl e G E B Y 49

B oottt r et 50



Contents

Chapter L Introduction ............coviiiiiiii i, 1
L1 FOMWANT .ot 1
1.2 Basic characters of AlGaN based UV LED.........c..ccccccviniiniiiiniennnen, 2
1.3 Prospects and bottleneck of UV LED.........cccccooviiiiiiiiniiiicie 5
1.4 Framework of thesiS ... 7
RETEIEINCES ... e 9

Chapter 2 Introduction about simulation method of UV LED. 13
2.1 Simulation Method ..o 14
2.2 Introduction aboUt APSY'S........ooiiiii it 18
2.3 CONCIUSIONS ...ttt 22
RETEIENCES ...t 23

Chapter 3 Polarization induced doping ...................... 24
B L FONWANA ..ot 24
3.2 Structures and Parameters. ... ..o 25
3.3 Simulation results and analysisS............ccocvveieiienie e 26
34 CONCIUSIONS ... 34
RETEIBNCES ...t 36

Chapter 4 Optimization of superlattice EBL in UV LED...... 37
AL FOIWANT ..ottt re e e e nne s 37
4.2 Structures and Parameters. ... 37
4.3 Optimization of Al component in superlattice EBL .......................... 38
4.4 Study of multiple superlattice barrier EBL..........ccccoocoiiiiiiiiiien 39
4.5 The advantages of DSB-EBL UV LED...........cccccooiiiiiiiiiinice 42
4.6 CONCIUSIONS ...ttt 45
RETEIBNCES ... 46

Chapter 5 Summary and prospect..............cccooiii... 47

APPENAIX. . .o e 49

Acknowledgements .......... .. 50



BoE ik

1.15|5

MIEEDE H— A AR, B EZ R SR TSR, &l
T WER. PURM. PRSI, ESHEEM. ST W SRR
e FaE. BT, GaN ZEiE. 406 LED MBS AT S #8 ok, fE5
MR B eUa . DGIEIRAE SO e I tH 58 A N B . 2014 48, T DR
VI3 2L AET WG LED A B JRIE 5 (lsamu Akasaki). KEf#t (Hiroshi
Amano) A& = (Shuji Nakamura), FEURUERS T LED ¥ & BI4E NS0 K
JReERE Hh ) B LA
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0.25mWI0, [ )5, Adivarahan, Yasan A1 Wu T IBF R LS T — R A E
Pk, Pl T 280nm, 269nm, 254nm 1 250nm )R EI K, bk i 269nm
[RS8 5h LED 1E 40mA JE N B T B KT %  0.85mWI13l, 2006 42, NTT s
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p A GaNPl; 1991 4=, S.Nakamura %5 & B 7 BRis #UB Kk Ih 318 T p & GaNeel;
1998 4F, T.Yamamoto 54 LB 51k, BEFRMRSZ 32 R Tt it = RE B,

6



HoE gk

#E4h, John Simon 2 H TR FT AL G- W AR AL 5 3 Mg B A% 1T VENY . A ST
S Mg A Si BRIk, EREME IR AR, 6T
T RS, B i IO B 52 E RSB e N T fa e &, AT Mg
FRIV Al LR 25 7 R 2045 DA i it
5) Fii FIEARCEAK

KON LED it FEARCR I ERER T2 2R i SO S
RERETEAR N R RS, AT RBL R TR B AR AR T F AR A R 3 A
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