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Abstract

Based on the polarization effect in III-V nitride, we solve self-consistently the

Schrédinger and Poisson equation. Both utilization and elimination of the polarization

field are proposed. Experimentally, specific contact resistance to p-GaN is reduced

and internal quantum efficiency of LED is improved. The main work we have done

are listed as follows,

1.

Solving self-consistently the Schrodinger and Poisson equation under the
influence of polarization fields via computer simulation. Eigenfunction of the
electron and hole and their corresponding eigenvalues are investigated. The
simulation can be generalized to solve the time-independent Schrodinger
equations with arbitrary potentials.

As polarization field lead to oscillation of the valence band edges, result in
enhancement of Mg ionization and improvement of hole concentration,
InGaN/AlGaN superlattice strained-layers (SLS) is introduced as a cladding layer
for GaN based LED. The SLS can reduce specific contact resistance and served
as a current spreading layer. The band structure, ionization of Mg and averaged
hole concentration of InGaN/AlGaN, InGaN/GaN and AlGaN/GaN SLS are
compared at the same Mg doping level. The Optimal Mg doping level is also
given. Experimentally, lower specific contact resistance to p-GaN is realized.

To overcome the separation of electron and hole due to the polarization filed, In
composition modulated LED is proposed. It can counteract part of the
polarization and improve the recombine rate of electron and hole. The IQE of the
LED is measured by variable temperatures PL.

This dissertation presents the utilization and elimination of the polarization field

in GaN based LED, the main innovation of this paper is that we use InGaN/AlGaN

SLS to obtain relative higher hole concentration, and use gradual changed In

composition to get to get a better band structure for LED.

Keywords: polarization effect; superlattice; Internal quantum efficiency
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HI— B IGVEE AR K BRI B AR R, 3 R R R Te) R TGV AT AL
Mo, FALPIARAE 0 R A TR — B ). B 2119864, GaN @b kLT
B THRKMHETE, 19894 Akasaki i) AR B 1 R AL 4P 1p U GaN), Jf:
W TS B — N p-nEGaNHE E YELED, JFAE19904E LI =il T8 4M6 T
Wt IXEESEREHES) T s Mk BB OCLED . AT K R T AR (LD A s AR S R L a8
PRI . FIL-145 1 T RME SR (INSPEC) 4R T RAMIE R R E U=
F— R EE R, bRl T TR 50, R Ky
11, B H AR OGRS I, D7 B AT . K- B T R R
}Tﬁi[lo]m]o

R1-1 RV TR RE

Year Accomplishments

1969 GaN by HVPE
MIS LED

1971 GaN by MOCVD

1974 GaN by MBE

1983 AIN buffer layer by MBE

1986 Specular films using AIN buffer

p-type Mg-doped GaN by LEEBI and

1989 GaN p-n junction LED

1991 GaN buffer layer by MOCVD
Mg activation by thermal annealing
AlGaN/GaN two-dimensional electron gas
GaN MESFET
1993  AlGaN/GaN HEMT
Theoretical prediction of piezoelectric effect in AlIGaN/GaN
InGaN/AlGaN DH blue LEDs (1 cd)
1994 Microwave GaN MESFET
Microwave IIFET, MISFET
GaN/SiC HBT
high-quality AlxGal-xN
1995  AlGaN/GaN HEMT by MBE
p-n GaN photovoltaic detector
Doped channel AlGaN/GaN HEMT
1996  lon-implanted GaN JFET
Ist blue laser diode

1992
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Quantification of piezoelectric effect

AlGaN/GaN HEMT on SIC

Ist AlIGaN/GaN HBT

Ist GaN MOSFET

visible blind AlyGa; N photodiodes

use of superlattices for enhanced p-type doping in AlGaN
2000  Shortest wavelength AlyGa; 4N photodiodes (227nm)

2002 280 nmUVLED

2003 265 nmUVLED

back-illuminated solar-blind AlGaN photodiode with external QEZ
68% at OV

2005  back-illuminated solar-blind AlGaN avalanche photodiodes
2007  back-illuminated linear mode GaN avalanche photodiodes
2008  Ist back-illuminated APD with & -doped p-GaN

1997

1998

1999

2004

1.2 III-V iREALY#H SR R A

-V R EE R RS R (AllnGaN) RA0A K £, 4 GaN.
AIN. InN. AllnN. GaInN. AlInN #l AllnGaN %5, InN [IHEFR A 0.78 eV, AIN
RIRERY 6.25 eVI'?, ARG RE AT 36 T 4 e B AME K ei,  1-2 24 1=V
BB APIA R AEANT 56 BERT ks 2, b InN 4% 8 B H EOR 1 2.0 eV &
IEF]0.78 eV HI-V EENIHAE HH BRI R, oI T Tan ey o B H 2 jir
J8 73 FZH 53 AN 23 R DG AR I R R o AT T 3 TR v O Ot 76
PF, BFEEAAE LED, %6 DVD. KA AR W R g 1015 RS

3.0 :
LATTICE-CONSTANT [A]

B1-2 SE GHAINGaNRFIF B 52 5% 5 f i W B R R
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INTTRFRIIET BT (Wartzite) Z58J/2GaN. InN. AINKAKII-VIREAL D)
WA gitt), b a & AR . E1-3017R, LLGaNAfl, {Rerss
W gk, B AR 120 ) A AR AR A e DU TR o 2T BT S5 2 &
INTT B MERRGE MV Al T )~V Se/8 BT A, ekl [0001] 7 17 (1R HEZR N Ay
AA * BB * AA * BB+, [RIL2Z 4, NI-VIEEYIE BA WA N B
(Zincblende) #itly, AT S G HL N AAFAERI G 0 4k o Horb INBEAT 45K 1)
HI-VIR B2 B BRARL, i LA SE A 1p 245 3], [l A o
TBER A R BAT A FE4 23 R A, AR iR 2 2 AR AR, B
TP T A AT A o R, H AT TS5 F I GaNAA BEA R TR0 2514 1) .

Q/O

.. . GaorN
b O Nor Ga
1 al=|b]|

K1-3 GaNfiI /N TT b REFEED 5544
F 1135 0 T e -V EAL Y I — e AR S50

#12 11-VIREAA PR e R B B 232

ZH GaN AIN InN

HAE HE(T=300 K): a(A) 3.189 3.112 3.545
c(A) 5.185 4.982 5.703

A7 9 ) Eg(eV) 3.510 6.25 0.78
SRR R A a (meV/K) 0.909 1.799 0.245
B (K) 830 1462 624
B EBALHE B Py(Clem?) -0.034 -0.090 -0.042

FEHAL H L ess( Clem?) 0.73 1.46 0.97




CE R

e31(C/em?) -0.049 -0.60 -0.57

Pk R EL: c11(GPa) 390 396 223
c12(Gpa) 145 137 115

c13(Gpa) 106 108 92

c33(Gpa) 398 373 224

c44(Gpa) 105 116 48

LA 0T me(mg) 0.2 0.33 0.2
FUCH TR : mpn(mo) 1.1 3.53 1.1
XS e, 10.4 10.4 14.6
15 5(°C) 1700 3000 1100
BB (cm/Vs) 1000 135 3200

1.3 GaN KH = EWHIMEAEK

HARII-VIREAIAERR R 52 58 = A A, R T 4a T 19114070
AR AINKY R IR 45 0 T 18724F , InNKR AR MIFE 19104745 Jil Hi >k, JuzaS A\ 71938
SEL IR R (K0 4 R R T AR T AR/ N EHIRGaN, 19594F, Grimmeiss
S5 P TRV RE (0 7 1200 4%t /N A B GaN il AT, 19854, Aksaki % A FI FH AINAG I
DePEAEE A LU E K T R TR I GaN i T R BRAT 1A E A GaNH
ke ik

1.3.1 GaN # Rt e

1T SRR B < P AR AT A B P 1) = 280U, GaNRIAAR 5t ol %
e A, RUAETE Sl s N IR I GaN L RO BN, R AR AL Tl A==
i Ko BUERI A L ERAMEA K, M5/ GaN A L, GaNgA K — i
SR FAME o 57 FHME N AL AR 57 BT NEGaN (1 de A 5 AT AR KR 20, 3t
D YUE SRR R, AT IR R R B BOR UG, PR SRR R 5
5% BB UL R JLAN A 5

L Aol SR RE AN A S TR 1 (1 A DG PR AT SR i 2R 2 UL e

2. A JERAAFLRN S SE 7 i ] 1) A S A P DL T

5
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3. AR SRR A

4. WRMEBDGETEREL:, X AT RGN

5. SHMELE, meml bR S

6. 2K

7. BRI 00 ME S P R B AR v {1

P GaNE K 4 4T : AL O3+ SiC. LiAlO,. Siv ZnO. GaAs“, H
AR A 72 10 = A SICHIALOs . K 1-3 0 F T GaNAME A K IR KA B 1~ L4
PR

2 1-3 GaNShEAT AT RLAR 2 W) B R

Ao Ji BEARGERY  RACEE (Aala) PIZIK 23 (10YK,300K)

ALOs INJT 14% 7.5
6H-SiC INTT 3.5% 4.2
Si i) 17% 3.59
ZnO INTT 1.9% 2.9
GaN INJT 0 3.59

A AR T T GaNAE KB HI AT I, e NI GaNET AT 45 7 HAT A
RN T AR L o AL sURRGE LSS, 25l S8 K TGaN, ik b, e 12
JEA . BRI RRE R, ST, AR, ALK AR i
SERAT, G A% SR T A (LR 22 1o J2 P D s 468 5 1 i b [R] 00 5 B R BT e il o
TEUE G, AR RO A RO ™ B, AN ] DUE I HEGaNA N E
Jr 5 St A IO R s IR

SiICH R FRIE R A SN, AN A KGaNy o — Vi AR e
Cree /A w24 T 38T HA H 28w (8 5 A AT M M T A . FA0 2 3

AR RAF, fetARuEELS, AR W, AIXSEEE AT, A DL AT
RECRESE BN, SRt m, PR A I ALOMISiLS .

LiAIOo i T AR M GaN A E A K (A7, 306 T4 i GaN ik
LEDIY A TRCRA ) RIS, Hirde Tkt B

Siff JRAT H AT AL, FEI AR Z se i A thAe THERE S, Rl r B K oAAE
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XTI O T RAm SRR

ZnOFS JI AN GaNZ AR RS UC PR, 1y HL2% 2 e PR BB et A T 3R 43 GaN
FLEAATRE, BRI, AR RCENEZE, il P S MGaN N, H AT A AEH]
MBE/EAARHEIE T 4 K GaN"?/,

1.3.2 GaN #RISMEE K %
& BBV FEHTIR (Metalorganic chemical vapor deposition, MOCVD)

MOCVDWFMOVPE, & & A LA Ay TR 4 S, H A KT
MR 2 2 G e B R IR 73, ot H AT e — BB % tH e L AU RO ik
BT TR A = I A KR . MOCVDBES I 20 g SAS T EHB 4y N S
SOV IEFBAMEN RS RS RUCE RG22 kB R G . H LA
HURH HUISAERSIE N R s 2R N A TR S, ARG HE 2 R AL, AR
i N RSN, AR RO Rn IR N R PR RS

GaNMRIANEA K, — Al = 3K (TMGa) RIS 4 BI1E A Gali fIN
P, AAAMEANEANE S S GaNFIMOCVDAE K K2 51030 C,
ARKHEFE KA K2 umh. b (SiHy) F1 %4kt (MgCpy) 20 BIE Anfil B 2y
(RIS PRSI M, 15 2% B 5 KA1 vT LAE10% om™ B 2%

ST HRAME (Molecular Beam Epitaxy, MBE)

MBE/& HHiFk TMOCVDAE, T GaNFEM R AME A K 2 I A K4
Ao HELLGask A B AR TR 7 AR A E T, DINHAE A VIR R, e
JE A 1 S A AR o %07 T LAS BRI 2R K GaN, {H 2GR FNH;
(MR AARG, HEN K S NS . Woke, AR FHRFELECRAS &5 1444l
B R BRSNS, IS T g R .

SMNYEHSNE (Hydride Vapor Phase Epitaxy, HVPE)

HVPE 2 & 5 H T A KGaNI/MEM R A KR, 5MOCVD—HW 2 )& T
AR, WA e 3 E A,
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