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Abstract

Abstract

The substantial development of GaN based light-emitting diodes (LEDs) has
brought a new revolution in lighting technology, making people living into the new
age of solid-state lighting. To enhance the optical power of LED, much larger chip
size and higher injection current should be applied. However, it is still currently a
challenge to keep and further enhance the wall-plug efficiency at high injection
current. Therefore, how to optimize the device structure for the high power LED
becomes a hot topic in recent years.

In this thesis, the most important physical fields that impact the LEDs
performance, including electrical field, thermal field and optical field, have been
reviewed in detailed. For the electrical field, the devices current analytical distribution
models for face-up, flip-chip, and vertical LEDs structures have been analysised, and
a design concept has been proposed for improving the current distribution uniformity
of device. For the thermal field, we discussed the origin and model of self-heating
effect, including joule heat, non- radiative recombination heat, Thomson heat and
light absorbing heat. And for the optical field, we emphasized on the reflective
submount and surface plasmons effect which is closely related to the device extraction
efficiency. Base on the analysis of each physical field models, we clarifed the
coupling relationship of these multi-physics that affect the device performance, and
proposed a numerical analysis method for the device multi-physics calculation, in
which appropriate physical models and reasonable boundary condition are selected,
and the device structure are meshed by finite element method to solve the Poisson
equation, continuity equation, transport equation and heat flow equation in each
element. Finally, by utilizing the coupling relationship of multi-physics, we designed
a novel three dimension deep-ultraviolet LEDs structure which combines the
distributed brag reflectors with pixel metal contact. The numerical analysis results
show that such structure device has uniform current distribution, much higher heat
dissipation levels and well light extraction efficiency. These indicate that the research
approach based on the multi-physics coupling relationship provide us a much more

comprehensive, accurate, and effective way for the device fabrication.
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LEDIMF 7 LAETEF SR AR | 2800 88 S K e e 55 5 T A EUAS T K2 1
B, SN HHEN T R, AN K EE LED RO D) F A il k. 2012
F4H, Cree AR FIBIHT T FOLThEMLEDI ISR TEARMEE . 350 mAIKZ)
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Schubert4 A %2 4% I AlGalnN JU o &AL ¥ 15 v 7 PpE 4 218, Zhao%% A iz H
AlggsIng17N/GaN/AlggsIng 17N &5 14 18y & 1 BF 35 £ 1%, 1 Choi % A U & 3L
Alg gz Ing1sNTE A HLT-BHEY4 )2 (Electron-blocking layer, EBL)GEWS L AIGaNTE 4 24 1]
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T S MG AR A S % . S HE B B (staggered quantum well)[HAESISIT g 124 B
i 45 T P e 5 IX — A B AR . InGaN & T 1 45 AN RE S B InGaN
FIGaNAHE 2 5% AL = 2E i B A7, ] DA A7 SE B FR 723 e B 1L, A,
A K AE AR MR 2 R PETHI ) INGaN/GaNZ5 4 7 ek 35 A% Ak 37, BRI 1 RE 58 4 St
L2 I B A 2 ) A g POl s — T, LEDA R AR Ktk N T RS A1
WERAR,  Zhang% N\ K H =0 B SR INGaNM BHE N AMNERT R, #F-—2D 4%
i 7 InGaN T AR A A R8N T R RS 1 18 AL, @it ik e AnE
I INZL 73 InGaN A i A FL 55 1 30 60 81~ [ A ) SIS ) o A% D P 2D e
B, AT AR AR SRR T R (R T 4 A B R 5 2,

B T MM RLEE R4 75 T BSOS E S 2 4, NATEIAE R, S84 254 T DLE
AT R . Hodh i B 45/ LED(Vertical LED, VLED)#H1E 1 % Jy T H A M
At S AT AT DU I e 4y T WOk 76 R B i BT (e BT R A BED 1
WEARE, HFRAEZMME (FEREE) (ENFREMERAR: B
P s A AR, AR s R, DMEn-GaN B 5 & 8 Y i
b9, AR PRI AR T S A4 ST I FR A I R R R AR e A
POKF, M EREMAT K. ST RLEDRIN . $Em et He iR, if
JRIX N IE T REME R AT RE 2 (10 50F tE 234, 2 RIS LED H 335 1) —F A it .
Féufk (photonic crystals, PC) &% i A RCR B AR N & 2 —Fh,
FEN-GaN JZ T 75 T2 B 2 AL B 51 - i 14 e 0% A7 280089 iR T EASE Al 9% 516 14 S S8 AT
Sk AR Al B R R AR R B R B AR T R e T B AT,
FEAR AR 2K 24 (polystyrene, PS)SERBIVERIEBE, ADUEIN 161 Ak
WA, AR/ T TEGaN/SIOL/PS/air SR THI 4 5, $E mid i b 245 DA
13238 SR T A B T (surface: plasmon, SP), T S —Fh ELA R AT RGO
MBI, FIRX R GT 5 EPRK RN &8 B T RETE IR, fTLR R
itk 5 BRI,

S, LEDN T K R S5 8RR EUIA G, TR el A mdh e
FUE A THTE LEDSS A4 BG4 rh B 1 R

HIbFER, TR AIZL S AlGaN FTAINSS B 58 45 B 2 SRR B A KB R4
TH, fEE R OB IR BREHEI R EMIBEST . DL s S A AR
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IR 25 388 TR S A A 5 B S N BT S IR 55 /P LED(DUV-LED) 15 2] 1 B 1)
KIE. BRTHANE TR B O T10%, KCHEKAE278 nm, FEL: #1420 mA
N T 235 %19.36 mWET,

1.2 GaN % LED 88t £54 588 iR X R el

GaNZ: LED# 254 T B T HA I HIPE BT . HAT, 24 SICHEE 5 A+
JK. HTSICHIRASHA RIFHSHEMSHEGE, HLEDIAG& TR EN
fa ., A5 AIGalnPE: I LEDER 45 AR, iy HL i1 T HpMn s ok 70 S+ a1+
TP, PRl L RE SR IF b S FELR Y, S 3E F TAE T R pIRAs . HEl, Sic
IR BN INE L R AR F L EIRTECree A Al F I, HE AR 2 R A4k
F £ (Sapphire){F AHGaNIELEDA i . IX 5t ERLED S-S5 1 v B 2%, HpiE 2
AU E LT LR a1 25

(1) IEFE5M . L@ 20 vh AN E R R IE 38 X, 722 #E fn B X
St AR A FELANG s FE R 2 Pt 22 5 1T (mesa) il Ep B rE bl . 1 T-pZ GaN:
MgJZ BLRA K (~ 1Q-cm?),  MpZE A5 A A F B X LA E p 2R GaN 2 v SE L35 2]
MR AT . Nk, B2 p AL Fp R GaN 2 2 (R i/ — 2 238 W ok 4 15 B
[P RR U A ZE (BN AUS &80 1TO) /B A HLRY B JZ (Current spreading layer,
CSL). 1 T-CSLJE 2 [ Gid S e 1 PR A8 A R OGER U, L AUHE HL IR fie
MgsAE O E A BRI A, 1R s SRR OGRS R (wall-plug

efficiency).
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R (b) IR, RS p BUHAR: (c) |ELMSME, AT

SO R AR by (d) SRS, n A GaN 1A LI

(2) 81245 (Flip chip, FC)o X TAE G IR HILEDE A, AT Z MR b
R A B R IR AT S S G aR O FE R, T o TR s A A
SRR I REGT, AT RO 57— TR LA [ R B g5 A SR AFAE B
TF 2 4 ) UL A e LR A T, R E K R T 3R TAESRAF R, BAT
U 5 P PR SR SOAOT 52 g (o R el A 1) 4% 5 X5 LE S A M AL, p 7B e A U
K BA B RO R R R T, Y H A I B T VR R R R A R R
b T EASH AE 5 A A RO AR AR O . Rl B E B ROGIX
35 p 2 S FRAR ) TR] PR I 30 R G B EE A I 5 a2 HH BB Sk (D 2 AR
JWERERL, T A A A DGR BRI (1, ), TR VR X DGR SR 2 2
AR R &1 28R, S InGaN/GaN & T I Ag S 5 R 7E IE$4 (a)« 1Ak
{RI35 45 H(d = 0.67hn) (D)~ LARARALHT(d = 0.941,) (C)HIVEARH BN, M AT LA
WA B AT 1 B BRSO Bl B TR PR 5, AT DA A R X e i 42 1)
FERGRIR A (6, = 39°) JuFE N, RIREWEIN 7 &GRSR o,
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InGaN-GaN quantum-well (QW) heterostructure flip-chip (FC) LED:
Internal radiation patterns
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(a) bulk, no reflector (b) “tuned” cavity (c) “de-tuned” cavity

K 1.2. InGaN/GaN f& T B AR AT 45 R . () 8T8 Ag BRI s
(D) AARAL T T BE B (R A0, DR 43 o R B A S #RAE S A S bt i A (c)
ARARACTH S BE B I DL, KB 73 6 B BB TC ik MG E IR £ fe 24t 5 21 B e 2
AN IR IR ) 6. A AE T T A IR AU IR ST R AR 4 B R AR B

(3) MEHELEHI(Vertical thin film, VTF). 124501 32 BRF S2KH A p R I
p-GaNK TH & 75 =y R R & @& L, @i #E FEOsR SIS A R, %
nE VR 7E R85 5 (in-GaN i, JF/E A eim A, @it Akn-GaNIE 4 )@

PER R, PR AL AR (1, ~ 70% ). @it 2 1 %014 1, fin-GaN
RIMESUHI F R R AR S5 CAnEIL3FR) » FRA AR ) f BE DG
L AENn-GaNAN = I 1) 4 s i, SRBDGHRBUE R 1, >87% , HETMAEAOLRR
HAL I IE 2 2 A4 1 1 fe i 318961, 5 Al B 45 My f p R iAW 23 S o T 2
(I, e G 1 65 T 25 R Bl SR ) FRLIAL I e AL |l A SN SE A RLAT R 2 )
FEEE B e ST R R AR, AR A KB S5 I LED R 1F

Conducting Substrate
@) (b) @

K 1.3, AR n-GaN I 1) VTF-LED 45 #7m 2 & (a) F1 (b) fe F3%: %1 ik
J& n-GaN K H 1) SEM 5K (c).
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Evolution of light extraction efficiency for
AlGalnP and InGaN-GaN LEDs
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K11.4.(a)276nm i K HJAIGaN TFFCES M LED#FSEMIESLE, it A RS N
1100X900um?; (b)FHA & FiGaNF:LED 45K (=) SAIGalnPFHELED %S
PhEs OFH) JREUCRFEARIERE . “FC(Al)” 5“FC(Ag)” /3 5 &7~ K Al FlAg
VN S B A3 25 5 K 2 1 “CC(PS)” IE 3 B T 4 K 45 44 “CC(PS/ITO)” I IE
B R4t B A TO bl AR R 45 44

(4) JHEARI%E 454 (Thin-Film Flip Chip, TFFC). 45454 7 B H A5 M6
I 005 v (502 3 ) o R ek A o (R 3 000 i 4% 07 3R S AR G 0 05
SRR, AR SRR S L R TS AR, JEEn-GaNR T
TR, JeIRIRIEB0% LA . E1.4(a) ALK IE276nm T AIGaNR 25
SNLEDITFFCEE HISEMIE SR, 414 ML [ 5 75 9% A5 AuFISICIEAR E R,

A PR SR I AR SO AR — e R B R v T A R U R, 1.4
O)FT /R, Hsz b, GG H bR, FEARMURTRARIOLER, & LED#E
OB AR (RN E TR JMETRERES) IR 1R BReEAL
AR ERE IR, AT G 2 A TEBURE . IXSBHFERR T G F 4R Sk
FREEZ AL, AR ARRE ML ARTE, (EF b bt i S B 4
(oG SHUO R FE I B, AN AR 2 M P b 3R, )22 B PR IKLED
W 8 EFRR, REEWARERE . FTUILED#R M FiR g w5 ikt
(BB L i H RS A A T IR N, IR AR R B 2 R
M) 281) FiL e 1) ' B RN A B e i XA MK o | T3X =07 1T R R R R R MR AR iR, o2
M—FTENTF, TEARISAF LGN, ARSI Pl 45 i 1
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