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Abstract .
distributed Bragg reflectors (DBR) for white light emitting diode (ILED) flip chips was studied. The results showed

By combining numerical simulation and experimental test, the reflectivity characteristics of a

that the reflectivity of DBR film structure with 25 periods could meet the requirement of white light spectrum from
400 to 650 nm. It was compared with a conventional Ag/TiW metal reflector. In the white light spectrum range of
450~460 nm, the reflectivity of 25-period DBR was about 3. 4% higher than that of conventional metal reflector.

The radiation power of white LED flip chip with DBR structure was improved by 3. 59% compared with that of the
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conventional chips with Ag/TiW metal reflector.

Key words:

IR AR L A8 (GaN LED) L B Ay
il R AT SR AR IS (TR R 7 3 TR
SO A, TR 25 R | PRGSO 30 A A5 U A
£ P 0 S (SO F R A T AT B et
GaN (5% LED f9 &R E A F] 130 Im/ W {HATS

Y FS HHA:2017-07-04; EFS HE : 2017-11-23
BB : EAE S AR5 B3 H (2016 YFB0400900)
E&E

distributed Bragg reflector; white light emitting diodes; flip chip

PN FEIS R RACRME Y . GaN LED E@Eﬁ‘ﬁ?ﬁl%
FE A RCR R BCR g™
I B AR AE KA AR 0 120 1 A5 I I J2 A o
(R, AR PER IR FRCRE 20k 8] 80 % A . SR
T SZABHIZ I AR W2 AT A K I 358 D 1 g A 1A
AR, BB B i T2 HIER LED #2444
HUHCRAT SR AR, 33X 78 W 25 300 1ok AC 73 1 b e 4
F$2 DRI BAT SEPR

IR FF 1986 —) L U LI TEB AL, T AW A LED Jf R fF & TAE.



272 KT AT BT DG LED #2685 19 DBR SUH5e

2018 4F

J TR E R EUSCE , GaN LED % 5% FH #8451
Rty HAp R PR AR (P-GaN) R 1 14 B
HI RO 2 BRI & B0 B 3 DA B A IS & 4
25,38 T IE T FRLAR G & S R B, i
— PP EA R R R RO 2 R AR AR
BUSCRNAROTES . B3 nEI%E LED B H % R
R REIRVE N RIEE R (AD VR (A %, A
XS4 J 11 S S 23R 78 1 6 22 22 BE 400~ 650 nm
B SR I AN A R S TC 26 BT A e & 1006 7 R 5
F AR TR IR

FEXF LA [l AR SCRIFGY T —FhAE 400~650 nm
W B ELA S5 R A AR R (SIO) A AR AR Bk
(TiOy) A & 8] & JE AR 1 40 A =X A i o6 I 5 8%
(DBRO™ , BRI T 3 AR H A IR DBR fiE
RIS IR T 25 ASFE I DBR R 2 GE 51
& 400~650 nm Y S5 SR 5 SR 5K I A 1 25 A JE
1 DBR 51648 Ag/ TiW &)@ SR 0 R 5 3 Rtk 1
AR IPRVEXT U oY . 2455360, DBR U2 AT
DL A R T 1 LED BOEHRBUSCR .,

1 BEPitHE

A Software Spectra 2y &) TFCale fiE 5%
TR X SIO, A1 THO, A A R R P4 1
JER) R G R AT S A SO, Al
TiO, AT 5 30 Jo] 40 850 ol 15035 oy 13,20, 25,
TR HFRBBE 400~650 nm Al H B35 98% .43
BrtA R SR EE . AR5 X s ik — 22 Ak,
fi e 2 SRR R AN 1 s

100

80 f [
K 13J&DBR
60 w

20/ #DBR

20 - 255 IDBR \\’\,\\‘)Q
oL N

P PR TP BEPER SRR BRI SEPI BEPE BEPE P B
300 350 400 450 500 550 600 650 700 750 800 850

P K/mm

B 1 ZR[A) & DBR (%)% 5 E

AfLIE #: D = A AR FE RS DBR 78 400 ~
550 nm Y B 1 ST — B0 IR e 7E 980 J L I,
LG RSB0 N T 30 55 19 D 3% A8 585 2) 25 AN JE
1911 DBR P83 FEl 72 400~650 nm I Be W4 g 1%
W52 FDG LED By RS K . (HfR TR, RE 0
Z JA %) DBR R 6% 5847 2 (2R (H A ™
A B F TR, 25 AN JR Y DBR 344 S2FR & .

2 SRR B A RO R

2.1 ZEMHEURREENL ST

SHPPNGERE A SOk 25 A E W) DBR 5
15 Ag/TiW 4 J& I 5 B A B2 S 4 vkt L.
H A G323 7] ) 24 9% I 3 % OPTORUN OTFC-
1550 HI4E 25 A& Si0,-TiO, B DBR B, fdiH
B IR TR B R4 Dk 51 4 FU-16PSB. 78
BB F A5 Ag/TiW 48 & 9185, TRl i 1]
HITACHI 235 U-3900 %148 4h-T UL A3 5656 22 110
LA b W S S 5 1 S 5 T A il 350~
1 064 nm, AFHAEEHN 10°,

P 2 T oAy S o 04 1 7 o 45 4 11 2 55 RT3
ATLAA 3, 78 400~650 nm % B, DBR 2 54 4
PEIR B T WO R, R B R A 9800 K LA B i
Ag/TiW & J& It i S R d5c i ik 96 26 FLRH A
PRI % R R TR 7 DGR
450~460 nm Bt DBR [ Ag/TiW 4@ & it 1)
P RE Y 3. 4%, X R G LED {825 4%
PR ] DBR AE S 52 62 7T LS inAa R 48 0t
LRI R SRR A R I PR EUOR

100
90 |
80 |-

Ag/TiWZERy

30 F 25JHHIDBR

O [ oA a1 PR PR PR R B Y
300 350 400 450 500 550 600 650 700 750 800 850
K /nm

Kl 2 DBRY Ag/TiW @ S G158 00 S P




52 4

KT A T DG LED {81268 7 19 DBR S5t 273

2.2 B|HHIEURLEENKSXTEE

i 1% DBR R4 & R0 DG LED 8125
S CHR IR 1 52 i 48 79 o IS S 455 53 ) 22 B T
RF A 0. 25 mm><0. 56 mm A% A L I
RGN, %18 3] DBR RS 1 &4k W i
2. Ag/TiW Sy B i 4 @ )2, &1t 7 Fh e
Ot LED %t itz A, an &l 3 s, Hor, &
3(a) ) DBR 4544 i [, #R iR K & : 1 i DBR B
2,2 RIEERAR, 3 A H (ND L IERR (P PR 45, 4
A P-GaN, 5 b ITO-F:#1 2., K 3(b) i Ag/TiW
L IEEEHRE R 2 f1 4 T RERMIEZE 5K 3
(D—FLAR M1 SIO-4e2)2.3 I N § &
4.5 N ITO-FHLZ M Ag/TiW 4 @ 4514 ) 1 )2
(WZHEA) .

[ ALl

____

_

(a) DBR Z5#4 i &

(b) Ag/Ti/W 43 &8 45 ¥ i &l
K3 ekt s
FRYE LA LR BT S8R A A IR A GaN 3
F1Ot LED ME /il 45 HA DBR 2544 BR800 7k
fho URIERR R 1) R H B A A R R 2 il Ah
FEF % N BVE AR (N-GaND J2 5 2) FI| FH G0 S 1
P-GaN FHJL 1TO W, FH PR R kI R R

Fefihs3) ZE KRB /50/ 4 (Cr/Pt/Aw) 4 &8 2 VE R
WSk 4) RGP R AR AERE A HME Fr |1l
£ 25 51 DBR B 55) SR A R B A 5 B TR
ZIph AR FE DBR 2 b 20 ok i S 5 6) 28K
Cr/Pt/Au &8 Z1ENEE BN . 5 DBR 4549884
A AN B & Ag/ TiW 25K SN E B 1 3% A7
22Kk Cr/Pt/Au &R EER N HIRY e 5% T
Ag/TiW 2, DL BT SIO, 1E 452 )% . &q
Zeah Yl HE IS OGRS R A T
I SR B 454

fifi 1 HP1500 Y5 2 AT A 7 e fi g BR 23w AR
438K 0. 3mLED-R98-A-V1 Xt 2845 1 6 v M B 47
M. 7 150 mA LT, DBR 45491 11 LED £
YRS Ag/TiW & @ 451 F %6 LED B35 R
FOEHEYERES BT g T 3% 1, fTLLE S, X T
DBR 2548 #5844, 24 & J1 k4 451, 94 nm B, HOE
LR 3. 27 VL ERGT D)% Ry 207, 56 mW; X T
Ag/TiW Z5Fg 8844, 4 & I A 451, 63 nm B, H:
IEM R 3. 23 VARSI, 200. 37 mW, XL
LEIIIA, 25 AN JE DBR 4549 19 (156 LED 5135515
FARXT RS T 3. 59 %, I B A SCi% 1A DBR 45 44
A DA R B 5 110 LED MG IGI0E

# 1 150 mA BT DBR 15 Ag/TiW & B &1
B3 LED @3 4 skl s bt

RGBT HE/V RS/ mW S /nm

DBR 3.27 207. 56 451. 94
Ag/Ti/W 3.23 200. 37 451. 63
3 & i

RSO HIREAUTT 507 i U T 3 A AN [ A 3]

(1 DBR 2 GEH] T 25 4N JE 19 DBR GERE il /2 1
Jt LED BT R . e33R Eornliil e 1 25 4
JEl 3 DBR 2548 [ 2 Ag/ Ti/ W Z548 SO JZ %)
FOT PIE R RO R . SRR fE DL LED f#%e
L4 R DBR AR 8 RO JZ AT LA 80 i G2 i
S8 o BRSSO
1 GaN #:Ht LED S E R b #4730 R T
e ML SRR AR TAESE Ag/TiW S S
(F3% 279 70



5 2 3 B REE A O S EON I 5 A0 SIS CMP B ) 52 279

AR SCGE WS EH Y pH B A6 T
AL S R 2N T W A e G 2 ok R R R T AL
B s, 45 20 a0 R KBRSk pH (ALl
FEHE 7 I RN B ) T i e G S ek /)N 5 3% TR A
BERE pH (B IO He T % 8 T 8 Se i/ e 3
B T e TR A . M pH AR 10. 5,
T 27, 6 kPa 6k 555 R 40 r/min. il
AL R 45 r/min JiiEA 160 mL/min B, 2B%
WA R EAE 2. 69 pm/h, F RS Bl 0. 184
nm, 35 B Tl v B ZERKF. [RIET, AL AL X 45 5
Tl AR 7= B B L

2 % X .

[1] NIUXH, HUANG Y H, ZHOU J W, et al. Influence of
nano-abrasive on chemical mechanical ultra-precision
machining of sapphire substrate surfaces [J]. Keys
Engineer Mater, 2014, 609-610. 130-134.

[2] AIDA H, KIM S W, SUZUKI T, et al. Surface
planarization of GaN-on-sapphire template by chemical
mechanical polishing for subsequent GaN homoepitaxy
[J]. Sol Sta Sci & Technol, 2014, 3(5): 163-168.

[3] ZHANG Z, YAN W, ZHANG L, et al. Effect of

mechanical process parameters on friction behavior

(L35 273 7
i, DBR S S5 ] LU A 20 = 6 LED Bl

& % X #k:

(1] B sl i, A0 7%, 2, BEXS KT 48 LED fR B &
GOt S B R N [T &t Hi. 2010, 31(1).
96-100.

(2] RIS AEREAR . 5. 48 BT LED Bt nl Dt
WM S [T, Ao, 2010, 31(1): 882-
887.

(3] XI&sk, FRE, [rBesE, 25 #%E GaN HAOL — K
EEHIEF AR [T]. k240, 2007, 28
(S1): 496-499.

CA] pr o, fheng, Mg GaN BB LED E R 16
PR, S0 (1. AObede, 2011, 32(8):

and material removal during sapphire chemical
mechanical polishing [J]. Microelec Engineer, 2011,
88(9): 3020-3023.

L4 EdR. XVEW, MR, 55 35 AR08 1ok % T
[T]. e T2, 2006, 36(1): 46-48.

(5] fgefli, fmud, HEKF, 45 ARER % A6 ik
SEHUMIE AT [J]. ATk, 2013, 42
(6): 1064-1069.

[6] X&E, XVEW, WEE, % BERXE AR 2R
REEm (1] 3 HE A, 2010, 35 (11):
1064-1066.

[7] MCGRATH J, DAVIS C. The effect of thin film stress
levels on CMP polish rates for PETEOS wafers [J]. J
Mater Process Technol, 2003, 132(1-3) . 16-20.

[8] PIHTILI H. Tribology in engineering [ M]. Rijeka;
Tech Press, 2013; 47-62.

L9 whEER, wmHus, SRR, & Wi (M) Jbat.
FAERUE L, 2001 505-507.

[10] Rk, 5= A K GBI S8 p 5 (D],
BUM : WL Tl R, 2010,

[117] LUO J, DORNFELD D A. Material removal mechanism
in chemical mechanical polishing: theory and modeling
[J]. IEEE Trans Semicond Manufac, 2001, 14 (2).
112-133.

L12] XURRBE, sk TOE, Mg, S RON R EE il 2 iy
NIRRT [T P25l Rez2A4i, 2016, 50(3):
90-93.

773-777.

(5] #oh, Z5aEsE, XK, 4. 488 LED SMEFR0R M
rgEitE [T, BARE/R, 2012(5): 31-35.

(6] #hmi. $2e GaN BEIZE42 LED IS R A FROCR Y
g (D). EmHK: PR, 2012,

(7] FeEGE, 23058, HTCESARBIEHEA) T2 %
JEARAF (LED) SR B St e AR [T, B HH
5%, 2016(10) ; 232.

(81 MWi/NRI, VIAHE, 2558, 45, AlGaN/GaN 43 1 Bk
R BRI SRAE [T sS40k, 2005, 35
(11) : 888-890.

[9] BEARM, TAL#, @R, % #2IIEFRCRMN
LED S 85 M B AR [J]. SRR AR,
2014(2): 2.

[10] #h%R, %, %, & LR AlGalnP
R R ICRHORI S [, 2 FAR% M, 2007,
28(12); 1954-1956.



