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Abstract

The patterned sapphire substrate (PSS) is a new technology developed in recent years to improve
the luminous rate of LED. This paper mainly introduces the principle of patterned sapphire sub-
strate to improve the light-emitting rate of GaN-based LED, the effect of surface microstructure
(geometry and size) on the luminous efficiency of LED, and focuses on the key technologies in the
preparation of patterned sapphire substrates, including the preparation of mask and graphic
transfer technology, as well as two main methods of substrate preparation are: dry etching and
wet corrosion, and the advantages and disadvantages of the two preparation methods are com-
pared. Finally, it is pointed out that the nano-patterned sapphire substrate is the key development
direction of the future.
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1. 5|15

B8 AR HOB 5 REVRTHFE IR, RAEREN R B0 H 25 52 B E AL 7EREWIAIR, LED HA T REIR IR
Far . WBUNEAR S, TN AT &MER[] [2] [3]. LCD &6UE[4] [5]. i B [6])4 4T, 2%k
TR (GaN) MR s LED tHIE, Hil4 E6ARE AT, MUILA N HRAEERAT . IS5 A1
S EAHR SIS T2 RN fERR, SRR UAOGIR LED KA B4 & AL SR
WIEHST R 2T S5 . VENET—RESGIE, LED AT RRAN KBS, HIASKREH L H i
ARAFAE R

GaN J2& ELET BRES/ATRE, 25 58 FE nldad 5 FAR TR AL 0 B 544, M 0.7 eV (InN)EI
3.39eV (GaN), Fi# 6.2 eV (AIN)Z [AESEAR AL, HH I 35 K78 ] AT ik 25 4> 7] WL X (1771~200 nm).
XAFARZIARAE G L e B U 202 [7]. ARG, GaN % LED #PEEHrik ik ks s
A RS ER AR RE . AT B RE AT B SRR AR, I A AT A IR E T AR L
BE. PIEEMES. MRS TR K G THhl%E. B2, BT GaN 5= A 2 HAFAE KL 17%I1 ks 2k
R IR L) 26% MK 2R ORI RE , TR AR 36 5 A 4 B AE KK GaN AME J2 HulA74E 10°~10" em ™2 I fr
B8]0 KB AR A T B IR AR S R O3 2 R B Mk R N, 7S LED M BRI Sk
AR, BT GaN AR T 450 nm K 6 8 3R (2.5)i K T2 S He I it R (2) [9]. A X6 Tikik A
%) 237, REHBPETYIRFITEGEX AN, B0 LED MIGIRBRRAL. kiR m e FIEsME)Z &
RIS, A DIRERE AR R, HERS] T LED 18 H A .

BRI B, 3T AR R R I B R AR = 4 R R (Patterned Sapphire Substrate, PSS)fE i/
GaN AME 2RI K 3g = LED H3 5 T e m AR UF (808 « B R AGIE E A+ R B A R TR s Feik T 27
W T A R T R A AU 0 R IR T o R X R B R AR = A R AT, RS K
I/ BT A AS AN UCEC T = AR R ), RIS RRAL A 07 AR, (A AL 3 BE AR 1~2 DM E . FrsRfg )
GaN #MEZFR R ¥ H, LED (N E TRCREERG. BRIz, ERER GaN 4MEZfeisif/> LED L
PR P2 A2 v, N . oV E B, BRI A4 R AR 3w A T DX T I ki g 2
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A S BRI FE ST
2. IRUWEESAFIKES GaN & LED HBXR{/ERIE
2.1. &K GaN SN EB(ESE

FIRAC T F A AT IR RE TS 2 R IC GaN SME 2 h AL T, Rl T HAR M ME k3 7 GaN
FORHAE R RE . GaN HME R AE B S0 I A IR AR T AR K R (n I &l 1 fos, A 1 Al B
H, AEAAEAT R IR S 2 TR A1 1T X P9 (1 GaN A4 kE, LT R 2> ) BB EANE 2R, (HRER IR %
I BB GaN #BE, FLALEETT [ A A 9045 il , WU A 2oy ANBEIR BISME R 2R 1T, AT AT 24K GaN
HNIE SRR T (MO B P AR A A AR AR IX AR AR S = bt iiil, R T BT, AT
fem T AR TR EAERIA, BN XSmO T 008 3 AT R B, AR TR IR %
W AR, BHE Y I S A0 0E 5 A0 A TR A SE R L9 (I T, PR b B A B T4k D A 23 3 T (R 7 4

SORGS

Sapphire

Sapphire

Sapphire Sapphire

Figure 1. Schematic diagram of GaN epitaxial layer dislocations grown
on the surface of [9]: (a) trapezoidal PSS, (b) tapered PSS

E 1. BRCEEAWKREDEK GaN IMNEEMLEREED]: (a)
BEERKEEANE; (b) HEEERLEZTANE

A, B R B R 0 ) TR T SR L, TR o, DR, BRI
AT T E R GaN AMER K. [ 2 FoR T Wl ST RS F I ST IR ESME GaN 44
PO, T RE L, A KEERICE LRISMER, FBRHE 2 T K AE MBI S A
HAMEE.

2.2. HEMAIREE

SRR, BRI SRR AT LED BIIDGHIE, S 3 B, T AR s i
FOTEAE, JEATT R B TR X I T I A AT S VR, IO T AEHRIA G, 24 P4 T8
eSS, TR, R, BRI TE S 7 M A IR T 0 M, (249 LED Jefi
SESTIN
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Figure 2. Cross section of GaN epitaxial layer under TEM
[10]: (a) on PSS, (b) on ordinary sapphire substrate
& 2. TEM T8I GaN SMEREE[10]: (a) BEIRHKIEE
AFEK; (b) EBEEAFIEK
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Figure 3. Photon motion paths in GaN epitaxial layers on different substrates: (a) ordinary sapphire substrate, (b) PSS
E 3. FEHEL GaN SMERHARFIZHEE: (o) HBEEANIK; () BRUEFTAWIEK

3. PSS RME LIRS LED RN EAIF M

SRR E BRI R AR RO A, [ P b AR ETMES I LT ST, M7 T KR MTF5[9)]
[10] [11]0 HF R 57 R IR B LED SRR IORH, ERILITZH00 s s R R 7
T AL A TR B LR R AR IR . TR I U S50 8 T BRI LT AR B R
3.1 JUARRRS LED RABRHFM

SMERER RSB RN ZFAEFTVIRR, B XN, i S, gullca FlTAME =
BRI, IR A . T GaN e A KRId RE iR ) AR I A 1 C k%, DA, SR
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FEARRBARKIEZE A, RO BT U AR e ) 5 ) R AL IO RS MR REEIR, SRR,
HRIER, Haik 22 urE WIFERECRA R, & SO, A b AR AR AT gests> C i
THAR EAZE /NS IX BRSO H

ik 4 R, CWARIRIETE B, AL BEAR TAMEZIER, GaN TR ZIAb i, il id i %
ERTZESH, (it GaN Bt K, RIFINERZBIEA . SMERS B AR R AEAR AR AR/, Hik
WAE—E R LD 1R S R E S VR IC AR AL R . SRR, 55 C T B A BT AR AR,
RRIGIN T HCEAESNE JZ A 38 I e 5= AN S e 2463 2 1Bk Ay FE ZESR K L3

[FIREKT, S AN R LA TR 0 ol R i S = A R R S5 388 it 1B i L (Y LB 2 5 A R AR 5 4
FABL, H A 2 BROPRAN [ HEAR 5 M Rs BT X 38 C T T AR P 2 i, AROR AR BE MR D 1 AP IE A K R iR s
Aok, BOE BB G AR, R R AR A il T, KON 7O I S A BRI A A )L
R, IO 2 ) 2 A TR

20 um

Figure 4. SEM cross section of different stages of GaN epitaxial layers growth
of on a grooved pattern sapphire substrate [10]
4. ITERER AR L GaN #&ESMEAE KA R EL AT E SEM [E[10]
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3.2. ERRTxt LED AR

TE B SAL IR A 1 SRR R IIMITAG R B, % IR ORI A R ETCK RS, BB KB R R R, X 4t
JRETER T L MEAE RIS . REM TR, PUKEE R F AR R(NPSS)ZEA I WAIMEJZ 4K
J BB R R AR, KT ORI AT F A+ R (MPSS) ¥ A T . J5 RITE T B IR RS 467,
PR S AMEJZ 2 (815 5 = A A5 [, AT — AP b SRR A TS 5 A A J2 R Ak T AR, A7 A SR TBC 5 AR D
FEAEAMEEAASTE D, dnlE] 5 Fran, NPSS RER = A 1) 25 B2 Bt it KT MPSS. BRitbz 4k, HT 5
PHRN T EA R E 2, FrOCEMEE PR E R LR . K 6 AZHERER SN B R 6
ZE, fEFEANHN 0~100 mA G, MPSS FUHARI G4 m T NPSS. 25 FRTid, B RSN,
B TRESMEE R, e EeacE.

2 pm

®)

Figure 5. SEM cross section of GaN epitaxial layer [12]: (a) on a MPSS,
(b) on a NPSS
F 5. ERATRESMNE GaN E iR AT E SEM [E[12]: (2) MPSS;(b) NPSS
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Figure 6. Relationship between light output power and injection current of
LED devices prepared on ordinary substrates, MPSS and NPSS [12]

6. BBEHIR. HKFPRERAK EHZH LED S LHHIE
S5FNEREAREL2]
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4. ERUCEEAFRORIEIRE

BRI AR S RSP R, —RMRH %, “REREEIEMNETR. M52
FEIE AT P Ll 2 A R B SR IR B, T T O D R I S0 s SRR DR 1%
BRARREIR I B HR B S A AR b, RS AR B A R %

4.1. {BRIRHIE

4.1.1. Ni ¥epz
Ni 25 T 6] & 4 B ARL, B RAEE A £ S RS — 2 LA MK E R &R AR A
ZIPHE IR, AR JE B2 T 25 B R AL NI HERR, PR R A R~ B e T AR [13]

4.1.2. SiNx ¥&f&

) FH 45 8 7R 8 5 Ak, 2 SR URR B2 R (Plasma Enhanced Chemical Vapor Deposition, PECVD)ZE i % A1
FIE BV — )2 SING B A ZI R, i A HL S (R R B AR R, PMMA)ER S AMT € L
a T HIERES B, PR B AR e/ B A BR B, A fe i s B B 20 ok B TR 36 % 28 SN R [14]

4.1.3. SiO, F8jI%

FI A & B8 PRI sR AL 22 S AR DU R YT — )2 SiO, Wi [15] [16] [17], F @i briEeZ) T ZFZ i
Hi AR EE AL SiO, #EF[18] [19]. 1 /& K H HEHH & %5 % 74 (Inductively Coupled Plasma, ICP)Xf A
PRI SiO, HEIEAT 5Bk, ATIAE SiO, #EfEE L il £ I [20] [21]. Heillth, #57E SiO, HE iR . Z 40
KER, AT TSGR BT AL EE =00+ I FE I I 2 [20] . BR T ICP, AR AT 3d ik 2% b 48 Ak 21 el 551
(Buffered Oxide Etch, BOE)/E il {E KAk SiO, [14].

4.1.4. KRR

PRI AT R I e iR — 2 I UROR BRI, Gl gt xS e. . B Sb R
R LR SR BDEZL L, 1 DU AR 2 R O HE R AT 2 ih B B TN R R B R
WEEE AR

4.2. BRI

IR A T RS T A — R BRI T B, M A 27 S N st ) R 4 25 07 ORIE 2 Br
Hit. BRI RN, 55 A AR AR BV ORI N T 2010, S A A A IR T A5 2 5 1
& P ZAFRT L ARV BT o 220 P AR SORESCRT 23 9 1 20 b R 425 8 e o e o

421, FxZlm

BRI A R T2 T SR TR ZI T2, d@d mE ) TS S F R R,
I GRS N ARTE BN 2B BV, R38R ST AN, FVEZ0)n] 7 A stz 4k
SN ZV A E . A E A 2 = R3],

WP 5 o 22 i A HL IR B A O PR s T A IR T, 48 R A3 B T R B A A R
ek BAPRHEACE TR TS R Gt . BT zikE TR GRIE, m Tz ekt e,
U 2 A Z AL R RS R, W T() R . AR R SLZ ik R FH AR R AR R I R RS AR S A A
BERAEA 7 SN A B o0 5 A BRI SR BERE B 5 B H K, BBk £t . ZIi ks id 4 5 14k
R I SEYE, G4 BUS B R R AT S M 200, AR S35 R R4 SRS, AR AR U R
VIR TR TAT R I, A3 SRR B B A2 SN2 i) AR MLER AR ] 7(b) B
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WEL, AR RS ZI P N 5 S SR 2 A ROR, A ERYIETE S NS . IR
TIEHE R A Z i B J7 T, LR ER AN 7(c)Fram . 2 o e 2 i o A R AR T A A R
MRER IS . A0 B, FEMPRRELAFIEE I, M5, WRMES 2SR A O,
Ty R P S B R T M A PR e e T SR R S, (AL SN BE S AR SR AT

‘ Positive ion
* |
®

@

‘ Reactive gas
*
®

(b)
‘ Positive ion

¢ |

Reactive gas

©

Figure 7. Principles of dry etching: (a) physical bombardment etching,
(b) chemical reactive etching, (c) physical and chemical composite

etching
B 7. FEZ: () YIERERIM; (b) LFRNZIH; () ¥R,
HEEEZIM

W AT TR e s P S VR S R SR BRI A . DO ZIR[22] [23] [24]
YERFERE, F3 /M ] F SiO, B Ni A AFEREA R . 535 W 5 A (AlLOs) RS =1 22 AICH;, AlBy
5 AIF; (il 178°C, 263°CH 1297°C)4%F . BRI = A TE20 72 H BCl; 8 BCl;-ClL, fE R
FHEZ A, HARK T2 4E4 4364 BCl-HBr. BCls-HCl. BCls-SFs. I« CH.CI-Cl, 25, #SH
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Ny, AR,%£[23].
LA BCl A9, A AR TR M A 5 S B AR I R
BCl, — (dissociation ) BCI, +Cl (x =1,2)

BCI, — (ionization)BCI} (x =1,2,3)
BCI, — (excitation) BCI, (x =1,2,3)
Al,O, +BCl;, — Al+BOCI, +Cl(x,y=12,3)
Cl+Al - AICI,

BOCI,, AICI, — BOCI, (gas)+ AlICl, (gas)

42.2. {BEEH

TRV bR SR P AL S i R A 2 B 7 ORI B 2 bR AR B 1), B3 i F IR T 21 ki i
SR TSI 1 R, O R AR RN OR RS B R, sl 8 i . WRIRJE Bl A
Forikfa s, ST, WEE AR RS = A0 IR, a) IOMYE Y BT SENA R
b) K4 & RAENF R ¢) FAAEA A LAY HO7 s TFdh R Tf o 5 FBEE A kE, @5 vl LLE £
DS e 16l R AT B S S 7% 5 72 e T i 2 D o S 1L S T P AP N 0 e
B RS ERE. FN, BT R IEAAAERE T, BT DR E R Bz ik, R %)
b D3 A R R NF A 2  8 11 2 T R [25]

Reaction interface

Sapphire

Figure 8. Principle of wet etching
8. AR hREE
B ZR AN 5 A A STV 2 Tk Py FH VA 0B 5 HoSO4 5 HaPO, TR R 1A 2, ZI IS VA WG FEAE 240°C
~320°CYEE, PRIUEImIEZI @ H R SiO,. SIng BE Ni /g, I3 ih 3 B e N7 7 R 4 R [25] -
2H,PO, - H,P,0, +H,O (T > 215°C)
2H,50, - H,S,0, +H,0
2A1% +3SO§‘ +xH,0 — Al, (804)3 -XH,0
BT 5 T, FEZ0002 B el WIAES= PSS dh i 15k, mfE s — ML M R B mMEs M
EHAH B TAME R ) ARG Bl AL S BRI I e . AT EZI R DN EEE g R, K
R KA &3 %h 50~200 nm. HTFEZI 0 T2 7R LSEIURER . PR 14T, B A AR 3
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Ko FEZIHLE B BEEE H 2 S A A RECR IR T T B, I RE, SRR 2 I
YES MR SF RN o REER O THEZI RS2 A RIS, SRR, T iz i 2 L 2
FEONWIE S, XA T S A A SO B R T A 5, BRI PSS BN H e R A g

MR, MEMZ T AN TERE . ARy R T7 2 TZEAS. i, —it 6 5&F
PRI T M, A Oy —tt 2 ST A BT IR ARAS 2 — i, 1 HRER AR R AR AR JFH
FEIERII S5 AE N, HAB R A ik 1 pm/mine BILVF 228 AME, 521 AEAE LED KRR A ™
PHE GBI A B . 988, IRIEZIM R REAFAEVE 2 1, 15, AROm i dR A 22 o 2 X i 6 Al
N G A B . FLUC,  H T P A 0 2% 1 R P A5 2 et R v B TS e, i BT 1
“undercut” BLR, AR FRRIEZI MR, FTETERE R R T 2 R P i E AR — R RS
HT TR 2 s T AR PR RN, A RIS R4 PO B 70 O PR FE /DN o DA 28 T2 Fl ) P 7 i
WA T, i 9() . THARTHPHAS 1B AR A, (et 7B AR, g N
T HNE SRR A K, RO AR AR A R AT R i, BRI S RO R T
PP ERAT BE TR, AE A [T . L T HEZI M T s s i, sl 9(b) Firs

Figure 9. Micrographs of PSS prepared by different
methods [26]: (a) wet etching, (b) dry etching

E 9. REF5 A& PSS B MEFZ[26]: (a) 58
ER; (b) FE%IM

MIE 2, TEZIMER AR BT, RS MIMEZR i, SIHDOERCR, KR
LR, HRTEZ 2B A IR o TRRIEZ i A A s iR, i BE % 5o IR IR 5 P 4 il A
T [ A AR AE L, IR R4 JE LED KRR A 7 i R4 BRI RO

5. B4
BRI = AT IR E AR —Fh 5 ok /D GaN JE/ME Z A% L MmN B TR HEA . I
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AR P AL T A0 A IR RENS R = LED I HDRRCR, ZIekti, 9RG R B S AR 2R K
PSS A AT AR SR I E S5 1. fE PSS HI%& 71, T MBEZIEAT 2 F IO, (HZ M2 2R
5, PRI v SR 2 KRR 7= (K 7, (H R AT il TR B B L B et At 34 5 [ £ &1 72
TR LN T ER — 20 75 BRI 1 S B A AL
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