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GaN/In; Gai— N B fi Jm — /N8 7 35 22 25 M B AT 2038 i ROt R (LED) 83 1 W& 1 280K, & i
LED 2 i 4 A\ FLIAE 58 KT 5 06k ) i . A SCERIR TR S5 M S HL A5 AR AL ——In 490 6 B2 3 4 DA K%
WA . GaN/Ing Gai—o N i [HIAR A4 28 04038 55 56t 2503 LED #8240 P Be 10 52w S AR 34, RN gl 1 A IR 45 44 1
GaN/In; Gay - N B Ja— N T 20 TAENLEL, B S R iZ 45 it i LED TERERIMRA AR, fELRid
AR R 2 b, 8 APSYS U5 Bt 5L, B bR R AIRA T TS T Ing Gar — N R In 419y
JFE AR LED N & T AR RS2 M. 45 BR8] In 4L 38 G Bh T-7E GaN/In, Gay — N FHH 72 A2 5
Z HIRAL SR, 3N GaN DL HL 7 B4 2 b Tt 35 42 v B2, Db i 1l AT i LED [ & 7 20%;
fH GaN/In,; Ga1 - N B 5 — N7 20 Iny Gai— o N [ GaN JZ 8 LI T 2 [ 512 55 22 A B
TRV IS, B Ing Gar— N M GaN JZ= (K5 FEAFAE — e LB DLSELRORAL BN e L7, SE s

THCE.

X BRI B, KGR, InGaN/GaN £ & 7B, WE 7%

PACS: 85.60.Jb, 68.65.Fg, 71.55.Eq, 02.60.Cb

1 5 7

LA, R (LED) M 50/ R R J&
A A, B AN AE BB B U B R S8, Hrid H
RERRT TTREST U3 1 HE A ST LED Hfi
B LA E S NG 2 5w oL B
LED Mk CafH =124, (0 B iR 1E
B N R B IO, S8 RI N & 2% (internal
quantum efficiency, IQE) Z£J# (efficiency droop) ]
I8 61, 51 TQE % ) J5t R 6. 4% e 52 4 71 A1
2 RENCER B R 7R ) & N T R AR ER
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&, W LM 7B RE T 1 HH A AT R 2D )R
IR TR SR e 3E LED B R 6 1O X A%
R 2GRN, WA ORI T V2 AR 1 454
Bt X AT 2. Bl an7E p-GaN = 5 4 & HL ik
Z AN —JZ 1 nm JE 1) SiO, 4525, i #E LED
B E P M — A HLART I % 3% (charge inverter) [
£ p-GaN 2 H1 [a 4 A — JZ p B 1) AlGaN # 2, B
% HL - BH $4 )2 (electron blocking layer, EBL)/p-
GaN/p-AlGaN 5 il 45, #4 s SO 25 45 44 (hole
accelerator) 12, DL W7 45 44 B 1] LA Ak 42
1 p-GaN X B2 7 GE AN B E TP . 5t FER, B
THF A OHER, KRS 5k 5 & 1 B A IR
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X, i AR HL 2N, o BRI 7T 2 4R R p Y AL
GaN [f) EBL 3 B £ f1 7 fr) 26 3% [5) {52 9 [0001]
fm A AR K B GaN B & 1 22 5 AlGaN & EBL 2 [#]
FEAE SmAR KT, T BU™ E RN, 5 T2
5 EBL FHif b (0 L 7 R R8T BRI T EBL
by S A R R, SRR TR E. BRI
LED HJ& e, shabtxt T 7 R HIE A S a6
R AT = R LED 284 /% 3R, TR 7 #H R
N A A T AR AR A J 25 L EBLL &5 # 5k 23 i 7 ik
i U (B I v N B s b b 7 30
TERIE . A BEHARERIREE RN L,
SEIOMERE DL A AE R K. B T 9% EBL, LED H
BT RAMEMIER MW B FEANRCE T E G E
B2 0] A — AN YIS HE T 6 SR 2R 1 T e R
GaN/In,Ga, N BENTR G — a1 34 1622,
W T 92 B 2 e T B AR ARG S AT A PR 5 S
— RAN R F, KA EE [ GaN/In, Gay ;N
Bigls —NETH 2N KRR AE S BT
TSR T TH R SORE R RIS iE— 2B A 7L T %
S5k In, Gag —, N B S FEAT In 2H 73 5%F LED 2844 H
TN IQE P54,

2 GaN/In,Ga; NEN & E—PNET
£ B BRI

7 2011 4E, Kuo 25 10 9 Y 42 1 F H GaN/
In,Ga;_ N ZE KRB #fL 4 ) GaN i J5g — M= T
2. MATKAASR 12 nm B &5 — 1 GaN 2%
¥l 6 nm JE ) GaN #16 nm £ Ing g1 Gag.goN, M
MM #4 &% GaN /Ing o1 Gag.ooN B & 722, FHIBH
Lo 7 =AM RE AR T 2812 nm GaN
1) 1% 4t B LED #3 /4 (Original structure). GaN/4E
$2% Ing.01Gag.goN BT 224514 1) LED 844 (Struc-
ture A) Fl GaN/p-Ing o1 Gag.goN & T 22 45 ¥4 )
LED #& ff (Structure B). v+ 45 R & ¥, Struc-
ture A I Structure B ] IQE # B & & F Original
structure. =M B R ZE DR 5 AN 53%, 52%,
47%, R 0N R A B . RN A
TR BAE 100 mA % A\ HLJ T Original structure,
Structure A ) Structure B H p-EBL [ #4 22 51 £ 43
A 424, 444, 456 meV, LT H Structure A HI
Structure B HL 3 1% HE 2% 5 /)N T Original struc-
ture, UESE T GaN/Ing g1 Gag.goN 4 & T 22 Y] EBL

XF BT I B R A T AR Ge a4, AT AT DL &g
% LED 24 1F I IQE. 5 RN, Kuo 2 10 34—
Xt LE Structure A Fl Structure B, K p M5 &K
Ing.01Gag.0oN JZRE N E FBHEMLTE 2 12258, AL
GaN/p-Ing o1 Gag.goN 8T 22 Be ik — 20 B 21 1
PERE.

b J5 VT % B 98 & X GaN/In,Ga; N M i J5
—AETR2EEWNAF R MAERT T LK
WE UL Lus DDk A 98 7 10 nm GaN AE
N JE— A& T 245K % 90 LED 2% 448 f R H
10 nm GaN/10 nm p-Ing.05Gag o5 N BAE A& G —
ANET 245 LED 28 5. 8 i 52 56 9 & B
1F200 mA NIRRT, &E—MET 29 A
p-Ing.05Gag.o5N JZ [ 25 £F 6 Th 2t AL G i X bE 2%
PEEE ST 39.7%. MA@ 05 HAH ORI, N p-
Ing.05Gag.osN Z R 2 IR 758/, HE TN
ORI B B sy, BT DAIQE 5. Bl s At A Tk
— %) p-In, Gay . N 4 A\ 2 (1 In 2H 4395 [0001] 4=
K7 mEEAT 7 B0 3 0.06 AR, @it B it S
BB A A In 45 1) GaN/p-In,Ga; N i 5
— A& T 22 LED 28 1 1 30% 32 A N 5.3%, 1
%€ In 41 43 11 GaN /p-Ing 03Gag.o7N & T 22 LED
BAE AL 48 GaN & T 2 LED #2388 1 3% 9.3% A
21.7%.

Lin %% 191 25 & i} i 7 GaN/In,Ga,; N % &
Ja— N E TR T Mg B8 K. AR AT L
7 GaN LED (8 nm ) GaN {E Af i — M E T 22),
InGaN LED (3 nm GaN/5 nm Ing o;Gag.o3N{EA
A — AN &R T 2) M p-InGaN LED (3 nm GaN/
5 nm p-Ing o7Gag.osN1E N J5 — & T 2) =4
ANFA 2 LED 8848, H =804 140 & 7 20K
EQE 6 Th 2 bl By ik i 1 fros. mTLUE 2
B & S N HL LI K, InGaN LED Al p-InGaN LED
& [ GaN LED (1% th U) % K, Hp-InGaN LED
T H DI #AE 1 AV E NN T 2 GaN LED /9 1.35
5. EQE#ETH 23, KA p-InGaN LED ()30 % %
AR 7%, ECER S D R s R, (R TEAR
KB (N F 200 mA) T, p-InGaN LED ] EQE
HERMK. AT WX FHAER, IR RS T
JF i (SIMS) X} GaN LED Al p-InGaN LED -4~
JCE I 2 (B A3 A AT RAE A (Wi P 2 Fiiow), R B
p-InGaN LED " Mg & 14 8 2 & 1 P JE X H,
NI 5 3500 7 R DX D A A IR B B AT, [P B 7 o7
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s A R AR A A D P91 I DAZE TR N FL TR L8R
fICIS, 437 T (5 4 LA Shockley-Read-Hall £ &4
F, MEQE MK, HAEZRIELSE BT GaN
LED flInGaN LED P4, {H [ 25 i A\ B3 (1038 K,
WA G AN N R A, BTl LED 2%
PR EQE H 0 B i 24 gk .tk DA, R
& GaN/p-Ing.o7Gag.g3N 45 ¥4 BE 2 I 1R 4 1 RUR,
B & 7E 52536 1 BT Mg 8 44 1 Ing 07 Gag 03N JZ &
i R Mg J7 7 ) & BE 1R, R0 75 S s 40 i
T 2.

aur . —GaNLED 41000
- !\ ——InGaN LED : ]

40 ! ——p-InGaN LED =00 %
x 36 ; 1600 2
-~
g’ A
5 32r 1400 2

=
28t 4200 ©
24 40

(; 2(I)0 4[I)O 6(I)0 860 IOIOO
Current/mA

1 (MAEE) AFRENER T GaN LED, InGaN

LED fll p-InGaN LED ] EQE f1t3)% [19]

Fig. 1. (color online) EQE and output power of the

GaN, InGaN, and p-InGaN LEDs plotted with respect

to the forward current 19,

@ 1020 p-GaN p-AlGaN InGaN/GaN MQWs

e "\/\/f\'{\"\_\/

1
, pdnGaNLED_In | 3

\

p4dnGaN

1010
E GaN LED_Mg
 p-InGaN LED_Mg

—
(=)
=

*F GaN LED_Al

Secondary ion counts/5 (arb. units

1 i 1 i 1 L 1
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Depth from surface/nm

,_.
=t
5

2 (MFIE£) SIMS £4E GaN LED fl p-InGaN LED
AN TEER 4 A L (L)

Fig. 2. (color online) SIMS depth profiles of the GaN
and the p-InGaN LEDs 191,

b 4b, Liu % PO A2 8 LED #8 £ o 4% 45 1)
30 nm AlGaN Y EBL (#5 4 A) 58 % 15 nm p-
InGaN #1115 nm AlGaN 214 # EBL (#3414 B). i@
SR E EQE, AILEE B IE R HAEN N AR
TEU R FRAS B T ok, Liu 2% 20) 3% T sz ag o & gk
41 EQE 5 B ¢ R, R4S Lin 25 29 {2 1

) ABCD &1 A A 5, P &R E A5 3
ABCD A AHRL ) REUE, KILF P84 A
2 DREFBR TIRE) L84 BM RE D %
K30, TR H R A 2 InGaN /AlGaN EBL
SER AR AT B YRR T A B SR R 2 9 T
R R NITiTR: ) | NE AN =G 5 SR = A =
). i HHSUESE 1R BRI A B TR
EBL &b 1) T 35 22 5 B2, gk L1 AT B TR X
HR R IR AR, 038 LED 88410 IQE. BRI
JrE BEEN R EBL &M, (HH S B T
GaN/In,Ga; N M j5—NE T 22451.

1 2014 4, Kyaw 25 P46 A £ In, Gaq N
W) In 41 23 34T 1 B p s I, AR ATT A D B B 0k
WInH 5 A H In,Gay_NEZ A&/~ H £
O i NI e S S B O 1 A v A
SHEBLA SR A 2T E. Bk Kyaw 25 P 78
RIELED &R —EZETHL2HBEE %
FIRTHE S, Y [0001] & 4R A2 J7 1, o 3 R i
In,Gay_,NJZH 5 H 73 B3 nm Ingo15Gag.ossN,
3 nm Ingos2Gag.gasN, 3 nm IngeGag.o1N. SE5
MR E B, B 4% GaN/In,Ga; N &/ EH 5 —
&2 LED #4+4F - BUR LR T 48 GaN fifis
Ja— AN E T2, HAE 150 mAfIANHR T, In
HorphEARLI GaN/In, Ga, _ N &Ja— M E T2
SR RSB EQE S 1 11.98%. i B4 H
#W, GaN/In,Gay _ N5 5 — A& T 2245 4%
1 R R 38 0 fa — > B 2200 FL - ) B A AR
H, FIRHES 7 EBL AL S A 2 S B, FRIC 7B F
HOIRNEA MTIAETS LED #8045 547 10 H AR

B 5 Zhang %5 122 33— ) B GaN/In,Ga;_,N
g7 L2 EBLA T 47 5 22 0 & 19 AR A 5
A B A& G LED 45 #4 v GaN B i 5 —
AN BT 2 F p-AlGaN & EBL 5 1 &b i T 4 4% 2K
i, /£ GaN/p-EBL 5 [ 4b 51 2 8% fb & B 7= A4 1
HL fuf, 3 3 H 7 B 5 (electron accumulation) 7E
GaN/AlGaN Ft[fi, 115 5 1 &b (1) J& 38 i+ W 2
8 OK, T npp eer (85—~ % 5 EBL At i &
R R I 7 UK ) 860K, W EBL AL 3 % 42
W&l WwRLEDHFMRE 1R T2XK
H GaN/In, Gaq_,N 45 #), 2% [& 2| 4£ K J7 7] 72 1%
[0001], (A E7E GaN/In,Ga; N #1724 7 ik
AT, GaN b#h 2 B2 SEH TFER (electron
depletion), Jik/> 7 In,Ga; . N/AlGaN F [ &b (] H
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THE, NiJHE 7 EBL S 44 2 26 LT
TR R, M T IQE. [FI Zhang %5 2 it
— BRI, T GaN/InGaN F i 4k i # 4k s
i B K HLEZ A T GaN #4135 22 = B, B Ui s
—/NE T 22K GaN/In,Ga; N &5 #AUERH T
[0001] & 17] ) LED 4544, %5 T [0001] #f1a) ) LED
450, 1% GaN/In,Ga; N & TR R 7 ¥
IR ME=E, /N T LED [ IQE.

3 B RERE R

SOEEITA E B O ER i B R BL A R,
GaN/In,Ga; N& &5 — M E T2 Frble
3% LED HyERe, 22 HT GaN/In, Ga,_, N Fti
H AL s e, S EEBL #2275, e R TR
A AHIRATTH R AT 723 7E 5 GaN /Ing Gag — N
BB Ja — B 1 22 IO ik 45 A 280 N, #82 4s H
& 52 /1) In 41 43 A X In, Ga,_ N N JZ J& & >k it
TR AG Bl H. GaN/In,Ga; N&M x5 —
AN 2 LED 1 In, Gay . N 46 A J AN [A] ¥ In 26
I3 MR FEX IQE AR U M AN 2. ik, A
HFH APSYS 3 A4, &F X GaN/In,Gay N 7 45
#4) v In 2H 43 Fl In, Gay N 2 1) J& FE % LED #% £
PERE IS BEAT T RS0 7T, DAL it i 45
4, SEPLLED (1 IQE 42 J& i) fe KAk, A i &
BB ENL x 10742 mOs— T S e B BK L
(conduction band offset: valence band offset) %N
70 : 30 81, A A6 F B9 40% BT, BT 60% Ik
A FL T B 7 A B AL B R 1 B Shockley-Read-
Hall i 1 x 1077 s P9 56T -V e 344k 1Y
FoAt AR R ZHmT LASCHR [30] 1521, B 3 A ST
H ) LED B3 A 45 14 B, 95 [0001] 77 18] 73 791 72 HH
4 um JE HBZRWE NS x 10 cm™3 ) n-GaN
3 nm Ing 15Gag.gsN/12 nm GaN # Bl 1) 7 %) &+
B, 20 nm p-Alg2GagsN M EBL, Pl 0.2 pm
S8R IE N5 x 1020 em 3 [ p-GaN. E &5 — 1
BT2PERE THAZSH, KK In,Gay_, N4
NEFIn A5, Y ARE In,Gay_ NHiNJZ 1) JE
[, I %€ GaN/In, Ga, N M Ja— M ET 21
MR 20 nm. S In 5 2 S0 5% E RO,
0.03, 0.05, 0.07. In,Ga;_,NZEEY 45 & &
N1, 5 10f115 nm. HF 2 HOK, K12

By GaN#4 K}, Bk gl LA B — 12N
20 nm B 1) B 1) 2% LED #814F, B8R~
#9350 pum x 350 pm.
p-HIAR
———
i

p-GaN

Al 2GagsN EBL
In,Ga;_,N(Y nm)

2
GaNRE—RERF2(20—Yam) |[ 20 ™™
Ing.15Gag.ss N2 FBF
= %
GaN#F2
n-GaN n-ti
n-GaN

3 (IR B LED B4R S, 25 %
GaN/InyGa1_ N F—METL2 P In KA, ZH
Y A% In,Ga; N ZEE, GaN/In,Ga; N B 5 —
Fig. 3. (color online) Schematic diagram for the
LED structure. The parameter z represents the InN
composition for the inserted In,Gaj_N layer. The
parameter Y represents the thickness for Iny Gaj— N
layer. The total thickness of the GaN/In,Gaj_N last

quantum barrier is fixed to 20 nm.

IQE Bf# In 41> F1 In, Ga, _, N JE Y (28 4L,
M B R AFT R, M4 7] DLW %2 31 78
35 mA FJHIFEANT, GaN/In,Ga; N 5 —
N BT 228 M2 E I IQE B W & T #.4l GaN fF
NEJE— N2 LED #84, # HA®In,Ga,_,N
) In 5 2 2 /b, B Wi K In, Gay N 2 1 J5 B
Xf LED #3141 IQE M 520 J- A B &8 {H 2 mr DLW
SR EFFY N5 nm i LED 844 () IQE AH X} H A
BB, MER—EEY T, M%E n 451K,
LED #F I IQE B B8 K. N 743 IQE Fi &
In 5 Fl In, Ga; N BB Y BB JFEF, 284
HL 7Bl 5 In 2050 RGN 2 B Y 18k in 5 B
7N, BTCAR I In 20 73 80K, 284 100 He -8/, 78
A—Inl5 F, B% In,Ga, N ZEEAAL, K
TEY = 5 nm I 28 15 (19 HE 7 AH XA (5] J5 2 11
PR AR, T AR A BB 5 Hif B T AR 4
IQE B ) Y Al In 21 43 25 10 B 35 16 47 40 I,
RV HEL T, TQE #OA. R E Al DLHEDN H IQE 1)
AL 3 BR TR T AR AT S S Y, X AT
T FTIA 1) SC 5 H i 1 SR R — B30
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68 T T T = T T T T T ..
o | ]
E ./ ]
66 ¢ E
64 F E
} b /l\. m]
Zi 62F m e
N b ]
® e0f * z=0 E
i E —m—3=0.03 ]
Iﬂm 58 - 3
z : z=0.05 ]
56 F —B—z=0.07 E
54 bx @35 mA
52 bt

I S R T R TRY
InGaNJEEE /im

4 (MITIRE) 7 35 mA AR, BA7F In 45

Il 3 fisk LED #3441 IQE Bi% InGaN JZ 2 B #7281k

Fig. 4. (color online) Under 35 mA current injection,

IQE at different InGaN thicknesses for LEDs illustrated

by Fig. 3 with In composition of 0, 0.03, 0.05, 0.07.

30 T o T
.* llllllll
: 10} .\. — *ow=0
251 st - i —m— 1 =0.03 7
L 6t p x =0.05
20F at —m— 2 =0.07 7
X r o ]
H? s - — 5 @35 mA
15E o
B b 024 6 8 101214
L | |
10 F \././ ]
5F
0 1 = 1 1 s 1 1 T 1 1 u
0 2 4 6 8 10 12 14

InGaNJ&E B /um

5 (MTIEM)7E35 mAMANBR T, RAAEIn
7> 118 3§78 LED 2% F 10 I fL 7 B InGaN J= & 12
KA AL (BUHE Ao 8 EBL AL), i8N 2 = 0.03, 0.05,
0.07 I I L 7 Bl 5 AR AL R TBOR

Fig. 5. (color online) Under 35 mA current injec-
tion, electron leakage at different InGaN thicknesses
for LEDs illustrated by Fig. 3 with In composition of
0, 0.03, 0.05, 0.07. The Inset figure presents the curve

variation in enlarged scale.

N T R R BT BE 2 T 2H 0 B 00 TR R Y
AR, B Y 310 nm {H In 45 A A LED
i Re T BR T 6 (a) 1. MBI 6 (a) IT DA 52
F, In,Gay_. NN T8 &5 — 2+ 1 GaN
1 Re i I & [0001) AE K7 M B4, XFEEERET
1E GaN/In, Gaq N FH1H &b 25 7= AL il AL 6 fa e, 7
GaN #7724 7 — /N IEHLIg (1Y [0001] A2 77 1 1)

W5 mINIE). BAN KRB GaN K% 22 5 o, B &
In 4155 B3 0 7+, 3% 2 T GaN/In, Gag N
ST B H A7 B B In 21 43 19 38 0 3 22 51 1.
e K, GaN JZ2 5% HL - 1 BH £4 1 #E S 68 ) Bk 58,
HL ¥ BE 9% BK 3E i GaN #E N In, Gay N [ HE 2 5t
i K, I In, Gay _ N &b B HL 7 9 & (nLB/EBL)
Bl & o BN TR Pk 2>, 53 Ah, Bl In 9 40 43 38 i,
In, Gaj_,N/AIGaN &b 1584 90 [ 2% (AE,) ¥k —
BN, nyp eer MK H AE, K, AlGaN %! EBL
(5 L2 A ik v O, BT o 380, AT HE— BB, T
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Fig. 6. (color online) Calculated conduction band diagrams at 35 mA for LEDs illustrated by Fig. 3 (a) with different
InN composition and a fixed Ingy Gaj—;N thickness of 10 nm, and (b) with different In; Gaj_;N thickness and a fixed
InN composition of 0.07. Different color lumps in Fig. 6 (a) Indicate the area of quantum well (QW), last quantum
barrier [GaN (upper), GaN/ In;Gai1_,N (lower)], EBL, respectively (from left to right). The symbols for the
polarization induced positive charges at the GaN/AlGaN and InGaN/AlGaN interfaces as well as the polarization

induced negative charges at the GaN/InGaN interface are denoted as + and —, respectively. @A, @e represent the

conduction band barrier height for GaN and EBL.
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Fig. 7. (color online) (a) we and (b) pa at different InGaN thicknesses for LEDs illustrated by Fig.3 with InN

composition of 0, 0.03, 0.05, 0.07, respectively, under 35 mA current injection.
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Abstract

GaN/In,Gai—;N-type last quantum barrier (LQB) proves to be useful for III-nitride based light-emitting diode
(LED) in enhancing the internal quantum efficiency (IQE) and suppressing the efficiency droop level that often takes
place especially when the injection current is high. In this work, GaN/In,Ga;—,N-type LQB reported by the scientific
community to enhance the IQE is first reviewed and summarized. Then, the influences of indium composition and
thickness of the InyGai—_;N layer on the performance of LED incorporated with the GaN/In,Gaji—.N-type LQB are
studied. Through analyzing energy band diagrams calculated with APSYS, we find that the [0001] oriented LQB
features an electron depletion due to the polarization induced negative charges at the GaN/In,Gai_.N interface. The
electron depletion enhances the electron blocking effect and reduces the electron accumulation at the In,Gai—,N/AlGaN
interface, leading to an improved IQE for the LED. In addition, increasing the indium composition of the In,Ga;_;N
layer will generate more negative interface charges, which result in further increased conduction band barrier height for
the electrons and reduced electron leakage. On the other hand, for the GaN/In,Ga;_,N-type LQB with a fixed indium
composition, there exists an optimum thickness for the In,Gai_N layer in maximizing the improvement of IQE for the
LED, mainly because the interaction between two mechanisms co-exists when varying the thickness of the In,Gaj_,N
layer, i.e., the initial increase in the In,Ga;_,N layer thickness will lead to an increased conduction band barrier height,
which prevents electrons from leaking into the In,Gaj;_,N layer. However, further increasing the In,Ga;_,N layer
thickness to a certain value, tunneling effect will kick in as a result of the simultaneously reduced GaN thickness-the
electrons will tunnel through the thin GaN layer in the LQB from the quantum wells to the In,Ga;_,N layer. This will
cause electrons to increase in the In,Gai_,N layer. Therefore, as a result of the interaction between the above-mentioned
two mechanisms, there is an optimum thickness for the In,Gai_,N layer such that the electrons in the In,Gai_.N layer
will reach a minimal value, which in turn will lead to a maximized conduction band barrier height for the AlGaN electron

blocking layer and facilitate the performance of LEDs.

Keywords: GaN, light-emitting diodes, InGaN/GaN multiple quantum wells, internal quantum efficiency
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