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Effect of Hybrid Nucleation Layer on
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Abstract: A hybrid nucleation layer consisting of sputtered AIN component and mid-temperature
GaN component was developed to improve the internal quantum efficiency of yellow LED. Transmis-
sion electron microscopy, X-ray diffraction, and Raman spectra were used to characterize the crystal
quality of InGaN-based yellow LEDs. The optical properties of InGaN-based yellow LEDs were in-
vestigated by temperature-dependent photoluminescence spectra and electroluminescence spectra. It
is found that stacking faults are formed using the hybrid nucleation layer, which can effectively re-
duce the dislocation density and residual stress in the epitaxial layer. The dislocation density of
yellow LED epitaxial layer grown on the sputtered AIN nucleation layer and hybrid nucleation layer is
5.04 x 10° em ~* and 3.98 x 10® ¢cm “*. The in-plane compressive stress of yellow LED grown on the
sputtered AIN nucleation layer and hybrid nucleation layer is 482.71 MPa and 266.38 MPa. By re-
placing the conventional sputtered AIN nucleation layer with hybrid nucleation layer, the internal
quantum efficiency of yellow LEDs is increased from 12. 5% to 29. 8% at room temperature of

295 K.

Key words: yellow light-emitting diodes; nucleation layers; internal quantum efficiency; stacking faults; piezoelec-

tric polarization

W B HE: 2021-08-27; 1&iTHHA: 2021-09-09
HEL£WMA: E%AKBHERE 4 (52075394 ,51775387,51675386) ; 5 T A4l & 4R K I A A SCRpHR0 98 B3 H
Supported by National Natural Science Foundation of China (52075394 ,51775387,51675386) ; National Youth Talent Support

Program



512 3 EEH, %, BAMAZEN InGaN 2 #5k LED P& TR 1915

1 3l

W AWy b4 RHF B 5 1 3 2R 41 B T 204k
ST ol N e ¢ S BNy R T B = N S P S D
FHRTES) . H BT, InGaN 3 & 96 — W 4% ( Light-
emitting diodes, LEDs ) 7E ¥ )¢ I B B 4 B F 3%
R (External quantum efficiency, EQE ) & £ #8 i
80% . Widt LED ¥ 96k 1 1106 LED (%
TR T L 3T 200 Im/ W, HIE 2 [F] 42 5 8 £
BN ECRRT . ZE AR A M H G LED #
i [) IF SR A 8 AOCRCRE AN B A8 8, InGaN JE
it LED B R B CR  (HJE InGaN <7 B
LED (46 B 240 06) 4k it FRCRMALS . Bk
AlGalnP 2 LED 7E £ 5697 B HATAR 5 1 S0 &t 15K
T EHE DA /N, AlGalnP #4 K} 9 HL T B
77 2k 4 B BR AT B O B) 4 A B BR AT
AlGalnPHE LED 74506 % 8% I B ) b 5 72008
AP AE W EFEARA BLR " . I, InGaN 4 LED
I AlGalnP %t LED fE 4t 0t & 8 % I B i 2%0%
VIR, X B AR < 5256 15 V5 ((Green gap)”
E S

29 InGaN £ LED N & F %K (Internal
quantum efficiency , IQE) #F — 2 # F A9 A H £ &
A (1) FFEAES GaN 2 18] By &b ks 5 50 441
ik B2 S B, BUME AN AE )2 v A R A R
BRARNL T, — 2 AR T B 5 A R (2) In-
GaN Fll GaN Z [l fF7E & 2R B , 5 250 hh MR Bt i
B3 (3) 1 In 4143 19 InGaN i FBF2 T 2K IR
A, U T B R A R 0L R A ik
B " 5 (4) InGaN/GaN £ 1 BF 4 14 J L A
LA NE & S AT N Ul A U IV
( Quantum-confined Stark effect, QCSE) ‘T 3 B, T
VAR A S G = 8 D R NI 3 [ R
BAEBREY ) FEERAFIKE GaN SMEREZ
] AR GaN %2 RIE AIN BSA% )2 At St
AIN B JZ 55 7T DL 22 ff 4 IS 5 GaN Z [) #Y & 4%
R TR i 120 A A S T2 A A% B ) R A A
WA R R LED BN R RR PR
AIN JA% J2 7T LA 46 S A1 SiE A K IR T 42 8 A 7 A%
K, BRI, AIN 5 GaN 2 8] [ A fh A% 5 B 25 =
HIZT GaN S A T it (1 afF — 2 4R 4

ARSI R T —Fh b WA AIN JZ A GaN
JRHEINE S W, 2 G MR/ GaN St

nu\4

b5 I SRR 2 B A TR T GaN/ B AT A
T B4 2R TE 1 7 9 BEL 1k A7 45 45 [ 0001 ] # 17 22 e,
KA B T W85 ( Transmission electron mi-
croscopy, TEM ) | X B 2R AT 8 ( X-ray diffraction,
XRD) $7 2 56 % | 48 IR 5% 3 & 5% ( Photolumines-
cence, PL) Fl H (% % ( Electroluminescence , EL)
W23 Hr 8O6 LED A0 4E J2 19 & 44 5T & FDIG 2% 1
e, WEREREZY, 25N ZE LERKE -
GaN ZEHOE LED HAE I AIN % )R B4R Y
InGaN %:355% LED H A 5K 09 07 55 %5 12 A T 1
73, % HLHAT 5 A A 5T A R TSR

2 % B

FHEE AIXTRON Crius 11 438 A LIS
AH UL FR ( Metal organic chemical vapor deposition,
MOCVD) & £ 7F 6 Hi~F ¢ H-F F 5 5 A ik LA
1 InGaN J& LED SME 25 . >R FH = B 2L 85 (TM-
Ga) , = H A4 (TMIn) | = H Z 48 ( TMAL) f1& S
(NH,) 43 5IER LED AP 2E A Kol f o Y Ga U8
In P AL A N PR Z00(H,) M (N) 1N 3
R, ZRBE(Cp,Mg) (BELE (SiH,) 43 JE A p-GaN
B2 Hl n-GaN B2 Mg I Si W, N THISE
A RN EOE LED &G RE R S m , 3R AT 4R K
T LA ST X L B ISR AIN A% 2 ) LED
FEdh A BB Z A M2 LED 4 B, TS AIN
A Z B4 R F NMC iTops A330 AIN W5t 2 4%
TEWE T AFHE U 10 nm RIS AIN 2 =V
T S5F 3 A P A 99. 999% 1) Al 5 A Sk T SRR, A K
TR 650 °C o B4 B2 1l 5 R F MOCVD #£
10 nm JEAGIEST AIN J2 FAMEA: K255 nm JEAY R
GaN 2 B KR 850 C

Gy IAE TR BT AIN B 2/ AR R MR A
W% 2/ A E LA K InGaN/GaN LED 4h 4iE
25K 7E 1 100 C FAK 2.5 pm I ARB 2 u-GaN
JZ37E1 080 C FAK 1.5 pm B EE 2R n " -GaN
2, Hp S B AR IE R 2 x 107 em 7 7E 850 C
THEK 6 MEM M In, ,, Ga, s N (4 nm)/GaN (4
nm ) B8 A A& N RIS s SRR AE 730 C TR AEK 9 4
JHWIE In, sGa, <N(3.5 nm)/GaN(12.5 nm) £ i
TR A EAR AR EE T AE K 25 nm AR p-GaN
2, Hih Mg 9B 42 N 1.8 x 10™ em ~* ; 1E 960
°CFAK 7AW p-AlGaN (4 nm)/GaN (4 nm)
A AR AR LT RS2 Hoh Mg (B4l 2 x 107



1916 K )

42 %

E (4

em s B LEAH AR T A2 4 200 nm (1 p-GaN )22,
Horb Mg B4 N 1 x10% em ;SR 5 7E 885
CFAEKS nm WHBZE p* -GaN 2, Hi Mg (195
FUSEH 6 x 10" em S IRSFTE N, AT 720 CF
B K 20 min PAEHE Mg 32 3,

Wit FEI Tecnai F20 i 5§ H 7 i 730 455 0 22
LED #MELEH , % ] Bede DI 43 ¥ X Sk 4
SHCIIR G LED A1 4E 2 (002 ) X % 1 A1 (102 )
AEXFRTE ) o AL, K Renishaw $if
BHUFE AR RE 5 E, R oA B i
RIGIE R 514 nm Ar + BOGA, W #O% LED 4k
FEZMERARN ST, R Ry 405 nm R TR
16 mW Y GaN Je2 RO EHVE Mk 6,
16 10 K F1295 K i B OB BUAObE ., R
TR BR 1 % B8 U5 ( Keithley 4200) F1 SSP3112 5
T ASCI R i 1) FR ORI

3 &R 5tk

Kl 1(a) MG LED MAME 25 M R &, &l
1(b) NHEE LED MHMELE R TEM &, W& o af
LR AR S GaN SME 2 A B 1w &b 7= A K
DA, 4 0 55 1) 1 Gk A O B2 2 T BE, K
1(c) BHES B 19V B BT K M i £ & F BFY TEM
B, AMEE K 3 #E H InGaN/GaN £ & 1B A4 2F
FUR BE AR, 76 AL Kb T 1 — ol 5248 7S b A A 1)
Beps , B0V BT VO B T S 7 B AT
B 1(d)Jg 7 DK p-AlGaN/GaN # k% 9 4
JAWI Y InGaN/GaN £ & T BF TEM [, th K& nf
H1,InGaN/GaN £ & B 2544 th 1) InGaN 11 J& &
217 3.5 nm,GaN FEFEZ R 12.5 nm ; p-AlGaN/
GaN # S # g5 #) b p-AlGaN FEFEE 2 4 nm,
GaN RYEE LN 4 nm,

B2 R T A% 2 BT X R RSB SR .
TS A A GaN Y & 46 B EIOR I ik 3R B0AH 22
AR B SR I B AIN % 2 78 AP SE AR K
AL AR B Bt 4 7= A R 6 B D 25 AN A i BIORT A
fEZ Bk 2R B, A& 2 (a) R, B 2(b) BoR
THAE & A )2 /GaN FUTE Ab 77 A HE Bk 2 A 45
R, HE 2 J2 A5 0 A7 A A R ) T 02 45 W [ 0001 ] A
R T R T ANE)E AT

&3 S RE T [ 10-10 ] Sy 4l () 8% 8% i TEM
SR AE . B 3(a)  (c) 2 A AN A FILRE i
B 1EfT ST K g =0002 i 3515 i XU 437 514, &

Bl 1 (a) B6 LED AYSME 25475 3818 (b) #6 LED i
S FE S5 R AT TEM 8] (¢) V BT BT TEM
&5 (d) p-AlGaN/GaN # @i 4 | In, 45 Ga, s N/GaN £
it T BEACR A TEM 1A,

Fig. 1 (a)Schematic illustration of sample B epitaxial struc-
ture. (b) Cross-sectional TEM image of sample B ep-
itaxial structure. ( c¢) Cross-sectional TEM image of
V-pits. (d)Cross-sectional TEM image of p-AlGaN/
GaN superlattice and Ing ,5Ga, sN/GaN multiple quan-

tum wells.
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Fig.2  Cross-sectional TEM images of sample A (a) and

sample B(b)
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Fig.3 Weak beam dark-field TEM images of yellow LED.

Cross-sectional TEM images of yellow LED with g =

0002: sample A(a), sample B(¢). Cross-sectional

TEM images of yellow LED with g = 11-20: sample

A(b), sample B(d).
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Fig.5 Raman spectra of sample A and sample B
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Fig.6 PL spectra of sample A(a) and sample B(b) under
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