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Abstract: In order to improve the hole injection efficiency of GaN based multiple quantum wells LED by utilizing
V-pits, mini-LEDs with different structures of last quantum barrier (LQB) layer were fabricated. The LQB structures
of the four samples are GaN (10 nm), AIN(10 nm), Aly 14,Gag gsN(10 nm), and GaN(8. 6 nm)/AIN(1.4 nm), re-
spectively. The recombination mechanisms were studied in these samples with low-temperature electroluminescence
spectra, and further validations were carried out through current voltage characteristics testing. The results indicate
that a larger proportion of holes transported to deeper quantum wells in samples with AlGaN or GaN/AIN LQB. Exper-
imental results show that the main reason of this improvement is the increasing proportion of holes injected through
sidewall quantum wells of V-pits due to the suppression of hole injection through the c-plane MQWs, thereby enhanc-
ing hole injection efficiency. LEDs with GaN/AIN LQB exhibit lower forward voltage and higher luminous efficiency.
On the other hand, a larger V-pits transport ratio can increase the non-radiative recombination rate, whereas limits
the efficiency of samples with AlGaN LQB. We conducted a detailed study on the carrier transport mechanisms and

the roles of V-pits in GaN based LED devices.

Key words: light-emitting diodes; last quantum barrier; hole injection; InGaN/GaN MQWs; V-pits

W B : 2024-01-31; 1E3T HHA: 2024-02-15
E2WA: BHEKARFFREE(62071405)
Supported by National Natural Science Foundation of China(62071405)



%55 ARG, S B VR TV SUE TR T GaN FE 4RO LED 19 23 S ARE 801
g = 227 T V U7 7V AT A 18 (4

B % R R 1 K R TH 4 T LED SR
Jr M R ROk R, AR 2 R BE RO
%% (Light emitting diode, LED) i1 T AL 5 |
T ko 7 e Y T T AR O B B )z R TE
DL R K R B, T GaN 4o i Y = &b Al
A Fl GaN % LED — i R FH 5 5 A 40 IS al ik 4ot
JES A5 S AT RS L 5 A DS 22 TR 45 Rl A 2 TR 1
GaN %& LED (1) 1 SiE & 1A 5 152 ¢ 25, U HXE T i 40
BRSO GaN 3t LED, H 88 00 Pk BE A0 A S K4
FhZs )™, $2FF InGaN/GaN £ & 1B 4 (0 & 6 —
P45 B Pk B S B AL 4 LED 4508 i F 97 0 8

X} T InGaN/GaN £ i ¥ Bf LED #5814 , Z it +
B H 808 - (0 R I 5 3R TR AR L e sk
RN R X5 T AL AL VI O .
1 T 25 7R L T L H A BT R A A 2800 R AR
BT # % , InGaN/GaN £ & T Bf 38R T 1& W &
BRSBTS, EE R LEDZM P, BT
2 B AL B BB 24 R i i 28 U A &
M FE 25 SCE AR R, 25028 UE ez p IX
(4 B S JLAS it P B P!, SO 243 X AN 35 5] 43 A i
BURS B A TR, KRBRS T LED BB RCE .

R T A SO G AL PR A T
Z %% 1. A3 SCHRIE o BOEBLUE B 38 A p-AL
GaN 20 h n-AlGaN 7] LA 25 R A% 25 7B ZE 20
A7 38 2 F 1 B4 J2 8 R R 15 T 203 25 X
HEAM, 2014 4F , Quan FFHE 1 GaN JE 88 144 Kad
T b A 0V TR AR TR A o AR L B R
T A S AR R Y X — W A SR ST O O
B 4814 2 9250 sl 0 RS, VIE HA 64
[TOT LT & T 0] B ) £ 4 7 35 25 4 1M1, 1 L0
B T I (18 45 P JRE B R~ A e T /N ) W Ak 3
A R A G i AN B T R AR Z & 1B
) FEAE o VBT BAT 10 34 58 45 70 A RILBE 0
7% B 4 1 T fiE S GaN JE £ i T BiE LED 78 Bt [
R T 10 em’ 15 B0 TSR A 88 kOGRR
1 JE R 22—

AR E N AP 2E 3 KT GaN 2 LED A9 %5 /e
ARV HUEIAE A SEAT T A & 0F 58, (2 B0 B 4L
WL, 9t HES AV YUkE a8 o A B 5658
BT E . AT T AN F Y B e Bl
)2 (Last quantum barrier, LQB) E A AL
22 25 7 GE O R TR EAL LE R

BERZ B 8RR A BRI B S
ST R SRR BT T B e A BRI
TEXF TV BT T i LU R 8 O i E Y S
M, S5 SRAEM , GaN/AIN e J5 B 2 248 7+ T
Z A T PF R 25 7OE ARCGRFILED B 6 RECR R
O IZ IR B HL BT T IRAARW .

2 % B

R it i A7 Pl 4 e AL 2 T TR R 48 (Metal -
organic chemical vapor deposition, MOCVD) 4 K F
o V-1 i AR B R = R HE (Trimethyl in-
dium, TMIn) . = H % % (Trimethyl gallium, TM-
Ga) . = H R 48 (Trirnethyl aluminium, TMAL) YE N
WU, AR R e 2R AR Rl f v ok
MEAMATWIRGEA . 7EAINZEMZ L LT
B2 GaN . n-GaN Z Jo A Kl 3 J8 ) Ing 0sGag osN
(2 nm)/GaN (45 nm) ¥ B ) B0 A2 J2 | 2 s HE
VLA 10 A #7189 Ing ;Gag oN (2 nm)/GaN (8 nm) £
@ 2 &5 1 PF A9 JA T A9 Ing 25Gag 75N (3 nm)/GaN
(10 nm) &¢ (4 2 4 7B, B )5 42 K p XS54, HP IE
AITEANZE R DL I 1 Ca) o O 7 T LA, AR S o
VO ZH A it Bk i i 4 R R A AR R R A 1 5 A
— 8, R PR ENERSES N —
VE ] 2 25 K il i W L5 A 42 1K GaNs BE L 1A
AIN ’ft% GalN; ﬁiﬂ% =LA Alo. 14Gao. 86N Wﬁﬁ'ﬁ)ﬁ%“
2R UAELEK S 6 nm JEM) GaN #2254 K
1. 4 nm J5 A AIN G, 03002 GaN/AIN 2544 .
i = 5 DU B B i AR )= S 4 R MR R
JEARAS . VUL R i d 5 3522 2 1Y A K AR IR —
B, AR BE 850 °C, S T T O 26. 67 kPa,
FIFEA LS ARG R P A K. EAMEA
KEHUG , UL RE SR HIAR S 7 i T 20, ad ik
MR A 45 B F K (Inductively coupled plasma,
ICP) Z il 1 58 S0 56 20 BOAR U5 I DUAR 2 B 5 HL
& (Indium tin oxides, ITO) B 8% , 43 5l il 5 R~ R
88.9 wmx144.8 um 1Y IE 2 mini-LED .t f o It
Ab IR AEA T AR UUR p XS54 1Y SME Fr FE G BEAT
H # # F B 53 8% (Scanning electron microscope,
SEM) F1 1% & B F & 3% $% ( Transmission electron
microscope, TEM) 14145 , LA T B UL WL 52 V 3¢
IS5 A RRAE . 181 1(b) Jy &t 7 BF R T 9 SEM AR
P, Al L B i 0L 5 B 7 22 4 BF R AR R R S A
AL g (a8



802 %6 ¥ ik % 45 %
( a) Last quantl1(r:xvlal])\'fx(rlr(iﬂl x(r];)QB)
- AIN(10 nm)
InGaN/GaN MQWs (| —=—-~- — - Al,, G, N(10 )
Prestrained film n-electrode sample3 | ...
- GaN(8.6 nm) AIN(1.4 nm)

Flat sapphire substrate

[Regulus 3.0 kV 17.6 mmx*30.0 k SE(UL)

Bl 1 (a)LEDFf i AN E LS 4 7 B 18 5 (b) 25 T PR 19 SEM A4 ; (¢) mini-LED i85 2% I iU il 14 14

Fig.1
mini-LEDs

SEM K& H i i 43 B 3 & S H L B 1
5% (HITACHI Regulus 8100) 3% 4 ; ik IR M1 £ & 6
I3 K H I H R R R IR 7E (I IR AR £ B (Lake-
shore Model TTPX) [ ##J& B T [ £ 100 K )5 5%
B s TEM B R 5 43 98 0% 49 B F W 3L BE (FEI
Talos F200X G2 TEM)/14& ; LED (9 56 Ha ¥ 5 F
B4R 22 45 (Instrument System ) P13t .

3 #R5%

P2 R T 16 100 KR BE AN [R] H 9 2% B T
15 4 A FE S BOR OIS vT LOULER B Y 4
vt J5 6 P IAE 8 3 4 T 4 KB o B B A R RO
W 2 A ik 1 (& v P2) , & 6 U K AE 420 nm 22
Fio AIN LQBEE fh 16 55 H A AR & A1 B 2 30
BMRZS AT BB 75 Alem® B i
A B P2 43 i, IF HAH LT A RE & LSS L AE
500 nm Zc 43 A1 BAM AR 5 o0 o OB LE RS S AT
V. b T P2 1ok IR, 75 22 HE Bk f Vs ) 2
p XA RER M Mg 24 B A CE & . MIEI 3
A DL SR B Bl A B BT, P2 B I R B
W BRI 56 2 /T R JCRRE  IF B
P2 R G K AE 420 nm 247 , S5 B £ 02 B T B
T DL K, KT8 LB Mg 24 IR BE B A &6k
K, B % B B Ay R AT Wy P2 B A AT
e IR 2 5 6 2 7 P RO, £E 100 K AR i

n <+ t P
10<In, ,Ga, N/GaN  9xIn,, Ga,,.N/GaN

O.....‘

‘.....
ea®g®go,

09g®g0g®

(a) Schematic diagram of LED epitaxial structure. (b) Plan view SEM image of MQWs. (¢) Optical microscopy image of
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