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Fig. 1. The efficiency development progress of yellow LEDs.
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Fig. 2. (a) Schematic structure and (b) in-situ interference
curve of GaN based yellow LED on Si substrate.
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G52 2O GEIE M R Y R Ar 2 L P AR R L
2004 AFAHFfI 2 38 B 5 B KSF 1Y GaN /St BE ik
S LEDPOL 7R 5 ¥ AEff e T AME B fa 2 T4 T
ANTEE AVAHAE L 22 AlGaN W Y2, A
T4 i B Y S v Iy, {4 T AP RE
ZAK N T, BT E T PR AR KR 22, R
5 T R AR 3 O AT TR )2 A RE R

2.3 ZEETEER

i T A7 A R e GaN /S A 1 Ifi 4 55—
KRR, R T I R 54 17 g R s %
B, AR T 257G i IR 450 SO AR 231,
T OEAE Si AR BA K i AIN Z20h)2, FiAE L 1
FIH GaN 5 AIN @48 2R fic ™ A5 19 N 3 T i —
A K SR GaN, SR 5 I JCHE I 7E 2l 1)
HMIENE GaN &5, FRARALHE % B, fJa A K n-
GaN T 2. ZE 4 W 245 GaN/Si b4kl &
PTFEHT R 24, H XRD(002) F1 (102) 25584
A /NE] 325 FI 342 JRFD, % B RRIRZE 5 x
108/cm?.

24 MAFTTEBRENNEEE

In 4434 30% B9 Ing 3Gag N 15 6 & F B i
B HHZ R 0.3292 nm, i n B GaN A9 &% H 4L
9 0.3189 nm, Wi KL EE Ik 3.2%. ANCRAE n Y
GaN Z I H#AK Ing3Gay N, B E T B2 3
BRIy, 2370 K 207 A ms2m: |55, &
N IIAF T FBE In A UK, s s 50
it Ko 8om 7B 58 BB AL 55—,
I RIEN J12: 58 InGaN FH73 85 22, 4n/& 4(a) F
N, WA N IR R . HEEFE GaN FAEK InGaN
BOGE T B, Y6 BB T WL 2] & X, KB
T BRI A B AR T A, SRR
Y RO RO F]. JT EIRIN R, AR AFE
L E TS n B GaN ZJa], it T In 4501E
H1 InGaN/GaN i fiks N 12, B ik
/N GaN SRR R In 4153 #OGRTBE, U
GZfi i F BFAZ B0 N . SIS N B
32 AR 5 nm-Ing Gag oN/2 nm-GaN # & #%
YEREOE LED BN HER 2, BERESE = 0 ) i
R, IR RR R B R i, An1A] 4(b) Fﬁﬂ—?,
AN Z RO R RS M B s
S OB S I X AR I A (AT AT R i']ié_ﬁf i

168503-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 16 (2019) 168503

JEPIFIAA.

50 pm 50.am .
— | — «

KBl 4 AFEIWES R HOE LED &+ Bk 5EO6 B BE 5
(a) THEAZ; b)) — IndH o BEAEELEE; (o) =B
In 45338 25 BT+ (08 f A UE 2 )2

Fig. 4. Fluorescent luminescence (FL) spectrometry of yel-
low LED quantum well: (a) Without prestrained layer; (b)
with fixed indium content prestrained SLS layers; (c) with
three steps of increased indium content prestrained SLS lay-

ers.
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Fig. 5. (a) TEM image of yellow MQWs structure with V-
pits; (b) schematic of hole injection enhancement by V-pits;
(c) dependence of external quantum efficiency and voltage
on V-pits size of yellow LED with 20 A/cm? at room tem-

perature.
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Fig. 6. The showerhead structure of self-designed MOCVD
for yellow LED.
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Fig. 8. Schematic chip structure of the yellow LED.
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F 1 EDLLED #F (5 1 mm?) SRR BBROLE R

Table 1.

Electroluminescence results of yellow LEDs (size 1 mm?) at room temperature and continues wave mode.

FESh A E /Aem? H/mA BE/V EREK/nm B /am EIER/mW AMETFRER /% SETIEACE /% AR /Im W

1 10 2.10 571 36.2
A 20 200 2.43 560 36.8
1 10 2.09 577 37.8
b 20 200 2.41 565 38.6
1 10 2.08 582 39.9
¢ 20 200 2.40 570 40.3

10.1 46.3 47.9 283
143.3 32.3 29.5 182
8.9 41.6 42.8 248
128.7 29.4 26.7 164
8.1 37.8 38.8 200
113.3 26.0 23.6 139
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Fig. 9. Electroluminescence of 565 nm yellow LED: (a) The room temperature emission spectrum at different current; (b) the in-

ternal quantum efficiency at various temperature and current density.
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Fig. 10. EL spectra of phosphor free LEDs: (a) Color mixing white LED with blue, cyan, green, yellow and red LEDs; (b) golden
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Fig. 11. Applications of golden light LEDs as (a) Outdoor street lights and (b) indoor atmosphere lamps.
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SPECIAL TOPIC—In commemoration of the 100th anniversary of the birth of Kun Huang
Semiconductor yellow light-emitting diodes
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Abstract

The development of semiconductor light-emitting diode (LED) in the visible emission range is very
unbalance, as the power efficiency of yellow LED is far below other colors. Based on the GaN/Si technology, the
authors and his team made a systematic research from the aspect of material growth, chip fabrication, device
physics and equipment design, resolved the problems of epi-film cracking, high dislocation density, large strain
in quantum well (QW), phase separation in QW, low QW growth temperature, low hole concentration, light
absorption by substrate and light blocking by electrode, successfully made a breakthrough in fabricating
efficient yellow LED. The yellow LED chip achieves a power efficiency of 26.7% at 20 A/cm? with 565 nm
wavelength and efficacy of 164 Im/W, and the power efficiency goes up to 42.8% at 1 A/cm? with 577 nm
wavelength and efficacy of 248 lm/W. New LED light source with multi-colors and without phosphor was
developed based on the efficient yellow LEDs, opened up a new direction of pure LED healthy lighting.

Keywords: Si, InGaN, yellow light-emitting diode, metal-organic chemical vapor deposition
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