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Three kinds of high-power violet, blue and blue-green InGaN/AlGaN double-heterostructure
light-emitting diodes (LEDs) with an output power over 1 mW at a forward current 20mA were
fabricated. Each peak wavelengh of the electroluminescence of these LEDs was 385nm, 450 nm
and 500 nm, respectively. Both Zn and Si were co-doped into InGaN active layer of blue and

blue-green LEDs to emit a strong luminescence.
tion is a dominant emission mechanism of the InGaN active layer.

The donor-acceptor pair radiative recombina-
The maximum external quan-

tum efficiency was as high as 5.4% and the forward voltage was as low as 3.6V at a forward
current of 20mA at room temperature. Only Si was doped into InGaN active layer of violet
LEDs to emit a strong luminescence. The full width at half-maximum of the electroluminescence

of violet LEDs was as narrow as 10nm.
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Fig. 1 Lattice constant and band-gap energy
for M-V nitrides.
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Fig. 5 Band-gap energy of InGaN films as a
function of the indium mole fraction. The indium
mole fraction was determined by measurements
of the X-ray diffraction peaks. Solid curve rep-
resents values which were obtained by equation
(1) as discussed in the text, assuming that the
band-gap energy for GaN and InN is 3.40 and
1.95eV, respectively.
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Fig. 7 Room-temperature photoluminescence
intensity of the blue emissions of the InGaN
films co-doped with Si and Zn as a function of
the electron carrier concentration.
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Fig. 8 Electroluminescence spectra of InGaN/

AlGaN double-heterostructure blue-light-emit-
ting diodes under different dc currents.
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Fig. 10 The output power of various InGaN/
AlGaN double-heterostructure light-emitting
diodes as a function of the forward dc currents.
(a) The active layers of LEDs are (a) Si and
Zn-doped Ino.sGao.ssN, (b) Si and Zn-doped
Ino.2sGao.77N and (c) Si-doped Ino.csGao.e4N.
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Fig. 11 Electroluminescence spectra of InGaN/
AlGaN double-heterostructure blue-green-light-
emitting diodes under different dc curents.

20mA T 1.2mW %D, SMETHERIT2.4% TH 5.
Fig. 11 [ci3RHA <7 b vERT. B 0.5mA T
Y— /s BER 538nm, B 1mA T 525nm, | 20
mA T 500nm THY, BERSEMNT >N E—7 3
RO7v—7 P BBEECERIZEN G, X7 b
(Bl 70~80nm TH 5.

Fig. 12 123K LED #7m v + L BEREZRT.
BEZBESTICHERIN T 2 BRAESIT L EH
EETOHEBRIRLTHB. cnrkbbE InGaN &g
& LED BERAGES LSEAEEOE - /i
BL, MAHDOEBTICHERTRTH B Lbrs. &
FEAENRIN TS GaP & LED, GaAlAs jif
LED, InGaN #f4 LED OfIE &RL TV 5. SlEE
InGaN #Hfa LED MHIREIN B X510 -72T &T,
Ihs 3 HABSEARKHEE N 2ERORN, 3a%
BEZCEICIVABTEB LS, LED 7%
F—TFTARATVADBERTE2XD1C 5. BEREL
Tid GaP ##f LED @Y EAVNE S EILTH=ARE
OEEINE LBV F 4 27 1A LEUTERTE B0E
FHAS/NE U, A%13 InGaN/AlGaN FHigfa LED ok
WTEEERED In fAREA X SICHEIL TE— 2 HEM
# 620 nm g LED A2IERT 2 MEMNHE. 57
L Y EIER 0.6 S50V ERD, A5 —FLERRE
koL FARED YE, X BEIELNEEICE 5.
LU LI Y EER EF XD &1L InGaN /¥ v F
st 2RI 2 8BS 5. €2 ThidRBaomitE
HELED, YVEZIERICHEL 3508, MER InGaN



706 (46)

0.9

520

0.8

0.7

0.6

Railway
0.5t

0.4 -

Roadway

031
490\ Signal

H GaAlAs
02f LED

0.1r

0.4 05 0.6 0.7

Fig. 12 Chromaticity diagram in which blue
InGaN/AlGaN LEDs, blue-green InGaN/AlGaN
LEDs, green GaP LEDs and red GaAlAs LEDs

are shown.

B In MHEkLAR 0.6 F TR T 2HMESHS. TT
il te kST, BEOECS In MREOBEEELT
3#90.3¢ 50 THY (Fig. 5 B8). InGaN FEDHES
RETEDE 573 5 WEDMELILD.

7. %&£ & LED

LaEkEo EEESE LED i 30 T InGaN Eik
BRERIC Zn OB EEIEL Si 0BEF—7LI
InGaN E& L, flidEkkicL T LED Z{EKL77. C
D LED oz ~<s b % Fig. 13 1TR3. ©—7
£ 385nm IKIEEICY v — 772 InGaN Dy FRIFE
HEHEN G, 3B FRE AT borDEHEEIR 10nm
T 5. InGaN i€ Si O&#% F—79 % & IEFICHRD
NV NERELSERII N B C &R TR TR~
72172 Z @ LED OFNR Y bitBOTE, B
AEZTCOE—IBERE—ETHO T V=V 7 P 3ER
BRIENSH -, TNRBROCETH BBV FHE
FRAEFFL T B ik D, Fig. 10 (c)icidzt
W IESFmERE OB FKERT. JEFAER 20mA
THRNEHT) L.5mW, ASEFHERI2.3% TH5. C
@ LED @ InGaN jE#E®D In fHERLIZ 0.06 TH 3
A8 In JARRIEAEZL 52 itk D InGaN /v FEFE
SAEFALIIEFICY » —F R FNART LED 25—

JeF H2BBE IS (1994411 A)

100~
20 mA
?
&
=
£ sof ‘ l
= .
-l
=
1mA

300 350 400 450 500 550 600
Wavelength (nm)

Fig. 13 Electroluminescence spectra of InGaN/
AlGaN double-heterostructure violet-light-emit-
ting diodes under different dc currents.
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