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Stacked quantum well light emitting diodes include a plu­
rality of stacked active layers of indium gallium nitride,
separated by barrier layers of aluminum gallium nitride or
aluminum indium gallium nitride, wherein the ratios of
indium to gallium differin at least two of the stacked active
layers. Preferably, the differingratios of indium to gallium
are selected to produce emission wavelengths from the
stacked activelayers, suchthat the emissionwavelengths are
combined to produce white light Controlled amounts of
hydrogen gas are introducedinto a reaction chamber during
formation of indium gallium nitride or aluminum indium
gallium nitride to produce high quality indium gallium
nitride or aluminum indium gallium nitride which incorpo­
rate large percentages of indium and possesses excellent
optical and surface properties.

[21] Appl. No.: 678,346

[22] Filed: JuI. 11, 1996

[51] Int. Cl.6 H01L 291205
[52] U.S. Cl 257/191; 257/14; 257/101;

257/103; 257/96; 257197; 257/94; 257/185
[58] Field of Search 257/13, 191, 12,

257/14,79,94,95,96,97, 101,103

[56] References Cited

U.S. PATENT DOCUMENfS

4,862,471 8/1989 Pankove 257/191
4,916,708 4/1990 Hayakawa 257/191
4,941,025 7/1990 Tabatabaie 257/14
5,077,588 12/1991 Yamada et aI 257/101
5,146,465 9/1992 Khan et al 372/45
5,247,533 9/1993 Okazaki et al. .. 372/45
5,358,897 10/1994 Valster et al 257/13
5,373,166 12/1994 Buchan et aI 257/96
5,392,306 2/1995 Usami et al, .. 257/101
5,400,352 3/1995 Lebby et aI 257/14
5,410,159 4/1995 Sugawara et aI 257/13

[57] ABSTRACT

16b20
"'- I l-';'-

~ CLADDING LAYER

~ BARRIER LAYER A1GaN/AllnGaN
.~ ACTIVE LAYER Inx3Ga1_x3N

~ BARRIER LAYER A1GaN/AllnGaN
l( ACTIVE LAYER Inx2Ga1_x2N

~ BARRIER LAYER A1GaN/AllnGaN

~ ACTIVE LAYER Inx1 Gal-xl N
~ BARRIER LAYER A1GaN/AllnGaN 16a
.~ I 1/

CLADDING LAYER

-,
BUFFER LAYER

<,
SUBSTRATE

14

15

13

13

11

12

11

12

11

12

11


