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While many organizations have abandoned ZnSe for GaN in the race for commercialization
.ofshortwavelengthlight—emittersduringthepastdecéde.researchin OI-VI light-emitting
materials is still continuing in areas where GaN-based devices have.yet to be realized.
This dissertation is involved with two such applications, namely the blue-green laser diode
(LD) and the phosphor-free ZnSe-based white light-emitting diode(w-LED).
In the first part of this thesis work, the advantages of homoepitaxy in the development
“of ZnSe-based blue-green LDs are investigated. Room temperature continuous wave (CW)
operations of ZnSe-based LDs grown homoepitaxially on conducti#e ZnSe substrates with
threshold current densities as low as ITGAXcmz are demonstrated. The employment of a
“transparent ZnSe substrate leading to the lov internal loss is found to be responsible for
the exceptionally low threshold. However, laser lifetimes under room temperature CW .
operation are limited to 7.5 hours owing to the rapid degradation caused by the generation
of dark line defects. Further reductions in the threading dislocation densities are needed
to assess the advantages of homoepitaxy in terms of device lifetime.
In the second part of this thesis work, the development of the phosphor-free ZnSe-based
y-LED is presented. The present device utilizes a phenomenon unique to ZnSe homoepitaxy,
where a portion of the main greenish-blue emission from the abtive layer of a pn junction

diqde i1s absorbed by the conductive substrste which in turn gives off an intense broad-band
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yellow emission centered near 585-595nm by photoluminescence. These two emission bands
combine to give an optical spectrum which appears white to the naked eye. A typical
ZnSe-based w-LED exhibits a color temperature of approximately 3400K with a color rendering
index (CRI) of 68. The optical power and fcrward'voltage at a forward current of 20mA is
over 8mW and 2.5V. The luminous efficacy estimated from these results is 331m/W, which is
comparable to or even higher than the incandescent lamp as vell as the commercial GaN-based
#-LED. |

The third part of this thesis work deals with the lifetime issues of the ZnSe-based w-LED.
Two major degradation mechanisms, namely the rapid mode due to pre-existing macroscopic
defects and the s/ow mode due to point defects generated in the p-ZnMgSSe layer, are
investigated. The former mechanism, which is held responsible for the degradation of LDs,
is found to have a minimal effect on the lifetime properties of ZnSE-based w-LEDs owing
to the lower current injection level. On the other hand, the latter mechanism, which is
comprised of two separate phases, has more serious consequences as described below:

Phase I : Generation of microscoopic dark spots or DLDs, whose generation rate
corresponds to the initial concentration of the N-related deep level HO (Er-Ev=0.8
+0.2eV) in the p-ZnMgSSe layer, is Found to limit the device lifetime. HO is an
electrically active defect and diffuses to the active layer during current injection,
where it accumulates to form the microscopic dark spots.

Phase I : Deterioration of the internal quantum efficiency, resulting from the carrier
removal effect in the p-ZnMgSSe cladding layer, is found to be a dominant
life-limiting effect. The cause of the carrier removal effect is belived to be due
to electrons overflowing into the e“ZnMgSSe layer, which recombine non-radiatively
in an recombination-enhanced defect reaction (REDR) process creating new
compensating defects. - |

Based on these insights obtained from the degradation studies, an i-ZnMgBeSe/p-ZnMgSSe

double cladding layer structure was designed and employed, resulting in a significant
improvement in the room temperature lifetime from 3,000 hours to over 10,000 hours at a
current deneity of 16.5A/cm?. The i-ZnMgBeSe Ser?es as an efficient electron blocking layer,

thus, suppressing the carrier removal effecf in the p-ZnMgSSe.
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