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We report the growth, fabrication and characterization of GalnN/GaN multi-quantum well lasers
grown on (00-1) sapphire substrates by low pressure metalorganic chemical vapor deposition. The

threshold current density of a 180 long cavity length laser was 1.4 kA/&mith a threshold
voltage of 25 V. These lasers exhibited series resistances of 13 &nat B0 and 79 K,
respectively.

1 Introduction was 401 nm and its width of ~1 nm was limited by the

Semiconductor laser diodes (LDs) and light emittingr€Selution of the measurement equipment.
diodes (LEDs) emitting in the ultraviolet-to-visible
spectral region are important sources of light for practi
cal applications. Of particular importance is the use ofjgure 2(a) shows a schematic diagram of the laser
short wavelengthA-400 nm) laser diodes for the opti- diodes grown under the same conditions as discussed in
cal data storage (compact disk, digital video disk), printthe previous section, which consisted of (i) jan3-thick

ing and imaging industry. At present, only a feWSi-doped GaN (n~ 2x#§ cnid): (i) a 10 period 33 A
research groups have reported 1lI-V nitride based las dno1IN/66 A GaN multi ,Ie uantum wells: and
diodes. [1] [2] [3] [4] [5] [6] In this paper, we report the 0-89"0.11 _ e q !

growth, fabrication and characterization of GaInN/GaN("') a 0.25 pum-thick Mg-doped GaN contact layer

multi-quantum well laser diodes emitting at 405 nm.  (p~2x10cm™®). The wafers were then annealed using
rapid thermal annealing (RTA) under nitrogen ambient

2 GalnN/GaN multi-quantum wells for 30 seconds at 100 to achieve low resistivity p-
The epitaxial layers were grown on (00-1) sapphire sultype GaN:Mg [8], and broad-area lasers with L@0-
strates by low pressure metalorganic chemical vapowide stripes were fabricated using ECR-RF dry etching.
deposition (LP-MOCVD). Details of the growth condi- In order to make the n-type contact, the surface of the
tions may be found in Ref. [7]. Figure 1 shows thesample was etched until the underlying n-type GaN
room temperature photoluminescence and opticdhyer was exposed as shown in Figure 2(b). Ti/Au and
pumping from a 10 period 33A Ggdng 1i1N/66A GaN  Ni/Au metal contacts were deposited on the n-type and
multiple quantum well (MQW) structure capped with aP-type GaN, respectively, using an electron-beam evap-
thin GaN layer. The photoluminescence measuremengator and were defined by a conventional lift-off pro-
were conducted using a 10 mW He-Cd laser. The opticess. Mirror facets were mechanically polished for
cal pumping was carried out using a pulsed nitrogeyarious cavity lengths from 700m to 1800um. The
laser (337 nm) with a pulse width of 600 ps and a repetFoughness of the facet surface was in the range of 50
tion rate of 6 Hz. Neutral density filters were used to'm. No antireflection or high-reflection coatings were
attenuate the optical power. Stimulated emission wagpplied on the mirror facets.

collected from a bar with mechanically polished edges  Figure 3 shows the room temperature electrolumi-
and was observed for pumping densities higher than gescence spectrum for increasing injected currents
threshold estimated at 100 kW/&mThe peak position under continuous wave operation. The light was col-

3 GalnN/GaN multi-quantum well lasers
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lected from the back of the sample. An intense elechetween the electroluminescence and current injection
troluminescence peak at ~416nm could be observed. stimulated emission is observed.
Figure 4 (a) shows the 79 K photoluminescence of The threshold current density for several lasers of

the MQW laser structure. In order to be able to detecqlﬁerent cavity length was measured and the results are

. . . summarized in Figure 6. Further measurements of these
photoluminescence from the multi-quantum wells in th

laser structures, the top p-type GaN:Mg layer was paerl_aser diodes are in progress. Improvements in the per-

tially removed by dry etching to allow penetration of theformance of these MQW devices are also in progress.
laser beam. The spectrum exhibited a small peak & Conclusion

~384 nm and an intense peak at 410 nm. The full width, conclusion, GalnN/GaN multi-quantum well lasers
at half maximum of the peak at 410 nm is ~11 nm. Thigyere grown on basal plane sapphire substrates by low
width and the presence of two peaks in the spectrufressure MOCVD and characterized. Preliminary stud-
strongly suggests that there is some degree of phase s¢gs for these devices showed laser operation at 405 nm

aration in the MQW structure, leading to Iocallzedwi,[h a threshold current density of 1.4 kAmnd a

e s A ohaws o reshald votage o 25V; seres resstnce e 1
9 - 19 00 K and 142 at 79 K.

K electroluminescence spectrum of this laser structure,
exhibiting a peak at ~403 nm. ACKNOWLEDGMENTS
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Figure 3. Room temperature continuous wave
electroluminescence from a 10 period 334, Ggng 11N / 66A

GaN MQW LD.

Figure 1. Room temperature (a) photoluminescence and (b)

stimulated emission from a 10 period 33AGdng 11N /

66AGaN MQW.
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Figure 4. (a) 79 K photoluminescence from a GalnN/GaN
MQW and (b) 79 K electroluminescence from a LD with the
same active region.

Figure 2. (a) Schematic diagram of a 10 period 33A

Gay gdng 11N / 66A GaN MQW laser structure, and (b) Cross-
section of a processed broad-area 334 ggag 1N / 66A

GaN MQW laser with 10pm-wide metal contacts.
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Figure 5. Output power versus injection current for a MQW

GalnN/GaN 405 nm uncoated diode laser measured at 79 K

(pulse operation: fis-200 Hz) with cavity length of 18Q@m
and 100 pm-wide aperture. Inset: Current-voltage
characteristics of the laser diode with series resistance @f 13
at 300 K and 1@ at 79 K. Spectrum of the laser diode slightly
above threshold.
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Figure 6. Threshold current density vs. inverse cavity length for

100pum wide GalnN/GaN MQW lasers at 79 K.
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