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Abgtract : Studieson first GaN-based blue violet laser diodes(L Ds) in China mainland are reported. High quality GaN ma
teriads as well as GaN-based quantum wellslaser structures are grown by meta-organic chemical vgpor depostion method.
The X-ray double-crysta diff raction rocking curve measurements show the fulkwidth haf maximum of 180" and 185’ for
(0002) symmetric reflection and (1012) skew reflection ,repectively. A room temperature mobility of 850cm?/ (V- 9) is
obtained for a 3 m thick GaN film. Gain guided and ridge geometry waveguide laser diodes are fabricated with cleaved
facet mirrors at room temperature under pulse current injection. The laging waveength is 405. 9nm. A threshold current
dendty of 5kA/cm® and an output light power over 100mW are obtained for ridge geometry waveguide laser diodes.
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1 Introduction

Snce the demonstration of first InGaN multiple
quantum wells laser diode!’! , GaN-based multiple
guantum wells structure laser diodes (LDs) have at-
tracted more attention because of their potentia appli-
cation in high-dendty optica storage, diplay , laser
printing and lighting. Many universties and compar
niesfocused their research on the nitride semiconduc
tors Great progress has been achieved in GaN temr
plate growth ,n-type and p-type doping of GaN , In-
GaN MQWs growth and photoluminescence mechar
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nismi?23! Jand Al GaN growth and doping!**®!. Mean
while,the techniques about ohmic contact to rrtype
and p-type GaN and cleaving of wurtzite GaN on sap-
phire developed rapidly!® . Although severa groups
have reported the pulsed and continuouswave opera
tion of InGaN MQW laser diodes at room tenpera
turel® 2} the growth and fabrication of GaN-based
laser diodes are ill challenging and more research
works are needed. Here we report the first pulsed op-
eration of GaN-based LDs at room temperature in
China mainland.
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2 Experiment

The GaN-based materials and LDs structures
were grown in a closed- pace showerhead metalorgan-
ic chemica vapor depostion (MOCVD) reactor.
(0001) Cface sapphire was used as subsrate. The
MQWsLDs congg of a20nm thick GaN buffer layer
grown at low temperature of 550 ,a 2 mthick GaN

3,2 0. ¥ m thick Al GaggsN/ GaN S ,a 0. U m
thick GaN S ,an Ing, 15 Gag. gsN/ GaN M QW structure
conggting of five 3nm thick undoped Ing, 15 Gag. ssN
well layers separated by 5Snm-thick undoped GaN bar-
rier layers,a 20nm Alg 2 Gap.sN Mg,a 0. ¥ m GaN
Mg.,a0. 8 mAlg.Ga.gN/ GaN Mg,a 0.2 m GaN
Mg. The 20nm Alg > Gag.sN is served as blocking lay-
er to prevent electronsfrom escaping from the active
region. The 0. 1 m ntype and p-type GaN layers are
light-guiding layers. The 0. ¢ m ntype and 0. m p-
type Alp s Gy~ N/ GaN s are used as cladding lay-
ers. The ridge-type LDs structure was formed by us
ing IBE technology. A Ni/ Au contact was evgporated
onto the p-type GaN layer ,and a Ti/ Al contact wase-
vaporated onto the ntype GaN layer as the ohmic
contacts. Thefacetsof the laser cavity wereformed by
cleaving along the (1150) direction of wurtzite sgp-
phire.

The LDs was measured at room temperature
with HP pulse generator. Pulse width was 200ns ,duty
cycle was 0. 01 %. The output light was detected by a
photo- multiplier connected to a Tektronix TDS210
o<tilloscope and a computer system.

3 Resultsand discussion

The growth of high quality GaN materids is a
premium for the realization of GaN-based L Ds. By op-
timization of growth parameters,we have improved
the quality of GaN epilayers sgnificantly ,as being re-
veded by both double crystal X-ray diffraction mea
surements and Hall measurements. Figure 1 shows
rocking curves of a GaN film. The fullFwidth half
maximum is 180"and 185" for (0002) symmetric re-

flection and (1012) skew reflection, reectively.
These val ues are among the best results ever reported
for GaN epilayers,which indicates relatively low den-
sty of both edge type and mixed type threading dido-
cations. This GaN sample a0 shows a room tempera
ture mohility of 850cm? (V-s) which isjust next to
the best results reported by Nakamura et al. [*3). GaN
epilayerswith above structura and eectrica qualities
can be obtained routindy and are used as templates
for the further growth of laser diodes structures.

Fg. 1 Double-crysa X-ray diffraction rocking curveof a
GaN film

Thefirst GaN-based LD we have fabricated was
gain guide type with stripe width of 1 m and cavity
length of 80Q m. Figure 2 shows the schematic dia
gramof the LDs layer structure. The threshold cur-
rent is about 2A ,correponding to a threshold current
densty of 50kA/ cm?. The second GaN-based LD was
a ridge waveguide type with ridge width of & m and
cavity length of 80U m. The threshold current of this
LD was reduced sgnificantly to 320mA ,correspond-
ing to a threshold current density of 5kA/cm?. Im-
provements in the materia quality isone of the reason
for the reduced threshold current dendty. The one or-
der of magnitude reduction in threshold current dens-
ty must have other reaons. We geculate that latera
current Preading in the p-type AlGaN superlattice
cladding layer may acoount for that. Most of the p-
type Al GaN superlattice cladding layer are etched
away in the ridge geometry ,which in turnleadsto the
dimination of the latera current gpreading. It can a
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be seen that the LD can be operated to output optical
power over 100 mW with reasonable linearity. The
threshold voltage is 22. 7V .

Fg.2 Shematic diagram of the GaN-based LDs
layer structure

FHg. 3 Laser diode output optica power as a function of
The threshold current of the gain
waveguide and ridge waveguide GaN-based LDs are 2A
and 320mA ,repectively.

pulse current injection

Figure 4 shows the optical gectra of the mea
sured LD. Thes 9ectra were measured usng a
monochromator which has a relution of 0. 1nm. The
lasng wavelength is about 405. 9nm. At injection cur-
rent (280mA) below the threshold ,spontaneous emis
son which had a full width at haf maximum
(FWHM) of 16nm was observed. This indicates that
the LD had a smooth interface and a uniform compo-
dgtion digtribution. Above the threshold current,
strong stimulated emisson were observed. At the cur-

rent of 400mA the FWHM of the spectrum was
1. 6nm. Cavity mode of the stimulated emisson was
not observed due to the limitation in the reslution of
the gpectrometer. The peak in the simulated emisson
sectrum may contain severa simulated emisson
modes.

Fg.4 Opticad pectraof the GaNrbased LD  The width
of the simulated emisson peak is about 1. 6nm.

4 Conclusion

First GaN-based blue-violet LDsin China main-
land are reported. High quality GaN materias as well
as GaN-based quantum wells LDs sructures are
grown by meta-organic chemical vagpor depostion
method ,and characterized by the X-ray double-crystal
diff raction rocking curve measurements and Hall mea
surements. The full-width haf maximum of 180" and
185" for (0002) symmetric reflection and (1012)
skew reflection ,regectively ,demonsgtrate high crysta
quality of the GaN film. A room temperature mohility
of 850cm? (V- s) is obtained for a 31 m thick GaN
film. Gain guided and ridge geometry waveguide LDs
are fabricated with cleaved facet mirrors under pulse
current injection. The lagng wavelength is 405. 9nm.
A threshold current dendty of 5kA/ cm? and aoutput
power over 100mW are obtained for ridge geometry
waveguide laser diodes.
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