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l.Introduction
GaN and related nitrides are currently of great interest for

application to visible and ultraviolet (UV) laser diodes (LDs)
and light-emitting diodes (LEDs) t't. AIGaN alloy is useful
material for applying to optical devices operating in the UV,
because direct transition emission can be adjusted between
wide energy of 3.4 - 6.2eY. We have already obtained 280nm
intense photoluminescence (PL) emission from AIGaN
quantum wells (QWs) '. However there are some large prob-
lems preventing them from achieving UV optical devices,
such as dfficulty to obtain efficient UV emission from AIGaN
QWs or current injection through high Al content AIGaN
alloy. Some techniques to enhance the QW emission intensity
have been reported 4'5. Si-doping is one of the most effective
ones. The mechanism of PL intensity enhancement due to
Si-doping is considered to be explained by screening of the
piezoelectric field. In this report, we systematically study on
the PL intensity enhancement due to screening of the piezoe-
lectric field by Si-doping into GaN/AlgloGaosoN single-
quantum-well (SQW) structures.'

2.Experiments and Discussions
The GaN or AIGaN epitaxial layers were fabricated at j6

torr, 1100"C on a 6H-SiC (0001) substrate by horizontal
MOVPE system. As precursors, trimethylgallium (TMGa),
trimethylalminium (TMAI), tetraethylsilane (TESi) and am-
monia (NH3) were used with H2+N2 as carrier gases. pL
spectrum was measured under low excitation condition excit-
ed with He-Cd laser (325nm) at77K.

At first, undoped GaN/Alo roGao.goN SQW structures with
various well thickness were grown. Fig.l shows their struc-
ture. The PL spectra measured at 77 K as a function of well
thickness are shown in Fig.2. The thickness of the emitting
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Fig.2 PL spectra of undoped GaN/Alo.rGao.eN SQWs measured at 7'IK as a
function of well thickness. The peak energy is strongly depending on the well
thickness.

layer was simply estimated from the growth rate of the bulk
sample. The strongest PL intensity was obtained for 3.5nm-
thick SQW. Immediate PL intensity reduction for the thicker
SQWs might be explained by the separation of electron and
hole wave-functions of QW induced by the larger piezoelec-
tric field a.

Then, Si-doped GaN/Al6loGaogoN SQW structures with
various well thickness were grown. Si was doped only into the
well. Figure 3 shows the dependence of Si-doping concentra-
tion on PL intensit_v for various well thickness. The PL inten-
sity enhancement was observed for every series. As seen in
Fig.3, the PL intensity enhancement ratio becomes larger as
the well thickness becomes large. For the thinner well, the
enhancement was soon saturated for higher doping concen-
tration. On the other hand, for the thicker SQW, the ratio was
still increases for high concentration of Si-doping. The effect
is especially large for 5nm SQWs, zurd the typical enhance-
ment ratio is 30 times for the Si-doping of 7x 10rB cm-3. These
phenomena is clearly explained by the screening effects of
piezoelectric field in the well. It is obviously shown that heavy
Si-doping is necessary in order to induce the thick QW PL
intensity, because the wave function separation between elec-
tron and hole is much larger for thick QW.
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Fig.l The structure of GaN/Alo.roGao.goN SQWs.
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Figure 4 shows the dependence of Si-doping concentration
on peak energy shift. As shown in Fig.4, peak energy blue
shift was observed with the Si-doping range up to 2x lOr8cm-
t for every series of samples. The sffi amount was especially
large for 5nm-thick SQW due to the screening of large pie-
zoelectric field. The well thickness dependence of PL peak
shift is also well explained by the screening of piezoelectric
field under low Si-doping condition. It is still unknown for the
reason of PL peak stable region for large Si-doping concen-
tration more than 3x1018cm-3.

excimer laser due to the screening of piezoelectric field by
excited electron. However, the difference of PL peak energy
between high and low excitation spectrum is much larger for
undoped SQW sample in comparison with Si-doped samples.
This result shows that the piezoelectric field in the Si:doped

QW has been already screened by the electron charge in QW.
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Fig.5 Temperature dependence ofPL peak energy for a) undoped and b) Si-
doped GaN/Alo.rGao.gN SQWs excited with Xe-Cl excimer laser and He-Cd
laser.

From these experimental results we confirmed that the
screening of the piezoelectric field in the QW region plays a
significant role for the increase of PL intensity, and that Si-
doping in QW is very effective to screen the piezoelectric
field.

3.Conclusion
Effect of Si-doping on PL properties was systematically

studied in GaN/Alo roGao.soN SQW structures fabricated by
MO\IPE. We observed drastic enhancement of PL intensilv
and PL peak blue shift for Si-doped samples compared to
undoped ones. The PL intensity enhancement ratio was espe-
cially large for thicker well; the typical value of which was 30
times for 5nm SQW sample with Si-doping of 7x1018 cm-3.
The PL peak blue shift was also large for thick SQW sample.
In addition, we found that the piezoelectric field in the Si-
doped QW is screenedbythe electron charge in QW, fromthe
separation of PL peak energy between high and low excitation
spectrum. These results indicates that the screening of the
piezoelectric field in the QW region plays a significant role
for the increase of transition probability.

References

[1] S. Nakamura et al, Jpn. J. Appl. Phys., 37,L309 (1998).

t2l S. Nakamura et al, Appl. Phys. Lett., 72,211 (1998).

[3] H Hirayama and Y. Aoyagi, Itr-V Nitrides, Mater. Res. Soc.
vol.537 (1999)

t4l S Chichibu et al, Appl. Phys. Lett., 73,496 (1997).

[5] T. Izumi et al, Extended Abstracts of the 46th spring meeting,
1999 the Japan Society ofApplied Physics and Related Societies,
29-p-N-6 (19ee)

30
oo
E

;
6zo
Eooc
oEco10
.=a
C
o
.c

0

ffi
sr
o)
b 3.5
o
-g
CUo(L

3.4

02468
Si-doping concentration Ix I O19cm3]

Fig.3 Dependence of Si-doping concentration on PL intensrty for various well
thickness of GaN/Alo.rGao.sN SQWs.
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Fig.4 Dependence ofSi-doping concentration on PL peak energy shift for various
well thickness of GaN/Alo.rGao.N SQWs

Figure 5 shows the temperature dependence of PL peak
enerry under high and low excitation conditions for Si-doped
and undoped GaN/Alo.rGao.sN SQW samples. The excitation
lasers used were He-Cd laser (325nm, -3Wcm2) as low
excitation conditions and Xe-Cl excimer laser (308nm,

-500kWcmt; as high excitation conditions. As seen in Fig.5,
the PL peak energJ shifts to high energy side by excited with
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