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Influence of potential fluctuation on optical and electrical properties in GaN
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We observed strong correlation between optical properties and transport properties in GaN. Both the
intensity and the energy of near-band edge photoluminesd@tgepeak in GaN:Si vary with its
mobility. Such behavior has been explained by the potential fluctuation associated with the
inhomogeneous impurities or local defects, leading to the space-charge scattering of carriers and the
redshift of the PL line. We also discuss the strain relaxation in GaN:Si19@8 American Institute

of Physics[S0003-695(98)00515-4

Understanding optical and electrical properties of GaN is It was observed earlier that the mobility increased with
important for designing GaN-based optoelectronic and eledncreasingn up to n~10'/cm®, but decreased above®it®
tronic devices. Both the optical parametéesg., absorption Ng et al® attributed this to the combined effect of edge dis-
coefficient and radiation efficiengyand the electrical param- location and ionized impurity scattering. In the model, the
eters(e.g., mobility are associated with the scattering pro- edge dislocations capture electrons and become negatively
cess of carriers. For example, impurities present in a crystatharged, thus scattering electrons. Hwaeigal,” on the
may reduce mobility as they act as scattering centers. Thegther hand, attributed the anormalous behavior of mobility to
can also create electronic states within the band gap, allowthe compensation by impurities such as carbon. In their
ing nonradiative recombination of electrons and holes. It isstudy, the structural defe¢except for nanopipgswvas not
then of interest to study how the optical properties are relatefbund to be strongly related to mobility. Potential barriers at
to the carrier transport in GaN. grain boundaries have been discussed by Heeset® and

Structural and optical properties of GaN:Si were studied-ehreret al® Whichever defect caused the mobility degrada-
by Ruvimovet al! and by Leeet al? Their study of photo- tion in GaN, its influence on mobility will be more pro-
luminescencePL), Raman, and x-ray spectra suggests thgiounced for smallen, resulting in the decrease @f with
reduced strain with increasing Si concentrat[@i]. Schu-  decreasing.
bertet al® discussed the Si concentration dependence of the A systematic increase of the PL intensity and the line-
intensity and the width of the PL line at room temperature inwidth was observed with increasimgfor samples 1a-1d and
GaN:Si. They attributed the increase of the linewidth with2a—2d(not shown, similar to the result reported in Ref. 3.
increasing[Si] to random potential fluctuation associated The full width at half maximum(FWHM) of the donor
with ionized donors and acceptors. We discussed earlier th&ound exciton linel(;) at 15 K was 4.4 meV for sample 2a
the fluctuating potential changes the well-defined impurityand 21.2 meV for sample 2d. The increase of 16.8 meV
energy level into a broad impurity bahih GaN:Mg® In this ~ agrees well with the impurity broadening facfor.
letter, we discuss how potential fluctuation influences both ~ For the rest of the samples, GaN buffer growth condi-
the electrical and optical properties in GaN:Si. tions (growth temperature, thickness, and growth rate of

GaN:Si epilayers in this study were grown on sapphirebuffer layers were varied, keeping the main growth condi-
substrates by metalorganic chemical vapor depositiofion and silane flow of 1.5umole/h. As seen in Fig. 1, the
(MOCVD), following low-temperature growth of GaN
buffer layers. Si concentration was controlled by silane 600 —— .
(SiH,) flux. Photoluminescence was excited with the 325 nm A
line from a He—Cd laser. Unpolarized micro-Raman mea- 500 - giH,flow= 1.5umole/hr _ slightly compensated -

surements were carried out at room temperature with an ex - ;
[ N
] AN

citation wavelength of 5145 A from an Arlaser in a back- 400 |-
scattering geometry.

Figure 1 shows the carrier concentratiom) (and Hall
mobility (u) of the samples studied. Four samplésbeled
la, 1b, 1c, and Jdwere grown under identical growth con-
ditions except for silane flow. The GaN buffer growth rate
for samples 2a—2d was reduced to half of that used for
samples la-1d. For these samples the mobility increase: I 2a f
with increasingn. Considering only the ionized impurity N T T e
scattering, one expects the decrease afith increasingn, n (cm3)
as shown by the dashed curve in the figure.
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FIG. 1. Hall mobility («) and electron concentratiom) at room tempera-
ture. For constant Si concentration, mobility was found to vary with the
dElectronic mail: esoh@saitgw.sait.samsung.co.kr buffer growth conditions.
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mobility.! For an ionized impurity concentration of
600 L "] 10*¥cm?® and with a space-charge field of 20 kV/deorre-

1 sponding to the band-edge fluctuation of 10 mewviobility
4 is expected to decrease from 500 to 20G/#rs.
y As implied in this model, not only the compensating
acceptors such as carbdémnd gallium vacancy affect mo-
bility in GaN:Si, but also any point defect or impurity may
; play an important role in determining carrier mobility. Anti-
. site defects! vacancies, and impurities such as oxygen
] may produce lattice distortion, resulting in potential fluctua-
tion. A potential barrier at grain boundariéds an example

SiH4 flow= 1.5pmole/hr

500 -
400 |
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200 |-

Intensity (arb. units)

100

0 N ! s . - of potential fluctuation by structural defects. lonized donors
0 100 w000 400 500 and acceptors, other point defects, structural defects, and
K (em™/V sec) even lattice vibratiorphonon introduce band-edge fluctua-
tion.

FIG. 2. The PL peak intensity at 300 K vs Hall mobility for GaN:Si for .
—~2x104/cr. Figure 3a) shows the peak energy of the donor-bound

exciton line (,) at 15 K as a function oh. (Our undoped
GaN layers are usually semi-insulating, but their typikal
energy is marked an=2x10"%cm® for convenience.
Shown in Fig. 8b) are the relative Raman shifts of tlis
pPhonon mode around 569 crhwith respect to the Raman
frequency of the GaN:Si sample with=482 cnf/V s. In

carrier concentration increased from %.40'/cm?® to 3.6
X 10t/cm? with the increase ofx from 60 to 482 crifV s,
indicating the decrease of carrier compensation.

Figure 2 shows the increase of room-temperature PL i
tensity with the increase of Hall mobility for these samples. )
The increase of the intensity cannot be completely due to thef- 16, thek, phonon frequency is assumed to be a mea-

increase oh since the increase of intensity is expected to beSUre of strain since the mode does not strongly interact with
not more than 30% for the increase of from 1.4 €lectrons. The decrease of the PL energy and the Raman

% 10/cn® to 3.6x 10t/cm®, according to our plot of PL frequency with increasinfSi] was reporteti? and attributed

intensity vsn. It thus appears that the impurities and defectsl© the strain relaxatiof’

responsible for low Hall mobility also reduce the radiative A plot of thel, energy versus Raman shift yields a slope
recombination of photogenerated Carri&s_ of 5.7 meV/Crn_l, which is much Iarger than that obtained

In general, various defects may influence electron transfrom undoped GaN under biaxial strafiln addition to the

port and the following model is useful to consider possiblebiaxial strain due to lattice mismatch and thermal strain ob-
factors affecting the mobility. In a perfect crystal, carriersserved in undoped GaN, GaN:Si may experience the de-
will move without scattering in a periodic potential. The crease of lattice parameter due to the smaller atomic size of
presence of point defects and structural defects alter the p&i than that of Gaor bond length of Si—N may be smaller
tential, resulting in the increase of carrier scattering or thghan that of Ga—IN This will result in the hydrostatic strain
decrease of mobility. The space-charge scattering due to imelaxation and the decrease of band gap. However, the de-
homogeneous impurities and localized structural defects wasrease of thé, energy is not only due to the “shift of band
taken into account to explain the empirical values ofedge”, but also due to the “band-edge fluctuation” associ-
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FIG. 3. Thel, energy at 15 K(a) and relative shift of Raman frequency at 3041 as a function of electron concentration. The dashed line shows that the

I, energy varies even for constdrgi].
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wasal T ] We discussed the fact that the random distribution of
' impurities and defects may produce local strain and potential

3.480 . fluctuation. The large variation in PL energy with mobility as

@ i well as the impurity band formatiSrprobably indicates that
5 3478 the potential fluctuation in GaN is larger than other semicon-
2 I ductors. Strong correlation between electrical properties and
Woosater optical properties is observed in GaN and is explained by the
5 i . .
B sanl potential fluctuation model.
o

3472'_ The authors thank B. J. Kim and I. H. Kim for Hall

| o] measurements and helpful discussions.

3470 n 1 i 1 n 1 i 1 i 1 n 1 1 1

0 50 100 150 200 250 300 350 400 450 500

p (cm?/V sec)

FIG. 4. Thel, energy at 15 K as a function of Hall mobility far~2 1 . . .
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