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Red emission from Eu-doped GaN luminescent films grown by metalorganic
chemical vapor deposition
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Bright red emission has been obtained at room temperature from Eu-doped GaN films pumped by
325 nm HeCd laser. The luminescent films were grown by metalorganic chemical vapor deposition
on GaN/ALO; substrates. Trimethylgallium(TMGa), ammonia (NH), and europium
2,2,4,4-tetramethyl-3,5-heptanedionate were used as sources for Ga, N, and Eu dopant, respectively.
The influence of the V/III ratio during growth on the photoluminescefi®tle) intensity has been
studied using a fixed TMGa flow rate of 92mol/min and varying the NElflow rate. The film

growth rate(~2 um/h) is nearly constant with V/III ratio over the range fror8B0 to ~1000. The

Eu incorporation in GaN films was found to decrease with increasing V/IlI ratio. The Eu PL
intensity (normalized to the Eu concentratioexhibited a maximum at a V/III ratio of-100.

© 2003 American Institute of Physic§DOI: 10.1063/1.1590738

Narrow-band visible emission from rare-earfRE) % 10~ 3 mol/min to 0.1 mol/min, resulting in a /Il flow rate
doped GaN electroluminescent devitéshas generated the ratio ranging from 29 to 1093. The growth rate was nearly
promise of bright, true color flat panel displays, which areconstant at~2 um/h for all V/III ratios.
also very rugged and can be operated under extreme condi- Figure 1 shows room temperature photoluminescence
tions (of temperature, humidity, radiation, etcMost of the  (PL) spectra of the undoped GaNA&); substrate and an
results reported to date have used molecular beam epitaxu-doped GaN film grown by MOCVD. The PL was ob-
(MBE) for the growth ofin situ doped GaN:RE films. An tained with above-GaN-band gap excitation from a HeCd
alternate thin film techniquevidely used in industryfor the ~ laser at a wavelength of 325 nm. The undoped GaN film
growth of 1I-V compound semiconductor films is metalor- shows intrinsic(band edgg luminescence at 363 nm. The
ganic chemical vapor depositiofMOCVD). In situ rare- Eu-doped GaN film exhibits very strong red emission at 621
earth doping of 1ll-V compounds during MOCVD growth nm, corresponding to the energy level transition froby,
has been reported for GaAs:EP InP:Er! GaP:Nd® Hara  (2.14 eV} to 'F; (0.14 e\). The minor PL peaks at 543, 600,
et al. have reportei MOCVD-grown GaN:Tb films. They and 663 nm are associated with Eu transititRs (2.35 eV)
observed the characteristic green Th emission at low terro 'F; (0.07 €V}, Dy (2.14 eV} to 'F; (0.07 eV}, and°Dy,
perature(24 K), with greatly reduced intensity at room tem- (2.14 eV} to 'F3 (0.27 eV, respectively. These lines are
perature. In this letter, we report on the growth of GaN:Eunearly identical to those obser@dn GaN:Eu grown by
films by MOCVD and on very strong red Eu emission atMBE. The peak at 633 nm is probably due to the energy

room temperature. level transition fronPD; (2.35 eV to 'F, (0.39 eV}, which
Eu-doped GaN films were grown in an AIXTRON

MOCVD system(AlX200), modified for growing RE-doped 13—
GaN. Commercially available GaN substrates on sapphire < < ]
were used for Eu-doped GaN film growth. Trimethylgallium [ 2 Room Temperature § &

(TMGa) and ammonia (Nk) were employed for the gallium 15 % %;o ]
and nitrogen sources, respectlveliy_r.snu europium doping - é | Undoped GaN | | GaN-En | é“’v i
was performed utilizing a europium beta-diketonate, eu- @ - ]
ropium 2,2,4,4-tetramethyl-3,5-heptanedionate, abbreviatecz [ s |
as Euthd);. The growth procedure consists of three steps g 10 8F ]
totaling 20 min: first an undoped GaN layer is grown for 1 € 5 _ S ‘;:T—,\ -
min, next the Eu-doped GaN layer is grown for 18 min, and g [ 3~ BF éEEAm 1
finally an undoped GaN cap layer is grown for 1 min. The 05 | S;"T' %é © gk‘T- i
growth temperature was 1025°C for all GaN layers. The [ gé g"l' E,é 1
growth pressure was controlled at 50 mbar. Thetfftl), s > g
bath temperature was set at 135 °C, while keeping the dopan 4 5 [i ,__,«A\J i

line temperature at around 140 °C to prevent vapor conden- e b Lo b b e
sation during transport. The TMGa flow rate was fixed at 92 350 400 450 500 550 600 650 700

pmol/min, while the NH flow rate was varied from 2.68 Wavelength (nm)

FIG. 1. Room temperature PL spectra of undoped and Eu-doped GaN films
3E|ectronic mail: a.steckl@uc.edu obtained with a HeCd lasé€B25 nn).
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FIG. 2. PL spectra of GaN:Eu films grown with different V/lll ratios. |G, 4. Eu concentration and Eu-normalized PL emis$&21 nm vs V/II
ratio.

is consistent with the result reporfédy Monteiro and co-

authors. Since these two spectra were measured under idegmissions in Fig. 3. However, the trends for the two emis-
tical conditions, it is apparent that the PL intensity of the Eusions are accurate and can be compared. It is interesting to
emission in the doped GaN film is comparable to the intrin-note that conventional GaN growth is performed at V/III
sic emission from high quality commercial GaN substratesratios ranging from~1000 to~9000.

Interestingly, only very weak band edge PL and yellow band  Secondary ions mass spectroscopy measurements indi-
emission appear in the GaN:Eu spectrum. cate that the Eu dopant concentration in GaN films is be-
The relative flow rate of group ¥N) and group 1l(Ga)  tween~0.01 to~0.1 at. %. With the V/III ratio decreasing
gas precursors has a significant influence on the photolumirom 1093 to 29, the Eu concentration increases from 0.015
nescence intensity of the GaN:Eu films. Figure 2 shows Pl 0.065 at. %, as shown in Fig. 4. This trend in Eu concen-

spectra of the Eu-doped GaN films grown with differenttration partially explains the similar trend in Eu PL intensity
VI ratio values. The intensity of main Eu emission peaksyersus V/Il ratio. Normalizing the Eu 621 nm PL emission
at 621 and 633 nm increase significantly with decreasingo the Eu concentratiofalso shown in Fig. Yindicates that
VI ratio. The effect of V/III ratio on the Eu 621 nm peak z maximum in PL efficiency occurs at a V/III ratio 6f100.
and on the GaN band edge emission of 363 nm is shown i The decrease in Eu incorporation with increasingsNH
Fig. 3. The Eu PL intensity increases with decreasing V/llifjo\ rate was unexpected. It has been generally f&fitidat
ratio whil_e t_he opposite trend is observed for the GaN bangjyalent RB* ions occupy substitutional sites on the Ga
edge emission. After growth of the Eu-doped layer, the GaN; pjattice of GaN. In the case of GaN:Er this has been con-
band edge emission was significantly reduced. In this casgmed by both Rutherford backscatteritgBS) analysid®
we used different measurement conditions for the Eu red,q extended x-ray absorption fine StructufEXAFS)
emission and the GaN band edge emission in order to ha"gnalysisl.“ In situ Er doping of GaN films MBE-grown with
the appr(')pri.ate sensiti\(ity for each measurement. Therefor‘?mcreasing Ga fluxi.e., decreasing V/III ratipresulteds in
no quantitative comparison should be made between the W creasing Er incorporation. This indicates a site competition
between Er and Ga atoms and is consistent with the RBS and
107 EXAFS conclusions. Eu incorporation into GaN appears
- more complicated. RBS resultsfor Eu-implanted GaN in-
Conventional dicate that the EU lattice location is displaced from the
S‘;‘;‘m normal Ga site. EXAFS resulson in situ doped GaN:Eu
grown by MBE indicate two bond lengths between Eu and
N.
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The GaN:Eu films generally have a very smooth surface.
An electron microphotograph of a film grown with a V/III
ratio of 364 is shown in Fig. 5. The roughness of the film top
surface is 2.1 nm as measured by atomic force microscopy.
From the scanning electron microscai8EM) cross-section,
no interface can be detected between the origisabbstrate
I — GaN layer and the MOCVD-grown GaN:Eu layer.
10—t 8 1o In summary, we have successfully grown strongly lumi-
10 10 10 1o nescent Eu-doped GaN films by MOCVD technique on
V-lil Ratio GaN/AlLO; substrates. The films have a very smooth surface
FIG. 3. Influence of V/III ratio on red emission from Eu dop#621 nm morphology. Strong red emission from GaN:Eu films has

and GaN band edg@63 nm emission. been detected by pumping with 325 nm HeCd laser. The Eu
Downloaded 30 Jun 2003 to 129.137.172.185. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp

—_
o

)
T

ol o e 101 J o et s o St e

Eu 621nm PL Emission Intensity (a.u.)
Band-Edge 363nm PL Emission (a. u.)




Appl. Phys. Lett., Vol. 83, No. 1, 7 July 2003 M. Pan and A. J. Steckl 11

IA. J. Steckl and J. M. Zavada, MRS Bufl4, 33 (1999.
: 2J. Zavada, U. Hommerich, and A. J. Steckl/lin-V Nitride Semiconduc-
kS e tors: Optical Propertiesedited by H. Jiang and M. O. ManasréBordon
and Breach, New York, 2002
E3 L e ] 3A. J. Steckl, J. C. Heikenfeld, D. S. Lee, M. J. Garter, C. C. Baker, Y. Q.
. Wang, and R. Jones, |IEEE J. Sel. Top. Quantum Elec80149 (2002.
Clear vuew. of . - 4J. M. Redwing, T. F. Kuech, D. C. Gordon, B. A. Vaartstra, and S. S. Lau,
~cross-section ‘ ' J. Appl. Phys.76, 1585(1994.
SK. Takahei, A. Taguchi, Y. Horikoshi, and J. Nakata, J. Appl. PI%6.
4332(1994.
SA. C. Greenwald, K. J. Linden, W. S. Rees, Jr., O. Just, N. M. Haegel, and
S. Donder, Mater. Res. Soc. Symp. Pré22 63 (1996.
7K. Uwai, H. Nakagome, and K. Takahei, Appl. Phys. Leit, 1010
(1987).
8M. Taniguchi, H. Nakagome, and K. Takahei, Jpn. J. Appl. Phys., Part 1
30, 3788(1991).
9K. Hara, N. Ohtake, and K. Ishii, Phys. Status SolidRBG 625 (1999.
FIG. 5. SEM microphotograph of GaN:Eu film on GaN® substrate ' J. Heikenfeld, M. Garter, D. S. Lee, R. Birkhahn, and A. J. Steckl, Appl.
grown at 1025 °C and V/IIl ratio of 364. Phys. Lett.75, 1189(1999.
11T, Monteiro, C. Boemare, M. J. Soares, R. A. Sa Ferreira, L. D. Carlos, K.
Lorenz, R. Vianden, and E. Alves, Physica3B8-310, 22 (2002).
concentration is in a range between 0.01 and 0.1 at. %. ThEH. J. Lozykowski, W. M. Jadwisienczak, J. Han, and I. G. Brown, Appl.
V/III ratio during growth has a significant influence on Eu _Phys. Lett.77, 767(2000.

. . . . . 13 f .
concentration and the red emission intensity. K. Lorenz, R. Vianden, R. Birkhahn, A. J. Steckl, M. F. da Silva, J. C.
Soares, and E. Alves, Nucl. Instrum. Methods Phys. Rek6B-163 946

This work was partially supported by WPAFB and ARO. MSOSQ-C_I, o A Northruo R. Birkhahn and A. 3. Steckl. Aool. ph
The authors gratefully acknowledge the support and encour- étt.'m' 22&5@0'00.‘” rup, . Bifkhahn, and A. 2. steckl, Appl. Fhys.
agement of J. Scofield and J. Zavada. The authors also woule; < | ce and A J. Steckl, Appl. Phys. Le80, 728 (2002,

like to thank D. S. Lee and Y. Q. Wang for helpful discus- 164, gang, S. Morishima, Z. Li, K. Akimoto, M. Nomura, and E. Yagi, J.

sions. Cryst. Growth237-239, 1027(2002.

Downloaded 30 Jun 2003 to 129.137.172.185. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp



