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Investigation of Strﬁctural and Optical Properties of
ITI-Nitride LED grown on Patterned Substrate by MOCVD

Sunwoon Kim and Je Won Kim'

Samsung Electro-Mechanics Co.

(2005 89 29 W 20059 9¢ 10¥ HFTFAE L)

Abstract GaN-related compound semiconductors were grown on the corrugated interface substrate using a
metalorganic chemical vapor deposition system to increase the optical power of white LEDs. The patterning
of substrate for enhancing the extraction efficiency was processed using an inductively coupled plasma reactive
ion etching system and the surface morphology of the etched sapphire wafer and that of the non-etched surface
were investigated using an atomic force microscope. The structural and optical properties of GaN grown on
the corrugated interface substrate were characterized by a high-resolution x-ray diffraction, transmission
electron microscopy, atomic force microscope and photoluminescence. The roughness of the etched sapphire
wafer was higher than that of the non-etched one. The surface of IIl-nitride films grown on the hemispherically
patterned wafer showed the nano-sized pin-holes that were not grown partially. In this case, the leakage
current of the LED chip at the reverse bias was abruptly increased. The reason is that the hemispherically
patterned region doesn’t have (0001) plane that is favor for GaN growth. The lateral growth of the GaN layer
grown on (0001) plane located in between the patterns was enhanced by raising the growth temperature and
lowering the reactor pressure resulting in the smooth surface over the patterned region. The crystal quality
of GaN on the patterned substrate was also similar with that of GaN on the conventional substrate and no
defect was detected in the interface. The optical power of the LED on the patterned substrate was 14% higher
than that on the conventional substrate due to the increased extraction efficiency.

Key words patterned substrate, metalorganic chemical vapor deposition, GaN, X-ray diffraction, extraction
efficiency.
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Fig. 1. SEM image of patterned sapphire substrates.
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Table 1. Growth conditions of GaN layer on different
substrates.

Sample Temperature (°C) Pressure (mbar)
Planar 1060 500
CIS 1 1060 500
CIS 2 1060+ 1080 500+300
CIS 3 1060+ 1090 500+200
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Fig. 2. Reflectance traces of GaN layer on different substrates.
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Fig. 3. Microscope images of GaN layer grown on (a) CIS-1
and (b) CIS-2 substrate.
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Fig. 4. AFM images of GaN layer grown on CIS-2 substrate.

(a) 2-dimensional image (25 umX25 um), (b) tracing line
(horizontal 25 um, vertical 10 nm).
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Fig. 5. Cross sectional SEM image of the interface between
GaN layer and CIS-2 substrate. )
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Fig. 6. TEM images of GaN layer grown on CIS-2 substrate.

Table 2. Full width at half maximum of the x-ray diffraction
rocking curve on (001) and (102) planes.

(002) FWHM (102) FWHM
Sample
(arcsec) (arcsec)
Planar 260 391
CIS 1 442 566
CIS 2 316 326
CIS 3 309 356
holeZ A A1 CIS 39 7% (102) A H el kA

2 238 planar 7] HETH /A=A (002) 24T
735 27 PR sl Atglelo] J1d WS AW

23 -

A
10 480
| —8—CIS 3

sl —O— plane substrate " -
- 1475 €
5 - £
2 N o B
2 Ao {a70§
g o ] E
E © &
= 2t . =

—— O . - 465

O
ol D
' : 460

00 05 10 15 20 25 30 35
PL Laser Power (mW)

Fig. 7. Results of room temperature P measurement with the
laser power.
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