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FhmXER Study on Performance Improvement of GaN-based Light
Emitting Diodes Grown on Silicon (111) Substrate
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This dissertation describes the study on the material characterization,. fabrication, and
| evaluation for GaN-based light emitting diodes (LEDs) groWn on silicon (111) substrate.

In the chapter 1 to 3, the research backgrounci, epitaxial growth of MOCVD, and
characterization for the material and LED, inciuding some basic theories for the optical
semiconductor device have been présented, respectively. It is known that the high quality GaN
grown on Si is difficult to be achieved, which can be contributed to the large tensile stress induced
by the lattice mismatch of 17% different thermal expansion coefficients of 116% and between GaN
and Si substrate. In particular, during the cooling to room temperature, it often results in the cracks
on the surface and the high threading dislocation density (TDD) in the layers, these are useless for
device applications. Especially, these problems are the major ob.stacle to realize high performance
GaN-based LEDs grown on Si(111) substrate. For example, the high TDD quickly degrades the
LEDs lifetime, which is critical for application in commercial products. On the other hand, large
‘| substrate bowing is also the origin of cracks in fhe epifaxial layer. In order to obtaixj crack free layer,

which has limited the n-GaN layer thickness with the maximum value of 2 um in the LEDs structure

of this study.
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In the chapter 4, the GaN‘—based‘LEDs on Si substrate by using 3C- SiC as an intermediate
layer (IL) have been demonstrated The effect of 3C-SiC IL on the characterzstlcs of LED has been |
investigated. The addltlon of 3C-SiC IL has resulted in the improved GaN crystalline quahty, the
better interfaces bejrween the buffer and the initial SLS layers, and the smoother morphology of
Samplg surface. As a cc;nsequence, the device with 3C- SiC IL showed an enhanced light 6utput
power by a factor of 2.4 at a drive current of 20 mA. The superior device performance was attributed
to the improvement in the structural properﬁes, whichﬁefe clarified by AFM, XRD, and TEM
measurements. This study implies that using 3C-SiC as IL is one of the effective approaches for
enhancing the hght‘ output power of LEDs grown on Si substrate. It will also be of interest for a
further study of GaN-based optoelectromc device grown on Si.

In the section 5.2 of chapter 5, the GaN-based LEDs grown by metal-organic chemical vapor
deposition on 4-in. Si(111) substrates have been demonstrated. The structural property has been
revealed by the measurement of X-ray diﬂ’raétioﬁ. One of the full widths at half maximum of
o-scans of the GaN (0602) reflection is around 630 arcsec. Also, it can be found that the GaN
epitaxial quality can be improved by increasing the thickness of n-GaN. The device properties have
been ‘évaiuated through current-voltage, electroluminescence, and light outpﬁt power—cwrén’c*
measurements. As the n-GaN thickness increases from 1 to 2 um, the light output powers of the
LEDS have énhanced approximately two times under the injection current of 20 mA. Moreover, the
A,niaximum values of respective exterhal' quantum efficiency are achieved as 0.3’ and 0.6%,
respectively. o ' ‘ '

Finally, in order to understand the ‘strain and lattice constant evolution in GaN-based LEDs
with different n-GaN thickness; lots of characterization measurements have been performed, sqch as
Raman and XRD. These descriptions have been shown in the chapter 6. Three samples with a
réspective n-GaN thickness of 0.5, 140 and 2.0 pm have been prepared.-Influence of n-GaN
thickness on both the epilayer quality and strain iri GaN epilayer have been investigated in detail by
the corresponding measurements. It is found that when n-GaN thlckness increases, the quality of |
GaN epilayer is con51derab1y 1mproved with a transition from compressive to tensile strain. In this.
study, some consistent relations regarding the. quah_ty and strain of GaN epilayer derived from those
measurements have also been discussed. For ‘exambple, the stress values of the GaN epilayer from
| Raman results are in agreement with XRD data. All the demonstrations have revealed several
important results; which would inspire some device researchers to further improve the performance
of LEDs grown on Si substrate. At the same time, these results again clearly imply that, especially
for the structure of GaN-based LEDs grown on Si, both the improvement of GaN epilayer quality '

and modulation of its strain are imperative.
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