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Figure 2 | White light based on LEDs. a, Three dominant ways to produce white light based on LEDs. b, Comparison of the spectrum of ideal sunlight with two
LED-based white-light sources.

Pimputkar S, Speck J S, Denbaars S P and Nakamura S 2009 Prospects for LED lighting Nat. Photonics 3 180-2
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Zn0O Overview

Zn0O vs GaN

Lattice
parameter Bandgap Energyof En of Excitonic binding
Crystal a(A) encrgy  cohesion  fusion  emergy
Material structure ¢ (A) (eV) (eV) K)  (meV)

In0 Wurtzite 15 337 1.89 048 60
521 kA
InS Wurtzite 82 38 1.59 2103 30
6.26 5.1
ZnSe Zincblende  5.66 21 4.2 1793

(a) cubic rocksalt, (b) cubic zinc blende, (c) hexagonal wurtzite
GaN Wurtzite 319 339 N

310 ) S.J. Pearton, D.P. Norton, K. Ip, YW. Heo, T. Steiner, Progress in Materials Science 50 (2005)
6H-SiC  Wurtzite 318 286
15.12

[

J. Phys. D: Appl. Phys. 40 (2007) 6312 . ZnO thin films (450°C, 0.02 mol, 10)
' - Annealed at 800°C, 2 h

Intensity (a.u.)

X.M. Fan, J.S. Lian, Z.X. Guo, H.J. Lu, Appl. Surface Science, 239, 2005

ZL Wang and J Song, Science 312, 2006



Lattice parameter | sttice Mismatch

Defectin ZnO Structure B S S .
3.252 2.213 0
3.189 5.185 1.8
* C.G.Van de Walle., Phys. Rev. Lett. 85 (2000)—> formation energies M2 4980 45
and electronicstructure of native defects and hydrogen is common 4757 12983 18

impurity 5.430 40.1

Jin Xu.,Luminescence in ZnO., Master Thesis, Virginia

* A.F. Kohanetal., Phys. Rev. B 61, 15019 (2000)—> theoretically, both  commonwealth University (2004).
oxygen vacancy and zinc interstitial have high formation energiesin
n-type ZnO

. D.C. Look et al., Phys. Rev. Lett. 95, 225502 (2005)=> Oxygen Effect of different substrates
vacancy andZinc interstitial both are deep donor

 X.M. Fan, J.S. Lian, Z.X. Guo, H.J. Lu, Appl. Surface Science, 239,
2005—> The intrinsicdefects in ZnO thin films generally are zinc
vacancyV,,, oxygen vacancy V, interstitial zinc Z;;, interstitial oxygen
O;, and antisite oxygen O,

Intensity NBE emission increased with
decreasing lattice mismatch

. WVI=10/50
= uUVv/GB = 445

[temshy (nm)

- WwwwiIE=1o/25
uUv/GB = 4. .43

Bottleneckto produce
p-n homojunction

500
Wawvelength(nm)

ChallengeéHigh efficiency devices based ZnO homostructure very difficult to be realized



EFFECTIVE APPROACH TO ADJUST THE ELECTRICAL,
OPTICAL, AND MAGNETICPROPERTIES, WHICH IS
CRUCIALFOR PRACTICALAPPLICATIONS

Vande Walle (Physical Review Letter 85 ,1012-1015)

the n-type conductivity of unintentionally doped ZnO films is only due to hydrogen (H) = the
assumption is valid since hydrogen is always presentin all growth methods and can easily
diffuse into ZnO in large amounts due to its large mobility

The n-type doping of ZnO (Journal Crystal Growth 538, 237-239.):
group Ill (Al, Ga, and In) as substitutional elements for Zn and
group VIl (Cl and |) as substitutional elements for O

The p-type doping in ZnO (Physics Review B 66 ,073202):

group | elements (Li, Na, and K) for Zn sites or

group V elements (N, P, and As) for O sites




Berbagai Metode Sintesis (Studi kasus ZnO dan I1-VI Semiconductor)

Thin Oxide Film
Deposition Processes

ZnO thin films and nanostructure on various substrate with
different growth techniques

Physical Deposition Chemical Deposition
Processes Processes

1. PLD (X. W. Sun and H. S. Kwok, J. Appl. Phys. 86, 408-

Pll}“si'(!fll \-"ap(rl' - 41 1 ( 1 .99.9 ) )
Deposition (PVD) Gas Phase
2. MBE (K. Nakahara etal, J. Crystal Growth 237<239

e
Deporttion PLDY ' 3. MOCVD (X. Li, etal, J. Vac. Sci. Technol. A 21 (2003), S.

__ Iwan etal, Vacuum (2018))
 Sepesiton (EVD) 4. Sputtering(A.V.Singh, etal, J. Appl. Phys. 93 (2003))
5. USP (K. Krunk et al, Physica Scripta, 79, 209-212
Laser Ablation Atomic Laser (1999), S Iwan et al, Material Science and
Depostion GLD) Semiconductor Processing, 2015)

Molecular Beam
Epitaxy (MBE)
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Growth technique Structure

Light emission
(nm)
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OPTICAL PROPERTIES-PHOTOLUMINESCENCE (ZNO NANORODS)
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KESIMPULAN

* ZnO memiliki potensi untuk menggantikan GaN sebagai material
semikonduktor dalam aplikasi optoelektronika khususnya LED

* 7Zn0O berbasis homojunction masih memiliki efisiensi yang rendah, factor
utama adalah menghasilkan tipe-p ZnO masih sukar direalisasikan. Terdapat

tiga factor utama:
e Solubilitas doping (golongan | dan V) rendah
* Energiionisasi akseptor sangat kuat

 Mekanisme kompensasi dopan akseptor oleh defects
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