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Abstract

MgO thin films were reactively deposited using an internal inductively coupled plasma assisted sputtering
method varying reactive gas ratio to get stoichiometric film composition, and bipolar dc substrate bias to
suppress micro arcs. The minimum frequency required for arc suppression was about 10 kHz depending on
ICP power. Their crystallinity was analyzed using X-ray diffraction and surface morphology using AFM.
The surface was very smooth with rms roughness less than 0.42 nm. The preferred orientation of the films

were changing from (200) to bulk-like characteristics as Ar :

O, ratio was controlled to 10 : 2. Optical

emission spectroscopy revealed that there were two distinct discharge modes : a blue one and a green one,
where enhanced emission from Ar and Mg were observed. This cannot simply be understood by metallic
or oxide mode of reactive sputtering due to ICP coupled to magnetron discharge.
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(a) Magnetron discharge only

(b) Magnetron + ICP
Fig. 1. Discharge photos of magnetron only and ICP

assisted magnetron case.
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Fig. 2. System schematic of ICP assisted magnetron
sputtering machine.
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Fig. 3. X-ray diffraction results with increasing oxygen
flow ratio (ICP : 400W, Bipolar pulsed dc
sputtering power : 300 W).
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Fig. 4. X-ray diffraction result (ICP Magnetron Sputter
deposited MgO, strong (220) preferred orientation).
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Fig. 5. X-ray diffraction result (ICP Magnetron Sputter
deposited MgO, bulk-like pattern, Ar : O, = 10:2
sccm, GMW : 300 W, RPG : 500 W).
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Table 2. X-ray diffraction intensities (MgO Powder and
ICP sputter deposited MgO)

MgO Relative intensity Relative intensity

20 (hkl) (MgO powder) deg(():s}i)tesglll\t/}go)
36.9° 111 4 o
42.9° 200 100 100
62.3° 222 39 9
74.6° 311 5 4
78.6° 222 10 11

Fig. 6. Surface morphology measured by AFM (ICP
magnetron sputter deposited MgO).

7F 421 Ao]ZZ XRD peaks 36.9°, 42.9°, 62.3°,
74.6°, 78.6°9] 20 oAl ZHzb (111), (200), (220),
(311), (222) *W3ke] AL VeI 28 4=
FA 7t Artksst 07129 EFe] wE 53
d Mgoutete] AAAL HodFET) 19 4, 55 A
H U)o MAHoT o] Zepxuirt FAEHSL
< o AAHS etk 28 45 Q00)HoE
A ARAS RAF 28 5= MgOY EFE
gl 218 24348 BYFa Yo 8 2%
Powder®} 18 50041 24¥ XRDY IntensityS H]
w3 ZAolth, 3% (Luminance)?} ¥45E (Luminous
Efficiency)< (220), (200), (111)EAAH o2 5
813 MgORHAANA (111), (200), (22002748 H &2
2 o]& A} ¥& A4 (Secondary electron emission
coefficient, Y7} 38 ZoZ gEA JoH, £



HAAS /=R EF

8k8] 37 (2004) 169-174

173

np 2HEYE olg3te &, dEed, 28il o
A% 9E AT} 355 AP el 7hs

g Ao g AlgdETh
32 EH 8y

AFME o] &3t W AA7
7FA] MgO®BHEe| thsk AFM
gl e F uhete
Ay Hoju} BHe Azl A e = RMS
roughness%t-2 DC Magnetron Sputtering'd2]oll ICP
g 7| ARgg Zat ARRSA] @ Aol ZzF 0.42
nm$} 0.628 nme] S 7ERZ ESE ICPE 7o A}

0|

EH
HorE e N
i rlo oX

Fig. 7. Surface morphology measured by AFM (pulsed
dc magnetron sputtered MgO).
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Fig. 8. SEM-EDS of soda Lime glass substrate.
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Fig. 9. SEM-EDS result of ICP MgO film (no dicernable
peak from coil shield material).

2 3 4

—~B— Mg’ (729 1hm)
—®— Mg (758.07nm)
A AF (750.38hm)
—¥—0° (777.19nm)

Mg'{Mg"+Mg')

1200 -

1000

800 4
600 -
x1000

400

200 H

Optical emission spectrometer intensity

s et S L
Ve e ATy

o
1

T T T T T T T T v T
0 2 4 3 8 10

0, (SCCM)
Fig. 10. OES measurement shows increasing ionization
of Mg as more oxygen flows in (Ar : 10 sccm,
RPG : OW, ICP : 300 W, Bias : +20V~—40V).
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Fig. 11. OES measurement showing green mode
discharge (Ar : 10 sccm, RPG : 300 W, ICP :
300 W, Bias : +20V~-40V).
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