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ABSTRACT
ZnO0O Fe films were grown by the RF magnetrom sputtering technique. In this work we studied the influences of crystalline
substrates, surface morphology and doping concentration on the conductivityd carrier concentrationd) mobility(l transmittance and
magnetization. The sputtering parameters were adjusted and employed to obtain the optimum electro-optical properties of ZnO
O Fe thin film. The optimum conditions for the growth of 150-nm ZnOO Fe films are set with ZnO RF power = 30 WO Fe RF
power = 10 WO working pressure = 1 mTorr[J growth temperature = 450 oC. As a result of this work, we have successfully
achieved the lowest resistivity of 1.59x 10-2 Q cm, the carrier concentration of 3.79% 1019 m-3 with the mobility of 10.3 cm2/Vs.
The average optical transmittance with in the visible spectra is higher than 90.4 %. It is found that the average visible optical
transmittance increases with reduce of the surface roughness. The ZnOUO Fe films with the Fe/Zn of 1.153 at.% have the highest
conductivity. Moreover, the resistivity is reduced with the increase of the grain size. The hysteresis curve measured at 300K show
that ZnOO Fe films exhibit ferromagnetism with the curie temperature higher than 300 K. The saturation magnetization (Ms)
increases as the proportion of Fe atom is increased.

Keywords : ZnO ; RF magnetron sputtering ; ZnO0 Fe ; resistivity ; doping
Table of Contents

000000 00DoDo0oooo000Dooo000ooo00oooo0o0ooooooOiioooo0o0oDooooooO
000000000000 0DivOOO0O00D0D0O00000O000D0o000oo000ooo0dvOooooooooo
0000000000000 0ooo000oOviDOoDO0O0O0O0O000D0o000DoO0o0oDoooooDoOOviiDbooo
000000000000 0000000000O0x000D0O000000000000000Oo0oooooon
OxwO0O0OO0OD011000000000000000000000011.2000 00 (zinc oxide thin filmsO ZnO)O O O
O00413zZnO00000000000000ODOOOOOOOGLI400ZnOO0OODOOOOODOOOOODOOOOY
1500000zZnO0000000000OO0O0OODOY91600000000000000D0OO0OOODOOO1NIO000 O
O0021XRDOODOOOODODOOOOODOOOOOOOOO1221.10000000 (Bragg' slawOO OO 00012
212000000 (Scherr EquationD 000001322000 0000000000000 000O0O0OO15230000
0000000000000 000001s000 0000000 3100000000000000D0O0O0O000O00
0183200 0000000000000 0O00O0DOO0OO232100000000000000000000O203.2.2
000000o0o0o0ooooooooooo233000000000000000ooooooooe1340000n
000000000000000002434100000000000000000000243420000000000
O000000000002434300Zn00Fe 00 000O0OOOOOOOO23 5000000000000 00O00O00OO
O000oo2s3510000000000000000O0O00O002635200000000000000000O000026
353X-RayI 00000000 ODDODOOOOODO293540 000000000000 000O0O0OOO3035500000
0000000000000 0D00313560000000 00 (Superconducting Quantum Interference Device[l SQUID)
000000031357 XO00000000O0O0 (Energy Dispersive Spectrometer, EDS) 0 0 00000000 OO33000
00000 41zZnO0F0O0D0O00O0O0O0OOOODOOOODDO3641100000000000000000000O 36
411@U000000000000000O000O364.1.1) 00000000000 0O00O0O0O0O0O374120000
OzZnOOFOOOOOOO0OO0OD41412000000000000000000414.120)000000000O00O0O
O0000004141300000zZn0O0F0000000000O524.1400000ZnO0FOOO0OOOOO0O0OS5
414@zZnO0000000000D0O0OO0O0O0OS54140Fe0 0000000000000 0O0ODOS64.1.4c00000
OO0000000000005414d00000000000000000O0O574200000ZnO0F0000OOO
0000000000000 D000000000000000006742100000Zn0O0Fe0000O0OOOOOO
OCO000000000000000000006742200000000000000000000O7042300000
OO000000000000007442400zZn0O0F000000000000CO8043 0000000000000
0000000008300 00di0o0ooduooo0oooo0oooooossiooooooooooooo



000000000000008 000 011zZn0000000000000000C0000000060120000
OMnOCo00znOOOOOOOCOOOO0D0O00000O0OOOOOCOO0O000000000000090210000
0000000000000000000001402200000000000000000000000001703.1
000000000000000000000000019032000000000000000000000000
022033znO0Fe00000000000000000000023034astep0000000000000000
0000002035000 000000000000000000000028036HalEffect0000000000
000000000028 037X00000000000000000000000029038PCO00D000000
0000000D000000003003900000000000000000000000003303.1000000
0000000 OHITACHI S-3000N0003504.1Zn00Fed 0000001 mTorr D0Fe0 00 O010WOODOOOO
00znOOOOODODO0O0000000038042Zn00Fe0 0000001 mTorr00ZnOOOO0O30WO DO OO
O00FOOOOODDOO0OOOOOOOO39043Zn00F0000000000000000000004004.4
O0001mTorr OFed0O0010WO 00ZnOO 0000 ZnOOFOOXRDO DD OOOOOOOOOOD0430450
0001mTorrDZnOO OO O030WDO DOFed 0000 ZnO0OFeOOXRDOO D OO OOOOOOOODODO4404.6Fe
000010WOZnOOOOO30WO 000000 0ZnO0FedOXRDOOOOOOOOO000000004504.70
O001mTorr OFe0 00 D010WO O0ZnOO OO0 O0O0ZnOOFe0OcOD 0000000000000 04604800
OO01mTorr 0ZnOO OO O30WO OOFe00000ZnO0F00c0 0000000000000 04704.9Fe00
0010WOzZnOOOODO30WO O0000C0O0ZnO0Fed DcO00O0OO000000000O00DD4804.10002Zn0
OFOOOOOOZnOODODO0O0O0O0O0OOOOOOCOOOD0O000000000000C0000000004904.11Zn0
OFOOOOCOOFIOODONONONONOOOOOOOOODNONONONONONONOOOOOOOODNO00000005004.12
ZnOOFe0 00 O0O0OO0OO0OOCOOO0O00000000O0DOODOCOOO000000000000000000sL
041300001mTorr DFe0 00 010WD 00ZnOO DO 00000 ZnOO Fed 0 OFe/Znat%d 000000053
041400001mTorr JZnOO OO0 O030WO OOFeD DO OO0 DD ZnOO Fel 0 O Fe/Znat%0 0000 00054
041500001mTorr D OFed 000 10WIZnOOFeD 00000 ZnOO D000 00000 OO ZnOO Fed O
OAFMOOODO00000000000000000005804.1600001mTorr 00 Fed 00010 WO ZnOO Fell
00000zZnOOODDO0O0000000O0ZnO0FOOODAFMOOOOOOOOODODO00000000000S9
041700001mTorr J0ZnO0 00 030WO ZnOOFeD 00000 FOODO00O000O0O0O0OZnO0FeOO
OAFMOOO0O0O0000O000000O0D00000006004.1800001mTorr 0J02ZnOO OO O30 WO ZnOO Fe
O00000FODODO0O000O0O0O0OOO0ZNOO0FOIOODAFMOOOOOOOOOODO0O000000O00006L
04.19ZnO000030WOFeO OO D10WOZnOOFe0 000D 0000000000 ZnOOFeD O OAFMO O OO
0000000D0000000000000000006204.202Zn00 00030 WO Feld 00010 WO ZnOO Fed O
0000000D000000ZnO0FOOOAFMOOOOOOOOOOOOOODONO0O000000000000G3
04210421()+9)000001mTorrd 0ZnO0 00 O30WOFed 0O O010WO ZnOOFeD 0000000 O O (a)350
0CO (b)400 oC (c)430 oCO (d)440 oCO ()450 oCO (470 oCO (g)495 oCO DO D ODAFMO OO O OOOOOOO O D65
042200001mTorrdZnO0 00 030WIOFeD OO DO10WIOZnOOFeD DO OOOOOOOD0O00000000
000000000 0000000000C00000006604.2300001mTorrd2ZnO000030WOFed OO
010WOOzZnOOFeOOOOOOOOD0O000000ZnO0FOOOOOOONONO0O00000OO0O0OOOOONDO
068042400001 mTorrd0ZnO0 00 030WIFeD DO O10WOZnOOFeO OOOOCOOO0O0O000000ZNO
OFOOODOCOOODO0O00000O0OOOOOOOD006904.2500001mTorr00FeDd 00 010WO OO ZnOO O
000ZznOOFOOOODO0D000000O0O0000071042600001mTorr00ZnO000030WO 00 FeD OO
00zZnOOFOOOOODODO0O000000OD0OD0720427Fe000010W0ZnO0O00030WO D OO00000O0O
00zZnOOFOOOOODODO0O000DN0OO00D073042800001mTor00Fe000010WI OO ZnOO 00O
0znOOFOOOOOODO0O000000000075042900001mTorr00Fe00O0D010WI OO ZnOOOO DO
0znOOFOOOODODO0O000000O0O00076043000001mTorr00ZnO000030WIOOFOOODO
0zZnOOFOOOOODDO0O00000O0O0OOO770431Fe000010WOZnO000030WO O OO0O00000O0O
0znOOFOOOOODDOO0O0O0O0OOOOOO78043200F000000000000000ZnO0F0O0O0O0
0000000D000000000000007904.33Zn00Fe000000000000000002Zn0O0Fe00
OFe/Znat%»l 00000000000 00008104.34Zn0000030WIF0OODI10WOOOOOO0O0000
00000ZnOOFOOO0O0O0O0OMUIOOOOOOOODNONONNNNONONOOONOOOODN000008204.35
ZnOOFed 0300KOOOODDODOOOODOOOODS4000 0110000000000000000000000
000103100001737FO0000000000OOOOOOO200320000000000000000000
oooooo24

REFERENCES



0000 [OO0000000DODO0D0O1790 20010 110 O P.135 [2]0 R. Cebulla, R. Wendt, K. Ellmer, “  Al-doped zinc oxide films
deposited by simultaneous rf and dc excitation of a magnetron plasma: Relationships between plasma parameters and structural and electrical film
properties” , J. Appl. Phys. 83 (2), 15 January 1998 [3]0 P. Nunes, E. Fortunato, P. Tonello, F. Braz Fernandes, P. Vilarinho, R. Martins, “ Effect
of different dopant elements on the properties of ZnO thin films” , Vacuum 64 (2002) 281-285 [4]0] S. Major, Satyendra Kumar, M. Bhatnagar,
and K. L. Chopra, “ Effect of hydrogen plasma treatment on transparent conducting oxides” , Appl. Phys. Lett. 49, 394 (1986).0

[5]10 S.H.Jeong, J.H.Boo, “ InFluence of target-to-substrate distance on the properties of AZO films grown by RF magnetron sputtering” , Thin
Soild Films 447-448 (2004) 105-110 [6]0 H. L. Hartnagel, A. K. Jain and C. Jagadish, “ Semiconducting Transparent Thin Films” , published by
Institute of Physics Publication, 1995, Chap. 3.0

[710 Fortunato, Elvira; Goncalves, Alexandra; Assuncao, Vitor; Marques, Antonio; et. al., “ Growth of ZnO:Ga thin films at room temperature
on polymeric substrates: thickness dependence” , Thin Soild Films 442 (2003) 121-126 [8]0 Y. Igasaki and H. Saito, Thin Solid Films 199 (1991)
223.0

[9]10 Paraguay D., F.; Estrada L., W.; Acosta N., D.R.; Andrade, E.; Miki-Yoshida, M. “ Growth, structure and optical characterization of high
quality ZnO thin films obtained by spray pyrolysis” , 350 (1999) 92 [10]0 E. Burstein, “ Anomalous Optical Absorption Limit in InSb” , Phys.
Rev.,93(1954) p.632-633.0

[11]0 T. S. Moss, “ The Interpretation of the Properties of Indium Antimonide” , Phys. Soc. London Sect. B, 67(1954) p.775-782.00

[12]0 P. Nunes, E. Fortunato, R. Martins, “ Influence of the post-treatment on the properties of ZnO thin films” , Thin Soild Films 383 (2001)
277-280 [13]0 G.A. Hirata, J.M. Siqueiros, J.A. Diaz, O. Contreras, J. McKittrick, T. Cheeks, O.A. Lopez, “ Synthesis and optelectronic
characterization of gallium doped zinc oxide transparent electrodes” , Thin Soild Films 288 (1996) 29-31 [14]0 Fortunato, Elvira; Goncalves,
Alexandra; Assuncao, Vitor; Marques, Antonio, “ Growth of ZnO:Ga thin films at room temperature on polymeric substrates: thickness
dependence” , Thin Soild Films 442 (2003) 121-126 [15]0 I. Safi, R.P. Howson, “ The properties of reactively-sputtered, stoichiometry-controlled
and optimum-conductivity transparent indium oxide films as a function of their titanium, aluminium and zinc content; comparisons with the use of
tin as a dopant” , Thin Soild Films 343-344 (1996) 123 [16]0 H. Ohno, A. Shen, F. Matsukura, A. Oiwa, A. Endo, S. Katsumoto, and Y. lye,

“ (Ga,Mn)As: A new diluted magnetic semiconductor based on GaAs” , Appl. Phys. Lett. 69, 363 (1996).01

[17]0 S. Koshihara, A. Oiwa, M. Hirasawa, S. Katsumoto, Y. lye, C. Urano, H. Takagi, and H. Munekata, “ Ferromagnetic Order Induced by
Photogenerated Carriers in Magnetic 111-V Semiconductor Heterostructures of (In,Mn)As/GaSb” , Phys, Rev. Lett. 78, 4617 (1997).0

[18]0 T. Dietl, H. Ohno, F. Matsukura, J. Cibert, and D. Ferrand, “ Zenar model description of ferromagnetism in zinc-blende magnetic
semiconductors” , Science 287, 1019 (2000) [19]0 K. Sato and H. Katayama-Yoshida, “ Stabilization of Ferromagnetic States by Electron
Doping in Fe-, Co- or Ni-Doped ZnO” , Jpn. J. Appl. Phys, Part 2 40, L334 (2001) [20]00 H. Akai, “ Ferromagnetism and Its Stability in the
Diluted Magnetic Semiconductor (In, Mn)As” , Phys. Rev. Lett. 81, 3002 (1998).0

[21]0 D. P. Norton, S. J. Pearton, “ Ferromagnetism in Mn-implanted ZnO:Sn single crystals” , Appl. Phys. Lett. 82, 239 (2003).00

[22]0 Hiromasa Seki, Hitoshi Tabata, Tomoji Kawai, “ Magnetic and electric properties of vanadium doped ZnO films” , Solid
StateCommunication 120, 439 (2001).00

[23]0 S-J. Han, J. W. Song, C.-H. Yang, S. H. Park, J.-H. Park, and Y. H. “ A key to room-temperature ferromagnetism in Fe-doped ZnO: Cu” ,
Jeong, Appl. Phys. Lett. 81, 4212 (2002).0

[24]0 Kenji Ueda, Hitoshi Tabata, Tomoji Kawai, “* Magnetic and electric properties of transition-metal-doped ZnO films” , Appl. Phys. Lett. 79,
988 (2001).0

[25]0 T. Wakano, N. Fujimura, Y. Morinaga, N. Abe, A. Ashida, T. Ito,“ Magnetic and magneto-transport properties of ZnO:Ni films” ,
Physica E 10,260 (2001).0

[26)0C000C,000," XOOOODOOOOOOOO0” , 00000000 (1996)pl61-163[27]0000,000, XOOOOOOOO
O0o0oO0” ,00000000 (1996) p422-425 [28]0 A.K. Kulkarni, Kirk H. Schulz, T.S. Lim, M. Khan, “ Dependence of the sheet
resistance of indium-tin-oxide thin films on grain size and grain orientation determined from X-ray diffraction techniques” , Thin Soild Films 345
(1999) 273-277 [29]0 T.L.Tansley, D.F.Neely, “ Adsorption, desorption and conductivity of sputtered zinc oxide thin films” , Thin Soild Films
121 (1984) 95 [30]0 B. Chapman, “ Glow Discharge Processes” , John Wiley & Sonc. Inc., N. Y.,(1980) [31]0 K.H. Yoon, J.W. Choi, D.H. Lee,
“ Characteristics of ZnO thin films deposited onto Al/Si substrates by r.f. magnetron sputtering” , Thin Solid Films 302 (1997) 116.0

[32]0 S. Takada, “ Relation between optical property and crystallinity of ZnO thin films prepared by rf magnetron sputtering.” , J. Appl. Phys.
73(10) (1993)4739.00

[33]0 K. H. Kim, K. C. Park and D. Y. Ma, “ Structural, electrical and optical properties of aluminum doped zinc oxide films prepared by... " ,
J. Appl. Phys. 81 (12) (1997) 7764.0

[34]0 M. Ohring, The Materials Science of Thin Films (Academic Press, San Diego, CA, 1991), p.517.00

[35]0 L.R. Cruz, C.Legnani, I.G. Matoso, C.L. Ferreira, H.R. Moutinho, “ Influence of pressure and annealing on the microstructural and
electro-optical properties of RF magnetron sputtered ITO thin films” , Materials Research Bulletin (2004) 2454 [36]0 Kim, H.; Horwitz, J.S.;
Qadri, S.B.; Chrisey, D.B. “ Epitaxial growth of Al-doped ZnO thin films grown by pulsed laser deposition” , Thin Solid Films 420-421 (2002)
107-111.0



[37]0 F. Quaranta, A. Valentini, F.R. Rizzi, G. Casamassima, J. Appl. Phys.74 (1993) 244.00
[38]00 J. C. A. Huanga, H. S. Hsu, Y. M. Hu, C. H. Lee, Y. H. Huang, and M. Z. Lin “ Origin of ferromagnetism in ZnO/CoFe multilayers:
Diluted magnetic semiconductor or clustering effect?” , Appl. Phys. Lett. 85 (2004) 17



