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ABSTRACT

In this work, a layer of 5nm nickel was evaporated onto a (100) silicon substrate and then pre-treated with nitrogen (N2) and

tetrafluoromethane (CF4) plasma. Subsequently, SiOx nanowires were synthesized with in a furnace at 1000°C and an argon flow

rate of 500sccm by SLS mechanism. Scanning electron microscope (SEM), energy dispersive spectrometer (EDS), Fourier transform

infrared spectroscopy (FTIR) and field emission were employed to study the influence of these two plasma pre-treatments of Ni on

the growth of SiOx nanowire. It is found that as the plasma RF power is increased, the nickel particles become smaller and the

number of nickel particles become higher in the nucleation stage. Accordingly, the diameter of synthesized SiOx nanowire become

smaller and the number of SiOx nanowires become higher. Hence, the field emission of SiOx nanowire is enhanced. In addition, the

bigger aspect ratio of SiOx nanowire and the smaller curvature radius at the tip also make the emission current increase. After 900W

of N2 plasma pretreatment, the emission current of synthesized SiOx nanowire reached 1110μA/cm2, from 86μA/cm2 of

untreated; and after 700W of CF4 plasma pretreatment, the emission current is 2100μA/cm2. However, high-power CF4 plasma

pretreatment may hinder the nucleation of nickel catalyst which can suppress the growth of SiOx nanowires. Experimental results

reveal that 700W of CF4 plasma pretreatment on the nickel catalyst has a most pronounced effect on the enhancement of field

emission characteristics of SiOx nanowire.energy dispersive spectrometer (EDS), Fourier transform infrared spectroscopy (FTIR) and

field emission were employed to study the influence of these two plasma pre-treatments of Ni on the growth of SiOx nanowire. It is

found that as the plasma RF power is increased, the nickel particles become smaller and the number of nickel particles become

higher in the nucleation stage. Accordingly, the diameter of synthesized SiOx nanowire become smaller and the number of SiOx

nanowires become higher. Hence, the field emission of SiOx nanowire is enhanced. In addition, the bigger aspect ratio of SiOx

nanowire and the smaller curvature radius at the tip also make the emission current increase. After 900W of N2 plasma

pretreatment, the emission current of synthesized SiOx nanowire reached 1110μA/cm2, from 86μA/cm2 of untreated; and after

700W of CF4 plasma pretreatment, the emission current is 2100μA/cm2. However, high-power CF4 plasma pretreatment may

hinder the nucleation of nickel catalyst which can suppress the growth of SiOx nanowires. Experimental results reveal that 700W of

CF4 plasma pretreatment on the nickel catalyst has a most pronounced effect on the enhancement of field emission characteristics of

SiOx nanowire.

Keywords : SiOx nanowires ; plasma pre-treatments ; field emission ; metal-induced precipitation ; Si-Ni alloy

Table of Contents

封面內頁 簽名頁 授權書．．．．．．．．．．．．．．．．．．．．．．．．．iii 中文摘要．．．．．．．．．．．．

．．．．．．．．．．．．iv 英文摘要．．．．．．．．．．．．．．．．．．．．．．．．v 誌謝．．．．．．．．．

．．．．．．．．．．．．．．．．．vi 目錄．．．．．．．．．．．．．．．．．．．．．．．．．．vii 圖目錄．．．

．．．．．．．．．．．．．．．．．．．．．．x 表目錄．．．．．．．．．．．．．．．．．．．．．．．．．xvi 第

一章、緒論．．．．．．．．．．．．．．．．．．．．．．1 1.1 奈米與科技．．．．．．．．．．．．．．．．．．

．1 1.2 奈米材料．．．．．．．．．．．．．．．．．．．．1 1.3 奈米線簡介．．．．．．．．．．．．．．．．．．

．4 1.4 奈米線的應用．．．．．．．．．．．．．．．．．．5 1.5 研究動機．．．．．．．．．．．．．．．．．．．

．7 第二章、奈米線相關製程與文獻回顧．．．．．．．．．．．．9 2.1 奈米線成長機制．．．．．．．．．．．．．．

．．．9 2.1.1 氣-液-固機制．．．．．．．．．．．．．．．．9 2.1.2 氣-固機制．．．．．．．．．．．．．．．．．12

2.1.3 固-液-固機制．．．．．．．．．．．．．．．．14 2.1.4 電子束微影製程．．．．．．．．．．．．．．17 2.1.5 氧

化物促進一維奈米線成長．．．．．．．．．18 2.2 矽奈米線的成長方法．．．．．．．．．．．．．．．20 2.2.1 陽極氧

化鋁輔助成長法．．．．．．．．．．．20 2.2.2 雷射融蝕法．．．．．．．．．．．．．．．．21 2.2.3 化學氣相沉積法

．．．．．．．．．．．．．．23 2.3 實驗相關文獻回顧．．．．．．．．．．．．．．．．25 第三章、理論與研究方法

．．．．．．．．．．．．．．．．．27 3.1 電子場發射理論．．．．．．．．．．．．．．．．．27 3.2 電漿蝕刻機制

．．．．．．．．．．．．．．．．．．31 3.3 實驗儀器原理．．．．．．．．．．．．．．．．．．32 3.3.1 熱蒸鍍系統

．．．．．．．．．．．．．．．．32 3.3.2 高溫爐管系統．．．．．．．．．．．．．．．33 3.3.3 電漿蝕刻系統．．．



．．．．．．．．．．．．35 3.3.4 掃瞄式電子顯微鏡系統．．．．．．．．．．．37 3.3.5 能量散步分析儀系統．．．．

．．．．．．．．39 3.3.5 霍氏轉換紅外光譜儀的分析．．．．．．．．．40 3.3.6 場發射量測裝置系統．．．．．．．．

．．．．41 3.4 實驗步驟．．．．．．．．．．．．．．．．．．．．43 3.4.1 蒸鍍．．．．．．．．．．．．．．．．．

．．44 3.4.2 電漿蝕刻鍍有金屬催化劑之矽基板．．．．．．45 3.4.3 成長SiOx奈米線．．．．．．．．．．．．．．45

3.4.4 電性量測．．．．．．．．．．．．．．．．．46 第四章、實驗結果與討論．．．．．．．．．．．．．．．．

．47 4.1 N2電漿前處理對SiOx奈米線的研究與討論．．．．．．47 4.1.1 掃瞄式電子顯微鏡(SEM)的分析．．．．．．．

．48 4.1.2 能量散佈分析儀(EDS)的分析．．．．．．．．．56 4.1.3 霍氏轉換紅外光譜儀(FTIR)的分析．．．．．．59

4.1.4 電子場發射的分析．．．．．．．．．．．．．61 4.2 CF4電漿前處理對SiOx奈米線的研究與討論．．．．．65 4.2.1

掃瞄式電子顯微鏡(SEM)的分析．．．．．．．．66 4.2.2 能量散佈分析儀(EDS)的分析．．．．．．．．．74 4.2.3 霍氏轉

換紅外光譜儀(FTIR)的分析．．．．．．78 4.2.4 電子場發射的分析．．．．．．．．．．．．．80 4.3 不同電漿前處理

對SiOx奈米線的研究與討論．．．．．84 4.3.1 掃瞄式電子顯微鏡的分析比較．．．．．．．．84 4.3.2 能量散佈分析儀的

分析比較．．．．．．．．．87 4.3.3 霍氏轉換紅外光譜儀的分析比較．．．．．．．89 4.3.4 電流密度的比較．．．．．

．．．．．．．．．90 第五章、結論．．．．．．．．．．．．．．．．．．．．．．93 參考文獻．．．．．．．．．

．．．．．．．．．．．．．．．96

REFERENCES

[1] N. W. Ashcroft and N. D. Nmermin, “Solid State Physics”, 2nd Edition, Harcourt. (1976).�

[2] S. Veprek, “Electronic and mechanical properties of nanocrystalline composites when approaching molecular size”, Thin Solid Films.

279(1-2), pp. 145-153. (1997).�

[3] A. P. Alivisators, “Semiconductor clusters, nanocrystals, and quantum dots”, Science. 271, pp. 933-937. (1996).�

[4] L. T. Canham, “Silicon quantum wire array fabrication by electro-chemical and chemical dissolution of wafers”, Appl. Phys. Lett. 57, pp.

1046-1048. (1990).�

[5] H. W. Pollack, Materials Science and Metallurgy, 4th Edition, Prentice-Hall., Englewood Cliffs N. J. (1998).�

[6] Asahi, R.; Morikawa, T.; Ohwaki, T.; Aoki, K.; Taga, Y. “Visible-light photocatalysis in nitrogen-doped titanium oxides” Science. 293,

269-271. (2001).�

[7] M.-C. Daniel, D. Astruc, Chem. Rev. 104(1), 293-346. (2004).�

[8] R. M. Crooks, M. Zhao, L. Sun, V. Chechik, L. K. Yeung, Acc. Chem. Res. 34(3), 181-190. ( 2001).�

[9] L.-S. Li, J. Walda, L. Manna, A. P. Alivisatos, Nano Lett. 2(6), 557-560. (2002).�

[10] J. Hu, T. W. Odom, C. M. Lieber, Acc. Chem. Res. 32(5), 435-445. (1999).�

[11] David C. Bell, Yue Wu, Carl J. Barrelet, Silvija Grade ak, Jie Xiang, Brian P. Timko, Charles M. Lieber, Microscopy Research and

Technique. 64(5-6); 373-389. (2004).�

[12] P. M. Ajayan, Chem. Rev. 99(7), 1787-1800. (1999).�

[13] M. S. Arnold, P. Avouris, Z. W. Pan, Z. L. Wang, J. Phys. Chem. B. 107(3), 659-663. (2003) [14] A. P. Alivisatos, Science. 271, 933. (1996).�

[15] R. S. Wagner and W. C. Ellis, Appl. Phys. Lett. 4, 89. (1964).�

[16] E. I. Givargizov, J Crystal Growth. 31, 20. (1975).�

[17] L. T. Canham, “Silicon quantum wire array fabrication by electrochemical and chemical dissolution of wafers”, Appl. Phys. Lett. A.57,

1046. (1990).�

[18] S. Iijima, “Helical microtubules of graphitic carbon”, Nature. 354, 7, 56-58. (1991).�

[19] A. M. Morales and C. M. Lieber, “A laser ablation method for the synthesis of crystalline semiconductor nanowires”, Science. 279,

208-211. (1998).�

[20] H. F. Yan, Y. J. Xing, Q. L. Hang, D. P. Yu, Y. P. Wang, J. Xu, Z. H. Xi and S. Q. Feng, “Growth of amorphous silicon nanowires via a

solid–liquid–solid mechanism”, Chem. Phys. Lett. 323, 224–228. (2000).�

[21] D. P. Yu, Y. J. Xing, Q. L. Hang, H. F. Yan, J. Xu, Z. H. Xi, S. Q. Feng*, Physica E. 305-309. (2001).�

[22] Xihong Chen, Yingjie Xing, Jun Xu, Jie Xiang, Dapeng Yu, Chemical Physic Letters. 374, 626-630. (2003).�

[23] D. P. Yu, Y. J. Xing, Q. L. Hang, H. F. Yan, J. Xu, Z. H. Xi, and S. Q. Feng, Physica E. 9, 305. (2001).�

[24] K.-Q. Peng, Y.-J. Yang, S.-P. Gao, J. Zhu, Adv. Mater. 14(16), 1164-1167. (2002).�

[25] K.-Q. Peng, Y.-J. Yang, S.-P. Gao, J. Zhu, Adv. Func. Mater. 13(2), 127-132. (2003).�

[26] K.-Q. Peng, J. Zhu, Journal of Electroanalytical Chemistry. 34 558 35-39. (2003).�

[27] K.-Q. Peng, Z.-P. Huang, J. Zhu; Adv. Mater. 16(1), 73-76. (2003).�

[28] K.-Q. Peng, Y. Wu, H. Fang, X.-Y. Zhong, Y. Xu, J. Zhu, Angew. Chem. 117, 2797-2802. ( 2005).�

[29] T. C. Cheng, a_ J. Shieh, W. J. Huang, M. C. Yang, M. H. Cheng, H. M. Lin, and M. N. Chang, Appl. Phys. Lett. 88 263118. (2006).�

[30] D. Whang, S. Jin, Y. Wu and C. M. Lieber, “Large-scale hierarchical organization of nanowire arrays for integrated nanosystems”, Nano



Lett. 3, 1255-1259. (2003).�

[31] J. Xiang, W. Lu, Y. Hu, Y. Wu, H. Yan ,and C. M. Lieber, “Ge/Si nanowire heterostructures as high performance field-effect transistors”,

Nature. 441. 04796. (2006).�

[32] W. Zhu, “Vacuum Microelectronics”, Wiley, New York, (2001).�

[33] N. S. Xu, and S. Ejaz Huqb, Mater. Sci. Eng. 48, pp. 47. (2005).�

[34] K. Tohji, T. Goto, H. Takahashi, Y. Shinoda, N. Shimizu, B. Jeyadevan, I. Matsuoka, Y. Saito, A. Kasuya, T. Ohsuna, K. Hiraga, Y.

Nishina, J. Phys. Chem. 101, pp. (1997).�

[35] S. Bandow, A. M. Rao, K. A. Williams, A. Thess, R. E. Smalley, P. C. Eklund, J. Phys. Chem. B 101, pp. 8839. (1997).�

[36] E. Dujardin, T. W. Ebbesen, A. Krishnan, M. M. J. Treacy, Adv. Mater. 10, pp. 1472. (1998).�

[37] A. G. Rinzler, J. Liu, H. Dai, P. Nikolaev, C. B. Huffman, F. J. Rodriguez-Macias, P. J. Boul, A. H. Lu, D. T. Colbert, R. S. Lee, J. E. Fischer,

A. M. Rao, P. C. Eklund, R. E. Smalley, Appl. Phys. A. 67, pp. 29 (1998).�

[38] K. B. Shelmov, R. O. Esenaliev, A. G. Rinzler, C. B. Huffman, R. E. Smalley, Chem. Phys. Lett. 282, pp. 429 (1998).�

[39] A. C. Dillon, T. Gennett, K. M. Jones, J. L. Alleman, P. A. Parilla, M. J. Heben, Adv. Mater. 11, pp. 1354 (1999).�

[40] Z. Shi, Y. Lian, F. Liao, X. Zhou, Z. Gu, Y. Zhang, S. Iijima, Solid State Commun. 112, pp. 35 (1999).�

[41] I. W. Chiang, B. E. Brinson, R. E. Smalley, J. E. Margrave, R. H. Hauge, J. Phys. Chem. B 105, pp. 1157 (2001).�

[42] J. M. Moon, K. H. An, Y. H. Lee, Y. S. Park, D. J. Bae, G. S. Park, J. Phys. Chem. B 105, pp. 5677 (2001).�

[43] S. Niyogi, H. Hu, M. A. Hamon, P. Bhowmik, B. Zhao, S. M. Rozenzhak, J. Chen, M. E. Itkis, M. S. Meier, R. C. Haddon, J. Am. Chem.

Soc. 123, pp. 733 (2001).�

[44] A. R. Harutyunyan, B. K. Pradhan, J. P. Chang, G. G. Chen, P. C. Eklund, J. Phys. Chem. B, 106, pp. 8671 (2002) [45] M. T. Mart?nez, M.

A. Callejas, A. M. Benito, W. K. Maser, M. Cochet, J. M. Andre′s, J. Schreiber, O. Chauvet, J. L. G. Fierro, Chem. Commun., pp. 1000 (2002).�

[46] E. Va′zquez, V. Georgakilas, M. Prato, Chem. Commun. 2002; 230 Jo, S. H., Y. Tu, Z. P. Huang, D. L. Carnahan, D. Z. Wang and Z. F.

Ren, “Effect of length and spacing of vertically aligned carbon nanotubes on field emission properties”, Applied Physics Letters, 82(20), pp.

3520-3522 (2003).�

[47] S. H. Jo, Y. Tu, Z. P. Huang, D. L. Carnahan, D. Z. Wang, Z. F. Ren, Appl. Phys. Lett. 82. 3520 (2003).�

[48] R. P. Wang, W. A. de Heer, P. Poncharal, Appl. Phys. Lett., 80, 856 (2002).�

[49] J. M. Bonard, K. A. Dean, B. F. Coll, C. Klinke, Phys. Rev. Lett., 89, 197602 (2002).�

[50] K. Hiruma, Appl. Phys. Lett., 59, 431 (1991).�

[51] Y. Wu, H. Yan, M. Huang, B. Messer, J. H. Song, and P. Yang, Chem. Euri. J., 8, 1261 (2002).�

[52] G. D. Sanders and Y. C. Chang, Appl. Phys. Lett., 60, 2525 (1991).�

[53] J. Westwater, D. P. Gosain, S. Tomiya, S. Usui, H. Ruda, J. Vac. Sci. Technol. B, 15, 554 (1997).�

[54] P. Yang and C. M. Lieber, J. Mater. Res., 12, 2981 (1997).�

[55] L. X. Zhao, G. W. Meng, X. S. Peng, X. Y. Zhang, L. D. Zhang, Appl. Phys. A, 74, 587 (2002).�

[56] J. Zhang and L. Zhang, Solid State Comm. 122, 493. (2002) [57] S. H. Sun, G. W. Meng, T. Gao, M. G. Zhang, Y. T. Tian, X. S. Peng, Y.

X. Jin and L. D. Zhang, “Micrometer-sized Si-Sn-O structures with SiOx nanowires on their surface”, Appl. Phys. Lett., A76, 999-1002 (2003).�

[58] A. Notargiacomo, E. Giovine, F. Evangelisti, V. Foglietti and R. Leoni, Mater. Sci. Eng. C., 19, 185 (2002).�

[59] C. C. Tang, S. S. Fan, M. L. Chapelle, and P. Li, Chem. Phys. Lett., 333, 12 (2001).�

[60] N. Wang, Y. H. Tang, Y. F. Zhang, C. S. Lee, and S. T. Lee, Physical Review B., 58, R16024 (1998).�

[61] R. Q. Zhang, T. S. Chu, H. F. Cheung, N. Wang, and S. T. Lee, Physical Review B., 64, 113304 (2001).�

[62] R. Q. Zhang, T. S. Chu, H. F. Cheung, N. Wang, and S. T. Lee, Materials Science and Engineering C., 16, 31 (2001).�

[63] H. Y. Peng, Z. W. Pan, L. Xu, X. H. Fan, N. Wang, C. S. Lee, and S. T. Lee, Adv. Mater., 13, 317 (2001).�

[64] R. Q. Zhang, Y. Lifshitz, and S. T. Lee, Adv. Mater., 15, 635 (2003).�

[65] X.-M. Meng, J.-Q. Hu, Y. Jiang, C.-S. Lee, and S.-T. Lee, Appl. Phys. Lett., 83, 2241 (2003).�

[66] S. T. Lee, Y. F. Zhang, N. Wang, Y. H. Tang, I. Bello, and C. S. Lee, J. Material Research,14, 4503 (1999).�

[67] Y. F. Zhang, Y. H. Tang, N. Wang, C. S. Lee, I. Bello, S. T. Lee, J. Crystal Growth, 197, 136 (1999).�

[68] W. S. Shi, H. Y. Peng, N. Wang, C. P. Li, L. Xu, C. S. Lee, R. Kalish, and S. T. Lee, J. Am. Chem. Soc. 123, 11095 (2001).�

[69] S. T. Lee, N. Wang, and C. S. Lee, Mater. Sci. Eng., A 286, 16 (2000).�

[70] 陳貴賢、吳季珍，一維奈米材料的研究，物理雙月刊，23卷，六期，609-613（2001年12月）。�

[71] Y. Xia and P. Yang, Adv. Mater, 15, 353 (2003).�

[72] T. Baird and J. R. Fryer, “Carbon formation on iron and. nickel foils by hydrocarbon pyrolysis reactions at 700°C”, Carbon, 12, pp.

591-602 (1974).�

[73] Baker, R. T. K., & Harries, P. S., “The Formation of Filamentous Carbon. Chemistry and Physics of Carbon”, New York: Marcel Deckker,

14, pp. 83-165 (1978).�

[74] R. T. K. Baker, M. A. Braker, P. S. Harries, F. S. Feates, and R. J. Waite, “Nucleation and growth of carbon deposits from nickel catalyzed



decomposition of acetylene”, Journal of Catalysis, 26, pp. 51-62 (1972).�

[75] A. Oberlin, M. Ento, and T. Koyama, “Filamentous growth of carbon through benzene decomposition”, Journal of Crystal Growth, 32, pp.

335-349 (1976).�

[76] R. T. K. Baker and J. J. Chludzinski, “Filamentous carbon growth on nickel–iron surfaces—effect of various oxide additives”, Journal of

Catalysis, 64, pp. 464-478 (1980).�

[77] R. T. K. Baker, P. S. Harries, R. B. Thomas, and R. J. Waite, “Formation of filamen-tous carbon from iron and chromium catalyzed

decomposition of acetylene”, Journal of Catalysis, 30, pp. 86-95 (1973).�

[78] R. T. K. Baker and R. J. Waite, “Formation of carbonaceous deposit from the platinum-iron catalyzed decomposition”, Journal of

Catalysis, 37, pp. 101-105 (1975).�

[79] D. L. Smith, “Thin-Film Deposition Principles & Practice”, McGraw Hill, USA, (1995).�

[80] Jong Hyung Choi, Tae Young Lee, Sun Hong Choi, Jae-Hee Han, Ji-Beom Yoo, Chong-Yun Park, Taewon Jung, Se Gi Yu, Whikun Yi,

In-Taek Han, J. M. Kim, “Control of carbon nanotubes density through Ni nanoparticle formation using thermal and NH3 plasma treatment”,

Diamond and Related Materials, 12, 794–798 (2003).�

[81] M. A. Lieberman and A. J. Lichtenberg, “Principles of Plasma Discharges and Materials Processing”, John Wiley & Sons Inc, (1994).�

[82] H. Xiao, “Introduction to Semiconductor Manufacturing Technology”, Prentice Hall Inc, (2001).�

[83] S. L. S. Jacoby, J. S. Kowalik, & J. T. Pizzo, “Iterative Methods for Nonlinear Optimization Problems”, Prentice Hall, Inc., Englewood

Cliffs, New Jersey, ISBN:0-13-508199-X, 79-83. (1972).�

[84] R. H. Fowler and L. W. Nordheim, “Electron emission in intense electric fields” Proceedings of the Royal Society of London, 119, 173-181

(1928).�

[85] M. Katsura, K. Nishimaki, T. Nakagawa, T. A. Yamamoto, M. Hirota and M. Miyake. J. Nucl. Mater., 258-263, 839. (1998) [86] 李世鴻著

，積體電路製程技術，五南圖書出版公司印行，(1998)


