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              摘要 

    近年來以碳基奈米結構材料所製成的場發射元件上獲得舉世的注

目。特別是碳奈米管(CNTs)及碳奈米尖錐(CNCs)，由於它們具備高的深寬

比形貌以及奈米級的發射極半徑。 影響碳奈米結構場發射性質的因素包

括其結構尺寸大小、排列方向、表面形貌、碳的鍵結、管束成長密度和與

基材的附著性..等等，而這些因素都與製程參數有關，因此如何利用製程

參數來操控奈米結構是眾多重要的課題之一。 本研究以微波電漿化學氣

相沉積(MPCVD)法合成具準直性碳奈米管與碳奈米尖錐在矽基材上，使用

10 nm的鈷膜當作觸媒，H2、NH3、Ar、C2H2和 CH4當作氣體原料。 在每一

階段製程的奈米結構與性質利用掃描式電子顯微鏡(SEM)、穿透式電子顯

微鏡(TEM)、電子繞射(ED)、拉曼光譜儀(Raman spectroscopy)、歐傑電

子能譜儀(AES) 和 以I-V 量測儀進行分析。 

氫電漿前處理結果顯示高的基材溫度相依於大的氣氛的壓力及微波

功率，在條件為 9 Torr 的氫氣壓力及 400 W 的微波功率之氫電漿前處理

下，有適當的觸媒平均粒徑和數目密度。 在不同的氣體源與外加負偏壓
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所成長出的碳管具準直性，可能是由於電漿自我偏壓、負偏壓增強電漿鞘

能量或是較高的管束密度所造成的。 對於成長時間影響碳管的準直性結

果顯示，成長時間太長會因為不同觸媒毒化速率的不同而造成捲曲狀碳管

的形成。 在場發射性質方面以無偏壓輔助成長 10 分鐘的準直碳管表現

最佳,其開啟電場 (Eto) ~ 4.4 V/µm; 起始電場 (Eth) ~ 8.26 V/µm；場發

射增強因子β ~ 4096，而在 10 V/µm 的電場下可達 88.7 mA/cm
2
。但經過

多次循環的場發射量測後碳管會從矽基材剝落，推測原因為碳管與基材附

著性不佳所以無法承受電場的破壞。 根據不同施加負偏壓及H2/CH4 比例

影響下成長碳奈米尖錐結果顯示，碳奈米尖錐的合成必須在偏壓大於 

-150 V 且H2/CH4需小於 80/5 (sccm/sccm)。準直碳奈米尖錐合成溫度皆

低於 650℃。 尖錐的高度隨著負偏壓和H2/CH4比例上升而增高。相對的，

尖錐的底部寬度及頂端角度隨著負偏壓和H2/CH4 比例的上升而減小。從

SEM結果推測碳奈米尖錐的形貌可能是在電漿環境中碳沉積與離子蝕刻互

相競爭所產生的結果。拉曼光譜、AES、 TEM 及ED 分析顯示其為一個多

晶石墨層、非晶質矽和非晶質碳混合物的尖錐，且在尖錐頂部及底部都有

鈷觸媒的存在。在場發射性質上碳奈米尖錐展顯出較碳管優異的性質，其

開啟電場 (Eto) ~ 5.0 V/µm；起始電場 (Eth) ~ 6.99 V/µm；場發射增強

因子β ∼ 4993，而在 10 V/µm 的電場下更可達 173.42 mA/cm
2
。碳奈米尖

錐可以承受高電場長時間的場發射量測而且有穩定的發射電流，顯示出碳

奈米尖錐對基材的附著性比碳奈米管優異。
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Abstract 
 

 Applications of the carbon nanostructured materials to fabricate the field emission (FE) devices are 

gained greater attention in recent years in the world, especially, the carbon nanotubes (CNTs) and the 

carbon nanocones (CNCs) due to their high aspect ratios morphologies and nanoscale field emitter radius. 

There are many factors governing the FE properties of carbon nanostructures, such as size, orientation, 

morphologies, bonding structure, tube number density and adhesion with the substrate, depending on the 

process parameters. Therefore, way to manipulate the nanostructures is one of the important topics. In this 

study, processes were developed to synthesize the well-aligned CNTs and CNCs on Si substrate by 

microwave plasma chemical vapor deposition (MPCVD), using 10 nm Co film as a catalyst and H2, NH3, 

Ar, C2H2 and CH4 as source gases. The carbon nanostructure and properties at each processing step were 

characterized by scanning electron microscopy (SEM), transmission electron microscopy (TEM), electron 

diffraction (ED), Raman spectroscopy, Auger electron spectroscopy (AES), and I-V measurements. 

 

 On the pretreatment process, the results indicate the greater substrate temperature are depending on 

the greater gas pressure and microwave power. Under 9 Torr H2 pressure and 400 W microwave power 

plasma pretreatment condition shows appropriate number density and small average catalyst particle sizes. 

The CNTs show the aligned orientation which are synthesized by different gas sources and applied 

negative bias, it may be due to plasma self-bias potential, applied negative bias enhance plasma sheath 
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potential or greater tube number density induced. The result of CNTs synthesized under different growth 

time reveals wave-like CNTs easily produced on long time growth, it may be induced by each CNT 

having different catalyst poisoned rate. The well-aligned CNTs which were grown under 10 min without 

applied bias shows the best FE properties, It’s Eto ~ 4.4 V/µm, Eth ~ 8.26 V/µm, field enhancement factor 

β ∼ 4096, and J ~ 88.7 mA/cm2 at 10 V/µm. However, the CNTs after several cycles of I-V measurement 

will striped from the substrate. It may be due to the bad adhesion between the CNTs and substrate.  

 

The results of different applied negative bias and H2/CH4 ratio on CNCs growth show the 

well-aligned CNCs preferred to synthesize under above -150 V bias and lower H2/CH4 ratio (< 80/5 

sccm/sccm). It is significant to note that the growth temperature of well-aligned CNCs is below 650℃. 

The Height of CNCs will increase with an increase of applied negative bias and H2/CH4 ratio. In contrary, 

the bottom diameter and apex angle of CNCs decrease with a decrease of applied negative bias and 

H2/CH4 ratio. The morphology of CNCs may be produced by the competition between the carbon 

deposition and ion etching under plasma bulk. The results of Raman spectrum, AES, TEM, and ED 

analysis indicated the CNC is the cone-shaped mixture of polycrystalline graphite, amorphous Si and 

amorphous carbon, where the existence of Co catalysts are both in the tip and bottom of the CNC. The 

CNCs exhibit better FE properties than CNTs, its Eto ~ 5.0 V/µm, Eth ~ 6.99 V/µm, field enhancement 

factor β ∼ 4993, and ~ 173.42 mA/cm2 at 10 V/µm. The CNCs can bear long time measurement under 

high electric field and with stable emission current. It indicates that the CNCs have the better adhesion 

with the substrate than CNTs.
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