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	摘要(中)	在近數十年以來，太陽能產業發展十分迅速，更被視為在未來最具發展性的能源之一。主要是因為太陽能取之不盡而且太陽能轉換成電能的過程中並不會排放溫室氣體。太陽能電池在市場上並不普遍，因為它的價格過於昂貴。我們的實驗的目標是效率在損失極小的條件之下，有效的降低成本。用銅替代部分銀，做成銅銀雙層電極，這是已知降低成本的方法之一。在整個模擬中，我們專注於前電極的部分。藉由改變電極的數量、高度和材料，來模擬太陽能電池的效率。一開始，我們採用論文[17]中與前電極無關的參數，接著使用PC1D來計算太陽能電池的電流和電壓數據。然後，用MATLAB對電流電壓數據進行單指數模型的擬合。擬和出來的參數分別是與前電極無關的短路電流和串聯電阻、飽和暗電流、理想因子、並聯電阻。之後，我們加入了前電極的參數[12]，使用PYTHON計算太陽能電池的效率。然後我們藉由調整電極的數量來計算不同條數情況下的效率。我們可以進而找到最佳效率情況下的電極的數量。在雙層電極得模擬計算上，其過程和方法與單層電極大致上相同，僅增加了銅的參數到計算中而已。在雙層電極模擬過程中，我們模擬了銀的高度、銅的高度和效率之間的關係，以及增寬比和效率之間的關係。在不同增寬比的情況下，我們得到了其相對應的銀高和銅高的最佳組合，每一個最佳組合都是一個最佳效率點。將不同增寬比情下所得到的最佳效率做比較。找到最好的一個，它就是雙層電極的最佳效率。然後將單層電極與雙層電極做比較。計算電極截面積以比較銀和銅的用量。結果顯示，我們通過比較單層的電極與雙層電極，減少銀24.47％的用量和增加銅21.38％的用量，並且只有降低0.012％的效率。在國際金屬價格上，銀比銅貴了97倍，所以節省下的成本是非常可觀的。

最終，我們架構了一個結合了PC1D和電路模型的計算的工具，用來模擬矽晶太陽能電池和銅鍍雙層前電極的最佳厚度組合，並且能因應不同的實驗數據、參數，模擬出各自適合的結果。
	摘要(英)	

In recent decades, the solar energy techniques grow very quickly. Because solar energy cannot exhaust greenhouse gas that is the main cause of greenhouse effect. Currently, the solar cell cannot be commonly employed since its price is still expensive. Our goal in this study is to greatly reduce the cost but only losing little efficiency. One solution is to replace a portion of silver front side metallization by copper. 

In our simulation, we change number, height and composition of fingers to simulate solar cell efficiency. First, we obtained the parameters which are independent of fingers, and then used PC1D to calculate cell’s IV-data. Secondly, the single diode model is employed to obtain the short circuit current, the series resistance which are independent fingers, dark current, the ideal factor and the shunt resistances. Finally, once the finger’s electrical and structural parameters are included, the cell’s efficiency can be calculated. 

For cupper-plated front side metallization, the simulation process is similar but considering electric and structural parameters of copper. We discussed the relations between silver height, copper height and efficiency; and the relation between widening ratio and efficiency. By comparing single layer finger with Cu-plated finger, we successfully reduce about 24.47% of Ag with additional 21.38% of Cu , while, only 0.012% of efficiency is losing. This reveals a promising reduction of cost in Si-based solar cell with Cu-platted front side metallization. 

Finally, we propose a promising calculation tools, combining the PC1D and circuit model, to simulate the best combination of Si-based solar cell with Cu-platted front side metallization, as long as the real electrical and structural parameters implemented from experimental results.
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