




















































































































Overview of semiconductor fabrication

Multiple stages are involved: ingot growing, sawing into

wafers, thermal and local oxidation, photolithography, etching,

dopant di�usion, ion implantation, and chemical-mechanical

planarization processes.

Each wafer contain hundreds of dies(or chips), which are

separated by scribing and cleaving, then packaged for

protection.

Modern fabs are organized into �workcells� so that all

necessary equipment for completing a given stage is placed in

the same room, so that chance of mishandling is reduced.
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Wafer QA Tests

There are two tests consisted in wafer testing.

Prior to packaging: Wafer sorting, testing individual dies on

the wafer with wafer prober. Failed dies are not packaged,

wafers with large proportion of failed dies are discarded.

After wafer packaging: Final test (functional testing at the

completion of production) uses a sample of the packaged

wafers to test if the product actually meets the customers'

speci�cations. It provides a concrete application of the

methodology developed for identi�cation of defective tools

following fault detection.
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E-matching 品質管制 
 
 
 
 
 

 
 機台總數量十分龐大，晶圓片數則非常少，特別在製程初

期，未大量生產晶圓之時，如何找出製程中，發生問題的
機台，此時估計參數大於晶圓片數 
(即觀察值個數) 
品質控管:影響獲利及競爭力 
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巨量資料 
 Large p, small n (Big Data) : p 指的是模型中的解釋變數

(機台)之個數，而 n則 指的是樣本數(晶圓片數)。由於變
數多樣本少，故在大量解釋變數中挑選出少數真正有影響
力的變數有如大海撈針般困難 

(西諺：Finding needles in a haystack) 
 

 

 

 

 



模型 
 Location-dispersion model:  

                                                        i.i.d. N(0,1) 
 
 
 
其中    是第 i 片晶圓觀測到的電性資料，如
WAT值，               ，    為第 i 片晶圓通過或不
通過第 j 個機台的值，通過為1 ，不通過為0， 
     與     則分別為第 j 個機台在location與
dispersion function中的模型係數，                    
代表機台總數，    為stage的個數，    為第 k 
個stage中的機台個數。 
 
WAT: wafer acceptance 
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方法 
 三階段選模法：OGA-HDIC-TRIM 
1) OGA: sequentially select the variables 
2) HDIC: choose along the OGA path the model 

that has the smallest value of a suitably chosen 
criterion 

3) TRIM: exclude irrelevant variables 
 
 目標： 
1) 挑選具影響力機台 
2) 部分機台重複使用 
3) 決定是否合併資料 
4) 提供分析程式工廠上線使用 

pwJnJ nJ log)(#ˆlog)HDIC( 2+= σ



Case 1 資料說明(2015/09/10) 

• 共有245片晶圓 

• 每一片所經過的step數與tool數不盡相同。 

• 總共step個數為612 

• 原始總共tool個數為2740 

 

• 只分析通過『10片晶圓以上、236片晶圓以
下』的處理機台 

• 剩下的處理機台個數為2504 

 



Case 1 配適模型(2015/09/10) 

• 資料配適模型： 

𝑦 𝑖 = 𝛽 0 +  𝛽 𝑗𝑥𝑖𝑗 + 𝜎 𝑖𝜀𝑖

𝑗∈𝐽𝑏

，  𝜀𝑖  are 𝑖𝑖𝑑 𝑁 0,1  

   𝜎 𝑖
2= exp 𝛼 0 +  𝛼 𝑗𝑥𝑖𝑗

𝑗∈𝐽𝑎

 

𝐽𝑏 =
404, 1370, 1586, 447, 1202, 569, 2542, 671, 1, 446, 

1232, 1765, 1317, 2395, 1676, 1308, 1241, 573, 2499, 448,
 505, 1212, 872, 1794, 1318, 442, 1200, 1792 

 

𝐽𝑎 = 868, 1695, 569, 448, 1792  



Case 1 配適模型(2015/09/10) 

• 參數估計： 



Case 1 分析表現(2015/09/10) 



Case 1 重要機台(2015/09/10) 

• Penalties:  𝑤𝑛0 = 0.25; 𝑤𝑛1 = 0.55 

• 所挑選出機台結果： 

 

 

• 所挑選出之問題機台數： 

– Location: 10 

– Dispersion: 4 

 

𝐽 =
404, 1370, 1586, 447, 1202, 569, 2542, 671, 

1, 446, 868, 448, 1695 
 

機台編號 機台名稱 

404 S0106T0065 

1026 S0265T0626 

1222 S0315T0232 

1490 S0375T0148 

機台編號 機台名稱 

1370 S0354T0048 

2397 S0541T0293 



Case 1 分析表現(2015/09/10) 

通過第k個重要機台的wafers表現 



Case 1 分析表現(2015/09/10) 
通過前k個重要機台的wafers表現 
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