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適用於軟性顯示器TFT陣列的缺陷容忍技術之開發 

 

一、中文摘要 
使用軟性基板並且將TFT array的周邊

電路整合到基板上已成為平面顯示器的發

展趨勢。在可見的未來，高度整合的軟性

顯示器TFT array在改善良率、提升系統可

靠度、降低生產測試成本等方面都將遇到

重大的挑戰。 

對平面顯示器而言，TFT array的生產

測試在整個生產過程中扮演一個極為重要

的角色。確保只有合格的TFT array模組進

入後段的組裝程序可以避免其他模組的浪

費，降低生產成本。此外，詳盡的TFT array

測試資料也可以幫助製程的監控，作為良

率提升的依據，對於新建立的製程與生產

線格外重要。而隨著pixel的面積變小與數

目增加，生產毫無瑕疵的TFT array將變得

更為困難，修復技術與缺陷容忍技術將是

維持可接受良率的重要關鍵。 

本計畫預計執行三年，目的為開發適用

於軟性顯示器TFT陣列的缺陷容忍技術。

第一年的主要目標為發展TFT array的可

測試性設計技術，首先將探討TFT array

的錯誤模型，接著將發展TFT array的可測

試性設計電路架構（包括電量量測電路與

測試匯流排）。第二年的計畫目標為評估所

提出的可測試性設計技術並發展TFT 

array的連線缺陷修復技術。在第三年，將

評估第二年所提的修復技術並將可測試性

與修復用電路進行整合。此外，也將探討

可容忍缺陷的pixel架構。 

平面顯示器已成為台灣繼晶圓廠、IC

設計之後，最重要的產業之一。面對亞洲

各國的強烈競爭，台灣必須在生產測試、

良率與可靠性方面保持技術優勢才能維持

領先的地位。本計畫所研發的TFT aray可

測試性設計、修復、與缺陷容忍技術將可

有效提升國內平面顯示器工業的技術層次

與競爭力，對未來台灣成為全球平面顯示

器的重要供應及研發重鎮會有深遠影響。 

 

關鍵字 - 軟性顯示器、TFT array、可測

試性設計技術、修復技術、缺陷容忍技術 

 

二、英文摘要 
The adoption of plastic substrate and 

the integration of peripheral circuitry on to 

the same substrate has become the trend of 

flat panel display. For highly integrated 

flexible displays, the industry will face 

severe challenges in yield improvement, 

reliability improvement, and lowering 

manufacturing testing cost in the near 

future. 

For flat panel display, testing of the 

TFT array plays a very important 

role—ensuring that no defective TFT array 

proceeds to the assembly line can reduce 

unnecessary waste of other modules. 

Besides, thorough manufacturing testing 

also helps process monitoring and yield 

improvement, which is important especially 

for newly established fabrication line. As 

the pixel size continues shrinking and the 

display size growing, it will be more and 

more difficult to produce defect-free TFT 

arrays. Repair and defect-tolerance will be 

keys to maintain acceptable yield. 

The ultimate goal of the proposed 



project is to develop, for flexible TFT arrays, 

defect tolerant techniques. In the first year, 

we will first investigate and propose 

suitable fault models for flexible TFT arrays. 

Then, we will develop design-for-test 

circuitry including charge sensing and test 

bus. In the second year, we will evaluate the 

developed DfT techniques, and propose line 

repair techniques. Finally in the third year, 

the proposed repair techniques will be 

evaluated and validated. Integration of the 

DfT and repair circuitry will be conducted to 

reduce the area overhead. We will also 

investigate defect-tolerant pixel structure. 

Flat panel display has become the next 

most important industry for Taiwan. With 

the competition from other countries in Asia, 

it is crucial that Taiwan stays ahead of 

others in the areas of TFT array DfT, repair, 

and defect tolerant techniques. The 

techniques developed in this project will help 

Taiwan’s flat panel industry maintains 

their technology leadership, which is 

essential for Taiwan to become the top 

player in the global flat panel display 

market. 

 

Keywords - flexible display, TFT array, 

design-for-test, repair, defect tolerant 

 

三、前言 

Flexible display devices are attracting 

growing attending as they have the 

characteristics of being conformal, 

light-weight, and highly portable. 

To meet the consumers’ demand of 

higher picture quality, the pixel size of the 

TFT array continues shrinking. For 

manufacturing testing, smaller pixels cause 

two problems. First, higher mechanical 

accuracy is required to establish concurrent 

and stable connection between the 

automatic test equipment (ATE) and the 

gate/data lines. Secondly, higher 

measurement accuracy is needed as per pixel 

charge decreases as well. For ATE vendors, 

both are great challenges to meet. 

In addition to improving picture quality, 

the display size and pixel count are both 

growing. Not only handling and probing 

such displays becomes difficult, but also the 

test time increases. Furthermore, yield 

management becomes a significant issue. 

Besides enhancing the test quality so as to 

obtain the information needed for process 

tuning, self-repair and defect-resilient 

techniques for TFT array are also promising 

techniques for yield improvement in the 

future. 

Integration of the TFT array peripheral 

and control circuits onto the same panel 

creates even more challenges. First of all, 

access to the gate and data lines are limited, 

and proper isolation will be needed if the 

conventional test items are to be performed. 

Secondly, testing the on-panel circuits, 

digital or mixed-signal, is non-trivial. 

While the above issues are common to 

all TFT array based displays. Flexible 

displays have their own problems. Being 

flexible, these displays must endure constant 

bending, which could damage the devices or 

wires. 

These testing and yield issues could 



easily become the manufacturing bottleneck 

if they are not considered in the early system 

design stage. 

 

四、研究目的 

As mentioned in the previous 

discussions, highly integrated flexible 

displays will pose serious challenges on 

manufacturing testing, yield, and reliability. 

To solve these problems, in this project, we 

will investigate design-for-test, repair, and 

error-resilient techniques for TFT arrays. 

In addition to enhance test quality, 

self-testing is also essential for diagnosis 

and repair. During testing, the added 

design-for-test circuitry digitizes the analog 

quantities. This way, the requirement on 

ATE accuracy and performance is greatly 

reduced. 

TFT array repair is intended to enhance 

yield and reliability. With redundant circuits 

and wiring, the repairable defects can be 

fixed by properly re-configure the TFT array. 

Before the LCD assembly process, repair can 

enhance the yield. In the field, the built-in 

repair mechanism can be utilized to repair 

defects cause by constant bending. 

Currently, TFT array repair techniques 

are limited to wire shorts or opens. No 

practical repair techniques exist for pixel 

defects. To lower the impact of pixel defects 

on yield, this project will focus on pixel 

fault-tolerant technique for common defects 

like TFT leakage, TFT defects. 

 

五、文獻探討 

A. Conventional TFT Array Testing 

Traditional TFT array testing can be 

categorized into charge sensing, voltage 

imaging, and electron beam schemes 

[Freeman00][Lin05][Hunter05]. In voltage 

imaging and electron beam schemes, special 

array patterns are written using shorting 

bars (Figure 1) in order to reduce the 

required electrical contact. The pixel voltage 

map is then obtained using voltage imaging 

or electron beam. With the trend of larger 

display, higher pixel count, and smaller pixel 

size, ATE must be accurate and stable in 

both the mechanical and electrical 

construction.  

 
Figure 1 Shorting bar (1G1D). 

 

During charge sensing testing, the 

electrical characteristics of each TFT 

transistor are obtained via voltage and 

current measurement. By comparing the 

amount of charge written into and read from 

each pixel, one can determine whether the 

pixel is defective or not. Not that, data and 

gate line open/short defects are detected at 

the same time. For fifth generation 

technology or beyond, charge sensing 

techniques are challenged by high 



ATE/probe cost, maintenance of stable 

electrical contact, and long test time. 

Among the three approaches, charge 

sensing is more promising. 

1. Optimized data pattern can be 

written to the pixels to achieve 

better defect detectability. 

2. The required electrical contact can 

be reduced and simplified by 

adding design-for-test circuitry. 

Thus, the proposed TFT array 

self-testing technique will be based on 

charge sensing testing. 

 

B. DfT Techniques 

In [Wright95], the authors proposed, for 

gate and data wire connectivity testing, a 

technique to reduce both the number of 

contact points and test time. The idea is to 

connect the wires under test head-to-tail via 

probe-card during testing (Figure 2). By 

comparing the measured current and 

voltages at “Top” and “Bottom” with 

the ideal values, one can determine the type 

and location of the defects. The drawbacks 

of this approach include (1) limited types of 

detectable defects, (2) limited diagnosis 

resolution, and (3) limited to wire defects. 

 
Figure 2 Connectivity testing in [Wright95]. 

 

In [Kodate99], the authors propose to 

lower the number of contact points by 

utilizing on-panel multiplexers. The 

drawback is that longer time is needed to 

write the pixel data. 

In [Lin05], a DfT technique is proposed 

for testing of OLED pixel (Figure 3). Before 

the TFT array enters the OLED process, the 

driving transistor (TDV) is un-testable. To 

solve this problem, an additional capacitor 

CTEST is added. 

 

Figure 3 DfT technique for OLED pixel. 

 

C. Repair Techniques 

For high-density memory, adding 

redundancy for repair has become a must. 

For TFT array, the growing display size and 

shrinking pixel size also necessitates repair. 

However, as the relative physical locations 

of the pixels cannot be modified, memory 

repair techniques, e.g., redundant I/O, rows, 

in general are not applicable to TFT array. 

Currently, available TFT array repair 

techniques target the wire defects. 

In [Wright98], the authors propose the 

“Active Line Repair (ALR)” technique to 

repair the line open defects. As shown in 

Figure 4, an open in the data wire is fixed by 



driving the lower segment using the bottom 

data drivers. In addition to the redundant 

drivers and wires, sophisticated control 

mechanisms (not shown) are needed to make 

the repaired array function correctly. 

Repairing wire short defects is more 

complicated. One has to apply laser cutting 

first to transform the short defect to open 

defects. 

 

Figure 4 ALR technique in [Wright98]. 

 

D. Defect Resilient Techniques 

Other than process tuning and repair, 

another way to elevate yield is to make the 

TFT array defect resilient. 

Driving the data and gate lines from 

both ends (Figure 5) is the simplest wire 

open tolerant technique [Wright98]. The 

disadvantages of this method include the 

large amount of redundant drivers and 

wiring. 

 
Figure 5 Wire open tolerant TFT array. 

 

In [Kim95] and [Kim96], a dual gate line 

pixel design is proposed to tolerate gate line 

opens. In Figure 6 (a) and (b) are the single 

and double gate line pixels, respectively. 

This approach can tolerate all single gate 

line opens. To fix shorts between gate and 

data lines, the gate line is cut at both sides 

of the defect. 

 
Figure 6 Dual gate line pixel design. 

 

In [Kunii95] a double LDD TFT pixel is 

proposed to tolerate the common TFT 

leakage problem. As shown in Figure 7, the 

data line is connected to the pixel capacitor 

via two serially connected TFT devices 

driven by the same gate line. This pixel 

design can tolerate almost all defects related 

to TFT leakage. 



 

Figure 7 Double LDD pixel design. 

 

六、研究方法 

In the second year (from August 2007 to 

July 2008), our initial goal was to validate 

the effectiveness of the TFT-array repair 

technique developed in the first year. 

However, we were forced to modify our goal 

due to the following matters: 

1. The available fabrication 

technology to our team is a-Si, not 

LTPS; however, the technique we 

developed in the first year is based 

on LTPS technology for which 

integrated, i.e., on-panel, source 

drivers have been successfully 

implemented. The a-Si TFT 

devices have even lower mobility 

than LTPS devices; as a result, 

implementation of on-panel source 

drivers is extremely difficult, if 

possible at all. 

2. Since our scope is to develop 

self-testing techniques for 

TFT-array, rather than integration 

techniques, we switch our research 

focus to gate drivers, which have 

been successfully integrated on 

commercial products using a-Si 

fabrication technology. 

Due to the above reasons, we will focus 

on the gate drivers for which on-panel 

integration is possible. The topics of 

research include: (1) reliability enhancement, 

and (2) power reduction. 

Although the gate drivers behave like 

CMOS shift register, they operate in quite a 

different way. For example, Figure 8 shows 

a typical shift register design schematic. It 

uses two non-overlapping clocks, clk1 and 

clk2. 

 

 
Figure 8 A gate driver schematic. 

Because of the inferior device 

performance and the severe Vth shift under 

stress, known logic families do not work 

well when applied directed to the a-Si TFT 

devices. Therefore, in the second year, we 

design and implement some basic logic gates; 

the goal is to get better understanding of 

their operating principles. The results will 

help us design more reliable a-Si logic 

circuits and develop self-testing techniques. 

Based on the first tape-out results, we 

developed a power reduction technique for 

gate drivers. 

七、結果與討論 

The fabricated circuits in the first 

tape-out are as follows. 

1. A 6-T inverter. Because only 

n-type devices are available, we 



design a 6-T inverter. This 

inverter has good I/O transfer 

curve; the drawback is the low 

speed. This inverter is shown in 

Figure 9. When input is low, M6 

will eventually be turned off due 

to the leakage current from M4; 

the leakage current of M1 also 

helps turn off M6 and makes M5 

close to be turned on, which 

brings the output to high. This 

inverter is slow due to the long 

feedback path. 

2. A 5-T inverter. This is designed to 

speed up the performance of the 

6-T inverter; its schematic is 

shown in Figure 10. When input 

goes from high to low, M1 and 

M4 are turned off immediately; 

however, M2 and M3 will not be 

turned on immediately. 

Furthermore, due to the parasitic 

capacitance in M4, the voltage at 

the source of M4, i.e., the output, 

will be lower than ground (by Vth). 

This is avoided by adding the 

gate-grounded M5, which pulls 

the output voltage back to 

ground. 

 
Figure 9 A 6-T inverter. 
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Figure 10 A 5-T inverter. 

Figure 11 shows the tape-out glass; 

Figure 12 shows the measurement 

environment. 

 

Figure 11 The tapeout glass. 

 

Figure 12 The measurement environment. 

 

In Figure 13 and 14, the output 

waveforms (yellow) of the 6-T inverter with 

respect to 500 Hz and 1 KHz clock input 

(green) are shown. The inverter output levels 

are close to Vdd and Ground as we expected. 



In Figure 15 and 16, the results for the 5-T 

inverter are shown. The performance is 

slightly improved. 

 
Figure 13 6-T inverter, 500 Hz input. 

 
Figure 14 6-T inverter, 1 KHz input.  

 
Figure 15 5-T inverter, 500 Hz 

 

Figure 16 5-T inverter, 100 Hz input. 

 

The measurements show large 

discrepancy from the simulation results. The 

reason should be the lack of Cgd and Cgs in 

the original TFT device model. It is also 

found that the TFT devices are very 

sensitive to the lighting condition. 

Out of the 6 measured glasses, 5 

function correctly. 

Based on the measurement results, we 

become more familiar with the a-Si TFT 

devices. We are currently developing a 

segmentation technique to reduce gate driver 

power consumption. 
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developed in the first year has been 
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一、參加會議經過 

搭乘27日早上的飛機，在美國西岸27日早上九點多抵達洛杉磯國際機場。開車約兩

個小時到達離會場約10分鐘車程的下榻旅館。 

議程第一天的keynote演講者為Qualcomm的Michael Campbell。Invited keynote演講者

則為USC的M. Breuer，講題為A Revolution in Design and Test Technology。第二天的第一

個session報告這次發表的論文，可能因為對軟性電子有興趣的聽眾不多，反應並不熱烈。

下午的social event為墨西哥之遊，因為舟車勞頓，未能參加。最後一天有一個講bio-medical 

devices test challenge的session，相當有趣。當晚搭乘凌晨的飛機，於早晨五點多抵台。 

 

二、與會心得 

今年的VTS的接受率與去年相當，台灣有四篇論文發表，佔總論文數的6.6%。 

今年參加的session主要為類比與高速界面的測試。由發表的論文看來，業界的論文

有變多的趨勢，實作與量測的結果在這個領域越來越被重視，學界純靠模擬分析發展的

技術除非有很創新的技術，不容易被接受。國內想要在這個領域有突出表現的研究團隊，

必須在實作上多下點工夫。 

今年的bio-medical testing的special session相當有趣，似乎是一個值得探討的新領

域。希望在六月中旬的IMS3TW可以見到更多這方面的論文發表。 

 


