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摘要 

由於通訊產業的蓬勃發展，應用於多種通訊產品之透反式液晶顯示器受到廣

泛重視。輕薄、高亮度、可讀性、省電、高色彩飽和度都是可攜式透反式液晶顯

示器的重要考量。然而，當透反式液晶顯示器使用背光系統作為光源時，部份的

背光就會被反射區所擋住而無法穿透，造成光利用效率降低。為了解決上述的問

題，本論文提出一種具微型光管陣列結構之透反式液晶顯示器，以提升光使用效

率和增進影像品質。利用一個形狀相似於漏斗的微型光管結構，使的大部分的背

光可以穿透過面板，以致於背光的光效率可以大幅提昇。 

基於微型光管結構的集光原理，我們利用軟體建立一個模型來描繪具微型光

管陣列結構的透反式液晶顯示器之特性。藉由改變上開口的大小、光管的高度和

光管側壁的傾斜角，我們可以最佳化微型光管的結構。在此，採用兩種一般商用

的被光系統作為模擬時的光源。基於製程上的限制，我們選擇規格為光管高度

3um、上開口大小 5um和側壁傾斜角 60 度的微型光管陣列作為最佳化的結構。接

著，我們又進一步針對光管上開口的形狀和分佈位置做模擬並討論比較之，而後

模擬的結果來繪製光罩。 



藉由典型的 TFT-LCD製程技術，我們製作出一個樣品。其中，製程中有四個

最重要的因素能分別決定單一個微型光管的各部位結構。第一，若考慮光管的高

度，第一道光罩的曝光時間將扮演決定性的角色；第二，第一道光罩的開口大小

將決定光管上開口的大小；第三，烤箱的升溫曲線會對光管的傾斜角造成影響；

第四，第二道光罩的曝光時間會影響 Al覆蓋在光管側壁的範圍。藉由適當調整上

述的製程參數後，最佳化的微型光管陣列結構已經被製作，然後，其光利用效率

和光分佈可以由光學儀器所量測得到。相較於一般的透反式液晶顯示器，我們的

新行結構所量測的光效率增益可以高達 1.81倍，這和模擬的結果是相符合的。這

樣的結果成功的展現出微型光管陣列結構確實可以有效的收集背光並且大大的提

升背光使用效率。 

對於未來的工作，我們更進一步提出一種新型的反射結構-凹面式反射器，其

中，此反射器是建構在微型光管的結構上面，以簡化反射區域的製程。因此，我

們可以利用微型光管陣列有效的提升背光源利用率，並藉由其結構來製作凹面式

反射區以簡化目前一般的製程，同時又能達到與一般反射區相同的光效率。 
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Abstract 

Transflective LCDs become important with the population of mobile 

communication where high brightness, high readability, low power consumption and 

good color saturation are the main concerns. However, when the backlight is used as 

the light source, the reflective region can be regarded as a block that backlight can not 

pass through, thus reducing backlight utilization efficiency. In order to resolve the issue 

in conventional transflective LCDs, a novel structure for transflective LCD technology, 

micro-tube array, is proposed. The characteristic of this design is to use a micro-tube 

structure similar to a funnel in shape and to make most backlight pass through the panel 

so that light utilization efficiency can be increased substantially. 

Based on the principle of collecting light, we established a simulation model to 

characterize the features of the transflective LCD with micro-tube array. The 

micro-tube array structure was optimized by varying the diameter of the upper aperture 

(AP), the tube height (d) and the tilt angle of the sidewall (θtube). Due to the fabrication 

limitation, we chose the micro-tube array with the specifications of d=3um, θtube=60° 



and AP=5um. Further, various shapes and arrangements of the apertures were also 

examined and compared. Finally, masks were designed based on the simulation results. 

A prototype was fabricated by a typical TFT-LCD process, in which there are four 

key factors determining the structure of micro-tubes: 1. the exposure time of the 1st 

mask plays a leading role for tube height (d). 2. the aperture size of 1st mask determines 

the size of upper aperture (AP). 3. the temperature-rising curve of the oven affects on 

tilt angle (θtube). 4. the exposure time of the 2nd mask affects the range of Al-covering on 

the sidewall of micro-tube. After we modified the mentioned fabrication factors, the 

optimized prototype of micro-tube array structure was fabricated. The light utilization 

efficiency of a TR-LCD with micro-tube array was measured with conventional 

backlight sources. Compare to the conventional TR-LCD, the novel one was a factor of 

1.81 in efficiency enhancement, agreed with simulated results. Thus, the result 

successfully demonstrated that the micro-tube array can collect backlight effectively 

and greatly improve the backlight utilization efficiency. 

We further proposed a concave reflector built on the micro-tube array to simplify 

the fabrication process of reflective region. Therefore, the image quality and the 

brightness of TR-LCDs can be much improved. 

 
 
 
 
 
 
 
 
 
 
 



Table of Contents 

Abstract (Chinese)……………………………………………………………….……. i 

Abstract (English) …………………………………………………………………… ii 

Acknowledgments…………………………………………………………………… iii 

Table of Contents………………………………………………………………..…… iv 

Figure Caption…………………………………………………………………………v 

Table of Contents…………………………………………………………………..… vi 

Table of Contents…………………………………………………………………… vii 

 

Chapter 1   Introduction …………………………………….……………….. 1 

1.1  Display Technology ……………………………………………………………. 1 

1.2  Liquid Crystal Display ………………………………………………………... 2 

1.3  Transflective LCDs ……………………………………………………………. 5 

1.3.1  Transflective LCDs with Transflector Device…..……..……..……………..5 

1.3.2  Single-cell Gap Structure...……..……………………………………...........6 

1.3.3  Double-cell Gap Structure……..…….………………………………...........7 

1.4  Motivation and Objective of this Thesis ………………………………...…….8 

1.5  Organization of this Thesis……………..……………………………..………..9 

 Chapter 2   Principle…..…………………………………….……...……………11 

2.1 Introduction...…………………………………………….……………………..11 

2.2 Comparison of Various Micro-Optics Components…......…….....…………...11 

2.2.1  Diffractive Component (Fresnel Lens)…………..………………….……..11 

2.2.2  Diffractive Component (Grating).…………..……………………………..12 

2.2.3  Refractive Component………………….………………………………….13 

2.3 Design of Micro-tube Array………………….……………….....…….……….15 



2.3.1  Features of a Single Micro-tube………....……………......………………..15 

2.3.2  Features of Micro-tube Array…………………..…………………………..15 

2.3.3  Micro-tube Array in a Display Panel…………...………………………….17 

2.4 Summary……………………………………….……………….....…………….18 

Chapter 3   Fabrication and Measurement Instruments....………...…………19 

3.1  Introduction…………………………………………………………………….19 

3.2  Semiconductor Fabrication Process………………..…………………...…….19 

3.3  Measurement System………....…………………...………….....….....……….21 

3.3.1  Scanning Electron Microscope (SEM)…………….……..………………..22 

3.3.2  Atomic Force Microscope (AFM)……………..…………….…………….23 

3.3.3  Measurement Systems……….…………………….....……………………24 

3.3.3.1 ELDIM EZContrast 160R…………………………………...…………24 

Chapter 4   Simulation Results and Discussions………………………………27 

4.1  Introduction…………………………………...……………………………......27 

4.2  Simulation Software………...…….……………………………………………27 

4.3  Simulation of Light Efficiency………………………………………………...27 

4.3.1  Analysis of Incident Angle…..……………….…………………………….28 

4.3.2  Simulation Results of BEFⅡ and BEFⅢ and Optimization………..……..34 

4.4  Simulation of Structure………………………………………………………..37 

4.4.1  Comparison between Different Aperture Shapes...………………….……..37 

4.4.2  Simulation Results for Different Aperture Shapes...………………...……..39 

4.5  Mask Design……………………………………..……………………………..43 

4.5.1  Regular Pattern……………….…………..………………………………...43 

4.5.2  Irregular Pattern…………..….…………..………………………………...46 

4.6  Summary………………………………………………………………………..48 

Chapter 5   Experimental Results and Discussion………………..……………49 



5.1  Introduction……………………...………………………………………..……49 

5.2  Diffraction Effect………………………………………………..……...……...50 

5.3  Tube Depth…………………………………………………………………..….53 

5.4  Upper Aperture………..………….……………..…..…………………………55 

5.5  Tilt Angle…..…………………...….……………..…..…………………………57 

5.6  Al Covering………...…..………….……………..……..………………………61 

5.7  Characterization………………….……………………..……………………..63 

Chapter 6   Application...…………………..………………………………...……66 

6.1  Introduction…….………………………………………………………………66 

6.2  Bump Reflector…………………………....…………………………………...66 

6.3  Concave Reflector…………………………....……………………………..….67 

6.4  Comparison………...…………………………………………………………..68 

Chapter 7   Conclusions…………………...………………………………...……71 

7.1  Conclusion…….………………………..………………………………………71 

 

 

 

 

 

 

 

 

 

 

 

 



Figure Caption 

Fig. 1.1 Transmissive type LCDs……………………………..………………………....2 

Fig. 1.2 The light luminance after light passes through each component of the LCD...3 

Fig. 1.3 Reflective type LCDs………………………………..….……………………...4 

Fig. 1.4 Transflective type LCDs……………………...……...…………………………5 

Fig. 1.5 Transflective type LCDs with transflector device…..…………………...……..6 

Fig. 1.6 Single-cell gap transflective LCDs…………………...…………………...……7 

Fig. 1.7 Double-cell gap transflective LCDs……………………………………………8 

Fig. 2.1 Schematic diagram of Fresnel lens....................................................................12 

Fig. 2.2 Schematic diagram of grating…………….…………...………………………12 

Fig. 2.3 (a) Illustration of calculating light efficiency  

(b) Schematic diagram of a trapezoid prism..............................................…...13 

Fig. 2.4 Schematic diagram of a refractive lens………………...…………...…………14 

Fig. 2.5 (a) A cross-sectional view of a single micro-tube structure  

(b) A 3-D picture of a single micro-tube structure…………......……….…….15 

Fig. 2.6 The comparison of one sub-pixel comprising micro-tube array  

against a conventional one………………………………..…...…………...…17 

Fig. 2.7 Schematic diagram of the single cell-gap transflective LCD  

with micro-tube array……………………….……...…………………………18 

Fig. 3.1 The flow of fabrication process for the micro-tube array (a) substrate 

preparation (b) UV exposure (c) Al sputtering (d) photoresist coating  

       (e) exposure and development (f) Al etching, and (g) the fabricated  

structure………………………………………………...……………………..21 

Fig. 3.2 Schematic diagram of SEM………………………...…………………………22 

Fig. 3.3 Concept of AFM and the optical lever…………….……….………………….23 



Fig. 3.4 Display measurement setup of ELDIM EZContrast 160R  

       (a) transmissive and (b) reflective mode……….…..………………...……….25 

Fig. 4.1 Schematic figure of the incident light passing through the tube  

by only one time of reflection.……………………………………......………28 

Fig. 4.2 Illustrative figure of the parameters for designing micro-tube structure…...…29 

Fig. 4.3 Schematics for definitions of light efficiency and light efficiency  

enhancement. A structure (a) without micro-tube array and  

(b) with micro-tube array…………………...……………………………...…31 

Fig. 4.4 Illustration of the relationship between light efficiency enhancement  

and d at AP=5…………………………..……………………………….……33 

Fig. 4.5 Illustration of the relationship between light efficiency enhancement 

and AP at d=3um.………………..…..……………………………………….33 

Fig. 4.6 Light flux distributions of backlight sources with the addition of  

optical films-BEFⅡ and BEF III………………...…………………………..34 

Fig. 4.7 The parameter setting for a micro-tube array. (a) A lateral view of a 

       single tube structure. (b) A top view of a micro-tube array.…………..….......35 

Fig. 4.8 The relative curves of θtube versus (a) light efficiency and (b) light  

efficiency enhancement on condition that d is fixed at 3um and AP  

is fixed at 5um...................................................................................................36 

Fig. 4.9 The relative curves of θtube versus (a) light efficiency and (b) light  

efficiency enhancement on condition that d is fixed at 3um and AP  

is fixed at 5um……………………………………………………...………....37 

Fig. 4.10 Schematics of “the area for light efficiency enhancement” for  

comparison between a square and a triangle…...……...…………………….38 

Fig. 4.11 Illustration of the structure for three kinds of aperture shapes………..……..40 



Fig. 4.12 Relationship between light efficiency and shapes for BEFⅡ and BEFⅢ...40 

Fig. 4.13 Relationship between light efficiency enhancement and shapes for  

BEFⅡand BEFⅢ……………………………………......………………….41 

Fig. 4.14 Simulated luminance flux distribution diagram for BEFII light  

source by ASAP. Micro-tube array with (a) circular upper apertures,  

(b) rectangular upper apertures, and (c) triangular upper apertures…...….…42 

Fig. 4.15 Regular shapes drawn by L-edit………………………………………..……46 

Fig. 4.16 Schematic figure of mask prototypes comprising irregularly-arranged  

aperture……………………………………………………………..……….47 

Fig. 4.17 Schematic diagram of the mask comprising various aperture shapes in  

regular and irregular arrangements…………………………….……………47 

Fig. 5.1 Cross-section view of the fabricated structure from AFM……..…..…………50 

Fig. 5.2 A 3D picture of the fabricated structure from AFM……………..……………50 

Fig. 5.3 Schematic explanation of the phenomenon (a) without and  

(b) with diffraction effect……………………………………...….…………..51 

Fig. 5.4 Schematic explanation of diffraction effect in fabrication….……..……….....52 

Fig. 5.5 Relationship between the height of tube and exposure time……..…...………53 

Fig. 5.6 A photograph of fabricated structure from SEM after exposure time  

was reduced……………………………………………………...……………54 

Fig. 5.7 A 3D AFM scan of the fabricated structure……….……………..……………55 

Fig. 5.8 Relationship between the upper aperture of tube and aperture size  

of the mask……………………………………...…………….………………56 

Fig. 5.9 A photograph of fabricated structure from SEM after mask aperture  



size was enlarged……………………..………………………………………57 

Fig. 5.10 Temperature-rising curve of the oven (a) the default setting  

(b) the modified etting of the oven………………….…………..…………..58 

Fig. 5.11 A photograph of fabricated structure from SEM after temperature-rising  

curve was modified……………………………………...…..………………59 

Fig. 5.12 Modified temperature-rising curve of the oven………...……………………59 

Fig. 5.13 A photograph of fabricated structure from SEM after the third  

temperature-rising curve was adopted……………..……..…………………60 

Fig. 5.14 A 3D AFM scan of the fabricated structure………..……….………………..61 

Fig. 5.15 Schematic of Al covering in fabrication for (a) lower and  

(b) higher tilt angle…………………………………...……………………...62 

Fig. 5.16 A photograph of fabricated structure from SEM after the  

exposure time of the 2nd mask was reduced….....…………...………………62 

Fig. 5.17 A 3D AFM scan of the fabricated structure……..…………..……………….63 

Fig. 5.18 Relationship between light efficiency enhancement and  

viewing angle for diffusers with different haze values…………...…………65 

Fig. 6.1 Schematic figure of bump reflector composed by many micro flat mirrors.....67 

Fig. 6.2 Slope angle distribution of an ideal reflector………………….………………67 

Fig. 6.3 Flow chart of fabrication process for concave reflector.………….....………..70 

 

 

 

 



List of Tables 

 

Tab. 4.1 The list of the specifications for regularly-arranged square aperture…....…...44 

Tab. 4.2 The list of the specifications for regularly-arranged circular aperture...……...44  

Tab. 4.2 Light efficiency and enhancement calculated for various sizes  

and shapes (a) Micro-tube array with circular upper apertures 

(b) Micro-tube array with square upper aperture……………..……………....45 

Tab. 6.1 Comparison between the concave reflector and bump reflector……………69 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


