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摘要 

 

在本論文中，我們發展利用液晶元件之十六通道-可調光解多工器和其液晶

像素強度回饋控制系統。它是由摻鉺光纖放大器、準直鏡、削角入射光柵、成像

透鏡、穿透式之液晶空間光調制器、作為輸出用的光纖陣列、光譜儀、光探測器、

數位可變電阻及個人電腦所組成。其光柵一階繞射光經過透鏡聚焦在液晶空間調

制器與光纖陣列上。選取適當的液晶空間調制器像素使得想要的波長穿透並由光

纖陣列所接收。十六頻道之每一頻道中心波長針對國際電信聯盟所訂定頻道間距

100GHz波長所設計，頻道串音小於-30 dB，平均1/3 dB穿透頻寬分別是12.5/22.5 

GHz，各頻道中心波長精確到 0.04 nm，液晶空間光調制器之平均消光率為 13.53 

dB。我們利用液晶空間光調制器以手動調制方式將十六頻道的強度等化至-65 

dBm，將原本約 10 dB 之頻道強度差減少至 0.5 dB。 

我們設計液晶元件之十六通道-可調光解多工器之液晶像素強度回饋控制系

統來進一步降低其強度擾動與更簡易控制液晶元件光解多工器。我們選擇四個頻

道來做液晶像素回饋控制，使得四頻道波長功率擾動可穩定至 1.2 %或 0.052 dB

且可任意控制各頻道之輸出強度。 
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Abstract 

 
We have designed and demonstrated a liquid-crystal-based 16-channel tunable optical 
DEMUX and Optical Demultiplexer feedback control Pixel Equalizer. It consists of 
EDFA, a collimating lens, grazing-incident grating, image lens, a transmission-type 
liquid crystal spatial light modulator (LC-SLM), fiber array for output, OSA, 
photodetector, and digital variable resistor, and computer.  
In this system, first-order diffracted signal light by the grating is directed to the image 
lens and focused on to the LC-SLM and fiber array. Selecting the appropriate 
LC-SLM pixels allows light of the desired wavelength to transmit into the fiber array. 
The center wavelengths of the channels are designed and the channels are designed 
according to the International Telecommunication Union (ITU) grid with channel 
spacing of 100 GHz. The crosstalk between channels is less than –30 dB. The average 
1 dB and 3 dB passbands of the DEMUX are 12.5 and 22.5 GHz, respectively. The 
center wavelength of each channel is accurate to 0.04 nm. The extinction ratios for 
pixels on/off for the 16 channels range from 11.1 dB to 16.2 dB. The average 
extinction ratio is 13.53 dB. The outputs of the channels of the LC-multi-DEMUX are 
equalized to –65 dBm and the variation between different channels are reduced from 
~10 dB to less than 0.5 dB. 
We have demonstrated optical demultiplexer feedback control pixel equalizer to 
reduce ripple level and easy to control of LC-multi-DEMUX. We selected four 
channels to feedback control the power level, the fluctuation is reduced to 1.2% or 
0.052dB. We can modulate the transmittance of LC-SLM to adapt to the different 
conditions and change the each channel power easily independently by PC. 
 

 ii



Acknowledgment 

碩士兩年生涯，對我而言比過去任何一段時間還要虛幻不實，但真的結束了 

最要感謝的是我的媽媽，您是我心中最大的依靠，希望您能好好照顧好身體 

哥哥謝謝你時常會關心多我，別老是為了小事而煩惱喔 

依純謝謝你照顧我那麼久，真誠的希望你能一直快樂下去 

潘老師和學長姐的指導協助，實驗室同學們與學弟和諧的相處 

很慶幸我進來了這個實驗室，打從心理感到幸運 

也要感謝許多的好朋友，以及我的學生們，謝謝你們陪我歡笑關心與支持 

謝謝你們 ^^~ 

 

 

 

 

 

 

 

 

 

 

 

 

 iii



Content 

Chinese abstract-------------------------------------------------------------------------------------- i

English abstract--------------------------------------------------------------------------------------- ii

Acknowledgment------------------------------------------------------------------------------------- iii

Content------------------------------------------------------------------------------------------------- iv

Graphic content--------------------------------------------------------------------------------------- vii

Table content------------------------------------------------------------------------------------------ viii

Chapter 1 Introduction 

1.1 Introduction ------------------------------------------------------------------------------- 1

1.2 Introduction of DWDM ------------------------------------------------------------------ 2

1.2.1 DWDM structure ------------------------------------------------------------------ 2

1.2.2 Multiplexers and Demultiplexers ------------------------------------------------ 3

1.3 The Characteristics and various technologies of optical equalizers --------------- 4

1.3.1 Device Characteristics ------------------------------------------------------------ 4

1.3.2 Variety of Technologies For optical equalizers -------------------------------- 6

1.4 Objectives---------------------------------------------------------------------------------- 11

1.5 Organization of the thesis---------------------------------------------------------------- 12

Chapter 2 Basic Principles 

2.1 Principles of wavelength demultiplexing --------------------------------------------- 13

2.1.1 Diffraction grating operation principles ---------------------------------------- 13

2.1.2 Grating common mountings ------------------------------------------------------ 15

2.1.3 Grating efficiency ------------------------------------------------------------------ 16

2.1.4 Theory of LC-based tunable optical demultiplexers and filters ------------ 17

 iv



2.1.5 Coupling into fiber issue ---------------------------------------------------------- 17

2.2 Liquid crystal spatial light modulator -------------------------------------------------- 18

2.2.1 Three types of liquid crystal ------------------------------------------------------ 18

2.2.2Principles of twisted nematic liquid crystal (normally black mode) --------- 20

2.2.3 Construction of the LC-SLM ----------------------------------------------------- 26

2.3 Fiber array --------------------------------------------------------------------------------- 29

2.3.1 Fiber array’s Characteristics ------------------------------------------------------ 30

2.3.2 The data of our Fiber array ------------------------------------------------------- 31

Chapter 3 Optical Demultiplexer with Liquid Crystal Experiments and Results 

3.1 Basic optical demultiplexer experiments without LC-SLM ------------------------ 33

3.2 Optical Demultiplexer with LC-SLM ------------------------------------------------- 36

3.2.1 Transmittance of the LC-SLM --------------------------------------------------- 36

3.2.2 Tunable Optical Demultiplexer experiment of P–state polarization with 

LC-SLM ----------------------------------------------------------------------------

38

3.2.3 Tunable Optical Demultiplexer experiment of S–state polarization with 

LC-SLM ----------------------------------------------------------------------------

41

3.3 Tunable Optical Demultiplexer experiment discussion and summary table ------ 44

Chapter 4 Optical Demultiplexer feedback control Pixel Equalizer 

4.1 Power fluctuation in the Optical Demultiplexer System ---------------------------- 47

4.2 Digital VR (Variable Resistor) ---------------------------------------------------------- 50

4.2.1 Feature of Digital VR GS6267 --------------------------------------------------- 50

4.2.2 Operations of Digital VR GS6267 ----------------------------------------------- 51

4.2.3 Structure of Digital VR ----------------------------------------------------------- 52

 v



4.2.4 Basic theory of LC-SLM De-mux feedback control system ----------------- 54

4.3 Optical demultiplexer feedback control pixel equalizer experiment -------------- 57

4.4 Optical demultiplexer feedback control pixel equalizer discussion --------------- 62

4.5 Discussion and Summary---------------------------------------------------------------- 64

Chapter 5 Conclusions 

5.1 Conclusions ------------------------------------------------------------------------------- 67

5.2 Future works ------------------------------------------------------------------------------ 68

Reference--------------------------------------------------------------------------------------------- 69

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 vi



Graphic content 

 
Fig. 2-1 Types of plane diffraction gratings. 13
Fig. 2-2 Littrow mounting configuration. 15
Fig. 2-3 Littman (grazing-incident) mounting configuration. 16
Fig. 2-4 Three phases of liquid crystal. 19
Fig. 2-5 Transmission versus Mauguin parameter u. 23
Fig. 2-6 Transmission versus thickness d. 23
Fig. 2-7 LC on/off state diagram. 25
Fig. 2-8 Structure of homemade TNLC (original design) spatial light modulator. 26
Fig. 2-9 TN-LC (new design) device. 27
Fig. 2-10 ITO pattern of TNLC device and picture of real object. 28
Fig. 2-11 Structure of Fiber array real device structure-side view and picture of real object. 32
Fig. 3-1 Basic demultiplexer system. OSA: Optical Spectrum Analyzer. 34
Fig. 3-2 ASE spectrum of EDFA. 35
Fig. 3-3 Basic demultiplex of spectrum using EDFA of P and S state polarizations. 

The center wavelength of each channel almost equals to ITU grid 
(spacing=100Ghz). 

35

Fig. 3-4 Comparison between optical demultiplexer/filter experimental results and 
theoretical curve. Theoretical and experimental channel spacing are 0.792 
nm. 

36

Fig. 3-5 The measurement setup of transmission of the TNLC. 37
Fig. 3-6 The transmission curve of the TNLC cell detected by power meter. 37
Fig. 3-7 Tunable optical demultiplex of spectrum of P-state polarization and LC-SLM 

is all pixel on and off. The center wavelength of each channel almost equals 
to ITU grid. 

39

Fig. 3-8 Tunable optical demultiplex of spectrum of P-state polarization and LC-SLM 
is all pixel on and off. The center wavelength of each channel almost equals 
to ITU grid. 

39

Fig. 3-9 Extinction ratios of the individual channels versus wavelength with 
P-Polarization. 

 
40

Fig. 3-10 Tunable optical demultiplex of spectrum of P-state polarization and LC-SLM 
is all equalize 40

Fig. 3-11 The EDFA source and Pixel on off and normalized power with P-state 
polarization. 

41

 
 

 
 

 vii



Fig. 3-12 Tunable optical demultiplex of spectrum of S-state polarization and LC-SLM 
is all pixel off and on. The center wavelength of each channel almost equals 
to ITU grid. 

42

Fig. 3-13 Extinction ratios of the individual channels versus wavelength with 
S-Polarization. 43

Fig. 3-14 Tunable optical demultiplex of spectrum of S-state polarization and LC-SLM 
is all equalize to –80 dBm. 43

Fig. 3-15 Pixel on; off and normalized power with S-state polarization. 44
Fig. 3-16 Power-equalized output of the 16 channels of the LC-DEMUX. 46
Fig. 4-1 Optical demultiplex of spectrum of P-state polarization and Photo detector. 48
Fig. 4-2 Power fluctuation in the Optical Demultiplexer System. 50
Fig. 4-3 Structure of Digital VR. 53
Fig. 4-4 The LC-SLM driving circuit for Digital variable resistor feedback control. 55
Fig. 4-5 The transmission curve of the LC-SLM by power meter and approximate 

linear range. 55
Fig. 4-6 Simulate Figure of Digital VR Steps to LC-SLM pixel driving voltage and 

LC-SLM. 56
Fig. 4-7 Tunable Optical Demultiplexer feedback control Pixel Equalizer with 

LC-based. 58
Fig. 4-8 Power stability of Optical Demultiplexer Pixel Equalizer with LC-based 

LC-SLM and Digital VR by photo detector. PC control parameter is “Power 
equalizer control value is 3V and Power fluctuation is 0.93 %”. 

59

Fig. 4-9 Power stability of Optical Demultiplexer Pixel Equalizer with LC-based 
LC-SLM and Digital VR by photo detector for discussion. 60

Fig. 4-10 Power stability of Optical Demultiplexer Pixel Equalizer with LC-based 
LC-SLM and Digital VR by photo detector. PC control parameter is “Power 
equalizer control value is 2.5V and Power fluctuation is 0.9 %”. 

61

Fig. 4-11 Power stability of Optical Demultiplexer Pixel Equalizer with LC-based 
LC-SLM and Digital VR by photo detector. 

63

Table content 
Table 1-1 The data of the Variety of Technologies For optical equalizers. 10
Table 3-1 The measure data for 16-channel LC-multi-DEMUX. 46
Table 4-1 The data of the Variety VOA 66

 

 

 

 viii


	Chapter 1 Introduction
	Chapter 2 Basic Principles
	Chapter 3 Optical Demultiplexer with Liquid Crystal Experime
	Chapter 4 Optical Demultiplexer feedback control Pixel Equal
	Chapter 5 Conclusions
	Table content

