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摘要 

有機發光二極體(organic light-emitting diodes，OLEDs)顯示器是使

用有機化合物堆疊，利用電子電洞對在發光層結合而能夠發出光線之

平面顯示器，有機發光二極體顯示器具有體積小、重量輕、可視範圍

廣、高對比、高反應速度、低操作電壓、可撓以及簡易製作等優點。

主動矩陣式有機發光二極體顯示器是利用電晶體與 OLED 結合驅動

的面板，OLED 需要由電流源來驅動電致發光，流經電晶體之電流量

的變異對於主動矩陣式有機發光二極體顯示器的亮度均勻有負面的

影響，因此，畫素驅動電路的品質對於主動矩陣式有機發光二極體顯

示器之畫質非常重要。傳統的 AMOLED 顯示器的操作模式為兩個薄

膜電晶體(thin film transistor，簡稱 TFT)，分別作為開關與驅動元件，

另外搭配一個儲存電容，然而無論使用有機薄膜電晶體(Organic 

TFTs，簡稱 OTFT),非晶態薄膜電晶體 (hydrogenated amorphous TFTs，

簡稱 a-TFT:H )，或者是低溫複晶態薄膜電晶體 (low temperature poly 

TFTs，簡稱 LTPS )，都有其無法克服的缺點；LTPS 電子遷移率高，

使得元件尺寸可以縮小，提升開口率，降低操作電壓，達到省電目的，

但其製程成本較高，而且均勻度不佳。另一方面，a-TFT:H 擁有較高

的均勻度和較低的製程成本，然而 a-TFT:H 本身遷移率不高，以及所
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需驅動開關之跨壓很大，而 OTFT 是很新穎的元件，不只成本較低且

可在低溫下製作，所以其為可撓式基板驅動元件，但相對均勻性以及

遷移率在此三者中是最差的，當面板在長時間操作下，各種驅動元件

(driving TFT)會因為劣化造成臨界電壓(threshold voltage)的漂移以及遷

移率的劣化，使得整個驅動電流越來越小，面板壽命變短，因此用以

補償臨界電壓與對於不同電晶體形態設計適當驅動電路正被廣範研

究中 

    在本篇論文，提出了三種驅動補償電路，分別使用 LTPS 和 OTFTs

為驅動元件，且設計是利用元件本身特性的優缺點與結合系統於玻璃

上之技術(SOG)，以其有效改善面板畫面亮度不均勻，以及可靠度不

佳再加上高成本的問題，此將成為大型顯示與可撓式面板的前瞻思

想。 
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Abstract 

   The emission mechanism of organic light-emitting diode (OLED) is 

using stacked organic material while electron-hole pairs combine in the 

emission layer then it scatters the light. OLED displays have recently 

attracted much attention. Because OLED has thin module, light weight , 

high contrast ratio, wide viewing angle, fast response time, low operation 

voltage, flexible and simple fabrication. Active matrix organic light 

emitting diode (AMOLED) displays that integrate OLED and transistors 

are quite popular today. OLED needs stable current source which is given 

by transistors to drive, thereby, it will have negative effects for 

AMOLEDs uniformity of illumination if the driving current varies with 

the transistors degradation. So, the quality of pixel driving circuit is very 

important. The operation of conventional AMOLED display panels are 

two thin film transistors (TFTs) , which are individually for switching, 

driving function, and accompany with a storage capacitor. However, no 

matter organic TFTs (OTFTs) ,hydrogenated amorphous TFTs (a-TFTs:H) 

or low temperature poly TFTs (LTPS) we use, they have their own 

obstacles. The significant advantages over LTPS are high mobility, large 
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aperture ratio and lower operation voltage makes power conservation. But 

the drawbacks are higher cost on fabrication and lower uniformity. In 

other hand, a-TFTs:H have good uniformity and low cost, nevertheless, 

the lower mobility (about 1 cm2/v.s) and large on/off switch operation 

voltge are the shortcomings. Finally, OTFTs are not only low cost but 

also could be fabricated in low temperature which really suit for novel 

flexible applications. But the uniformity and mobility are the worst over 

the three types before. All of the driving TFT would cause threshold 

voltage shift and electron properties degradation after long time operation. 

It leads the driving current becomes lower, so the pixel compensation 

circuits for such defects have been extensively studied nowadays.  

  In this thesis, we introduce three Voltage-Programmed Pixel 

Circuits (VPPCs). The transistors are employing LTPS and OTFTs 

respectively. The design rules are based on the device properties and 

combined with the concept of System On Glass (SOG). We except for 

improving panels’ uniformity, reliability and reduce the cost. It will give 

advanced cerebration for the large size and flexible displays.      
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Chapter 1 

Introduction 

1.1  Background 

The appearance of traditional monitors which called cathode ray 

tube (CRT) are hard to find nowadays. The multi-kind of flat-panel 

display technology are invented and developed to make our life more 

splendid. Among such advanced technology, thin film transistor liquid 

crystal display (TFT-LCD) [1]-[4] is the most well-established one. LCD 

displays have two areas of polarizing substance, and a liquid crystal 

solution in between. With the passing of electric current through the 

liquid, the crystals line up in such a way that light cannot infiltrate them. 

Each crystal acts like a shutter, either blocking the light or allowing it to 

come through. The cost of TFT-LCD is gradually decreasing by the vast 

investment of many enterprises and it makes the markets more 

competitive with the conventional displays. However, TFT-LCD still has 

some inevitable drawbacks, such as： narrow viewing angle、slow 

response time、low contrast and so on. As a result, Active matrix organic 

liquid crystal displays (AMOLED) [5] has attracted much more attention 

which consist of OLED pixels that have been deposited or integrated onto 

a thin film transistor (TFT) array to form a matrix of pixels that 

illuminate light upon electrical activation. In contrast to PMOLED 

display, where electricity is distributed row by row, the active-matrix TFT 

backplane acts as an array of switches that control the amount of current 
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flowing through each OLED pixel. The TFT array controls the current to 

flow the pixels, and signals to each pixel how brightly to shine. The 

benefits of AMOLED are lower power requirements, a less-expensive 

manufacturing process, improvements in contrast and color, and the 

ability to bend[6]. AMOLED doesn’t need backlight, unlike TFT-LCD. 

OLED could illuminate by itself, so it can save power and without color 

filters.  

      Regardless of TFT-LCD or AMOLED, the devices (TFTs) are the 

major factor for driving and switching operation. The electronic 

properties of TFTs influence the performance of such displays. In General, 

hydrogenated amorphous TFTs ( a-TFTs:H ) [7]-[11] and low temperature 

poly TFTs ( LTPS ) [12]-[17]are ordinary consuming products. But 

next-generation technologies such as organic TFTs (OTFTs)[18]-[20] are 

also under development. A-TFTs:H have good uniformity and low cost, 

nevertheless, the lower mobility (about 1 cm2/v.s) and large on/off switch 

operation voltge are the shortcomings. However the significant 

advantages over LTPS are high mobility, large aperture ratio and lower 

operation voltage makes power conservation. But the drawbacks are 

higher cost on fabrication and lower uniformity. Eventually, OTFTs are 

not only low cost but also could be fabricated in low temperature which 

really suit for novel flexible applications. But the uniformity and mobility 

are the worst over the three types before. 
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1.2  Motivation 

The first active pixel circuit was using one transistor and one 

storage capacitor (1T1C) to drive. The operation mechanism was when 

the scan line turned on the driving data will charge the capacitor until it 

turned off. After this, driving current was just releasing charge by the RC 

constant, so it could not hold constant driving current (the illumination of 

this was defined by mean integrated value)in one frame time. 

Consequently, the 2T1C pixel circuit based on one driving, one switch 

and one storage capacitor was proposed to improve the drawback before. 

For OLED structure, the indium-doped tin oxide (ITO) transparent anode 

of the OLED deposit firstly on the active-matrix substrate because the 

sputtering of ITO would degrade the organic layer. In most hydrogenated 

amorphous TFT-OLED, the anode of OLED is connected to the source 

node of TFT. Hence, 2T1C pixel circuit based on n-type TFTs must 

consider not only the OLED but also driving transistor threshold voltage 

shift problem because the driving current is controlled by GSV  (VS was 

getting higher when OLED threshold voltage raised for long time driving), 

So, 2T1C employed p-type TFTs (Poly and OTFT phase, there was no 

p-type amorphous TFTs )could eliminate the .OLED threshold voltage 

raising problem but it still had the other one.    

Although the promising evolution of display technology, AMOLED 

still has various demerits which scientists have to solve these. If TFTs are 

set as the AMOLEDs driving element, the threshold voltage shift and 

device degradation are unwanted for the pixel circuits. For the reason, 

compensation pixel circuits have been proposed to modify 2T1C circuits. 
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And numerous compensation methods have been developed such as 

voltage modulation [21]-[26] ,current programming methods. [27] [28] 

and clamp inverter methods[29][30].The current driving methods 

compensates all the electronic properties , but the longer settling time at 

low data current increases the frame time so it is not suitable for practical 

use in high resolution displays. Secondly, the clamp inverter driving way 

could reduce the transistor effect lowest (Because it operates in linear 

region), but it consumes more power, gray scale is uneasy to adjust and 

sacrifices light emitting time so it carries out rarely. Therefore, without 

the settling time problem and lower power consumption make voltage 

driving becoming commonly implemented nowadays, but it still exists 

imperfect compensation [31] during the Vt generation cycle. In this thesis, 

we propose three novel Voltage-Programmed Pixel Circuits (VPPCs) to 

enhance the degradation of OLED output current. The transistors of them 

are employing LTPS and OTFTs respectively. 

1.3  Thesis organization 

Chapter 1 Introduction 

1.1 Background 1 

1.2 Motivation                                      3 

1,3 Thesis organization                               4 

Chapter 2 Poly based compensation pixel circuit  

2.1 Introduction                                     6 

2.2 Combination of power & data line 4T1C circuit          

2.2.1 Pixel structure and timing scheme               7 
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Chapter 2 

Poly based compensation pixel circuit 

2.1 Introduction  

Poly-Silicon backplane technology is a technology-of-choice for 

OLEDs today because it provides excellent mobilities that meet OLED 

current drive requirements. Poly-Si technology also allows for the 

integration of the drive circuitry directly onto the substrate. There are 

several key challenges, however, to address: reducing threshold voltage 

non-uniformities of poly-Si, installing additional manufacturing capacity, 

and demonstrating commercially-viable manufacturing yields. With these 

issues resolved, poly-Si AMOLEDs should offer excellent performance 

as some early-stage prototypes and products suggest. 

 Poly-silicon TFTs have been widely considered for AMOLED due 

to their high current capability [32],[33] and could fabricate driving 

circuit at panel periphery to achieve system on panel (SOP). However, the 

excimer laser annealing (ELA) facility causes nonuniformity of active 

layer lead different threshold voltage to each transistor. In addition, 

large-size panel drives higher current to let power voltage (VDD) 

depends on the position and degrades driving current. These instabilities 

emphasize the importance of compensation circuit. In previous work, 

compensation circuits present current driving, clamp inverter driving and 

voltage driving ways[21]-[30].Firstly, the current driving way 

compensates electronic properties better, but the longer settling time [34] 

at low data current increases the frame time so it is not suitable for 
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practical use in high resolution displays. Secondly, the clamp inverter 

driving way could reduce the transistor effect lowest (Because it operates 

in linear region), but it consumes more power, gray scale is uneasy to 

adjust and sacrifices light emitting time so it carries out rarely. Therefore, 

without the settling time problem and lower power consumption make 

voltage driving becoming commonly implemented nowadays, but it still 

exists imperfect compensation [31] during the Vt generation cycle. In our 

study, we propose two types of compensation circuit. Firstly, we merge 

power line and data line which based on holding source and drain voltage 

of the driving transistor during data variation in a frame time and 

compensate threshold voltage shift in voltage driving way. Furthermore, a 

notion of external driving is demonstrated to decrease transistors in pixel 

region while employing ink-jet printing technique to pattern OLED 

cathode. Secondly, voltage and current hybrid driving pixel circuit is 

proposed to overcome threshold voltage shift and mobility degradation 

use only 3T1C structure. Because of such comprehensive advantage, the 

sacrifice is emission time of OLED so the parallel driving scheme in 

order to decrease the non-ideal effect is proposed.     

2.2 Combination of power & data line 4T1C circuit 

2.2.1 Pixel structure and operation 

       Fig. 2-1 depicts a schematic diagram of the proposed pixel 

circuitry. The inner of the dash square indicates a pixel region with a 

driving transistor T1, and three switch T2, T3, and T4. The switch T5 was 

designed to be outside the pixel area. The operation principle could be 

divided into three periods, including releasing charge, threshold voltage 
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(Vt) generation/ current regulation, and driving. In the first period, 

SCAN1 and SCAN2 were set to low and high to turn on the T2 T3 and 

T4 turns off respectively. T5 was controlled in the on state by the EM 

signal. The switch T3 connected to SCAN1[n-1] in order to buffer the 

voltage so as to design the turn on voltage same with power data line 

highest voltage (10V). In this released charge period, voltage of node A 

went to lower value. The arrangement of switch T5 showed in Fig.2-2 

was fabricated by the cathode pattern process, located at the right side of 

an external pixel area. Therefore, the actual device layout in a pixel 

region only consisted of four transistors. Such an arrangement of external 

driving circuit could decrease the manufacture complexity for each 

display pixel. 

In the Vt generation/current regulation period, SCAN1 was still kept 

low, and T2 and T3 were kept in the turn-on state. SCAN2 still high let 

T4 off, and T5 turned off , respectively. The power data line was given 

VDD-VDATA. With the diode-connection the voltage of node A went to 

VDD-VDATA-|Vtp|. In the driving period, SCAN1 is set to high to turn off 

T2 and T3. At the same time, SCAN2 was set to low to turn T4 on. T5 

was at the on-state. Voltage of power data line returned to VDD, and then 

the voltage of storage capacitor was shown as followed.  

VSG =VDD – (VDD-VDATA-|Vtp|)= VDATA +|Vtp| 

  IOLED=K(VSG-|Vtp|)2=K(VDATA+|Vtp|-|Vtp|)2=K(VDATA)2   (2-1)  

Where |Vtp| was the threshold voltage of poly TFT and K=0.5µp Cox 

The above formula clearly indicated that the proposed compensation 

circuit could have higher immunity to the threshold voltage variation and 

due to fixing among the source and drain voltage of driving transistor (T1) 
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that gave stable driving current for each pixel row even power data line 

with large variation for next row. Nevertheless, we should assume T1 

operated in saturation region all the time, so, we designed VEE sufficient 

lower (Ex VEE =-5V).    

2.2.2 Simulation Results 

       The HSPICE software with the RPI poly-silicon TFT model 

(Level=62) were used to verify the proposed circuit. The mobility and 

threshold voltage of DTFT were 80 cm2/V·s and -2V. Cst was set to 350 

fF, Vdd and the high level of the signals ([n]Scan and [n]EM) were set as 

10V, respectively. The aspect ratio of switch T2 was 5/5+5 um using dual 

gate structure to decrease leakage current and other switches were all 5/5 

um. The driving transistor was designed as 4/40 um to reduce the 

non-ideal Kink effect for longer channel length. Fig.2-3(a) was the ID-VG 

and (b) was ID-VD of our simulation model, and Fig.2-4 gave a 

information for Vt shift plot of our driving transistor model with VD= -5V 

and the shift value was between ±1V. The transient simulation result of 

driving transistor(T1) with threshold voltage -2V and -3V was shown in 

Fig.2-5(a) and (b). The gate voltage of T1 was 2V in the first released 

charge period, then it generated threshold voltage through the 

diode-connection in the second period. A coupling effect occurred when it 

changed to the driving period. The plot exactly proved our design rule we 

mentioned in 2.2. Fig.2-6 presented the transition of driving current 

(VDATA=2.4V with I=1uA) versus operation time for variant threshold 

voltages (±1V) in the proposed pixel circuit architecture. The first phase 

(0~5us) was releasing charge. Three different levels of current were 

presented, because the poly-TFT has distinct threshold voltage values. 



 

 10

With the diode-connection method to generate Vt and data feeding, the 

current gradually goes to zero in the second phase. At the third stage of 

driving period, driving current was 0.984uA, 0.998uA, and 1.014uA 

corresponding to Vt = -1.-2,and-3V respectively. The variation of driving 

current (∆I) could be calculated less than 1.6%. This result showed the 

proposed pixel circuit was independent of threshold voltage values. 

Besides, we used longer channel length for the driving transistor to avoid 

non-programming row with disturbance which was caused by Kink effect. 

Fig.2-7(a) showed the ID-VD plot of driving transistor T1.1uA was set as 

the standard driving current. At the beginning, Vsd = 8.2V for T1, then 

we fed VDATA=2.4V for the next row (Vsd became 5.8V). The variation of 

current was just 4.4 nA as seen in Fig.2-7(b) clearly, so the proposed 

circuit could decrease the voltage variation from power data line voltage 

variation.Fig.2-8 represented output current of proposed pixel and 

conventional pixel at different threshold voltage shift. This simulation 

result showed that OLED current in proposed pixel degrades from 1uA to 

0.972uA while OLED current in 2T1C conventional pixel degraded lower 

than 0.03uA, so the circuit really had excellent compensation ability to 

reduce the current nonuniformity. Finally, we talked about the instability 

part. Because voltage of node A was a key point of controlling the driving 

current so we analyzed it. The switch-induced error voltage was mainly 

produced by charge injection and clock feedthrough[34][35]. Because we 

used small-size switches, the charge injection could be neglected for 

simply. In the end of Vt generation/current regulation period, T3 will be 

set to off and T4 to on state. The voltage source gave stable voltage so 

there was no feedthrough from T3 and T4. However the variation of 
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power data line and switch T2 made feedthrough respectively. Firstly, we 

assume T3 was on then T2 went off immediately. The initial voltage of 

node A was VDD-VDATA-|Vtp|, then 

VA 1= VDD-VDATA-|Vtp| +
1OV1GS2GS1

2OV

CCCC
C

+++ ∆V       (2-2) 

Where ∆V defined as interval of ON-OFF voltage, COV1 and COV2 were 

the overlap capacitances of T1 and T2[11]. Afterwards power data line 

changed to VDD. 

VA = VA 1+
1OV1OV2GS1

GS1

CCCC
C

+++ VDATA                          (2-3)   

From the above formula, larger storage capacitor and smaller VDATA 

variation reduced this non-ideality, besides the longer width of T2 

resulted bigger COV2. So it was necessary to design appropriate channel 

width.   

2.2.3 Summary 
   We propose a new 4T1C active-matrix organic light-emitting 

diode displays (AMOLEDs) pixel circuit using LTPS thin-film transistors 

is verified by SPICE simulation successfully. The pixel design 

compensates the variation of threshold voltage between ±1V with 1.6% 

current non-uniformity. Besides, a proposed new external driving method 

and we combine power & data line for driving can reduce the number of 

switch transistors in a pixel and circuit complexity. Our proposed curcuit 

reduces non-uniformity for driving OLED effectively, and the novel 

power data line diminishes not only layout area but also ESD conducting 

path to lower down the risk of destroying the pixel. Moreover, the 

proposed idea with the external driving can decrease transistors in pixel 

region and reduce the circuit complexity, while employing ink-jet 

printing technique to pattern OLED cathode.  
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2.3 Comprehensive 3T1C compensation circuit 

2.3.1 Pixel structure and operation 

 First of all, we mention about the scan driver control in our study 

which defines the emission time of the panel. Scan signal is similar for 

TFT-LCD and AMOLED with each row time charging then driving with 

other times in each frame. Fig. 2-9 shows the driving method of our 

proposed circuit that program all row subsequent with emission period. 

Consequently, the effective emission time for OLED is lesser than 

traditional scheme. In this circumstance, the flicker won’t be happened 

because of 60HZ for each frame is higher to avoid human eyes feeling 

fluctuation but the driving current should be designed higher to achieve 

the same luminance with conventional driving structure. Fig. 2-10 depicts 

a schematic diagram of the proposed pixel circuitry. M1 and M2 are 

switch transistors, MD is driving transistor. The operation principle is 

divided into three periods, including reference current (Iref) generation, 

data feeding and driving. In the first period, SCAN1 were set to low to 

turn on the M1 and M2. In this reference current (Iref) generation, data 

line is given Vdata and voltage of node C goes to VDD-(Iref / kp )1/2-|Vtp| 

because Iref flows MD to derive equation of saturation region without the 

kink effect getting the value VC. Where kp is 0.5μp Cox W/L, |Vtp| is the 

absolutely threshold voltage of p-type poly TFT. In the data feeding period, 

SCAN1 turns off.  Data line transfers to Vref so VC suffered a coupling 

effect to change MD’s gate voltage with result to define magnitude 

driving current of OLED. In the third driving period, the VSG of MD is 
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shown as followed.  

VSG =VDD–(VDD-( Iref / kp )1/2-|Vtp|+ Vref-Vdata) 

=( Iref / kp )1/2 +|Vtp|+ Vref-Vdata                (2-4) 

IOLED=kp(VSG-|Vtp|)2 

=kp(Iref / kp )1/2 +|Vtp|+ Vref-Vdata -|Vtp|)2 

=kp[Iref / kp )1/2 +(Vref-Vdata )]2 

= Iref+2(kp Iref )1/2 (Vref-Vdata)+kp(Vref-vdata)2    (2-5)  

The above formula clearly indicated that the proposed compensation 

circuit could have higher immunity to the threshold voltage variation and 

mobility degradation using hybrid driving scheme. The item of kp 

contains mobility information therefore the ability of compensated 

mobility degradation is especially completing at Vref-Vdata=0 which 

means OLED driving current is just reference current (Iref).   

 In the cause of the driving method (Fig 2-9) bring longer 

programming time, so we present parallel driving scheme to decrease this 

non-ideal effect. In former case of pixel compensation circuits are usually 

with two to four periods to operate the circuit function thereby we 

introduce the parallel driving scheme shown in Fig. 2-11 just with one 

period (about 5us) in each row time that really reduce the programming 

work to fit this circuit. The strong point of this voltage and current hybrid 

driving is about the settling time issue for pure current driving when low 

data current goes along with longer time to generate , so 5us will be same 

for total pixel in reference current (Iref) generation duration it doesn’t 

have settling time issue. Furthermore, hybrid driving must use more 

complicated IC or high pings increasing the cost. Look back to the 

reference current which is a constant value so it renders us to deposit 

current mirror structure outside the pixel region (Figure 2-12) 

simultaneous with pixel formation. This way is just need one ping to give 
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constant current and combine concept of system on glass (SOG).                

2.3.2 Simulation Results 

       The HSPICE software with the RPI poly-silicon TFT model 

(Level=62) is used to verify the proposed circuit. The mobility and 

threshold voltage are 80 cm2/V·s and -2V. Cst is set to 350 fF, Vdd is 10V 

and scan signal gives between -5 ~10V, respectively. The aspect ratio of 

switch is 5/5+5 um using dual gate structure to decrease leakage current 

and the driving transistor is designed as 5/40 um to reduce the non-ideal 

Kink effect for longer channel length. Fig 2-13 shows the transient wave 

form of MD consisted of three regions. In the region I, VB and VC are 

equal potential by turning on M1. The voltage is 1.127V corresponding to 

generate reference current (Iref=0.57uA). VB and VC separate in next 

duration due to turning off M1 and M2. At this moment, data line changes 

to Vref=-0.67V so VB is also coupled from 1.33V to 0.75V. Vc goes high 

result from MD without current through it. The third period is driving 

period, multiplexer transfer status let current go through OLED hence Vc 

goes low to maintain MD at saturation region. Fig 2-14 presents the 

transition of driving current (I=1uA) versus operation time for variant 

threshold voltages (±1V) in the proposed pixel circuit architecture. The 

first phase (10~20us) is reference current generation. Three different 

levels of current are accumulated to Iref, because the poly-TFT has 

distinct threshold voltage values. With M1 and M2 are turned off, IMD 

goes to zero in the second phase. At the third stage of driving period, 

driving current was 0.98uA, 0.986uA, and 0.999uA corresponding to Vt = 

-1.-2, and-3V respectively. The variation of driving current (∆I) could be 
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calculated less than 1.4%. This result showed the proposed pixel circuit 

was independent of threshold voltage values. Fig 2-15 states current error 

versus threshold voltage among -2±1V with driving current 0.25uA, 

0.5uA, 0.75uA and 1uA. Solid line depicts voltage driving compensation 

in 2.2 and dash line is the proposed circuit. It could find dash line with 

higher compensation ability than solid line at Vt greater than -2V, but it is 

not obvious on the contrary. This asymmetric dash line is mainly caused 

by charging time. For 4T1C (VPPC), when absolute Vt is getting lower, 

VDD-Vdata-|Vtp| is getting higher so the charging path becomes longer 

in vt generation region. It would not affect proposed hybrid driving which 

is based on current driving scheme with reference current defines self 

threshold voltage and mobility generation. Totally, 3T1C supports better 

current error rate than conventional VPPC. Fig 2-16 states current error 

versus mobility among 85±4 cm2/V.s with driving current 0.25uA, 0.5uA, 

0.75uA and 1uA. Solid line depicts circuit without mobility compensation 

function and dash line is the proposed circuit. It shows a nearly perfect 

statistics at I = 0.5uA (Vdata=Vref) as mentioned before with error rate is 

just about 0.3%. Comprehensively, these four figures present rower 

current error and verify our proposed circuit. Finally, Fig.2-17 presents 

the current error of MD among the data range -0.6V~0.6V for threshold 

voltage -1V and -3V. Error rate is all less than 2.9% to reveal superior 

information of our study.     

2.3.3 Summary 
   We propose a hybrid driving 3T1C active-matrix organic 

light-emitting diode displays (AMOLEDs) pixel circuit using LTPS 

thin-film transistors is verified by SPICE simulation successfully. The 
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pixel design compensates the variation of threshold voltage between ±1V 

with 2.9% current non-uniformity among data range -0.6V~0.6V. Besides, 

mobility degradation induced current non-uniformity is also decreased in 

our study especially at driving current is equal to reference current. 

Moreover, the proposed idea with parallel driving method release the 

programming time in a frame.  
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Fig. 2-1 Schematic of the proposed pixel circuit and controlling signals.  



 

 18

 

 

Fig. 2-2 External driving way for reducing one switch panel scheme 

diagram 
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Fig.2-3(a) was the ID-VG and (b) was ID-VD 
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Fig.2-4 Vt shift plot of our driving transistor model with VD= -5V and the 

shift value was between ±1V 
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(b) 

Fig.2-5 The transient simulation result of driving transistor(T1) with 

threshold voltage (a)-2V and (b)-3V. 

 
Fig.2-6 The change of driving current versus operation time with variant 

threshold voltage. Driving current was 0.984uA, 0.998uA, and 1.014uA 

corresponding to Vt = - 1. -2 and -3V, respectively. 
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Fig.2-7(a) ID-VD plot of driving transistor T1. 1uA was set as the standard 

driving current. At the beginning, Vsd = 8.2V for T1, then we fed 

VDATA=2.4V for the next row (Vsd became 5.8V). The variation of current 

was just 4.4 nA as seen in Fig.2-7(b) clearly , so the proposed circuit 

could decrease the voltage variation from power data line voltage 

variation. 
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Fig.2-8 represented output current of proposed pixel and conventional 

pixel at different threshold voltage shift. 
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Fig. 2-9 shows the driving method of proposed circuit 
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Fig. 2-10 Schematic of the proposed pixel circuit and controlling signals.  
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Fig. 2-11 shows the parallel driving scheme 
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Fig 2-12 depicts panel arrangement of 3T1C structure with additional 

multiplexer and current mirror structure compared with traditional 

AMOLED  
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Fig.2-13 The transient simulation result of driving transistor (MD) 
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Fig.2-14 The change of driving current versus operation time with variant 

threshold voltage. Driving current was 0.98uA, 0.986uA, and 

0.999uA corresponding to Vt = - 1. -2 and -3V 
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 Fig 2-15 states current error versus threshold voltage among -2±1V with 

driving current (a) 0.25uA, (b) 0.5uA, (c) 0.75uA and (d) 1uA.. 
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Fig 2-16 states current error versus mobility among 85±4 cm2/V.s with 

driving current (a) 0.25uA, (b) 0.5uA, (c) 0.75uA and (d) 1uA.. 
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Fig.2-17 presents the current error of MD among the data range 

-0.6V~0.6V for threshold voltage -1V and -3V. Error rate is all less than 

2.9% to reveal superior information of our study.     

 

 

 

 

 

 

 



 

 30

Chapter 3 

Organic based compensation pixel circuit 

3.1.1 Overview of OTFTs 
Organic thin film transistors (OTFTs) have been widely studied 

because they have the potential for application in low cost, large area, 

flexible electronics [36][37]. OTFTs have been studied for low-cost 

applications, such as liquid crystal display panels,  sensors, postage 

stamps, and radio-frequency identification[38]. Low-temperature 

processability allows a variety of low-cost substrate materials to be used, 

including flexible polymeric materials [38]. Most research related to the 

performance of OTFTs has focused on high mobility, low operating 

voltage, low subthreshold swing, and a threshold voltage close to 0 V 

[39]-[42]. In particular, the high operating voltage in the range of 20–100 

V is a serious obstacle for realizing practical devices. A high operating 

voltage not only results in high power consumption and a high cost of the 

driving circuit but also damages the organic materials [41]. The key 

technique used to solve this problem concerns the gate insulator of OTFT. 

In order to induce larger number of carriers at a lower voltage, the gate 

insulator should be thinner and its dielectric constant should be larger 

[41].  

3.1.2Process Flow Of Organic Thin Film Transistors 

Fabrication  

a metal-oxide Al2O3 film layer was deposited on p-type (100) silicon 

wafers by E-gun evaporating system at room temperature. The thickness 

of as-deposited Al2O3 films was 240nm, which was measured by an 
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ellipsometer system. Subsequently, the wafers with 240nm-thick Al2O3 

film were split into three groups, and processed with different 

post-treatments to study the properties of low-temperature-deposited 

Al2O3 film. Then, the samples were put into the oven with HMDS steam 

for 20mins at 150 °C. Pentacene was used as an active layer. This was 

deposited using ULVAC thermal evaporator. The deposition is started at 

a pressure lower than 3×10-6 torr. The deposition rate is controlled at 

0.1Å/s. The temperature we use in depositing pentacene films is 70 . ℃

We use shadow mask to define the active region of each device. The 

resulting thickness of the pentacene thin film was 70 nm, which was 

measured by a quartz-crystal thin film thickness monitor. After pentacene 

deposition, we deposited the gold (Au) which was thermally evaporated 

onto the pentacene film through a shallow mask to form the source and 

drain electrodes with normal channel width/length (W/L) = 800/200 µm. 

Finally, 300nm-thick Al gate electrodes were thermally evaporated on the 

backside of silicon wafers for the enhancement of gate voltage coupling. 

3.1.3Organic Thin Film Transistors Parameters Extraction 

In this section, the methods of extraction the mobility, the threshold 

voltage, the on/off current ratio and the sub-threshold swing is 

characterized, respectively. 

Mobility 

Generally, mobility can be extracted from the transconductancein gm 

the linear region: 

D

O XD
m D

G V CONSTANT

WCIg V
V L

µ
=

⎡ ⎤∂
= =⎢ ⎥∂⎣ ⎦

                     (3-1) 
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Mobility can also be extracted from the slope of the curve of the 

square-root of drain current versus gate voltage in the saturation region, 

 i.e. For –VD > - (VG – VT)  

( )
2D OX G TH
WI C V V

L
µ= −                      (3-2) 

Threshold voltage 

Threshold voltage is related to the operation voltage and the power 

consumptions of an OTFT. We extract the threshold voltage from 

equation (3-2), the intersection point of the square-root of drain current 

versus gate voltage when the device is in the saturation mode operation. 

On/Off current ratio 

Devices with high on/off current ratio represent large turn-on current 

and small off current. It determines the gray-level switching of the 

displays. High on/off current ratio means there are enough turn-on current 

to drive the pixel and sufficiently low off current to keep in low power 

consumption. 

3.1.4 Measurement and SPICE model of OTFT 

Fig.3-1 shows the cross-sectional view of a top contact & bottom 

gate OTFT structure, the fabrication and extraction of pentacene-based 

organic TFT devices is as followed before. Fig.3-2 (a) and (b) are the 

ID-VG and ID-VD of the experiment results respectively. The mobility of 

pentacene-based TFT device was 0.1 cm2/V.s, threshold voltage -1.5V 

and on/off ratio 105.  The TFT RPI model for HSPICE simulation 

(Level=62) shows ID-VG in Fig3-3. The parameter of spice model is 

demonstrated below: 
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.MODEL PTFT PMOS (       LEVEL   = 62                  

+TOX     = 2.4E-7         VTO     =P_VTH           RD      = 5.5E3               

+RS      = 5.5E3          TNOM    = 27             ASAT    = 1.044               

+AT      = 4.18496E-7    BLK     = 0.5546E-8       BT = 2.1267E-6          

+DASAT   = 0              DD      = 4.7863E-7      DELTA   = 4                   

+DG      = 6.91831E-8     DMU1    = 0              DVT     = 0                   

+DVTO    = 0              EB      = 0.68           ETA     = 10.31931             

+I0      = 16.506         I00     = 191.3          LASAT   = 0                   

+LKINK   = 2E-8          MC      = 3              MK      = 1.66                

+MMU     = 2.44472        MU0     = 0.1            MU1     = 0.01                

+MUS     = 2.51685        RDX     = 0              RSX     = 0                   

+VFB     = 0.1            VKINK   = 8              VON     = 0                   

+ACM     = 2              LD      = 5E-6           LDIF    = 0                   

+HDIF    = 3E-8             XL      = 0              RSH     = 7.61E3              

+RSC     = 0              RDC     = 0               )    

.PARAM   TEST2=AGAUSS( -1.5, 1 ,3 ) 

.PARAM   P_VTH=TEST2   

  Fig. 3-4 shows the measured and simulated characteristics of the 

OTFT devices. Comparisons show that the maximum RMS error of 

extracted physical quantities is less than 3% accuracy. However, 

compared with the ID (VG= -20V) has mismatch in deep saturation region 

due to the intrinsic limitation of the RPI TFT model. One of reason is that 

the RPI mobility function fails at the high gate bias conditions [42]. 

Therefore the mobility function loses the accuracy at the high gate biased 

condition. The error is increased when the gate bias is increased. 
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3.2 Complementary Voltage Induce Coupling Driving 

3.2.1 Introduction 

Pentacene-based organic TFTs (OTFTs) also have attracted lots of 

interest to be used for active-matrix organic light emitting diode 

(AMOLED) displays [18]-[20]. However, it has been reported that the 

OTFT device is subjected to environmental and bias stress instability [43], 

[44]. The threshold voltage variations of the OTFT device originated 

from manufacture processes and electrically biased operation are critical 

issues for the image quality of AMOLED panels over operation time. 

Besides, the OTFT exhibits a low mobility [45], [46] generally less than 

0.5 cm2/v.s, thus leading to the limit in the design of pixel circuitry. The 

development of compensation circuits suitable for the low-mobility 

OTFT architecture is, thereby, important to gain an proper electrical 

operation scheme and maintain a constant driving current for the OLED 

application. Nevertheless, few appropriate pixel circuits are presented for 

the OTFT-driving OLEDs in recent years, and most proposed circuits 

took advantage of the current driving schemes. The settling time issues 

[34] lead the current-driving scheme to set current data ranging from 2uA 

to 8uA [47], which are not realizable values for the AMOLED to define 

the gray scales. In this study, we propose a voltage-driving compensation 

circuit to well solve both issues of low mobility and threshold voltage 

variations for the OTFT-driving OLEDs. 

3.2.2 Pixel structure and operation 
Fig.3-5 depicts a schematic diagram of the proposed pixel circuitry. 

The inner of the dash square indicates a pixel region with a p-channel 
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driving OTFT device TD, and four switch OTFT transistors T1, T2, T3, 

and T4. The switch OTFT transistor T5 is designed to be outside the pixel 

area. The operation principle can be divided into three periods, including 

releasing charge, threshold voltage (Vt) generation and emission. In the 

first period, SCAN1 and SCAN2 are set to low to turn on the p-channel 

OTFTs T1, T2, and T3. T4 is in the powered off state and T5 is controlled 

at on state, respectively. In this period, the data voltage (=Vdata-Vref) is 

applied to node B (VB), and node A (VA) goes to VEE+VOLED. The layout 

of switch T5 was outside each pixel area and connected separately to each 

patterned cathode [48]. Therefore, the actual device layout in a pixel 

region consists of five transistors, especially suitable for the top-emission 

OLED pixel architecture. Such an arrangement of external driving circuit 

can decrease the manufacture complexity for each display pixel.  

    In the Vt generation period, SCAN1 is still kept low, T1 and T3 are 

kept in the turn-on state. SCAN2 goes high to turn T2 off, and T4 and 

T5 are changed to the on and off state, respectively. The data line is 

given VDD-Vdata. Because T4 is turned on and the voltage of data line 

changes, the voltage of node A (VA) is suffered feed through [35] in the 

meanwhile and is boosted to a higher voltage level.    
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(3-3) 

where Cst >> COTFT , and COTFT is the parasitic capacitance of TD. For 

different input data, the corresponding threshold voltage generation 

period can be effectively decreased due to the voltage boost effect. It 

means a high level of data voltage in the first period, for example VDD= 

0V, Vdata=15V, and Vref=17V, then VDD–(Vdata – Vref) =2V. The voltage of 

node A (VA) has small boost effect. On the other hand, if a low level of 
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data voltage is given, it will produce relatively high boost effect. In this 

case, VDD= 0V, Vdata=2V, and Vref=17V, then VDD–(Vdata – Vref) =15V. 

The driving scheme is referred to as “Complementary Voltage Induce 

Coupling Driving” (CVICD). We also designed a single RC series circuit 

to verify the concept of the proposed CVICD. In this condition, R= 10 Ω, 

C= 10 uF and Vs= 10×u(t) V, where u(t) is a unit function. It takes 230 us 

and 160 us from an initial capacitor voltage of 0V and 5V to 9V (90% of 

Vs), respectively. The time difference between the two initial conditions 

is 70us. Thus, the CVICD method can decrease the charging time 

effectively. In the end of the Vt generation duration, VA will be settle to 

VDD-Vdata-|Vt|. 

In the driving period, SCAN1 is set to high to turn off T1 and T3. At 

the same time, SCAN2 is set to low to turn T2 on. Both T4 and T5 are at 

the on-state. At this moment, the source voltage of TD is VDD, and then 

the voltage of storage capacitor is shown as followed.    

VA =VDD – (VDD-Vdata-|Vt|) = Vdata+|Vt| 

IOLED=K (VA -|Vt|)2 =K(Vdata+|Vt|-|Vt|)2 =K(Vdata)2  
        (3-4) 

The above formula clearly indicates that the proposed compensation 

circuit includes higher immunity to the threshold voltage variation and 

especially suitable for OTFT-derived top-emission OLED pixel circuits.  

3.2.3 Results and Discussion 

In this work, the fabrication of pentacene-based organic TFT devices 

was as followed. A layer of 240 nm-thick Al2O3 film was electron-gun 

deposited on p-type silicon wafers. Then, a 70 nm-thick pentacene layer 

was thermally evaporated and patterned through a shallow mask at a rate 

of 0.5 Å/sec. It was followed that a 100nm-thick gold (Au) layer was 

thermally evaporated onto the pentacene film through a shallow mask to 

form the source and drain electrodes with normal channel width/length 
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(W/L) = 800/200 µm. Finally, 300nm-thick Al gate electrodes were 

thermally evaporated on the backside of silicon wafers for the 

enhancement of gate voltage coupling. The mobility of pentacene-based 

TFT device was 0.1 cm2/V.s, threshold voltage -1.5V and on/off ratio 105. 

The HSPICE software with the RPI model (Level=62) were used to 

verify the proposed OTFT pixel circuit. Fig.3-6 gives an information for 

Vt shift plot of our driving transistor model with VD= -10V and the shift 

value was between ±1V. Fig.3-7(a) shows the measured and simulated 

characteristics of the OTFT devices. Comparison among measured and 

simulated results is with good accuracy. We employed these modeling 

results for further circuit simulation. In this circuit simulation work, the 

ratio of channel width (W) to channel length (L) for TD was 

300um/50um, and switch T1 was 20um/40um designed to decrease the 

leakage current during the driving period, as well as other switch 

transistors were all set to 80um/10um. The storage capacitor was 5 pF. 

Fig.3-7(b) shows the transition of driving current versus operation time 

for the OTFTs with variant threshold voltages in the proposed pixel 

circuit architecture. From Fig.3-7(c), the variation of driving current (∆I) 

can be calculated is less than 1.8%. This result shows the proposed pixel 

circuit can produce the extremely similar driving current of OTFTs, 

independent of threshold voltage values. Fig.3-8(a) depicts the transient 

waveforms at specific nodes in the proposed pixel circuit while the input 

data was set to 5V for generating 262 nA of driving current. It is clearly 

observed an obvious voltage coupling effect, approximately 12V 

coupling voltage produced in a short time period. It indicates the 

charging period is shortened and effectively reduce the Vt generation time, 

which is especially suitable for the OTFT devices with the low mobility. 

Also, a less coupling effect is demonstrated while input data is set to 17V 

for generating 1 uA of driving current, as shown in Fig.3-8(b). The 
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evolution of coupling effect corresponding to the different input data 

voltages (e.g. 17V and 5V) is completely consistent with the proposed 

CVICD operation scheme. However, during the driving period (Regime 

III), Figs.3-8(a) and (b) show the value of TD source voltage (VB) is 

-0.705V and -2.94V, separately, indicating VB and VC are deviated from 

the desirable VDD level (VDD= 0 V). It is inferred the OTFT devices do 

not exhibit good current swing in the linear operation region due to the 

presence of high turn-on resistance. These undesirable effects are mainly 

originated from the characteristics of OTFT devices. Therefore, it gives 

us a future work to improve the electrical performance of OTFT device. 

Fig.3-9 presents the current error of TD among the data range 1V~17V. It 

shows a good compensation function for the errors are all less than 2.9%. 

So, the circuit is really suitable for driving OTFT. Furthermore, Fig.3-10 

represents output current of proposed pixel and conventional pixel at 

different threshold voltage shift. This simulation result showed that 

OLED current in proposed pixel degrades from 1uA to 0.973uA while 

OLED current in 2T1C conventional pixel degraded lower than 0.584uA, 

so the circuit really had excellent compensation ability to reduce the 

current nonuniformity.  

3.2.4 Summary 

we propose a novel active-matrix organic light-emitting diode 

displays (AMOLED) pixel circuit based on organic thin-film transistor 

(OTFT) architecture, which consisted of four switches, one driving 

transistor and a capacitor. The proposed voltage-driving pixel circuit, 

named as “Complementary Voltage Induced Coupling Driving” (CVICD), 

is different from the current-driving scheme and can appropriately operate 

at low gray level for the low-mobility OTFT circuitry. The current 

non-uniformity less than 2.9% for driving OLED is achieved by SPICE 
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simulation work successfully. The proposed operation scheme are 

especially suitable for the OTFT-based circuitry with low carrier mobility, 

by means of lowering the voltage drop between the source and drain 

terminals of OTFT device to narrow down the charging time. The current 

non-uniformity for driving OLED can be effectively reduced. Also, the 

adoption of the external driving can decrease one transistor in a pixel 

region and reduce the circuit complexity. 
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Fig. 3-1 shows the cross-sectional view of a top contact & bottom gate 

OTFT structure 

 
Fig. 3-2 (a) and (b) are the ID-VG and ID-VD of the experiment results 

respectively. 

(a) 

(b) 
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Fig. 3-3 The TFT RPI model for HSPICE simulation (Level=62) shows 

ID-VG plot.  

 

Fig. 3-4 shows the measured and simulated characteristics of the OTFT 

devices 
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Fig.3-5 depicts a schematic diagram of the proposed pixel circuitry. 
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Fig.3-6 Vt shift plot of our driving transistor model with VD= -10V and 

the shift value is between ±1V 
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Fig.3-7(a) Measured and simulated output characteristics of 

pentacene-based OTFT for different gate voltage.(b) The change of 

driving current (IOLED) versus operation time for the OTFTs with 

variant threshold voltages in the proposed pixel circuit. IOLED is 1.016 

uA, 0.998 uA and 0.9852 uA for Vt =-0.5V, -1.5V and -2.5V, respectively.  

(c) The current ranging from 0.97 uA to 1.03 uA. 
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Fig. 3-8 Transient waveforms at specific nodes in the proposed pixel 

circuit while the input data was set to (a) Vdata =5V for generating 262 

nA of driving current, and (b) Vdata =17V for generating 1 uA of driving 

current.  
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Fig.3-9 presents the current error of TD among the data range 1V~17V. It 

shows a good compensation function for the errors are all less than 2.9%.  

Threshold voltage shift (V)

0 1 2 3

C
ur

re
nt

 (u
A

)

0.5

0.6

0.7

0.8

0.9

1.0

1.1

Conventional 2T1C
Proposed circuit

 
Fig.3-10 represents output current of proposed pixel and conventional 

pixel at different threshold voltage shift. 
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Chapter 4 
Conclusions and Future works 

       AMOLED have attracted more attention in resent years. So far, . 

Conventional pixel circuit suffers substantially degradation. As a result, 

we have introduced three novel pixel circuits to overcome these 

drawbacks. Firstly, Simulation result of poly based pixel circuit is 

markedly better than conventional pixel circuit. Current error on 4T1C 

pixel circuit is 1.6% when the threshold voltage of the driving TFT shifts 

±1V .Besides, a proposed new external driving method and we combine 

power & data line for driving can reduce the number of switch transistors 

in a pixel and circuit complexity. Secondly, a new hybrid driving scheme 

is proposed just with 3T1C and has comprehensive compensation 

function to reduce the effect of degraded TFT, and followed with a 

parallel driving method which could decrease the scanning time.    

Finally, we propose a novel circuit based on organic thin-film transistor 

(OTFT) architecture. The proposed voltage-driving pixel circuit, named 

as “Complementary Voltage Induced Coupling Driving” (CVICD), is 

different from the current-driving scheme and can appropriately operate 

at low gray level for the low-mobility OTFT circuitry. The current 

non-uniformity was less than 2.9%. The proposed operation scheme are 

especially suitable for the OTFT-based circuitry with low carrier mobility, 

by means of lowering the voltage drop between the source and drain 

terminals of OTFT device to narrow down the charging time. The current 

non-uniformity for driving OLED can be effectively reduced.  
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      In the future, we will devote to practical implant the OTFT 

compensation circuit. Because the instable properties of OTFTs and large 

operation voltage for switch function give us plenty of obstacles to 

challenge. These undesirable effects are mainly originated from the 

characteristics of OTFT devices. Therefore, it gives us a future work to 

improve the electrical performance of OTFT device. Besides, the 

destination of AMOLED display based on all organic material is using 

plastic substrate for flexible using. Nevertheless, it produces another 

future work to us that is finding an organic insulator which can be 

patterned to carry out our design.      
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