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We proposed the amorphous silicon thin-film transistor (a-Si:H TFT) pixel electrode circuit with current-scaling function that 

can be used for active-matrix organic light-emitting displays (AM-OLEDs). In contrast to the conventional current-mirror 

circuit, this circuit with cascaded storage capacitors can provide a high data-to-OLED current ratio without increasing the a-

Si:H TFT size. Moreover, since the number of signal line is reduced in the proposed pixel electrode circuit, the pixel layout and 

the driving scheme can be simplified in comparison to previously reported cascade capacitor circuit. 

 

Figure 1 Schematic of (a) the cascaded-capacitor 
current mirror pixel electrode circuit and (b) 
operational waveforms simulated by HSPICE. 

1.  Introduction 

Over last several years, it was shown by several authors [1-

3] that the current driving pixel electrode circuits are among 

the most desirable solutions for active-matrix organic light-

emitting displays (AM-OLEDs). However, as display size 

and resolution increase, a large timing delay can be observed 

at a low data current and its importance increases with the 

display size [4]. To address this issue, several solutions have 

been proposed based on polycrystalline silicon (poly-Si) 

thin-film transistor (TFT) technology such as current-mirror 

circuit [5, 6] and series-connected TFT circuit [7]. Besides 

poly-Si TFTs, we also proposed hydrogenated amorphous 

silicon (a-Si:H) TFT based current-scaling pixel electrode 

circuit to address this problem [4]. In this paper, we present 

the improved current driving pixel electrode circuits based 

on a-Si:H TFT technology with a enhanced current scaling 

function. A current mirror circuit with a cascaded storage 

capacitor is proposed here to achieve a high data-to-OLED 

current ratio without increasing TFT size in comparison with 

the conventional current mirror pixel circuit. At the same 

time, by removing one control signal line, this circuit has a 

much simpler pixel layout and driving scheme than the 
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previous cascade capacitor pixel electrode circuit. 

 

2. Operation of the Current-Scaling Pixel Electrode 

Circuit 

The proposed current-driven pixel electrode circuit consists 

of two switching TFTs (T1 and T2), one mirror TFT (T4), 

one driving TFT (T3), and two storage capacitors (CST1, 

CST2) connected between a scan line and ground with a 

cascade structure, Figure 1 (a). The signals of VSCAN, IDATA, 

and VDD are supplied by the external drivers while the anode 

of OLED is connected to VDD. In comparison to the cascade 

capacitor current-scaling pixel electrode circuit reported 

previously [4], by employing the current mirror TFT 

structure, the control signal line can be removed to simplify 

the pixel layout and driving scheme as well as to enable 

OLED to light up during ON-state even when top anode 

light-emitting device structure is used. 

Here we define IOLED-ON and IOLED-OFF as the current flowing 

through OLED during the ON- and OFF-state, respectively. 

IOLED-OFF is also defined as the scaled-down current from 

IOLED-ON by the ratio of CST2/CST1. The pixel circuit operation 

mechanism can be described as follow: During the ON-state, 

VSCAN turns on the T1 and T2, and IDATA (=IOLED-ON) passes 

through T1 and T4 as the solid line shown in Fig. 1 (a), and 

sets up the voltage at T2 drain electrode (node A). At the 

same time, the voltage at T4 gate electrode (node B) is set 

by IDATA passing through T4. Since IDATA is current source, 

the gate voltage of T4 is automatically set high enough to 

allow the fixed IDATA flowing through T1 and T4.  In the 

pixel simulation, since the current-scaling is not controlled 

by the geometry ratio of the transistors, T1, T3, and T4 are 

designed as having the same geometries (W=50μm, and 

L=4μm). The T2 size is set to be the small (W=10μm, and 

L=4μm) to reduce the voltage drop due to the parasitic 

capacitance when VSCAN turns off. Since in the ideal case T3 

and T4 are assumed identical and the gate bias (VB_ON) is 

common to both TFTs, the same amount of current (IDATA) is 

expected to flow through OLED to T3 by VDD. The VB_ON 

will be stored in both CST1 and CST2, and the voltage across 

CST2 is VSCAN - VB_ON. 

Figure 2 Variation of the simulated IOLED_ON, 
IOLED_OFF, and IAVE as a function of IDATA for 
various CST2/CST1 ratios. 

When the pixel changes from the ON- to the OFF-state, 

VSCAN turns off T1 and T2. Because CST2 is connected 

between the scan line and the node B to form a cascade 

structure with CST1, the change of VSCAN will reduce VB_ON 

to VB_OFF due to the feed-through effect of the capacitors. 

VB_OFF can be derived from the charge conservation theory 

as VB_OFF = VB_ON - ∆VSCAN·CST2 / (CST1+CST2). A reduced 

T3 gate voltage (VB_OFF) will be hold in CST1 and CST2 and it 

will continuously turn on T3 during the OFF-state. Since 

gate bias of T3 (VB_ON) is reduced to VB_OFF by the ratio of 

cascaded capacitor, a scaled-down data current (IOLED_OFF) 

will flow through OLED, shown as the dashed line in Fig 1 

(a). Consequently, when a very large data current (IDATA) can 

be used to charge the pixel electrode to shorten the pixel 

programming time, a smaller driving current (IOLED_OFF) can 



Figure 3 Variation of the current scaling ratio as a 
function of (a) IDATA and (b) ratio of storage 
capacitances for the proposed pixel circuit. 

be achieved for lower gray scales at the same time. 

 

3. Simulated Electrical Properties of the Proposed Pixel 

Electrode Circuit 

The proposed current-scaling pixel electrode circuit was 

evaluated by H-SPICE and an example of waveforms is 

shown in Fig 1 (b). In this specific case, in ON-state, the 

voltage at node B is set to appropriate level to allow IDATA of 

1μA to pass through T3 and T4 while VSCAN and VDD are 

hold at 30 and 15V, respectively. The time for ON- and OFF-

state was set to 0.33 and 33ms, respectively. To investigate 

the current scaling ratio of the proposed pixel electrode 

circuit, we changed the IDATA from 0.2 to 5μA and measured 

the corresponding IOLED_ON and IOLED_OFF flowing through 

the diode for different ratios of cascaded-capacitors. In ON-

state, the IOLED_ON is identical to the data current (IDATA), Fig. 

2 (a). When the pixel circuit operates in OFF-state, the diode 

current (IOLED_OFF) is scaled-down by the ratio of cascade 

capacitor as discussed above and in [4]. From Fig. 2 (b), it is 

obvious that the larger CST2/CST1 results in significant 

decrease of the IOLED_OFF at lower IDATA. However, as shown 

in the figure, too large ratio of CST2/CST1 (> 1/4) resulted in 

the saturation of IOLED_OFF, which eventually can deteriorate 

the current scaling function.  

Since the OLED current value is different during ON- and 

OFF-state, we define the average OLED current (IAVE) 

during one frame time as IAVE= (IOLED_ON · tON + IOLED_OFF · 

tOFF) / (tON + tOFF), where tON and tOFF is the ON- and OFF-

period during the frame time, respectively. The variation of 

IAVE versus IDATA in one frame period (tON + tOFF) for 

different CST2/CST1 ratios is shown in Fig. 2 (c). Since the 

OFF-state period is much longer than ON-state, though 

IOLED_OFF is very small during OFF-state, it can reduce the 

IAVE even if the IOLED_ON (=IDATA) is large. For example, the 

pixel electrode circuit can generate IAVE ranging from 2.3 nA 

to 2.5 μA while IDATA swept from 0.2 to 5 μA. Therefore, 

during one frame time, we can achieve very wide range of 

OLED current levels by supplying high data current levels.  

The evolution of the scaling ratio (RSCALE= 

IOLED_ON/IOLED_OFF) for different ratios of CST2/CST1 as a 

function of IDATA is shown in Fig. 3 (a). In this figure, we can 

see that for CST2/CST1=1/6, RSCALE decreases from 14303 to 

2.0 as IDATA increases from 0.2 to 5μA, and an ideal non-

linearity of RSCALE can be achieved; e.g. a very high RSCALE 

at low IDATA levels (low gray scales) and a low RSCALE at 

high IDATA levels (high gray scales) can be produced. The 

variation of RSCALE with the CST2/CST1 is also shown in Fig. 3 

(b). The simulated results show that for fixed IDATA, RSCALE 

increases as CST2 increase from 30 to 90 fF, corresponding to 

an increase of CST2/CST1 from 1/12 to 1/4. For constant 

CST2/CST1, RSCALE increases as IDATA decreases as shown in 

Fig. 3 (a). Therefore, for a fixed ratio of CST2/CST1 

determined from the pixel electrode circuit design, we can 

expect the certain output OLED current range. 

 

4. Comparison with Other Pixel Electrode Circuits 

To demonstrate the current-scaling function of the pixel 

electrode circuit in comparison with both the conventional 



current-mirror [5] and cascade capacitor current-scaling 

pixel electrode circuits [4], we simulated all three pixel 

electrode circuits using H-SPICE, and measured IOLED_OFF as 

a function of IDATA for each pixel electrode circuit as shown 

in Fig. 4. While the conventional current-mirror pixel circuit 

showed only a fixed current-scaling by the ratio of T4/T3 

over all IDATA range, the cascade capacitor current-scaling 

and the proposed current-scaling pixel electrode circuits 

showed non-linear current-scaling function for variable 

current-scaling ratio depending on IDATA. When IDATA varies 

from 0.2 to 5.0 μA, the proposed cascaded-capacitor pixel 

circuit with the ratio of CST2/CST1=1/6 can provide IOLED_OFF 

ranging from  to 2.5 μA. Hence much wider 

range I

5107.1 −×

OLED_OFF levels can be achieved by this circuit in 

comparison with the conventional current-mirror pixel 

circuit (  to 1.0 μA). And slightly wider range is 

obtained in comparison with the cascade capacitor current-

scaling pixel circuit (  to 2.0 μA). It should be 

noted that though the I

2100.3 −×

5108.8 −×

OLED_OFF curve of proposed circuit is 

steeper than cascade capacitor circuit in Fig. 4, its shape can 

be adjusted to the required gray levels by controlling device 

parameters. 

 

5. Conclusion 

When a low IDATA is used to express a low gray scale, the 

conventional current-driven pixel circuit has a problem of 

slow programming time. On the contrary, when a high IDATA 

is used to express a high gray scale, the current-mirror 

circuit has a problem of high power consumption due to a 

fixed current-scaling ratio. On the contrary, the cascade-

capacitor circuit provides the comparable non-linear current-

scaling to the proposed circuit but needs an additional 

control signal line which could complicate the pixel layout 

and driving scheme. In the proposed circuit, by employing 

the cascaded-capacitors connected to the driving TFT, we 

could produce better non-linear scaling-function than the 

cascade capacitor circuit, which has a high scaling ratio at 

low current levels and a low scaling ratio at high current 

levels. Therefore, using this pixel circuit, we expect to avoid 

the unnecessary pixel circuit power consumption at high 

current levels and minimize the programming time at low 

current levels with reduced number of signal lines, which 

are supposed to be ideal characteristics for a high-resolution 

AM-OLED based on a-Si:H TFTs. 

Figure 4 Comparison of IOLED_OFF versus IDATA 
among conventional current-mirror, cascade-
capacitor, and proposed pixel electrode circuits. 
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