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Abstract. We have proposed a novel driving concept for TFT-OLEDs, pulse-width modulation 
with current uniformization. This driving method can simultaneously achieve precise grayscale 
and exceedingly improve luminance uniformity. Lately, we succeeded to reduce the number of 
TFTs in a pixel circuit from nine to seven. Especially in this paper, its working and tolerance 
against characteristic deviations of TFTs and OLEDs are confirmed using circuit simulation.  

Introduction 

TFT-OLEDs have been highlighted for a next generation of flat-panel displays [1-2]. One of 
the most critical issues for TFT-OLEDs is luminance uniformity between neighboring pixels. In 
order to improve the luminance uniformity, many kinds of driving method were proposed 
[3-11].

Formerly, we and another group presented pulse-width modulations with self-biased inverter 
[6-7]. These driving methods can compensate characteristic deviation of TFTs. However, they 
cannot compensate characteristic deviation of OLEDs. On the other hand, recently, we 
presented a time-ratio grayscale with current uniformization [11]. This driving method can 
compensate characteristic deviations of both TFTs and OLEDs. However, it needs high-speed 
scanning for high-resolution and many-grayscale displays. 

We have proposed a novel driving concept for TFT-OLEDs, pulse-width modulation with 
current uniformization [12]. This driving method can simultaneously achieve precise grayscale 
and exceedingly improve luminance uniformity. Lately, we succeeded to reduce the number of 
TFTs in a pixel circuit from nine to seven [13]. Especially in this paper, its working and 
tolerance against characteristic deviations of TFTs and OLEDs are confirmed using circuit 
simulation [14].  

Pulse-width modulation with current uniformization 

This driving method can simultaneously achieve precise grayscale using the pulse-width 
modulation and exceedingly improve luminance uniformity using the current uniformization. 
The pixel circuit consists of the Pwm-part, pulse-width modulation part, and Cu-part, current 
uniformization part, as shown in Fig. 1. Here, the reduced TFTs and buslines that exist in the 
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conventional pixel circuit of the pulse-width modulation with current uniformization are shown 
using the dotted lines. 

The working of the Pwm-part is explained as follows. First, during an addressing period, 
data-addressing operation is executed. Since Vin and Vout are connected, the voltage difference 
between Vdata and Vsb, Vth of the inverter, can be stored in the Csig. Next, during a 
light-emitting period, pulse-width-modulation operation is executed. Since a sweep wave is 
applied and coupled to Vin through the Csig, and the voltage difference between Vdata and Vsb 
is already stored in the Csig, the Pwm-TFT can be correctly turned on, and oled, light-emitting 
time, can be exactly controlled.  

On the other hand, the working of the Cu-part is explained as follows. First, during a 
programming period, current-programming operation is executed. Since the Prg-TFT and 
Sup-TFT are turned on, the proper voltage for Itft=Isup can be stored in the Cst. Since Isup is 
enough to charge the Cst and whole pixel circuit, Vpx is settled, and Itft is asymptotical to Isup. 
Next, during a light-emitting period, current-reproduce operation is executed. Since Vgs of the 
Dr-TFT is already stored in the Cst, Itft is unchangedly kept, and Ioled can be roughly equal to 
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Pwm-part Pulse-width modulation part 
Cu-part Current uniformization part 

Sb-TFT TFT to connect input and output of self-biased inverter 
Inv-TFT TFT to power inverter 

Csig Capacitor to store Vdata and Vsb 
Dr-TFT TFT to drive OLED with constant current 
Prg-TFT TFT to program proper voltage in Cst 
Sup-TFT TFT to supply constant current from Isup 
Pwm-TFT TFT to control light emitting time by pulse-width modulation
Emit-TFT TFT to define light-emitting period 

Cst Capacitor to store Vgs of Dr-TFT 

Vscan Scanning voltage 
Vsig Signal voltage 

Vdata Data voltage related to data signal 
Vin Input voltage inputted to inverter 
Vout Output voltage outputted from inverter 
Vsb Vth of inverter detected by self-biased inverter 
Vinv Voltage applied to Inv-TFT 
Vcat Cathode voltage 
Vpx Pixel voltage between Dr-TFT and OLED 

Vemit Voltage applied to Emit-TFT 
Isup Current from constant current supply 
Itft Current through Dr-TFT 

Ioled Current through OLED 
oled Light-emitting time 

Fig. 1 
Pulse-width modulation with current uniformization. 
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Isup. Since only one operating point is used in the current-programming operation, and it can 
coincide with the operating point in the current-reproduce operation, the current variation due to 
the shift of the operating points does not occur. 

Recently, we succeeded to reduce the number of TFTs in a pixel circuit from nine to seven. 
First, the Inv-TFT to power off the inverter can be reduced because it does not matter whether 
the inverter is powered on or off when the pixel circuit is not selected during the addressing and 
programming period. Next, the Emit-TFT to define the light-emitting period can be also 
reduced because the same function is obtained when the cathode voltage is varied. As a result, 
we also reduce the number of buslines in an array panel from six to four. 

Simulation results 

We confirm the working of this driving method using circuit simulation as shown in Fig. 2. 
Here, typical characteristics and optimized designs are used, the addressing and programming 
period is 16 s per one scan line, the light-emitting period is 8 ms, and Vdata is 2.5 V by 
assuming that the pixel pitch is 200 m, the maximum luminance is 100 Cd m-2, the scan-line 
number is 500, and the halftone grayscale is displayed. An original TFT model is implemented 
in the circuit simulation [15] 

It is found in the simulated voltage and current waveforms shown in Fig. 2(b) that oled can 
be exactly controlled, whose value of 3.94 ms is almost similar to the required value of 4 ms, 
and Ioled can be roughly equal to Isup, whose value of 0.998 A is almost similar to the 
required value of 1 A. 

We also confirm the tolerance against Vth of TFTs and OLEDs using circuit simulation as 
shown in Fig. 3. Here, the variations of oled, Ioled and Loled, light-emitting brightness, whose 
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Fig. 2 
Working confirmation of the driving method using circuit simulation. 
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value is estimated by multiplying oled by Ioled, are evaluated.  
It is found in Fig. 3(a) that the average value of oled is almost similar to the required value 

and the variation of oled is sufficiently small against Vth of TFTs. Moreover, the average 
value of Ioled is also almost similar to the required value, and the variations of Ioled is also 
sufficiently small except for Vth of TFTs is -0.5 V. Consequently, so is Loled. It is also found 
in Fig. 3(b) that the average value of oled is almost similar to the required value and the 
variation of oled is sufficiently small against Vth of OLEDs. Moreover, the average value of 
Ioled is also almost similar to the required value, and the variations of Ioled is also sufficiently 
small except for Vth of OLEDs is -1 V. Consequently, so is Loled. Since Vth of TFTs of 
-0.5 V and Vth of OLEDs of -1 V are considerably large values and those in mass-fabrication 
technologies is probably small, it is verified that the pulse-width modulation with current 
uniformization using reduced pixel circuit can simultaneously achieve precise grayscale and 
exceedingly improve luminance uniformity.   

oled Ioled Loled

(a) Vth of TFTs 

oled Ioled Loled

(b) Vth of OLEDs 

Fig. 3 
Tolerance confirmation against characteristic deviations of TFTs and OLEDs. 
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Conclusion

We have proposed a novel driving concept for TFT-OLEDs, pulse-width modulation with 
current uniformization. This driving method can simultaneously achieve precise grayscale and 
exceedingly improve luminance uniformity. Lately, we succeeded to reduce the number of 
TFTs in a pixel circuit from nine to seven. Especially in this paper, its working and tolerance 
against characteristic deviations of TFTs and OLEDs were confirmed using circuit simulation. 
We will confirm its working and tolerance against characteristic deviations of TFTs and 
OLEDs using actual pixel equivalent circuits in the near future. 
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