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Abstract : A new ,improved pixel-driving circuit is presented based on a current-programmed pixel circuit in order
to achieve an AC-driving mode. This driving method realizes an A C-driving mode,removes the threshold voltage
variation of the driving TFT due to the process variation or long-term operation ,which can bring about brightness
non-unif ormity ,and eliminates high peak pulse currents at the beginning and end of recovery time. Simulation is
done with AIM-SPICE,and simulation results demonstrate that the OL ED is in the reverse-biased state during re-

covery time.
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1 Introduction

With the development of OL ED display tech-
nology ,improving OL ED lifetimeis becoming more
important. Many factors that affect it ,such as the
OL ED structure and material and the electrode mar
terial ,have been consdered ,and it has been deter-
mined that the driving mode, especially the AC
driving mode, which is actually a pulse-driving
mode with a reverse-biased voltage on the OL ED ,
is one of the most important factors'™. Earlier,
we!* I proposed AC-driving methods based on a
two- TFT voltage-programmed pixel circuit. The
circuit configuration is very smple,but it suffers
from non-negligible threshold voltage variation of
the driving TFT due to ether the fabrication
process or long-term operation ,which brings about
brightness non-uniformity. Therefore,a four- TFT
current-programmed AM-OL ED pixel circuit was
presented to solve this problem™® .

The OL ED has a multilayer structure,doped
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emitting layers, novel transport and |uminescent
material s including polymers ,and efficient injection
contacts. The emitting layer is Alg,and the hole
transport layer is NPB. An additional layer of CuPc
was inserted between the NPB layer and the ITO
electrode. Through testing the OL ED ,it was found
that the luminance decay rate is directly propor-
tional to the injection current dendty. This means
that the luminance degradation is coulombic,and
that the degradation event resulting from charge
injection is cumulative and irreversible. The inr
provement in operational stability in the OL ED
may be attributed to an AC drive wave form that
provides a reverse bias component.

The basic form of the four-TFT current-pro-
grammed pixel driving circuit is shownin Fig 1'° .
This circuit conssts of six components: two ad-
dress thinfilm transstors (T1, T2) ,two current
source transistors (T3,T4) ,a storage capacitance
(Cs) ,and the OL ED. Thiscircuit is based on a cur-
rent mirror , which provides a constant current
through the OL ED irrespective of Vw shiftsin the

* Project supported by the National Natural Science Foundation of China(No. 60476024) ,the Jilin Science and Technology Development
Foundation of China(No.20050515) ,and the Science and Technology Development Plan of Zhuhai (No. PC20051011)

T Corresponding author. Email :yujuans @163. com

Received 18 January 2006 ,revised manuscript received 13 March 2006

© 2006 Chinese Institute of Electronics



9 Si Yujuan et al. :

A New AC Driving Method for a Current-Programmed AM-OL ED Pixel Circuit 1563

v,
address /
DD

T2

Idam : r—l A

c —

§ ——

Fig. 1
circuit

Four- TFT current-programmed pixel driving

drive TFT ,T4. When Vauress becomes high ,the pix-
el is selected by the gate drivers,and the tran-
sstors T1 and T2 conduct. Initialy lea flows
through T1 ,charging up the storage capacitor Cs.
After some time,the entire luwa flows through T2
and T3. Snce the gates of trandstors T3 and T4
are tied together ,the stored data on Cs programs
the data signal on T4 ,and thus the desired current
flows through the OL ED. This way ,the T4 output
current can be calculated using the following equar
tion:

locep = _Ji XMt Cox ALN(VG& - Vth4)2 (D)

Vess IS stored across Cs,and it can be ex-

pressed as
21 E
OLED + Vina
4

VCS = Vest = [IJFETCOX(W/ L)+
(2

As discussed above ,the output current is ex-
pected to remain constant and directly controlled
by the data current. Therefore,the OL ED bright-
nessis proportional to the data current ,and a dif-
ferent data current is used to generate a different
OL ED brightness in order to control the display
gray levels.

In programming time, T4 should be main-
tained in the saturation state ,and Vosi 2Vesi - Vim
must be satidfied. Because Vot = Vop - Vo , T4
must be driven into the saturation state if Voo -
Voo 2Ves - Viu. Thus we can get :

W 2 | dara(ma)

L) ma 2 M eer Cox (Voo - VOLED)2 (3)
The fabricated poly-S TFT with a 100nm-
thick oxide has an 89cm’/ (V - s) electron field
effect mobility ,and Cox =4 87 x 10" ° F/cm’. The
source voltage is Voo = 18V. According to the data

from the photoelectron laboratory ,the maximum
luminance is 1000cd/ m* , and thus the maximum
current laams 1S 1@ A. Thusfrom Eg. (3) ,we can
get Wi/ Ls = 0. 15. Because of the short channel
effect ,the kink effect ,and the pixel dimensons,we
choose W4/ Ls = 1 m/ 294 m. Because T3 and T4
form a current mirror circuit ,the sze of T3 should
be the same as that of T4.

In programming time ,the charging time of Cs
must be much less than the addressed time ton ,and
Cs must be large enough to eliminate the effect of
the T1 leakage current. Thus Cs must satisfy:

Lot T
-é; Cs zA—“f/:; (4)

AVes is the change of Ves: when the pixel
brightness is changed by one gray-scale change. It
is the leakage current of the poly-S TFT. If lor=
10"A, Tt =160= 16 7ms,Ves = 7.5V, and
AVes =0 25V ,then we can get 277pF > Cs >
0. 67pF. For many reasons,such as pixel dimenson
sze,Cs =1pF ispreferred.

Snce transistors T1 and T2 operatein alinear
state ,the power disspation Pis mainly emphasized
when we choose their width/ length ratio ;the leak-
age current must also be considered. From Eq. (5) ,
we see that W/ L is proportional to P.Because the
leakage current is proportional to the TFT width,
we choose W/ L =% m/ 4 m.

Idata ton > VGS4 ’

Ve
P = Vops lps = Hrer Cox JLA[[VGTVZDS' ZJ

(5)

To summarize ,all parameters used in the four-

TFT current-programmed pixel driving circuit are
listedin Table 1.

Table 1 Parameters of four- TFT current-programmed
pixed-driving circuit

Wri2,L112 W3,4,L 13,4 Cs Vb Vsel
/U m /Mm IpF IAY IAY
5,5 10,25 1 18 10 -0

2 AC-driving mode pixel circuit

In order to lengthen the lifetime of the OL ED ,
an AC-driving mode must be realized in the pixel-
driving circuit. In the AC-driving mode ,the frame
time should be divided into two parts: progranr
ming time and recovery time. Generally ,in order to
realize the AC-driving mode during the recovery
time ,reverse power is needed ;the OL ED is reverse
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biased during the recovery time ,and itsoutput cur-
rent decreases to zero. Furthermore ,in this period
Voo isidle and does not supply a driving current to
the OL ED. Therefore, Voo can be desgned as a
pulse source ,which is podtive during the program-
ming time ,but it will have a negative value as re-
verse power during the recovery time. Thus addi-
tional reverse power in a peripheral circuit is not
needed. The four-TFT current-programmed AC
driving pixel circuit is shownin Fig. 2.
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Fig.2 ACGC-driving circuit

In Fig. 2,power source Voo is designed as a
pulse source in contrast to the pixel circuit in Fig.
1. During the programming time ,Voo i Spostve ,and
thus the pixel circuit isthe same as the pixel circuit
in Fig.1 ,but during the recovery time ,Voo i s nega
tive ,and the charge accumulated in the OL ED dis
charges quickly through T4. Consequently, the
OL ED voltageis - V ,whichisjust the opposte of
its value during the programming time. In thisperi-
od,the OL ED isin the reverse-biased state. During
the recovery time ,the source voltage is +V ,which
resultsin exchange with the drain. As a result , T4
is driveninto alinear state ,and the OL ED cathode
voltage is almost equal to + V. Therefore,in this
period the OL ED voltage is - V and isin the re-
verse-biased state. The voltage of Cs remains con-
stant because there is no loop to discharge ,and the
OL ED output current can be restored during the
programming time. This is important for display
operation.

To support the above analysis,a pixel elec
trode circuit smulation has been performed to ex-
amine the operation course usng A IM-SPICE with
the p-S TFT mode. The dsmulation results are
shown in Fig. 3. In the smulation, we chose a

frame time of 10Q s and a recovery time of 1Q s,
from 60 to 7Qu sin theframe time ,in order to veri-
fy whether the OL ED output current can be re-
stored to that during the programming time. The
circuit parameters are the same as those in Table
1.

Figure 3(a) shows the OL ED output current
character. The OL ED output current decreases to
zero during the recovery time and is restored to the
value of the programmed current following the re-
covery time. This indicates that the OL ED current
remains constant except during the recovery time.
During the transition process ,a large negative peak
pulse can be observed for the discharging effect of
charge accumulated on the OL ED during the pro-
gramming time. This peak pul se does not affect the
display quality ,and there is a postive peak pulse
that is very low ,which is beneficial to this AC
driving mode and OL ED display.
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Fg.3 Smulation of current-programmed AC-driving
pixel circuit (a) OL ED output current; (b) OL ED
voltage character

Figure 3(b) shows the OL ED voltage charac-
ter. It can be seen that during the recovery time,
the OL ED voltage is - 10V ,just the opposte of
the value of Voo ,which illustrates that the OL ED
worksin the AC mode with reverse-biased voltage.
During the programming time ,the OL ED voltageis
in forward bias and the current flowing through
the OL ED is constant. During the recovery time,
the OL ED voltage is reverse-biased and the OL ED
current decreases to zero.
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From the above smulation results, we can
conclude that an AC-driving mode can be achieved
inafour- TFT current-programmed pixel circuit u-
sing this method. Smulation results support our a
nalyss. It isa s clear that the parameters that we
chosein the pixel circuit are reasonable.

3 Conclusion

It iswell known that an AC-driving mode can
extend the lifetime of an OL ED and that a four-
TFT current-programmed pixel circuit can over-
come the defect of threshold voltage variation in a

AC-driving mode is effective in four- TFT current-
programmed pixel and matrix circuits.
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