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Abstract

A modified Time-Ratio Gray Scale AMOLED drive
technique is described in which the frame period is
split into two half-frames, each of which is divided
into binary weighted sub-frames and driven in the
conventional time-ratio manner. The proposed
technique improves aperture ratio by reducing TFT
sizes in pixel circuits.

1. Introduction

Organic light emitting diode (OLED) displays are
being increasingly viewed as the flat panel technology
of the future due to their several advantages including
wide viewing angle, fast response time, thin size and
low cost [1]. These displays can be built either as
passive matrix panels consisting of only OLEDs or
active matrix panels (AMOLED) in which the OLED
is integrated with thin film transistors (TFT) in a
suitable manner. Although active matrix displays are
more complex and expensive, they have superior
characteristics and are necessary for high resolution
applications. AMOLED displays can be built by
integrating either amorphous Silicon TFTs [2-3] or
Poly-silicon TFTs [4-5] with the light emitting diode.
Amorphous silicon technology has the advantage of
being less expensive, while poly-silicon technology
provides better performance and allows system-on-
glass to be implemented.

The addressing schemes for AMOLED can be broadly
classified into analog or digital techniques. In the
analog technique the current through the OLED (and
hence brightness) can be varied continuously over a
certain range using either current or voltage as an
input. This technique has the disadvantage that pixel
circuit has to work satisfactorily over the entire range
of OLED drive currents which may be problematic
due to spatial or temporal variations in TFT threshold
voltage. In the time ratio grayscale (TRG) [5] digital
drive technique, the OLED is driven either off or on at
a single current value and gray levels are obtained by
dividing the frame period into a number of binary

weighted sub-frames. Depending on whether a pixel
is driven or not in each sub-frame, one can have
different average currents flowing through the pixel
and hence different levels of OLED brightness. The
difficulty with this technique is that time available for
addressing a pixel reduces as the number of sub-
frames is increased to obtain higher number of grey
levels. For example, for a frame rate of 50 and VGA
resolution, one obtains a minimum row address time
of ~0.6us when 6 sub-frames are used to achieve 6-bit
or 64 grey levels. In order to charge the storage
capacitor in the 2-TFT voltage driven pixel circuit
shown in Fig. 1, TFT sizes have to be chosen large
enough to reduce the RC time constant sufficiently
below the row address time. Larger TFT sizes results
in smaller aperture ratio of the OLED display and also
introduce errors as a result of clock-feedthrough
problems. This problem worsens with increase in
number of sub-frames thereby limiting the number of
grey levels that can be practically achieved.
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Figure 1: 2-TFT voltage-driven Pixel circuit
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2. Proposed Drive Scheme

To alleviate the problem of small row-address time
for larger number of gray levels, we propose a
modified digital time ratio technique in which the
OLED in the on state can be driven at two different
current values. To illustrate the proposed technique,
consider one possible approach for obtaining 64 grey
levels in which two OLED drive currents Ips and Iog
= 8lpa are used. The total frame period (Tf) is first
divided into two equal half-frames, HF, and HFp of
duration 0.5T as illustrated in Fig. 2.

Te

A
v

N

HF, / \\ HFg

-

>

Te/2 (1oa)

>

Te/ 2 (log)

Figure 2: Split-time ratio grayscale technique

Each of the half-frames is subsequently re-divided
into three binary weighted sub-frames like in the
conventional time ratio technique. For sub-frames SF*
0—2, an OLED current of Igs is used while for sub-
frames SF® ., a current of Iog is used. The average
current flowing through a pixel can be expressed as :
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corresponding to sub-frames in half-frames A and B
respectively. Substitution of Iog = 8lpa in the above
expression shows that 64 gray levels can be achieved
by the proposed technique. The new split-time ratio
grayscale (STRG) technique however has the
advantage that minimum row address time of ~3us is
a factor of 5 larger than that required in the
conventional time ratio method. A larger row address
time means that smaller TFT sizes can be used
yielding more area efficient pixel circuits. For larger
number of gray levels, each of the sub-frames can be

where a,_,,
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further subdivided before conventional time ratio
technique is applied. Using the methodology
discussed, design was carried out for the 2 TFT and 3-
TFT voltage driven pixel circuits [6] shown in Fig. 1
and Fig. 3 respectively. For ease of comparison sizes
of transistors M1 and M2 in Fig. 1 were taken to be
equal and similarly for circuit shown in Fig. 3 TFT
sizes were chosen to be equal. Fig. 4 and 5 show
minimum TFT sizes required for 2-TFT and 3-TFT
circuits to work satisfactorily obtained through
AIMSPICE simulations using the default Level 15
PASIA2 TFT parameters. It can be seen that TFT
sizes for the STRG drive technique are smaller by a
factor of ~3 as compared to those obtained using
conventional TRG technique.
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Fig. 4: TFT sizes as a function of no. of bits of
grayscale for conventional (TRG) and proposed
technique (STRG) for 2-TFT circuit.
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Figure 5: TFT sizes as a function of no. of bits of
grayscale for conventional (TRG) and proposed
technique (STRG) for 3-TFT circuit

3 STRG: non-uniform splitting

We have so far described a drive technique in which
the frame period was divided into two equal half-
frames and each of the half-frames consisted of equal
number of sub-frames. By relaxing these two
constraints, different STRG techniques can be
obtained. As an example, consider a scheme STRG-1
in which time of both the half-frames is equal i.e. Tg/2
but the number of sub-frames allocated to each half
frame is uneven. Assuming that a and B represent the
number of sub-frames in HF, and HFg respectively,
one obtains:

Time for the smallest sub-frame in HF , = 55/21
Time for the smallest sub-frame in HFg = Tr/2
2’ -1

The relationship between drive currents in the two
half-frames can be obtained from the constraint that
the light intensity obtained from sub-frames should
vary in binary weighted manner

T./2 o T./2
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Assuming that a drive current of Ip is used in
conventional time ratio technique, one obtains the
following constraint for maintaining peak brightness
level constant
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Using (2) and (3) we can calculate Ips and Iog and
carry out design of pixel circuit.

As a second example, consider a drive scheme STRG-
2 in which the time allocated to each half-frames is
made different as well. This is done by keeping the
time allocated to the smallest sub-frame in each half-
frame to be the same but using different number of
sub-frames in each half-frame.

Let duration of HFg =t wr, MS

Duration of HFs = Tp-t ;. ms
tHFB _ TF - tHFB 4)
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The currents Ipp and Ipg can be obtained from the
following two constraints
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Using (4)-(7) we can calculate Ip, and Iop and carry
out design of pixel circuit. Figure 6 shows a
comparison of the STRG-1 and STRG-2 techniques
described above with conventional TRG technique
for the 3-TFT pixel circuit when the number of bits of
the grayscale is odd. The results shown are for the
case where number of bits allocated to half-frame A is
larger than that allocated to half-frame B by 1, i.e a0 =
B+1 (in STRG-1) and where number of bits allocated
to half-frame B is larger, i.e B = a+1 (in STRG-2).
The superior performance of STRG-1,2 techniques
can be clearly noticed from the results. Figure 7
shows a comparison of the STRG-1,2 techniques
described above with STRG-0 (technique described in
Section 2) for the 3-TFT pixel circuit when the
number of bits of the grayscale is even. The results
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shown are for the case where number of bits allocated
to half-frame A is larger than that allocated to half-
frame B by 2, i.e a = B+2 (in STRG-1) and when
number of bits allocated to half-frame B is larger, i.e
B = a+2 (in STRG-2). It can be seen that STRG-2
technique requires smaller TFT sizes as compared to
STRG-1 technique.

4 Conclusions

To summarize, a new time-ratio drive scheme for
AMOLED pixel circuits has been developed which
results in more area efficient pixel circuits by
allowing larger row address times. It is shown that the
proposed technique can result in reduction of TFT
sizes by a factor as large as three. It is further shown
that better performance can be obtained through non-
uniform splitting of frame period along with non-
uniform allocation of sub-frames to each of the half-
frames.
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Figure 6: TFT sizes as a function of no. of bits of
grayscale for conventional TRG , STRG-1 and
STRG-2 techniques for odd no. of bits
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Figure 7: TFT sizes as a function of no. of bits of
grayscale for STRG-0, STRG-1 and STRG-2
techniques for even no. of bits
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