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Abstract A mix-control driving method of passive matrix OLED ( PM-OLED) is described to drive high gray scale display.
The method is based on mix-control of current digital-to-analog converter (DAC) and digital space-time modulation
(DSTM). The low-bit gray scale is driven by the DAC while the high-bit gray scale is generated by DSTM. This method is
applied to a 128 x 128 dots RGB PM-OLED panel which can drive 512 gray scales.
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1 Introduction

Organic light emitting displays (OLEDs) have been
particularly attractive in potential applications of flat
panel displays ( FPDs) because of their low cost, high
brightness, wide viewing angle, fast response time, low
operating voltage, and very thin thickness'' ~*’.

Because the OLEDs are controlled by the current,
the luminance of the OLEDs is proportional to the
magnitude of the current applied to each pixel. There are
two current driving methods to realize the gray scale

[4.5]

modulation Pulse amplitude modulation ( PAM )
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method modulates the current amplitude to modulate the
gray scale. Pulse width modulation ( PWM ) method
modulates the lighting time with a constant current
through the pixel. Both of them drive the gray scale by
changing the efficient current flowing into the pixels. The
larger the efficient current is, the lighter the pixel dot is.

In order to improve OLED display quality, we
must enhance gray scale. Then the PAM needs higher
accurate current amplitude scale while the PWM needs
higher scan frequency. Then, all of them will make
many difficulties to the system realization about the
current

high accurate digital-to-analog

(DAC) and high system drive clock.

converter
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This paper reports a mix-control drive method for
passive-matrix OLED ( PM-OLED ) which can improve
gray scale with lower accurate current DAC and lower
scan frequency. It uses digital space-time modulation
cooperating with the current DAC to generate the high

gray scale.

2 Principle of proposed drive method

2.1 System Principle

We divide the display data of a pixel into two
parts (low-bits and high-bits). The low-bits of a pixel
are driven by current DAC of column driver IC
(iintegrated circuit) while the high-bits are scanned by
in OLED

controller IC. In the system shown in Fig. 1, there are

digital space-time modulation ( DSTM )

three ICs ( OLED controller, column driver and row
driver) and PM-OLED display panel. The display data
are transported from micro processor unit ( MPU) to
controller IC. According to the DSTM, the controller
IC generates the driving control timing, address and
data for column driver IC and row driver IC. The
column IC decodes the address data and latches the
corresponding low-bits of the pixel data, which are
DAC converted to drive output. The row address is

decoded to drive the corresponding row of the panel.
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Fig.1 System architecture of Mix-control gray scale drive

2.2 Current DAC design

There is a 4-bit current DAC for every column

output drive in the column driver IC. The current DAC
is designed with Cascode current mirror and differential
amplifier'® . The drive source voltage (VDD ) is 9V.
The logic voltage is 3.3V and the range of the drive
current output is from 100wA to 1. 5SmA.

The schematic of the Cascode current mirror DAC

is shown in Fig. 2.

M, Tout
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Fig.2  Circuit diagram of Cascode current mirror

The Cascode current mirror consists of the mosfet
device My, ~ M. In these devices, My and M,
generate the bias voltage to Cascode current mirror.

The mirror bias source current is provided by the
mosfet device M, and differential amplifier. The circuit
diagram is shown in Fig. 3. The bias current can be
micro-adjusted by the bias voltage of VB, and VB,.

The current output is simulated by hspice shown
in Fig. 4.

2.3 Digital space-time modulation( DSTM )

With the traditional PWM, the gray scale can be
achieved by controlling the frame valid driving time
(1-2-4-8—2n -1) according to the bit power ( B,-
B,—B, _,) of the pixel data. The gray value of a pixel
X is shown in the formula(1).

Gy=B,x2°+B, x2' + B, _, x2""" (1)

For example, to an 8 level gray scale scan, it
divides a scan cycle to 8 time slices( cycles), then it
achieves different gray scale by turning on or turning
off pixel current during the corresponding cycle shown
in Tab. 1.

In the Tab. 1, the C, means the sequence number

of the drive cycles. The G means the gray value and
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Fig.3 Circuit diagram of 4-bit controllable bias current
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Fig.4 The current DAC output characteristic

Tab.1 PWM modulation of 8 gray scales

SC - ST I S
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the B means the bit power of the display data. And the
From the Tab. 1, we
can see that during the 8 cycles, the available scanning
cycle number is 4 (B,, B,, B,, B,), while the other

times are waiting cycles(shown as W).

B, means the vanishing cycle.

Then the drive efficiency E, is;

T, 4
E, =2 =2 =50%
1T, T8 ’

Then we can analogically calculate the drive

(2)

efficiency of other gray scales, shown in Tab.2.

Tab.2 The drive characteristic of traditional modulation

Gray Scale 8 32 64 256 512
Ey(%) 50 18.75 10.94 3.52 1.95
Minimum Clock( MHz) 2.95 11.80 23.59 94.37 188.74

To a scale of 128 x 128 dots RGB PM-OLED
panel, the minimum data drive clock values are also
shown in Tab. 2 according to the formula (3) while the
frame frequency F is 60Hz and DataWidth is 8. Data
width means the bit number of the transport display
data in a system clock.

ok = Columns x Rows x GrayScale
DataWidth

From the Tab. 2, we can see that with the gray

x F (3)

scale increasing, the traditional PWM drive efficiency
drops horribly while the minimum clock value increases
acutely. When the gray scale increases to 512, the
data clock is too high to achieve for normal PM-OLED
technology.

To a 2" gray scale, the total available drive output
cycle number is n + 1, and the waiting cycle number is
2" —n - 1. Then we enhance the drive efficiency using
DSTM which can activate the waiting cycle by dividing
the entire panel to S, sub-partitions. Then we calculate
the maximum sub-partition number S, and drive
sequence in order to maximize the E, to attain about
100% . Then the drive efficiency is

T, Syx(n+1)

E, = = 4
TUTy T 21438, )

Let E, =100% , then we get:
S, = 2" -1 (5)

n
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The drive clock can be calculated by
Columns x Rows x (2" -2 +§)
clk = DataWidih x Sy £ (6)

Then we calculate the drive efficiency by formula

(4) and the minimum data drive clock values by
formula (6) for a 128 x 128 dots RGB PM-OLED
panel at the same conditions ( frame frequency F is

60Hz and DataWidth is 8) shown in Tab. 3.

Tab.3 The drive characteristic of DSTM

Gray Scale 8 32 64 256 512
Sy 2 6 10 31 56
Ey (%) 88.9 97.3 959 97.6 98.8

Minimum Clock(MHz) 1.66 2.27 2.69 3.40 3.73

From the Tab. 3, we can see that the drive
efficiency has been improved and the minimum data
drive clock drops sharply. Then the DSTM is easy to
be realized for traditional logic devices and normal PM-
OLED technology.

The drive sequence of 32 level gray scales DSTM
(sub-partition number Sy =6) is shown in Tab. 4.

From the Tab. 4, there is only 1 ineffective drive
cycle( €, = 15) while the other 36 cycles are all

available. Then the drive efficiency is:

T, 36
= — = —— = . 7
E, T, =37 97.30% (7)

This drive efficiency is much higher than that of
the traditional PWM according to Tab. 2.

3 Realization and Discussion

We design the drive system for a 128 x 128 dots
RGB PM-OLED using mix-control drive method. The
system clock is set to 15MHz, while the DSTM drives
the high 5 bits gray display according to Tab. 4 and the
current DAC drives the low 4 bits gray display. The
entire panel is divided into 6 sub-partitions according
to Tab. 3. The data width is set to 8 bits, which are
used to transport the low 4 bits of two columns. The
display gray scale is 2°** =2° (512). The maximum

frame frequency is:

Tab.4 DSTM drive sequence of 32 gray scales display
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"= = Columns x Rows x (2" -1+ SNS

_ 15 x10°x2 x6
T (128 x3) x 128 x (2° -1 +6)

In the formula (8), N, means the transport

=99.0Hz (8)

column number in a system clock. Then we can see
that we realized the high gray scale (512) display
which can receive satisfying display quality only with
I5MHz system clock and 4-bit current DAC. If we
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realize the same high gray scale, the traditional PWM
needs 311. 43MHz according to formula (3) and the
PAM needs 9-bit current DAC.

DSTM can be used not only for PM-OLED but also
for AM-OLED because they have the same scan mode.

4 Summary

The circuit simulations and system realization
indicate that the mix-control drive method can easily
realize the high gray scale drive for PM-OLED with
lower system data drive clock and low bit DACs.

In addition, because DSTM is a digital process,
we can add the additional functions such as display

data Gamma rectification and display scaling into it.
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