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Abstract

The Capacitor DAC with gamma correction is
proposed for TFT-LCD (Liquid Crystal Display)
driver application. It is based on two ideas. First, 6bit
digital code is converted 8bit digital code by memory
circuit (Look Up Table) for gamma correction.
second, weighted voltage ratio DAC 1s proposed for
reducing area and power consumption.

1. Introduction

Recently the importance of display devices has
been increased because it is a novel tool that
information goes through in multi-media era[1,2]. In
contrast with the conventional display (CRT), flat
panel displays have been rapidly growing in the
display market[3]. Among them, TFT-LCD 1is
distinguishable because of its great features like light
weight thin thickness, high resolution and low power
consumption. Therefore many R&D activities and
investments of TFT-LCD are still going on[4,5]. The
purpose of the DAC is to transform the digital
representation (input word) of a signal into 1ts
corresponding analog representation. High
performance DAC 1s required for TFT-LCD  driver
applications.

The conventional resistor DAC (Digital to Analog
Converter) architecture uses one resistor DAC per
output to convert the digital data into analog voltage
levels. As shown in figure 1, digital data is loaded and
stored in data latches until the conversion takes place.
Because each output has an independent DAC, the
data conversion only needs to occur once per line,
typically at the end of the line[6]. Note that a N:2"
decoder will be required to provide the N signal
controlling the switches. The advantage of the resistor
string DAC is that the output will always be
guaranteed to be monotonic. But resistor string DAC
is limited problem that DAC output 1s always

connected to 2"-1 switches that are off and one switch
that is on. For high resolution, a large parasitic
capacitance appears at the output node, resulting in
slower conversion speeds. An integrated version of
this converter will lead to a large chip area for high
resolutions because of the large number of passive
components are necessary. However, as the resolution
increases, the relative accuracy of the resistors
becomes an important factor. Although the size of
resistor must be made small to minimize the chip area
required, power dissipation would then become the
critical issue as current flows through the resistor
string at all times. The disadvantage of resistor DAC
cannot use high resolution TFT-LCD application[7].

Figure 1. A conventional resistor string DAC.
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Weighted capacitor DAC has been smaller chip
area and power consumption than conventional
resistor DAC (in case of 6bit DAC). But weighted
capacitor DAC 1s not use TFT-LCD driver. Because
of weighted capacitor DAC is not realized gamma
correction and induced a parasitic capacitance. This
will prohibit its use as a high-resolution data
converter. Also, capacitor DAC 1s the precisely
ratioed capacitors. [8] As the number of bits increase,
the ratio of the MSB capacitor to the LSB capacitor
becomes more difficult to control. Another problem is
that capacitor DAC increased the area exponential. In
addition weighted capacitor DAC cannot to achieve

gamma correction. Gamma correction is need high
resolution TFT-LCD driver{9,10].

This paper proposed that gamma correction with
weighted voltage ratio DAC for TFT-LCD driver
application. It is based on two new ideas. First, 6bit
digital code is converted 8bit digital code by memory
circuit (LUT) for gamma correction, second weighted
voltage ratio DAC circuit i1s driven that which is
reduced area and power consumption.
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Figure 2. A conventional capacitor DAC.

2. The proposed Capacitor DAC with gamma
correction for TFT LCD driver.

Gamma correction 1s realized that 6bit digital code
converted 8bit digital code to use memory circuit
(Look Up Table). As shown in figure3, Output
voltage of weighted capacitor DAC 1s linearly
increased a straight line. So, weighted capacitor DAC
cannot to achieve gamma correction.

We proposed that digital code converting method to
achieve gamma correction. For example, digital input
code a, (a; indicate weighted capacitor DAC reference
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voltage V,) could not indicate V; (gamma-voltage).
So, digital input code is converted a; to a;. The value
is that a, digital input code is indicated V, voltage and
V: voltage is matched gamma-correction S-curve.
6bit digital input code could not express gamma
correction (reference voltage). So digital input code 1s
increased 8bit digital input code to achieve gamma
correction. As shown in figure 4. 6bit digital input
code is converted 8bit digital input code by memory
circuit (LUT).
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Figure 3. Binary weighted capacitor DAC vs. gamma
curve.

L1 r1111 10111111
111110 01101111
111101 i 10110111
2111100 11100111
L1101 o1111011
111010 LO001101 1
111001 ; 11110011
111000 00010011
1107111 ¢ ., 10100011
110110 . .00000011
L110107 ..., 00111101
110100 > ,.,01011101 .
____________ 110011 : 01101101 .
______________ 110010 10001101 ;
____________ 110001 Inputcode . 10110101
185595 Convertedebit 11950152
101110 to 8bit ""01100101
101101 .. 01000101
101100 - ..10000101
101011 ¢ 10111001
1010710 00111001
101001 00011001
101000 11101001
100717171} 11001001
100110 01001001
100101 01110001
100100 .10110001
_________ 1000711 . 10010001
.. 100010 ... 00010001
100001 00100001
------------ 100000 11000001

Figure 4. Digital code is converted 6bit to 8bit.



3. Proposed Circuit Design.

Look Up Table offer to use binary digital code is
converted 6bit to 8bit binary digital code. As shown in
figure 5, conventional 6bit weighted capacitor DAC.
The charge redistribution DAC is a switched capacitor
circuit, where the charge stored on a number of binary
weighted capacitors is used to perform the conversion.
For example of an N-bit converter found in
conventional weighted capacitor DAC. The most
significant capacitor Cy_, is 2" times larger than the
least significant capacitor Cy = C, i.e., Cn - ARNS)
Typically, the weighted capacitor are created using a
number of unit capacitors. Weighted capacitor DAC is
needed precisely ratio capacitors. As the number of
bits increase, the ratio of the MSB capacitor to the
LSB becomes more difficult to control. This paper
proposed that weighted voltage ratio DAC. As shown
in figure 6, for weighted voltage ratio DAC driving, it
1s needed to generate adaptive voltage, which is to
supply external memory circuit. This circuit increased
accuracy, reduced area and power consumption than
conventional weighted capacitor DAC.
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Figure 5. A conventional 6bit weighted capacitor
DAC.
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Figure 6. A proposed weighted voltage ratio DAC.
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4. Simulation Result.

As shown in figure 8, waveform is represented
digital code converting to achieve gamma correction
for TFT-LCD driver application and weighted voltage
ratio DAC circuit simulation result. Weighted voltage
ratio capacitor DAC is increased accuracy DNL value
is 0.2LSB. Also, weighted voltage ratio capacitor
DAC is reduced area 30% rather than conventional
weighted DAC. Proposed weighted voltage ratio DAC
is reduced power consumption 28% compared with
conventional weighted capacitor DAC. The
specifications of weighted voltage ratio DAC driving
circuit and the unity gain OP-AMP, which are used in
the Hspice simulations, are summarized in table 1.

Tablel. Specifications of the weighted voltage DAC
driving circuit and the unity gain OP-AMP

Parameters Specifications
PMOS size 1n
switches(W/L) 6pm/3um
NMOS size in
switches(W/L) 3pm/3pm
Capacitor C, 0.1pF
Capacitor Cy 0.64pF
Slew-rate of OP-AMP 4V /us

A Reference
4] Voltage(v)

Contro! signai2
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Figure 8. Converted digital input code vs. control

signal.
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S. Conclusion

We proposed that weighted voltage ratio capacitor
DAC with gamma correction for TFT-LCD driver
application. 6bit digital code is converted 8bit digital
code by memory circuit (Look Up Table) for gamma
correction, and weighted voltage ratio DAC is

reduced the area (30%) and power consumption
(28%).
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