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SUMMARY  New positive and negative bias voltage gener-
ators for TFT-LCD’s drivers utilizing charge pump circuits are
introduced. The generators can generate positive or negative
voltages with various amplitude by simply changing the num-
ber of pumping stages. By using the circuit simulation pro-
gram HSPICE, it is demonstrated that the introduced generators
can provide enough positive or negative voltages for TFT-LCD's
drivers.
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1. Introduction

The dot inversion method for a TFT-LCD panel re-
quires three driving signals (Vie, Voon and Vi) hav-
ing several voltage levels as shown in Fig.1. Accord-
ingly, the PCB (Printed Circuit Board) to drive the
TFT-LCD panel needs positive and negative bias volt-
ages, such as ~ +5V, ~ +10V, ~ 423V, ~ -5V,
~ —10V and so on. Such bias voltages are generated by
a DC-DC converter, and applied to the TFT-LCD panel
through Y and X drivers as shown in Fig. 2. Usually, to
obtain these bias voltages, we have been used DC-DC
converters composed of capacitors, winding coils and
amplifiers etc.,.

Important design objectives for the DC-DC con-
verters in many applications include small size, low
cost, and high efficiency etc.,. Small size and low cost
can be obtained through a high level of integration
and through design of coilless. The alternatives that
do not require coils are linear regulators and switched-
capacitor converters (also known as charge pumps). Es-
pecially, the switched-capacitor converters are widely
used in integrated circuits where a voltage higher than
or of opposite polarity to the input voltage is needed.

In this paper, we propose new positive and neg-
ative bias voltage generators for TFT-LCD’s drivers
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utilizing charge pump circuits [1], [2]. The generators
allow a variety of bias voltages to be provided from a
single power supply. The operating characteristics of
the generators are also examined by using the circuit
analysis program HSPICE in detail.

2. Circuit Configuration

To obtain large output current (more than several mA)
by using only one charge pump circuit, we have to use
large kick and control capacitors (more than several
thousand pF) to drive the charge pump circuit. Also,
size of MOS transistors composed of the circuit has to
be large to reduce driving impedance. To avoid these
problems, we propose new bias voltage generators com-
posed of two charge pump circuits.

Figure 3 shows the schematic diagram of the pro-
posed positive high-voltage generator with 10-stages to
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Fig.1 Driving signals for TFT-LCD panel.
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Fig.4 Operating clock signals.

get the high level gate signal Vgu (+23V) of TFT.
Also, Fig. 4 shows the operating clock signals ¢ ~ ¢4,
respectively. The clock signals have the voltage ampli-
tude equal to the power supply voltage Vpp.

As can be seen in Fig.3, the proposed generator
consists of two charge pump circuits. Charge pump 1 is
used for driving the gates of charge transfer transistors
M1 ~ M10 and a rectifying transistor Mr. That is to
say, the charge pump 1 is only to generate gate control
signals for M1 ~ M10 and Mr. Therefore, the charge
pump capacitors Ca and Cb have relatively small value.
On the other hand, charge pump 2 that operates like
the Dickson’s charge pump [3] is to generate positive
high-voltages for TFT-LCD’s drivers. Therefore, the
charge pump capacitors CK are larger than Ca and Cb.

In the charge pump 2, PMOS transistors M1 ~
M10 and Mr driven by the charge pump 1 operate in
non-saturation region. Therefore, the maximum output
voltage Vo which can be generated by the generator
with n-stages is approximately given by

Vo= (n+1)(Vpp — Vps) (1)

where Vpg is drain-to-source voltage of M1 ~ M10 and
Mr. Also, the output current which can be delivered
to the resistor Ry by this generator is determined by
the value of the charge pump capacitors CK, Ca and
Cb, and the size of MOS transistors M1 ~ Mr, and the
clock frequency f.

The positive high-voltage generator becomes a
negative voltage generator by replacing PMOS with
NMOS, and by changing Vpp to GND. Figure 5 shows
the schematic diagram of the new negative bias voltage
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Fig.5 Negative high-voltage generator.
generator with 5-stages to obtain the low level gate sig-
nal Vg (—10) of TFT. In the figure, the clock signals
by ~ (_54 are in anti-phase with ¢; ~ ¢4 in Fig. 4. Also,
the output voltage of the negative voltage generator
with n-stages is approximately given by

Vo= -nVpp + (n+1)Vps (2)

Egs. (1) and (2) show that the generators can pro-
vide various positive or negative voltages by simply
changing the number of stages n.

3. Simulated Results

To verify the operation of the proposed generators, we
carried out computer simulation by using HSPICE. Ta-
ble 1 shows the device parameters of MOS-FETSs for
high-voltage process used for our simulation.

Figure 6 shows the output voltage Vo versus the
output current Io of the positive and negative gener-
ators for the different capacitance ratios CK/Ca. As
can be seen in Fig.6, when the output current is
smaller than +5mA, the positive generator with 10-
stages shown in Fig.3 generates voltages higher than
+20V. On the other hand, the negative voltage gen-
erator with 5-stages shown in Fig.5 can generate the
stable output voltage of about —12'V.

Figures 7 and 8, respectively, show dependence of
the output voltage Vo of the positive high-voltage gen-
erator on the number of stages n (Fig.7) and the sup-
ply voltage Vpp (Fig.8). As shown in Fig.7, the out-
put voltage proportionally increases with the number
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Table 1 MOSFET device parameters.
Symbol Parameter name PMOS NMOS Units
Vrto Zero-bias threshold voltage —0.40 +0.40 v
Na Substrate doping 1.0 x 1016 1.0 x 1016 em™3
tox Gate-oxide thickness 400 400 A
L Channel length 1.6 1.5 pm
A Channel-length modulation 0.02 0.02 v-l
s Surface inversion potential 0.70 0.70 A%
o Surface mobility 200 650 em?/V.s
¥ Body-effect parameter 0.80 0.60 v1i/2
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Fig.6 Output current vs. output voltage.
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Fig.7 Number of stages vs. output voltage.

of stages n. Consequently, by varying the number of
stages n, the generator can generate voltages having
any amplitude. As shown in Fig. 8, the output voltage
of the generator is nearly proportional to the supply
voltage. Also, the generator can deliver the output cur-
rent of about 5 mA to the load resistor when the output
voltage is about +26 V.

Figure 9 shows the simulated output voltage Vo
versus the clock frequency f of the positive 10-stage
generator shown in Fig. 3. As shown in Fig. 9, the gen-

erator can generate the stable output voltage of about
+26 V (the output current is about +5mA) when the
clock frequency is higher than 2 MHz.

Figure 10 shows the output voltage Vo versus the
set-up time of the positive and negative generators
for the different number of stages n. As can be seen
in Fig. 10, to reach 90% of the maximum value of
Vo, the positive generator with 10-stages takes about
46 psec. On the other hand, the negative generators
with 5-stages and with 3-stages.respectively, take about
12 psec and 5 pusec.

Figure 11 shows the output voltage Vo versus the
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Fig. 10 Set-up time vs. output voltage.
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Fig.11 Charge pump capacitance vs. output voltage.
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Fig.12 A portion of positive generator including parastic transistors.

charge pump capacitor Ca of the positive and nega-
tive generators for the different kick capacitor CK. As
shown in Fig. 11, when the charge pump capacitor Ca is
smaller than 35 pF, the output voltage under the condi-
tions of CK are 3000 pF and 4000 pF is higher than the
output voltage under the conditions of CK are 7000 pF
and 9000 pF. On the other hand, when the charge pump
capacitor Ca is larger than 35pF, the output voltage
under the conditions of CK are 7000 pF and 9000 pF is
higher than the output voltage under the conditions of
CK are 3000 pF and 4000 pF.

4. Conclusion

We have proposed new positive and negative bias volt-
age generators for TFT-LCD’s drivers utilizing charge
pump circuits. Also, the operating characteristics of
the proposed generators were examined by computer
simulation (HSPICE) in detail. The generators can
generate positive or negative voltages having various
amplitude by simply changing the number of pumping
stages. Also, the generators can be smaller size and
be lower cost than the conventional DC-DC converters
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for TFT-LCD’s drivers because can be designed with-
out coils. Moreover, since coils are not included in the
generators, it is possible to integrate the generators on
a glass of TFT-LCD by using Poly-Si TFT-LCD tech-
nologies. In the integration of the proposed new bias
generator, the equivalent circuit and the cross section
of monolithic silicon chip can be illustrated as shown
in Fig.12. As can be find in Fig.12, the some par-
asitic bipolar transistors exist at several node in the
circuit. However, they do not operate in active mode
because the bias voltages of these parasitic transistors
are the reverse bias condition. In short, the proposed
new generator for TFT-LCD’s drivers is no problem for
the parasitic devices.
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