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Abstract-This paper reports an energy-
efficient CMOS large-load driver circuit with
the complementary adiabatic/bootstrap
(CAB) technique for low-power TFT-LCD
system applications. Using two differential
inputs and via dual paths for bootstrap and
energy recovery to Vpp/ground, this CAB
load driver with an output load of 30pF and
operating at 5V, provides a high-speed
performance, consuming 60% less power
as compared to the adiabatic/bootstrapped
driver with single-path for bootstrap and
energy recovery.

I.INTRODUCTION

Large-load driver circuit is an important
component in a modern TFT-LCD system,
where high speed and low power are the goals
[1]. Bootstrap technique has been used in the
low-voltage driver circuits to enhance speed
performance of a VLSI system [2]-[4]. Energy
efficiency of a large-load driver circuit is
important  in  determining the  power
consumption of a TFT-LCD system. Adiabatic
technique has been used to raise the energy
efficiency of low-voltage VLSI circuits [5].
Recently, the adiabatic technique combining
with the bootstrap technique to generate an
energy efficient large-load driver circuit for low-
voltage VLSI systems has been reported [6].
In this paper, an energy-efficient CMOS large-
load driver circuit with the complementary
adiabatic/bootstrap (CAB) technique via dual
paths for bootstrap and energy recovery to
Vpp/ground, for low-power TFT-LCD system
applications is described. In the following
sections, this CMOS CAB load driver is
described first, followed by performance and
discussion.

Il. CAB Load Driver

Fig. 1 shows the CMOS load driver using
the complementary adiabatic/bootstrap (CAB)
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Fig. 1. The CMOS CAB large-load driver circuit
using the dual-path bootstrap/energy
recovery technique.

technique via dual paths for bootstrap and
energy recover to Vpp/ground. As shown in the
figure, P1, P2, P3, N4, N5, and the capacitor
Cg1 form the pull-up segment and N1, N2, N3,
P4, P5, and the capacitor Cgy form the pull-
down segment. In the pull-up segment, P1, P2,
N4, N5 and Cgq are used to implement the
bootstrap technique for enhancing the driving
capability of N5 during the pull-up transient. By
the same token, in the pull-down segment, N1,
N2, P4, P5 and the capacitor Cg, are
implemented to increase the driving capability
of P5 using the bootstrap technique during the
pull-down transient. Two differential inputs
have been adopted in the circuits. Instead of
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Fig. 2. Equivalent circuits of the CMOS CAB
load driver using the dual-path
bootstrap/energy recovery technique
when Vy is low (a) high (b).

the single path for bootstrap/energy recovery
to Vpp as in the previous approach [6], dual
paths for energy recovery to Vpp and ground
have been adopted to increase the energy
efficiency of this circuit.

The operation of this CMOS CAB load
driver circuit is divided into two modes— when
Vinis low (1) and high (2). When V\yis low (1),
the pull-down segment is inactivated except
that the bootstrap capacitor Cg, is charged
with its left side to high and right side to 0V,
since N1 is on. At the same time, in the pull-up
segment the bootstrap capacitor Cg, is floating
with its right side disconnected from Vpp. In
addition, the rest of the pull-up segment is
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Fig. 3. Transient waveforms of the 5V CMOS
CAB load driver using the dual-path
bootstrap/energy recovery technique.

ready for (1) energy recovery and (2) output
operations. When PC switches from high to
low, it is the energy recovery operation for the
pull-up segment. Energy recovery is done
from the output load C. via N5. When PC is
switching from low to high, it is the output
operation period. During this period, the
internal node A may exceed Vpp as shown in
Fig. 3 owing to the bootstrap capacitor Cg1.
Therefore a large driving current of N5 ensures
a high pull-up switching speed at the final
output.

The operations of energy recovery and
output for the case when V)y is high are
opposite to those described above for the case
when V\y is low. When V) is high, the pull-up
segment is inactivated except the charge of
the bootstrap capacitor Cg1. In addition, energy
recovery and output operations are done for
the pull-down segment depending on PC*.
When PC* turns from low to high, energy
recovery is done from the output node via P5.
When PC* turns low, it is the output period for
the pull-down segment, where internal B may
go under 0V due to the bootstrap capacitor Cgy,
which enhances the driving capability of P5
such that the pull-down speed of the output
node could be enhanced. Owing to the
implementation of the CAB technique via the
dual paths of bootstrap/energy recovery to Vpp
and ground, the energy efficiency and the
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speed of this large-load driver have been
enhanced.
lll. PERFORMANCE

In order to assess the performance of this
CMOS CAB large-load driver circuit with the
dual-path energy recovery/bootstrap technique,
a test circuit using a 5V power supply voltage
with a capacitive load of 30pF at the output
node, based on a 0.35um CMOS technology
has been designed. The channel length of all
devices in the circuit is 1um. Bootstrap
capacitor Cg1/Cpgz of 0.5pF/0.8pF has been
used. Fig. 3 shows the transient waveforms of
this load driver circuit at 5V. As shown in the
figure, owing to the function of the bootstrap
capacitors Cg1/Cpgy, the internal node A/B may
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Fig. 4. Consumed energy of the 5V CMOS

CAB large-load driver using the
dual-path adiabatic/ bootstrap
technique.

be higher/lower than 5V/0V. Thus the final
output can be pulled to high/low at a high
speed owing to the enhanced driving capability
of N5/P5.

Fig. 4 shows the consumed energy of this
5V CMOS CAB large-load driver using the
dual-path adiabatic/bootstrap technique
operating at PC of 8MHz. Also shown in the
figure are the results for the load drivers using
the single-path adiabatic/bootstrap approach
[6]. Note that P block means the driver with the
pull-up segment only and N block implies the

one with the pull-down segment only. As
shown in the figure, the CMOS CAB load
driver with the dual-path bootstrap/energy
recovery technique indicates a 60.3%/82%
reduction in the power consumption as
compared to the one with N block/P block
using the single-path  bootstrap/energy
recovery technique [6]. From this figure, the
CMOS CAB load driver with the dual-path
bootstrap/energy  recovery technique is
effective in raising the energy efficiency of the
circuit.

IV.DISCUSSION
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Fig. 5. Average power consumption versus
load capacitance of the 5V CMOS
CAB load driver using the dual-path
bootstrap/ energy recovery
techniques

This CMOS CAB load driver using the dual-
path bootstrap/energy recovery technique is
especially advantageous when the load is
large. Fig. 5 shows the average power
consumption versus load capacitance of the
CMOS CAB load driver using the dual-path
bootstrap/energy recovery technique at the
clock frequency of 8MHz. Also shown in the
figure are the results for the load driver using
the single-path adiabatic/bootstrap approach
[6]. As shown in the figure, at a load
capacitance of 100pF, the CMOS CAB load
driver using the dual-path bootstrap/energy
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Fig. 6. Average power consumption versus
power supply voltage of the CMOS
CAB load driver using the dual-path
bootstrap/energy recovery technique.

recovery technique offers a 16%/50%
reduction in the average power consumption
as compared to the N block/P block using the

single-path bootstrap/energy recovery
technique [6].
Fig. 6 shows the average power

consumption versus power supply voltage of
the CMOS CAB load driver using the dual-path
bootstrap/energy recovery technique with a
load capacitance of 30pF at the clock
frequency of 8MHz. As shown in the figure, at
the power supply voltage of 10V, the CMOS
load driver with the dual-path bootstrap/
energy recovery technique offers a reduction
of 42%/73% in the average power
consumption as compared to the N block/P
block one using the single-path adiabatic/
bootstrap technique. Consequently, the CMOS
CAB load driver using the adiabatic/bootstrap
techniques is effective in high speed and
energy efficiency.

CONCLUSION

In this paper, an energy-efficient CMOS
large load  driver circuit with  the
complementary  adiabatic/bootstrap  (CAB)
technique for low-power TFT-LCD system
applications has been reported. Using two
differential inputs and via dual paths for
bootstrap and energy recovery to Vpp/ground,
this CAB load driver with an output load of

30pF and operating at 5V, provides a high-

speed performance, consuming 60% less
power as compared to the adiabatic/
bootstrapped driver with single-path for

bootstrap and energy recovery.
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