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Abstract: This letter describes a novel bootstrapped CMOS driver
for driving a large RC load in ultra-low voltage VLSI. The proposed
driver eliminates the leakage from boosted nodes during bootstrapping
operations, resulting in lower power consumption and higher switch-
ing speed. Since the proposed driver requires no additional transistors
for eliminating the leakage, further improvements on switching speed
and power consumption as well as layout area are achieved. Com-
parison results in a 0.13µm CMOS technology indicated that the pro-
posed bootstrapped CMOS driver achieved 82%∼18% improvements in
terms of power consumption as compared to conventional bootstrapped
CMOS drivers. They also indicated that the proposed driver achieved
42%∼11% improvements in terms of switching speed. Improvement on
power-delay product (PDP) is as much as 160%∼30% as compared to
conventional bootstrapped drivers.
Keywords: ultra low-voltage, bootstrapped driver, CMOS driver,
sub-threshold driver
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1 Introduction

For reducing the power consumption of VLSI systems, the supply voltage
can be scaled down that MOS transistors are made to be operated in the
subthreshold region [1]. In emerging applications like wireless sensor networks
and implantable medical devices, the supply voltage has been scaled down to
the subthreshold region to increase the lifetime of a battery. But, a CMOS
circuit operating in the subthreshold region is inappropriate for high-speed
application because of severe speed degradation due to reduced gate-source
voltage of MOS transistors. Long on-chip interconnect lines and some on-chip
nodes having large RC loads further constrain the speed performance.

Using a bootstrapped CMOS circuit [2, 3] is a viable solution to overcome
the drawback, which enhances the switching speed by forcing the gate voltage
of transistors to be beyond the supply rails by capacitive coupling. But, the
conventional bootstrapped CMOS driver in [2] inherently has a substantial
amount of leakage, resulting in increased power and degraded speed. The
conventional bootstrapped CMOS driver in [3] can eliminate the leakage,
but since the driver uses a larger number of transistors, it still has large
power consumption, degraded speed, and increased layout area.

This letter proposes a novel bootstrapped CMOS driver that addresses
the leakage problem of the conventional bootstrapped driver in [2] in a more
efficient manner than the approach presented in [3]. In Section 2, conven-
tional bootstrapped drivers are described, and their limitations are discussed.
In Section 3, the proposed bootstrapped driver is introduced and the oper-
ation principle is explained. Comparison results are discussed in Section 4,
and conclusions are given in Section 5.

2 Conventional bootstrapped CMOS drivers

Conventional bootstrapped CMOS drivers are depicted in Fig. 1. Fig. 1 (a)
shows one presented in [2], which consists of driver transistors (MP1 and
MN1) for driving the output, and pull-up (MP2, MN3, MN4, and CP) and
pull-down (MN2, MP3, MP4, and CN) bootstrap circuits for generating
boosted voltages. When VIN transitions from low to high, VINB becomes
low. Then, since MN4 and MP2 become off and MN3 becomes on, VP and
VPP are boosted below the ground by capacitive coupling through CP. Then,
MP1 is turned on strongly to drive VOUT high quickly. Similarly, when VIN

is falling, VN and VNN are boosted above VDD, allowing MN1 to be turned
on strongly to drive VOUT low quickly. However, the driver has a critical
problem. Even though boosting capacitor CP (CN) provides enough charges
to boost VPP (VNN) toward–VDD (2VDD), the established boosted voltage
is far above (below) the required voltage due to leakages through transis-
tors. For example, when VIN is rising so that VP and VPP are to be boosted
toward–VDD, MN4 turns slightly on since its source (VP) has a lower volt-
age than its gate (VINB), resulting in a gradual rise of the nodes due to the
leakage through the transistor. Similarly, when VIN is falling, VN and VNN

wish to be boosted toward 2VDD, but are gradually discharged toward VDD
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Fig. 1. Conventional bootstrapped CMOS drivers:
(a) bootstrapped CMOS driver [2], (b) energy-
efficient bootstrapped CMOS driver [3]

by the leakage through MP4. Shallow boosted voltages by these effects cause
speed degradation.

Moreover, since the charges lost by the leakage in a cycle must be supplied
in the next cycle, the overall power consumption is also increased.

To overcome the aforementioned problems, an energy-efficient
bootstrapped CMOS driver shown in Fig. 1 (b) was proposed [3]. It uses
four extra transistors (MN5, MN6, MP5, and MP6) to eliminate the leakage
through MN4 and MP4 in the driver. During a negative bootstrapping, VP1,
the gate of MN4, is set to the negative boosted voltage (below ground) by
MN5, letting the gate-source voltage of MN4 be zero. Then, the transistor
becomes completely off, resulting in no leakage. Similarly, during a positive
bootstrapping, VN1, the gate of MP4, is set to the positive boosted voltage
(above VDD) by MP5, letting the gate-source voltage of MP4 be zero to al-
low no leakage. Albeit no leakage, the driver still has some drawbacks. The
dynamic power consumption becomes larger due to increased parasitic ca-
pacitance given by the extra transistors. The layout area also becomes larger
due to increased device count. Moreover, the driver cannot provide with
sufficiently high boosted voltages due to inherent charge loss from boosted
nodes. That is, some of the charges boosted by a bootstrapping cannot
be used for increasing the boosted voltage level, but must be transferred to
charge the parasitic capacitance of VP1 or VN1. So, the final boosted voltages
become shallower than expected, resulting in speed degradation. In addition,
the switching speed can be further degraded as the input capacitive load is
increased.
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Fig. 2. Enhanced bootstrapped CMOS driver

3 Proposed bootstrapped CMOS driver

The proposed enhanced bootstrapped CMOS driver is shown in Fig. 2. It
consists of driver transistors (MP1 and MN1) for driving the output and
pull-up (MP2, MN3, MN4, and CP) and pull-down (MN2, MP3, MP4, and
CN) bootstrap circuits for generating boosted voltages. The structure of the
proposed driver is as simple as the conventional circuit in Fig. 1 (a), but
the leakages through MN4 and MP4 are completely removed. When VIN is
low, VINB is driven high by INV and node VPP is high because MP2 is on
and MN3 is off. As VPP is high, node VP becomes low by MN4. If VIN is
changed to high, MP2 and MN3 are turned off and on, respectively, and thus,
VPP is disconnected from the supply voltage and connected to VP. At the
same time, since VINB transitions low by INV, both VP and VPP together
are boosted below the ground by coupled capacitor CP. Then, MN4 whose
gate is connected to VPP is turned off completely to cut off the leakage, and
MP1 is turned on strongly to pull VOUT up quickly. In a similar way, nodes
VN and VNN are boosted above VDD by coupled capacitor CN when VIN is
falling. MP4 then is turned off completely to eliminate the leakage, and MN1
is turned on strongly to pull down VOUT rapidly.

As seen by the operation principle described above, the proposed driver
has no leakage from boosted nodes. This feature allows more boosted charges
to be used for voltage bootstrapping, leading to higher boosted voltage. As
a result, the driving strength of driver transistors is more enhanced, leading
to higher switching speed. No leakage from boosted nodes also allows less
amount of charge drawn from the supply for the next bootstrapping, resulting
in smaller power consumption. As compared to the conventional driver in
Fig. 1 (b), the feature of using no additional transistors for eliminating the
leakage leads to further power reduction since the total amount of parasitic
capacitance in the circuit is reduced. The layout area will also be smaller.
Moreover, since there is no need for boosted charges to be transferred to
charge additional parasitic nodes, the final boosted voltages become higher,
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Fig. 3. Comparison results: (a) boosted voltage wave-
forms (VDD = 400 mV), (b) delay and power ver-
sus VDD (CL = 2.5 pF), (c) PDP versus VDD (CL

= 2.5 pF), (d) delay versus CL (VDD = 400 mV),
(e) performance summary (VDD = 400 mV, CL =
2.5 pF)

resulting in higher switching speed. Lower input load also allows higher
speed.

4 Comparison results

Bootstrapped CMOS drivers are designed in a 0.13µm CMOS process. Boot-
strap capacitors are implemented using MOS capacitance and equally set to
be 30 fF, considering the trade-off between power-delay product and area
overhead. To compare boosting efficiency, the voltages of VNN of the drivers
obtained at 0.4 V supply are compared in Fig. 3 (a). The boosted voltage
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of the driver in Fig. 1 (a) is the lowest and gradually falls down toward the
supply voltage, since there is a substantial leakage through MN4. The driver
in Fig. 1 (b) has higher boosted voltage and no fall-down of the boosted node
by the elimination of the leakage. The proposed bootstrapped driver has
the highest boosted voltage with no boosted voltage fall-down, indicating up
to 23% improvement. The delay and power consumption of bootstrapped
drivers operating at a supply voltage ranging from 0.4 V to 0.8 V are com-
pared in Fig. 3 (b). The power consumption of the proposed driver is up to
82% lower than the conventional drivers. The propagation delay is also up to
42% smaller. The resulting power-delay product (PDP) shown in Fig. 3 (c)
indicates that up to 160% improvement is obtained. Delay versus load ca-
pacitance is also shown in Fig. 3 (d), indicating that the performance gap
becomes larger as load capacitance increases. The performance summary
of bootstrapped drivers given in Fig. 3 (e) also indicates that the proposed
driver has a superior performance. Specifically, as compared to recently pub-
lished driver [3], the proposed driver has as much as 30% improvement in
terms of PDP. The proposed driver also consumes 18% less power with up
to 11% higher speed than. Device count and input capacitance are reduced
by 25% and 27%, respectively.

5 Conclusion

A novel bootstrapped CMOS driver having no leakage from boosted nodes
was proposed, resulting in high speed and low power. Use of no extra transis-
tors for eliminating the leakage leads to further performance gain. Evaluation
results indicated that the proposed driver would be well suited for driving a
large RC load in ultra-low-voltage VLSI.
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