
Body-Biased Subthreshold Bootstrapped

CMOS Driver
¤

A. Karthikeyan† and P. S. Mallick‡

School of Electrical Engineering, VIT University,

Vellore 632014, Tamil Nadu, India
†karthikeyan.arun@vit.ac.in

‡psmallick@vit.ac.in

Received 26 February 2018

Accepted 18 May 2018

Published 18 June 2018

This paper proposes a body-biased bootstrapped CMOS driver for subthreshold applications.
The proposed driver has been implemented with the same number of transistors as conventional

bootstrapped CMOS driver. The performance of the subthreshold bootstrapped CMOS driver

has been compared with the conventional bootstrapped CMOS driver. Our results show that

the proposed body-biased subthreshold bootstrapped CMOS driver has 37% reduction in delay
and 39% reduction in power dissipation compared to conventional bootstrapped CMOS driver.

The proposed driver is more suitable to drive large loads compared to the conventional driver

and operates better at subthreshold region.
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1. Introduction

Interconnects are used to carry the signals between transistors in integrated

circuits (IC's). These interconnects have large RC load, which leads to delay. CMOS

inverters are used as drivers to carry the signals for the interconnects. Operating the

CMOS devices with lower voltage leads to reduced speed. The signal of the CMOS

driver is to be boosted using bootstrapped driver circuits to improve its input volt-

age. A novel bootstrapped driver for eliminating the leakage from bootstrap node has

been proposed.1 Another CMOS driver has been proposed for improving the

switching speed at lower supply voltages.2 Direct bootstrapping technique used

to improve the switching speed is better than the conventional bootstrapped

driver circuit.3 A bootstrapped driver has the ability to boost the signal during
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super-threshold region and to reduce the leakage current in subthreshold region.4

A low-voltage bootstrapped CMOS driver which provides larger bootstrapped vol-

tages for lower bootstrap capacitance has been proposed.5 A single bootstrap ca-

pacitor is used to achieve switching for both the transitions and also results in lower

area and power dissipation.6 A bootstrapped driver circuit which produces an ex-

cellent voltage swing with lesser number of transistors has been proposed.7 Another

bootstrapped driver for driving large RC load, by eliminating the leakage path of the

boosted nodes was designed.8 The driver was able to improve the boosting e±ciency

and enhance the switching speed. Biasing is a technique used to vary the threshold

voltage of the transistors. This technique is useful for faster switching.9 Another

driver circuit which o®ers better speed performance for larger loads was proposed.10

The conventional bootstrapped CMOS driver circuit using two bootstrap capacitors

to operate at low voltages is proposed.11 Interconnects delay and power dissipation

can also be reduced by repeater insertion. Di®erent approaches in repeater insertion

have been reviewed.12 A repeater for high speed and low-power dissipation compared

to the conventional repeater has been designed.13 Modeling of mixed Carbon nano-

tube (CNT) bundles as interconnects was reviewed.14 Performances of transmission

gate bu®ers are better than CMOS bu®ers for mixed CNT interconnects at sub-

threshold region of operation.15 Most of the works were concentrated on reducing the

delay and power dissipation of interconnects at subthreshold operating region.

Subthreshold operation is essential to achieve power e±cient design for portable

applications.16 In this paper, we have designed a bootstrapped CMOS driver to

reduce the delay and power dissipation by boosting the signal at the output node

using body biasing technique. We have concentrated on reducing the rising delay and

falling delay by body biasing technique. The rising delay is reduced by reducing the

threshold voltage of transistor by proper body biasing and boosting the signal using

bootstrap capacitor. The falling delay is reduced by boosting the signal strength of

the transistor gate voltage using a capacitor. The proposed driver is more suitable for

subthreshold operations.

This paper analyzes the delay and power dissipation of the proposed body-biased

subthreshold bootstrapped CMOS driver and compares with conventional boot-

strapped CMOS driver. In Sec. 2, we discuss the operation of conventional boot-

strapped CMOS driver. In Sec. 3, the schematic design of the proposed bootstrapped

CMOS driver is explained. Then in Sec. 4, we discuss the results and discussions and

¯nally, Sec. 5 concludes the paper.

2. Conventional Bootstrapped CMOS Driver

The conventional bootstrapped CMOS driver is shown in Fig. 1. It consists of an

inverter at the input. The driver transistors are made up of PMOS transistor MP1

and NMOS transistor MN1 to drive the output to high state and low state. The

transistors MP2, MN3 and MN4 are used to pull-up the signal for the driver
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transistor MP1. The bootstrap capacitor CP is used to boost the signal at the node

VP . The transistors MN2, MP3 and MP4 are used to pull down the signal for driver

transistor MN1. The bootstrap capacitor CN is used to boost the signal at node VN .

When Vin is high, VINB becomes low, MN4 and MP2 will be OFF and MN3 is ON.

MN3 makes the driver transistor MP1 to be turned ON. The bootstrap capacitor CP

boosts the voltages at nodes VPP and VP below the ground, which turns on the

transistor MP1 strongly to drive Vout to high. When Vin is low, VINB becomes high,

MP4 and MN2 will be OFF and MP3 is ON. MP3 makes the driver transistor MN1

to be turned ON. The bootstrap capacitor CN boosts the voltage at nodes VNN and

VN to be above VDD which allows MN1 to be turned on strongly to drive Vout to low.

The conventional bootstrapped CMOS driver is able to perform a positive and

negative boosting of 2VDD to �VDD. The conventional bootstrapped CMOS driver

has more number of series connected NMOS and PMOS transistors. The series

connects MP2 with MN3 and MP3 with MN2, respectively. The faster switching of

these series transistors have more chances of short circuit. The short circuit current

leads to short circuit power dissipation. During the rising input transition, the node

VP is boosted below the ground (�VDD). But there is a large leakage path through

the transistor MN4 which charges the node VP . This will reduce the gate drive of

MP1 and its boosting e±ciency. Similar condition occurs in transistor MP4, which

reduces the gate drive of MN1. Charge lost by these leakages leads to more power

consumption.

Fig. 1. Conventional bootstrapped CMOS driver.11
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3. Schematic Design of the Proposed Bootstrapped CMOS Driver

The proposed bootstrapped CMOS driver is shown in Fig. 2. It consists of an inverter

(INV) at the input. The driver block consists of two transistors (MP4 and MN4) to

drive the loads. The bootstrap block consists of six transistors (MN1, MN2, MP1,

MP2, MP3 and MN3) and has two bootstrap capacitors C1 and C2. The pull-up

circuit consists of MN1, MN2, MP3 and capacitor C1. The pull-down circuit consists

of MP1, MP2, MN3 and capacitor C2. The proposed bootstrapped CMOS driver has

been applied with the body biasing technique. The body of MN2 and MN1 are

connected with Vin and its complement, respectively. The change in the substrate

voltage varies the threshold voltage of the device. When either MN1 or MN2 is ON,

their threshold voltages drop and allows more ON current. This will boost the speed

of the circuit. The body of MP1 and MP2 are connected with VDD and gnd, re-

spectively, and their drain terminals to VSS. During falling transition, the transistor

MN1 is OFF and MN2 is ON, the voltage at node VP is charged to VDD as shown in

Fig. 4. Since MP3 is OFF, the voltage at node N2 is 0. Similarly, the transistor MP1 is

OFF and MP2 is ON; the voltage at VSS applied at the terminal of MP2 is passed to

node VN , the node voltage at VN is �VDD as shown in Fig. 4. Since MN3 is ON,

the voltage at node N2 moves to �VDD. During rising transition, the transistor MN1

is ON and MN2 is OFF, the capacitor C1 is charged to high state VDD. Due to that,

the voltage at node VP is charged to 2VDD as shown in Fig. 4. Since MP3 is also ON,

the voltage at nodeN2 is 2VDD. Similarly, the transistor MP1 is ON and MP2 is OFF,

a VSS and VDD at the drain and body of transistor MP1 makes the voltage at node VN

to 0V. The bootstrap capacitor C2 is charged. During falling transition, the tran-

sistor MP2 is ON, the capacitor C2 starts discharging towards the gate of transistor

MP2. This will boost the signal strength of MP2. For a rising and falling transition,

Fig. 2. Proposed body-biased subthreshold bootstrapped CMOS driver.
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the N2 is boosted to 2VDD and �VDD to improve the capability of the driver. During

switching, only transistor MN1 or MP2 is able to make a path to Node N2 for pull-up

or pull-down operation. So switching is due to only one of the parallel connected

transistors, other transistor is used to hold the bootstrap state. Due to that reduced

switching activity, power dissipation also reduced. Connecting the body terminals of

MP1 to VDD is to have lower power dissipation. Connecting the drain and body of

MP1 to VSS and VDD, respectively is to make node VN to low during rising transition.

Figures 3(a) and 3(b) shows the output of the proposed driver for a Vin of 1V and

0.2V, respectively with the load capacitance of 1 fF. Figures 4(a) and 4(b) shows the

voltages at nodes VP and VN during high and low transitions for a Vin of 1V and

0.2V, respectively. Figure 4(c) shows the transient simulation of current drawn from

(a)

(b)

Fig. 3. (a) Output of the proposed body-biased subthreshold bootstrapped CMOS driver (Vin ¼ 1V). (b)
Output of the proposed body-biased subthreshold bootstrapped CMOS driver (Vin ¼ 0:2V).
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(a)

(b)

(c)

Fig. 4. (a) Node voltages of the proposed body-biased subthreshold bootstrapped CMOS driver

(Vin ¼ 1V). (b) Node voltages of the proposed body-biased subthreshold bootstrapped CMOS driver
(Vin ¼ 0:2V). (c) Transient simulation of current from power.
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power for a Vin of 0.6V. Figures 5 and 6 show the equivalent circuit diagram of the

proposed bootstrapped driver when the input is high and low, respectively. The

equivalent circuit shows the transistors. The transistors in o® state are removed.

4. Results and Discussions

This section gives the results of our proposed approach. The simulations for the

proposed Bootstrapped CMOS driver were carried out by HSPICE tool. In the

Fig. 5. Equivalent CMOS driver circuit when the input is high.

Fig. 6. Equivalent CMOS driver circuit when the input is low.
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simulations, predictive technology model17 (PTM) of 22 nm was employed. The

width-to-length ratio of NMOS and PMOS transistors are taken as 2:1. The width of

PMOS is taken double the width of NMOS based on the mobility. The proposed

bootstrapped CMOS driver was compared with the conventional bootstrapped

CMOS driver and other bootstrapped drivers.

4.1. Delay analysis

4.1.1. Delay due to voltage scaling

Rising delay and falling delay of the proposed Bootstrapped CMOS driver with

conventional Bootstrapped CMOS driver and other bootstrapped drivers at 22 nm

technology node are shown in Figs. 7 and 8, respectively.

The Proposed Body-biased bootstrapped CMOS driver has lower rising delay

compared to the conventional bootstrapped CMOS driver and the other boot-

strapped CMOS drivers. This is due to the higher ON current from the forward body

biasing of the transistors during the pull-up state. The falling delay of the proposed

CMOS driver is lower due to the proper body biasing of the transistors in pull-down

state. At 22 nm technology node, rising delay and falling delay of the proposed driver

is lower than the conventional CMOS bootstrapped driver11 and other bootstrapped

drivers. Figure 9 shows the propagation delay due to voltage scaling. The propa-

gation delay increases for scaling of the voltage. The propagation delay is lower for

the Proposed bootstrapped CMOS driver compared to the conventional boot-

strapped CMOS driver and the other bootstrapped CMOS drivers. This is due to the

voltage at VP (Fig. 4) during low transition. At high transition, the voltage at VP is

added with the charges from the transistor MN1 and also boosting of charges from

bootstrap capacitor C1. The voltage at node N2 is boosted to 2VDD. At high tran-

sition, the voltage at node VN becomes `0' due to the drain and body of MP1 that is

Fig. 7. Comparison of rising delay at 22 nm technology node due to voltage scaling.
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connected to VSS and VDD. The capacitor C2 gets charged for high transition. At low

transition, the transistor MP2 is ON, the capacitor C2 starts discharging towards the

gate of transistor MP2. The node voltage at VN equals to �VDD as shown in Fig. 4.

At low voltage, the proposed bootstrapped CMOS driver will operate faster.

4.1.2. Delay due to load scaling at super-threshold region

The delay of an inverter is directly proportional to load and inversely proportional to

supply voltage. Figures 10 and 11 show the rising delay and falling delay respectively

Fig. 8. Comparison of falling delay at 22 nm technology node due to voltage scaling.

Fig. 9. Comparison of propagation delay due to voltage scaling.
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at 22 nm technology node at (VDD ¼ 0:8V) super-threshold region for the variation

of load capacitance. As the load capacitance increases, the rising delay and the falling

delay of the bootstrapped CMOS driver increases. The rising delay and falling delay

for the proposed bootstrapped CMOS driver at super-threshold region is compara-

tively lower than the conventional bootstrapped CMOS driver and other boot-

strapped CMOS drivers.

The rising delay is more compared to the CMOS driver for large RC load.1

Figure 12 shows the comparison of the propagation delay of the proposed boot-

strapped CMOS driver with conventional CMOS driver and other drivers.

Fig. 10. Rising delay for super-threshold region due to load scaling.

Fig. 11. Falling delay for super-threshold region due to load scaling.
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The performance of proposed bootstrapped driver is better than the conventional

driver in terms of delay.

4.1.3. Delay due to load scaling at subthreshold region

Figures 13 and 14 shows the rising delay and falling delay, respectively at 22 nm

technology node at (VDD ¼ 0:5V) subthreshold region for the variation of load

capacitance.

Fig. 12. Propagation delay for super-threshold region due to load scaling.

Fig. 13. Rising delay for subthreshold region due to load scaling.
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Figure 15 shows the propagation delay for subthreshold region for load scaling.

The rising delay and falling delay for the proposed bootstrapped CMOS driver at

subthreshold region is also lower than the conventional bootstrapped CMOS driver

and more than the enhanced bootstrapped driver for RC load1 for higher loading

conditions. The propagation delay is lower for the proposed bootstrapped driver

compared to the conventional bootstrapped driver for higher load capacitance. The

CMOS driver should have the capability to drive higher loading conditions at lower

Fig. 15. Propagation delay for subthreshold region due to load scaling.

Fig. 14. Falling delay for subthreshold region due to load scaling.
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operating conditions. The proposed bootstrapped driver is more suitable to drive

large loads with high speed at subthreshold region of operation.

4.2. Power dissipation analysis

Reducing the supply voltage and load reduces the power dissipation. Low-power

operation is essential for battery operated devices. Here, the power dissipation is

analyzed by scaling the voltages and load at 22 nm technology node. Figure 16 shows

the power dissipation due to scaling of voltages for low-power operation. The pro-

posed bootstrapped CMOS driver has lower power dissipation compared to the other

drivers. Figures 17 and 18 shows the power dissipation at super-threshold region and

subthreshold region of operation due to load scaling.

The power dissipation of proposed bootstrapped CMOS driver is lower for higher

loading conditions at super-threshold region of operation. At subthreshold region of

operation, the reduction of power dissipation is more for any loading conditions for

the proposed bootstrapped CMOS driver. The results show that the proposed driver

is more suitable for low-power applications for driving larger loads. The low-power

dissipation is due to the absence of direct path to the node N2 from pull-up circuit to

pull-down circuit. During low transition, the pull-up circuit and pull-down circuit are

completely isolated. This reduces the short circuit when the transistor is switched.

Reverse biasing of transistor at pull-down path during a high-input transition also

reduces the power dissipation.

Fig. 16. Power dissipation due to voltage scaling.
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4.3. Comparison of delay and power dissipation of the proposed

bootstrapped CMOS driver

The proposed body-biased bootstrapped CMOS driver was validated and compared

with conventional bootstrapped driver11 and other bootstrapped drivers using

PTM17 at 22 nm technology node.

Fig. 17. Power dissipation at super-threshold region due to load scaling.

Fig. 18. Power dissipation at subthreshold region due to load scaling.
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Table 1 shows the comparison of performance of bootstrapped CMOS drivers at

subthreshold region of operation (VDD ¼ 0:5). The results from Table 1 show that the

power delay product of the proposed body biased bootstrapped CMOS driver is lower

than the other bootstrapped CMOS drivers at subthreshold region of operation for

higher loading conditions. The power-delay product shows that the proposed body-

biased bootstrapped CMOS driver is more suitable to drive high loads at sub-

threshold region.

5. Conclusion

A body-biased bootstrapped CMOS driver which operates better at subthreshold

region has been proposed. The proposed bootstrapped CMOS driver has 37% re-

duction in delay and 39% reduction in power dissipation compared to the conven-

tional bootstrapped CMOS driver. Body bias technique is applied to improve the

switching speed. The power delay product is less compared to the conventional

bootstrapped CMOS driver and other bootstrapped drivers. The proposed driver is

also more suitable for driving larger loads at subthreshold region. The proposed

driver can be used to drive interconnects with higher fan-out.
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