International Journal of Engineering & Technology, 7 (4) (2018) 2922-2924

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET
doi: 10.14419/ijet.v7i4.16707
Research paper

SPC

Extending Battery Life using Boost Converter through
Feedback Control

Prashanth Kumar Shetty**, Somashekhara Bhat?

! school of Information Sciences, Manipal Academy of Higher Education, Manipal
2 Professor, Dept. of E&CE, Manipal Institute of Technology, Manipal Academy of Higher Education, Manipal
*Corresponding author E-mail: pk.shetty@manipal.edu

Abstract

Battery life is an important factor in any portable device. All possible efforts are being made to prolong the usage time of a battery. Even-
tually when a battery has low charge, the output voltage deteriorates and eventually reaches a point which is not enough to drive the load.
This paper proposes a way of boosting the output voltage in this situation to increase the life of a battery before next charge phase, there-
by using energy from the battery which would otherwise be unused. The proposed technique uses a DC-DC Boost Converter in Continu-
ous Conduction Mode. An error amplifier with a Type-3 Compensation circuit is used in the feedback path to stabilize the system. The

PWM comparator circuit is used to generate the required PWM input signals for the Boost Converter with required Duty Cycle.
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1. Introduction

When we discharge a battery by consuming the power stored in it,
we will never be able to discharge it beyond a certain point. Be-
cause, beyond this, terminal voltage will fall. The maximum dis-
charge level depends on the type and quality of the battery. A true
deep cycle battery has a discharge capacity of up to 80%. Typical
batteries have much less at around 50% [1]. For low-power devices
powered by batteries, every microampere of current becomes criti-
cal for extending battery life and increasing the time between bat-
tery replacements. On the other hand, the need to keep the devices
going on for longer periods of time is also increasing.

One of the techniques to extend the battery life is to adjust the en-
ergy consumption by controlling the voltage supplied to digital
circuits to the extent of their usage. The drawback of this technique
is that if the supply voltage is reduced, the energy consumption
goes down, but the speed of operation also decreases. If the supply
voltage is lowered excessively, the energy consumption increases
because a much longer time is taken to do the same amount of
work. This solution fails when the voltage falls below the required
minimum output voltage.

In this paper, we propose an alternate approach, wherein we con-
tinuously monitor the battery voltage (Vi) and check if it falls
below a reference voltage (Vrer). This is achieved using an Error
Amplifier (EA). As long as battery voltage is above the reference,
the battery is connected directly to the load. Once the voltage falls
below the reference voltage, boost converter takes over and it ad-
justs its duty cycle through PWM Generator such that required
output voltage Voyr is maintained. In this way we will be able to
use the battery even when the voltage level falls below the refer-
ence level, thus extending the battery life or ampere hour rating.

2. System architecture

The overall architecture of the system is given in Fig.1. It contains
mainly [3] components: Boost Converter, Error Amplifier (EA)
and PWM generator (PWM).
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Fig. 1: System Architecture.

Boost Convereter, the heart of the system, is responsible to
maintain the output voltage at a specified constant value. The
system consists of boost converter in the forward path and an error
amplifier with a PWM generator in the feedback path. Error
Amplifier keeps sensing the output voltage and generates an error
signal proportional to the difference between a constant Vger and
the sampled output voltage. The circuit is designed to to use
Voltage Mode Control (VMC). PWM Generator generates PWM
control pulses whose duty cycle is adjusted according to the error
signal from Error Amplifier. To stabilize the circuit operation,
Error Amplifier has been designed with a compensation circuit.
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2.1. Boost converter

Boost Converters [2] are widely used in electronic circuits when a
DC supply voltage available is not sufficient enough for the system
being supplied. Here we designed an inductor-based, continuous
conduction mode (CCM) [3], [4] DC-DC boost converter because
of its best power conversion efficiency among all the other imple-
mentation methods.

The DC/DC boost converter shown in Fig. 2 only needs four exter-
nal components: Inductor, 2 MOSFET switches, and output capaci-
tor.
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Fig. 2: Boost Converter Schematic.
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The value of inductor and capacitor are determined from the for-
mulae: [3], [5], and [6]
Inductor (to keep the boost converter in CCM):

D (1_D)2 Rioad T

L > 2 @
Capacitor (to keep output ripple within 1% of its peak value):

DT
C=z 0.01*Rjpad (2)
Where D is the duty cycle of control pulses
D=1- Vin_ — Ton (3)
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The circuit is designed for a switching frequency of 1 MH. The
sizes of the MOSFET switches are determined from the peak val-
ue of the inductor current and the acceptable voltage drops across
the switches.

2.2. Error amplifier and PWM generator

Op-Amp with a gain of 60dB is used to implement both the Error
Amplifier and PWM Comparator [7], [4] as shown in Fig. 3. Ideal-
ly a gain of 60dB is good enough. EA is fed with the sampled out-
put voltage to the inverting terminal and a reference voltage in the
non-inverting terminal to generate an error signal.

Voo
M3 na
e (D o
—]
Cc Vorros
Vewme M2 ~M2_J—,, .,
M£|:Ii | Bias I‘J‘MS Bias I M7

Fig. 3: Op-Amp used in EA and PWM Comparator.

The basic operating principle of the VMC is that the duty cycles of
the drive signals to control the MOS switches are proportional to
the “error voltage” which is actually the difference between the
output voltage of the converter and the regulated (reference) volt-
age. Therein, the error amplifier (EA) is used to provide an error
voltage Veror to the PWM Comparator (PWM). The PWM Com-
parator generates the PWM waveforms by comparing the error

voltage (Veror) With a fixed voltage ramp (Vrawpe) generated from
an extra clock.

3. Stability and compensation

A major problem faced by designers in the design of Boost Con-
verters is the stability of the circuit due to the presence of feedback
that too at high frequencies [8]. This can be resolved by having a
feedback with compensation to stabilize the circuit. The Error am-
plifier used here uses an Op-Amp with Type-3 Compensation net-
work as shown in Fig. 4a.

The condition for stability is that the poles of the circuit should be
on the left half of s-plane. To ensure stability, the circuit should
have a sufficiently high Gain Margin and Phase Margin. The Bode
plot can be used to determine the Gain Margin and Phase Margin.
By properly designing the compensation network we can shape the
loop gain such that it has enough phase and gain margins [9] so that
the system is stable with good output regulation. The circuit con-
sists of an integrator, a pole at origin, two other poles and two zeros
as shown in the Fig. 4b. Fig. 5 shows the Error Amplifier Bode
Plot.
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Fig. 4: Error Amplifier: A) with Compensation B) Poles and Zeros.
The approximate transfer function of the system is given by

(sC3(R1+R3)+1)(sC2R2+1)

H(s) = (sC2R1)(sC3R3+1)(sC1R2+1)

@

And the poles and zeros introduced by this circuitry are given by

1 1
fp0 = 2mR1C2 fzl = 2m(R1+R3)C3
fpl=—— fz2 =

Pl = Rscs %% = 2nreca

1
fp2 = 2mR2C1
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Fig. 5: Error Amplifier Bode Plot.
4. Results and waveforms
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Fig. 6: System Waveforms for

Vi = 1.0V.

Fig. 7: Ramp Voltage, Control Pulse and Error VVoltage Waveforms for

V|N =1.0V.
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5. Conclusion

Boost Converter with type 3 compensator is designed for an out-
put voltage of 1.8 V and simulated in 180nm technology using
Cadence Virtuoso spice simulator. The circuit is found to maintain
a constant output voltage of 1.8V till the input is swept down to
0.6 V and starts oscillating below that. The output ripple is found
to be 0.7% of its rated output voltage. Power dissipation of the
entire system has been measured and is found to be 6.6 7 W.
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