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Abstract. This paper presents the design, simulation, and hardware implementatig
efficiency of voltage regulator. Typically, voltage regulator utilized for
involves the use of a linear regulator due to its high power-supply rejectio
linear regulator heavily depends on the difference between its input voltage;
across the linear regulator results in higher losses. Therefore, reducing the
regulator’s efficiency. This study hence proposes a pre switching regulatofistag
to a linear regulator to provide an input voltage to a linear regulator whlch is he linear regulator.
The tracking capability is further required to provide the flexib i j
while maintaining high overall regulator’s efficiency. R

proposed system indicated the efficiency improvement g
necessary. Load regulation performance of the propog i better result compared to the case without
the output voltage tracking method.

All modern electri i i ominantly generated from AC source since as
the most availabl 1 ever, most of these devices internally utilize DC power, requiring the
conversion of ower required by such devices range from low power consumer
electronics SSRESE" moblle ph er power applications such as electric vehicles (EV). With this
wide rang@SPC power requ at various technologies are required to properly operate the
conce@@i€vices. An EV, fi higher-level power circuits which would be different from
obile phone. Furthefimore, to improve the efficiency in delivering this power, the
e variously set during the transmission of DC power. For example, the high-power
operate between 36V and 48V [1][2], while the majority of mobile phones has been
5V USB interface.
tage any of these devices could operate, it is imperative to note that the circuitry to provide
ble voltage at the desired level with significantly tight tolerance. For example, USB2.0
requires the voltage sup high-powered hub ports to be 4.75 V to 5.25 V [3][4]. To achieve this goal, several
voltage conversion techniq e utilized, commonly acknowledged as voltage regulators.

When DC provides the sour€e, there are mainly two methods to convert to the desired DC voltage: linear regulators
and switching converters. The linear regulators are acknowledged to have very low efficiency when the input voltage
is at a much higher level than in the output voltage, requiring power to be dissipated within the circuit, which is less
preferred for high power applications. However, DC has advantages, which include: simple design, immune to noise,
low cost, and easy to operate; hence, DC has been favored as a great choice for low power applications. The switching
regulators on the other hand are acknowledged for their efficiency; and thus, they are utilized in a much broader range
of applications from low to high power applications, despite suffering the major drawback of generating electrical
noise both at their input and output stages. Moreover, switching regulators require more complex and larger circuitry
than that of linear regulators.

Most electric power distribution systems throughout the world utilize alternating current to transmit electrical
energy. The AC power systems voltage levels and frequency of transmission are various from country to country but

currently charge
Regardless of
the power could prod
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have been standardized to operate using 120/240 volts AC at 50/60Hz. For direct current systems, there is however
no such standard [S][6][7]. Most appliances are incapable of utilizing the provided AC power by converting the AC
power to an appropriate DC power to operate. Since DC is not the standard for power transmission, the operating DC
voltage for many devices has thus varied. For most devices to properly operate, the input voltage levels must typically
be stepped down from the supply. Based on, on the application requirements, the two ways to accomplish DC-DC
conversion are conducted through switching regulators and linear regulators [8][9].

Switching regulators contain a method of DC-DC conversion that utilize switching and inductor properties to
generate an output voltage [10]. Switching regulators are highly deemed efficient and capable of handling higher
power levels. In addition, switching regulators are also flexible to be conducted, despite having the main downfalls in
terms of design complexity and noise [11]. Switching regulators thus require s components, including: a
controller, smoothing capacitors, and an inductor. The rapid switching attached i ching regulators, results in a
noisy DC output and electromagnetic interference (EMI), corrupting other signals 11]. Linear regulators
hence serve as an alternative method of DC-DC conversion that converts a higher oltage by utilizing a
series pass device that introduces the necessary voltage drop despite dissipating p heat [12][13]. Linear
regulators provide a simple and cheap solution for low power DC-DC conversion as t transient response,
allowing immediate response to changes in input or load. Unlike switching regulators, there
linear regulators, enabling the generation of a low-noise output voltage. The major di ear regulators
lie in factors such as lack of flexibility, efficiency, and power capability. Li
input voltage is close to the output voltage. In cases where there is a 1
voltage difference translates to the dissipated power as heat, resulting i

DESIGN

Figure 1 indicates the block diagram of the proposed s
that is dependent on the configuration of the board. T
regulator transmits the input voltage and the feedba
regulator. The linear regulator is used to remove s
stage comprising the tracking pre-regulator block is

iciency. The switching
e which fed into the linear
ate a clean output voltage. The feedback
Iback voltage for the switching regulator

Output
Voltage

Tracking
e-Regulator

FIGURE 1. Block diagram of the proposed system

The main ect is to design and test a method of improving the switching regulator and linear regulator
cascade topolog us is to use a circuit minimizing the voltage difference between the linear regulator’s input
ce the power loss. Efficiency is measured in the final system. Table 1 summarizes the
DC-DC conversion system for the proposed system.
iate buck controller for the switching regulator is essential. The LT3971A is an
adjustable frequency mono ck switching regulator having a wide input voltage range of 4.3V to 38V, and an
adjustable output voltage from*1.19V to 30V, additionally capable of outputting a maximum current of 1.3A.

To size the inductor in the buck converter, a common practice is to utilize a percent peak-to-peak inductor current
ripple AiL between 30% and 40% of the maximum load current [10]. In this case, for the maximum output current of
500mA, the inductor current ripple is approximately 200mA. Furthermore, the output voltage of buck regulators is
slightly higher than the linear regulator’s output voltage by about 1.9V due to the inclusion of the pre-regulator
tracking. The maximum critical inductance is found when the linear regulator’s output voltage is 5V. The assumption
of an efficiency of 90% generates the critical inductance as Equation 1.

technical requirement
Hence, selecting an

D
Le = Vin — Vout)m (1)
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5V + 19V

Le = (15V = (5V + 1.9V)) (200;%(*4%-8%2) = 51.75uH

Ideally, an inductor of 56uH would be selected. However, due to limitations, the only available value for
prototyping was a 47uH. This lower inductance resulted in higher inductor of current ripple and higher RMS losses.

TABLE 1. Technical Requirements of Tracking Regulator for Switching-LDO System
Specification Value Justification

This system will use DC input power. This v. s chosen as it is a

Input voltage 15VDC slightly higher voltage than 12 VDC, a co oltage for a power supply.
Greater This system will be designed for high efficien: proposed
Efficiency than 85% feedback regulation for the linear regulator, the ¢ expected to be
(V]

minimized.

This system will use a first stage buck sw1tch1ng regula

Average Output 15,33, 5, have values less than our input. These va

Voltage 9,12VDC

levels.
Maximum Average 500 mA The output current is limited due
Output Current system is intended for low-powe

age. The maximum
capacitance is achleved When the linear regulator’s output o s gthe capacitance size has

D(1 - D)I,
Cin 2 ———F—
AVinfs
5V + 1.9V (1 B )
¢, > BV=09

3)

o
c (1-Fveoo
out = 8(47uH)(400kHz)2(0.05)

= 26.2uF

When selecting the linear regulator, it is thus imperative to navigate one, capable of handling the output voltage
from the buck regulator, with adjustable output voltage and output current as illustrated in Table 1. The LT1963A is
aregulator that allows input voltage up to 20V, an adjustable output voltage from 1.21V to 20V, delivering a maximum
output current of 1.5A; thus, fulfilling the design needs of this project.
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SIMULATION AND HARDWARE RESULTS

The illustrated circuit in Figure 2 is simulated in LTSpice for output voltages of 1.5V, 3.3V, 5V, 9V, and 12V.
The plots in Figure 3 and Figure 4 indicate the transient response of the buck output voltage and linear regulator output
voltage. The simulations function as expected for all cases, as the regulator achieves steady state in 2ms after startup.
of the switching regulator follows the linear regulator output voltage, indicating the

In addition, the output voltage

tracking circuit which maintains a linear regulator voltage difference of 1.87V.
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FIGURE 2. LTSpice schem

0.0ms 0.3ms

1.8ms

2.4ms

switching regulator output voltage

2.1ms

oV :

0.0ms 0.3Jms

For comparison, the circuit is entirely sustained except the feedback network is removed. The buck controller’s
resistive divider is set to generate a buck output voltage of 12.5V to be slightly higher than the linear regulators highest
output voltage of 12V. For both circuits, the efficiency of the entire regulator and power loss from the linear regulator

T T T T
0.6ms 0.9ms 1.2ms 1.5ms 2.1ms 2.4ms 2.7ms 3.0ms

FIGURE 4. Transient of linear regulator output voltage
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is observed and illustrated in Figure 5 for output voltages of 1.5V, 3.3V, 5V, 9V, and 12V with an output current of
500mA.

The break-even point for both efficiency and linear regulator losses of both boards is at approximately 10.6V, as
the converter without tracking has a switching converter output of about 12.5V. The converter with pre-tracking holds
the voltage difference, constant for all output voltages; whereas the converter with normal feedback will have a larger
voltage difference when the output is lower than 10.6V. This linear regulator voltage difference is directly related to
the efficiency and power loss of the converter. Without tracking, linear regulator losses are higher in the lower output
voltage. Therefore, in cases where multiple output voltages are not necessary, the tracking regulator would be
ineffective at reducing losses.

Efficiency vs Output Voltage (Vin = 15V, Tout = 500
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The proposed system and the circuit without th
assembled board for the proposed system, Hficie

were constructed. Figure 6 indicates the
s were then conducted to compare the
7 illustrates the efficiency plots of both
converters.

RE 6. The final proposed converter board with pre-tracking regulator

Efficiency vs. Output Voltage
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FIGURE 7. Hardware Results: Efficiency comparison of switching + linear regulator with and without pre-tracking
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Upon referring to the simulation data, the regulator with pre-tracking yields more efficient results of the two boards
when the output voltage is less than 10.5V and is less efficient when the output is greater than 10.5V. The linear
regulator losses are almost equal at all voltages when tracking is implemented. Without the tracking, the linear
regulator losses are inversely proportional to output voltage. Moreover, efficiency and linear regulator losses are
measured while sweeping output current for output voltages of 1.5V, 5V, and 12V.

CONCLUSIONS

The proposed converter with the pre-tracking circuit indicated a profound result ingeducing the power loss of the
linear regulator in a variable output cascaded of DC-DC converter by maintaining a v, difference across the linear
regulator when changing the output voltage. Hardware testing and results were ant with the simulation data.
Variations in data could attribute to non-idealities of components and board lay rthefmore, such differences
emerged as a result of parasitic capacitances and inductances, electromagnetic inte thermal behavior.

The hardware results indicated areas for improvement. A more efficient system ible to be achieved by
increasing the collector resistor or decreasing the emitter resistor of the pre-tracki after start-up stage.
Such resistors were capable of altering to reduce the difference across the linear regulator, up
state operation.

The proposed pre-tracking regulator demonstrated its ability to have the
with the linear regulator’s output to improve the overall regulator’s ef
pre-tracking regulator ranged from 33% to 76% compared to a conve
83%. This result is deemed most effective when applying a low-noise
In situations where only a single output voltage with low-noise is r
cascaded converter with normal feedback, where the switching regulato
close to the linear regulator’s output.

m 10% to
ous output voltages.
fective to design a
oltage, significantly
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