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ABSTRACT

Multiport converters are essential in portable electronic and electric vehicle (EV) applications. Various single-input multi-output

(SIMO) converter configurations have been explored in the literature. Typically, these converters produce outputs under
constraints related to duty ratio and inductor charging. However, cross-regulation remains a significant challenge in SIMO
converter design. This study proposes a novel SIMO topology to address these limitations. The proposed topology can generate
three different output voltages without constraints on the duty cycle and inductor currents (e.g., iL1>iL2 > iL3 or iL1 <iL2 < iL3).
This design eliminates cross-regulation issues, ensuring that the load voltages V01, V02, and V03 are unaffected by variations in
the output currents i01, i02, and i03, respectively. The loads are isolated from each other during control. A 200 W prototype circuit
was developed and tested in the laboratory, with both simulation and experimental results confirming the effectiveness of the
proposed design.

LINTRODUCTION

Over the past decade, there has been a growing
demand for renewable energy sources in electric vehicles
(EVs), auxiliary power, and grid-connected applications.
Multiport DC-DC converters are crucial in these contexts
as they enable hybridizing energy sources, reducing
component count, system complexity, and costs
compared to using several separate single-input DC-DC

converters.
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Several multiport converter (MPC) designs have been

introduced over the years. For instance, a new
single-input multi-output (SIMO) converter structure
has

generating boost, buck, and inverted outputs that can be

been proposed, capable of simultaneously

controlled independently. However, generating '

voltage levels requires n + 2 switches, increasing the

overall size and cost of the converter. Issues with
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calculating state-space equations and output voltages for
a SIMO converter have been identified and corrected.

A single coupled inductor-based SIMO buck converter
has been developed, offering lower output inductor
current ripple compared to single inductor SIMO
converters. Nayak and Nath have presented a detailed
(SIDO)

inductors,

comparison of single-input dual-output

converters using coupled and single
highlighting that the coupled inductor SIDO converter
performs better in both steady-state and transient
SIMO

configurations, the inductor switching between loads

conditions. Conversely, in single inductor
causes high ripples and cross-regulation problems.

Various control strategies have been proposed to
address cross-regulation in single inductor-based SIMO
converters. For instance, a current predictor controller
has been introduced as an alternative to the conventional
charge balance approach, though generating duty ratios
for active switches remains complex. Similarly, a
deadbeat-based control approach, which relies on an
output current observer, is sensitive to noise and
significant parametric variations. A multivariable digital
controller-based SIMO converter has been suggested to
minimize voltage ripples and suppress cross-regulation
issues, though this approach increases design
complexity.

A non-isolated single-switch SIMO converter topology
has been proposed, featuring fewer components and
lower system costs, although independently regulating
the outputs can be challenging. To address these issues, a

non-isolated SIMO converter has been developed that

independently regulates output voltages without
requiring an additional control circuit.
Additionally, a new SIDO converter topology

integrating buck and super lift converters has been
proposed for generating step-up and step-down output
voltages in EV applications, though it imposes duty ratio
constraints (D2 < D1), limiting the operational range of
D1 by increasing D2. High gain step-up and SEPIC
converter-based SIMO designs have been suggested for
photovoltaic (PV) applications, which improve output
voltage by adding capacitors and diodes but also
increase costs and conduction losses.

A new SIDO buck-boost topology has been developed
to generate positive and negative outputs. A
multi-output converter with a reduced part count has

been suggested, though it includes more diodes,
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increasing conduction losses. A SIMO configuration has
been introduced, reducing passive filter size and voltage
stress. A high-density multi-output converter has been
proposed for portable electronics, based on a front-end
switched-capacitor technique that improves power
density and reduces switching losses. Modified SEPIC
and interleaved high step-up SIMO converters have been
introduced, incorporating voltage multipliers, coupled
inductors, and switched capacitors to boost output
voltage in sustainable energy applications, though they
are complex due to the number of components involved.

The  SEPIC-Cuk

interleaved converter has been recommended for SIMO

converter-based  four-phase
applications, offering low ripple voltage, compact size,
and suitability for high power applications with a
dynamic response. In conventional EV auxiliary power
supply systems, the main drawback is cross-regulation
problems, and loads are not isolated from each other
during operation. There is also a risk of grounding issues
when charging the
Additionally,

increases when converting one of the negative output

battery with simultaneously

turned-on loads. circuit complexity
voltages into buck-boost operation mode.

The proposed work focuses on an onboard power
converter configuration, where the energy stored in the
inductor is confined to one output and not shared with
other outputs during control, allowing for independent

regulation of output voltages with separate duty cycles.
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Figure 1: Diagram of Conventional SIMO Converter

2. LITERATURE SURVEY

This article presents a single-inductor multiple-output
(SIMO)  buck/boost DC-DC
average-current control. The proposed design employs a

converter  utilizing




duty-cycle and control-current predictor to achieve fast
and robust reference tracking of inductor current. A
modification of the conventional charge-balance method,
along with an auto-tuning-divider-based duty generator,
mitigates  cross-regulation to the last channel.
Additionally, an anti-right-half-plane zero method is
introduced to suppress cross-regulation during
significant load transients in boost mode. The SIMO
buck/boost converter features four output channels,
adaptable to both boost and buck operations, and is
implemented using a standard 0.35-pum CMOS process.
Measurement results indicate a peak efficiency
exceeding 89% at a total output power of approximately
0.5 W, a load transient response time of less than 40 pis,
and cross-regulation within 0.05 V/A during a 300-mA

load transient applied to a boost channel.

2.1.1 Super-Lift Luo-Converter (2021)

This paper introduces a DC-DC multi-port converter
integrating a super-lift and a buck converter (SLBC). The
proposed single-input dual-output (SIDO) converter
combines the positive output voltage super-lift
advantages with the capability of generating step-up and
step-down voltages via the Luo and buck converters,
respectively. The SLBC structure maintains low ripple in
output voltages without electromagnetic components,
and features a simple design and control method,
offering a wide range of output voltages. Comparative
analysis with similar configurations highlights the
advantages of the SLBC, including reduced conduction
losses. Simulation and experimental results validate the
performance and accuracy of the SLBC, with several
tests conducted in PSCAD/EMTDC software and a 150W
prototype tested in the laboratory.
2.1.2  Integrated Multiple-Output Buck
Converter (2017)

This paper proposes a novel integrated synchronous

Synchronous

buck converter for EV auxiliary power systems,
achieving multiple independently regulated outputs
with fewer switching components compared to
conventional separate buck converters. A detailed
examination of a simplified dual-output buck converter
demonstrates the operational principle and performance
characteristics, achieving zero-voltage-switching and
lower conduction losses. The dynamic behavior is akin

to conventional buck converters, simplifying controller
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design. Experimental results from a prototype circuit,
where two inductors are integrated into a single
magnetic core, further verify the advantages, including

cost reduction.

2.1.3 New Dual Output DC-DC Converter with Enhanced
Output Voltage Level (2016)

This paper proposes a new dual-output DC-DC
converter derived from a conventional design with
minor modifications. Unlike traditional dual-output
converters that provide identical voltage levels, this
topology offers different voltage levels, with one output
voltage significantly increased. The converter employs
switches  for conversion  without

two power

transformers, serving as an alternative to two
single-output power supplies. Detailed steady-state
analysis and MATLAB Simulink simulations verify the

theoretical analysis.

2.1.4 Novel Single-Input Dual-Output Three-Level DC-DC
Conwverter (2018)

This paper introduces a non-isolated single-input
dual-output three-level DC-DC converter (SIDO-TLC)
suitable for medium- and high-voltage applications. The
SIDO-TLC

converters, simultaneously regulating output voltages.

integrates three-level buck and boost

Benefits include reduced voltage stress on
semiconductor devices, improved efficiency, and smaller
inductor sizes. The design also minimizes the volume of
the step-down filter capacitor, allowing the use of small
film capacitors with lower equivalent series resistance
and longer lifespans. A closed-loop control system
ensures regulated output voltages and capacitor voltage
balancing. Theoretical and simulation results are verified
with a 300W prototype, demonstrating the advantages
and stability of the SIDO-TLC even under simultaneous

load and input voltage changes.

2.1.5 Interleaved Single-Input Multiple-Output DC-DC
Converter Combination

This paper explores a four-phase interleaved DC-DC
converter based on a SEPIC-Cuk combination, designed
for SIMO applications. The prototype delivers dual
output voltages from a single input DC voltage with a
single power switch. Multiphase interleaved converters

ripple,
distributing losses across multiple components for

enhance dynamic response and reduce




improved thermal management and high power

handling in  compact sizes. @ Two  control
strategies—synchronous operation mode (SOM) and
interleaved operation mode (IOM)—were applied and
tested.
3. PROPOSED SIMO CONVERTER

The proposed single input three-output DC-DC
this
configuration the components are as follows, input
voltage VDC, switches (S1-S3), diodes (D1-D3), and
passive elements (L1-C1, L2-C2, and L3-C3). It can

generate three different output voltages, i.e., boost (V01),

configuration is depicted in Figure 2. In

buck-boost (V02) with positive voltage polarity, and
buck (V03). The proposed converter is suitable for
independently regulating the output voltages by the
duty cycles D1, D2, and D3, respectively. The theoretical
waveforms of circuit elements are depicted in Figure
2(b). The proposed configuration is different from the
conventional parallel combination of buck, boost, and
buck-boost configuration. In the proposed circuit

configuration, the loads are isolated during the
simultaneous control. From the following figures, one
may observe that during mode-loperation, load R3
alone through S3 is connected to the input power supply,
but the other loads are isolated, as shown in Figure 3(a).
Similarly, during mode-2 only load R1 alone through D1
is connected to the input supply, but other loads are
isolated, as depicted in Figure 3(b). In the proposed
control strategy, all the loads are isolated from each
other during their control in any mode of operation.
However, this feature is impossible in the conventional
parallel combination of buck, boost, and buck-boost
converters,

In the conventional approach shown in Figurel, the
main drawback is the cross-regulation problem, and the
loads are not isolated from each other during their
operation. Further, the circuit complexity will increase to
convert the negative polarity of output voltages in the
buck-boost mode of operation. The proposed structure
has the following advantages:

a) It is a simple structure and no assumptions on
operating duty ratio (D1 >D2>D3 or D3 <D2 < D1 or D1
=D2=D3)

b) It can generate three different output voltages, i.e.,
boost, buck, buck-boost()

¢) No constraints on inductor currents (like iL1 > iL2 >
iL3 orilL1 <iL2 <iL3 or iL1=iL2 =iL3)
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d) Loads are isolated from each other during control and
the cross-regulation problem is successfully eliminated

e) It gives the positive buck-boost output voltage
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Figure 3: Theoretical Waveforms




3.1 MODES OF OPERATION

3.1.1Switching state 1

Switches S1, S2, and S3 are turned ON. The current flow
path is depicted in Figure 3(a), and the energy port VDC
magnetizes L1, L2, and L3. Consequently, the C1 and C2
are discharged to the loads (R1) and (R2), respectively,
whereas (C3) is charged. The inductor currents and

capacitor voltages are represented

- Voe . -1,
i, (1) = L_’ +ig),  ve,(t) = vemen™ (1)
1
. Voe . _1,
in(0) = =t +ine), Vo) =vewee™? 2)
Voe | - )
i, (1) = = T “I o1 cos wyt + easinwgt] (3)
' 3

acy
N Cos gt — + wyca)
ves (1) = Vpe — s=-¢™™ Rs

- 2Gs + sinwyt(—ocy +

W]

Rg)

(4)
3.1.2 Switching state 2
In this state, L1, L2, and L3 are de-magnetized and
deliver their energy to the load through D1, D2, and D3,
respectively. It is illustrated .The inductor currents and

capacitor voltages,
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Figure 4: Operating States: (a) Switching State-1 And (b)
Switching State-2.
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where cl, c2, c3, c4, ¢5, and c6 areinitial values. Output
voltages of the proposed configuration are as follows
VoeDa

Vo= ——— Vp=—i—>
01 02 (I—DE]

. Vo3 =D3Vpe (12)

D1, D2, and D3 are duty ratios of the S1, S2, and S3
respectively. It is observed that during switching
state-loperation, load (R3) alone through S4 is connected
to the ground but the other loads are isolated even when
the ground is involved during charging the battery, as
shown in Figure 3(a). Similarly, during switching state-2
only load (R1) alone through D1 is connected to the
ground, but other loads are isolated from the ground
and the load (R1) as well as depicted in Figure 3(b). In
the proposed control strategy, all the loads are isolated
from each other during their control during any mode of
operation. Moreover, the configuration of the circuit is
such that energy stored in the inductor is confined to one
output only and is not shared with the other outputs
during the control and also, which allows controlling the
output voltages with independent duty-cycles. As a
result, the load voltage V01 (V02) (V03) is not influenced
by the variation of load current i03 (i02) (i01). Hence the
proposed configuration with this control approach

International Journal for Modern Trends in Science and Technology



avoids all the issues about crossregulation problems
even when the ground is involved during battery
charging. More importantly, the configuration is simple
and it can generate three independent outputs without
any assumptions on inductor currents (iL1 >iL2 >iL.3 or
iL1<1l

4. SIMULATION RESULTS
The model has been built in MATLAB environment to
verify the proposed system with VDC = 50 V, frequency
is 50 kHz, and the duty ratio is 50%. The parameter
details are specified in Table. 2. The corresponding
output voltages (V01, V02, and V03) and inductor
currents (iL1, iL2, and iL3) are illustrated in Figure 6(a-f),
respectively. The output voltages in Figures 5(a), 5(c) 5(e)
are close to the theoretical results. The closed-loop
control is implemented for the proposed configuration,
and the dynamic performance of the overall system is
validated for a sudden change in the input voltage.
Figure 6. shows the simulation result of closed-loop
control for a sudden change in the input voltage (VDC)
from 50V to 70 V at 0.5 sec. The PI control gains are
chosen as Kp = 0.1 and Ki = 15 for Buck output, similarly
Kp = 0.005 and Ki = 0.5 for Boost and Buck-Boost
The that the

configuration generates independent

show proposed
stiff

voltages and is not affected by the sudden change in

voltages. results

output
supply. The efficiency of the proposed converter at
different duty ratios and various power ratings is

depicted in Figure 7.

Proposed converter connected to EV
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FIGURE 5: SIMULATION OF
CONVERTER CONNECTED TO EV
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5. CONCLUSION
In this paper, we propose a novel structure for a

single-inductor multiple-output (SIMO) converter. We
provide a comprehensive explanation of its operating
principle and the various modes of operation. The
SIMO

straightforward,

converter  configuration  is

proposed
free from assumptions regarding
inductor charging and operating duty cycles. It is
designed to generate buck, boost, and buck-boost output
voltages with independently regulated voltages for each
output.

One of the key advantages of this proposed topology
is the elimination of cross-regulation problems. In
traditional SIMO converters, sudden changes in inductor

and load currents can adversely affect the output
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voltages, leading to instability and inefficiency.

However, the design of our proposed converter ensures
that these sudden changes do not impact the output

voltages, maintaining consistent and reliable

performance.

To validate the effectiveness of the proposed SIMO
converter, we conducted extensive simulations and
experimental tests. The results from these simulations
and experiments confirm that the converter operates as
intended, providing robust and stable output voltages
across various conditions. The successful validation of
the proposed converter highlights its potential for
practical applications in systems requiring multiple
regulated voltages from a single inductor, such as
portable electronics and electric vehicles.

Overall, this paper presents a detailed and thorough

investigation into the proposed SIMO converter,

demonstrating its advantages in terms of simplicity,

independent voltage regulation, and resilience to

cross-regulation issues. The experimental and simulation
results further reinforce the practicality and effectiveness

of the proposed design.
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