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Abstract: This paper proposes an improved series of a revolutionary mirror-symmetrical dual-output non-isolated dc-dc converter
using the voltage lift approach. Its unique design offers a series of improvements that set it apart from traditional converters. The
converter's basic architecture allows for substantial voltage transfer gains when converting dc-dc voltage, not just from positive to
positive, but also from positive to negative. This flexibility sets it apart from other dual-output dc-dc converters currently available on
the market.A key advantage of this converter is its simplicity. All suggested topologies employ a single power switch, eliminating the
need for transformers or cascade connections. This simplicity could make it an attractive option for future practical applications. The
shared ground design ensures more dependable dual-output voltages, further enhancing the converter's reliability. The theoretical
foundation of this converter is rock solid, with a thorough topology analysis conducted for both discontinuous and continuous
conduction modes. This analysis provides a solid foundation for understanding the converter's operation and its potential for
real-world applications.To validate the suggested topologies, experimental results and simulations are presented. These results
demonstrate the converter's effectiveness and confirm its theoretical advantages. They also highlight its adaptability to different
operating conditions, making it a versatile solution for a range of dc-dc voltage conversion needs.
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techniques [4-9]. But these converters' numerous power
switches and transformers not only significantly raise the
control's complexity but also raise the circuit's expense. The
transformer's magnetic flux and leakage inductance in
particular have an impact on how the switchgear and output
voltage are regulated. non-isolated Dual-Output dc-dc
converters, which are frequently generated from traditional
dc-dc topologies, can be an excellent option to solve the
aforementioned issues. non-isolated Dual-Output converters,
for instance, have been investigated using buck-boost and
zero-inductance DC (ZETA) converters [10].

Because of their excellent qualities, SEPIC and Cik
converters in classical topologies have several industrial uses.
It is possible to construct Dual-Output converters with them.
Because of their different voltage transfer functions, SEPIC
and Cik converters may both execute step-down and step-up
dc-dec conversions depending on the duty cycle D condition.

1. Introduction

Two distinct conversion paths make up a Dual-Output dc-dc
converter, which can convert a positive input source voltage into
both a positive and negative output voltage [1-3].
Telecommunications hardware, computer peripheral power
supplies, differential servo motor drives, and certain symmetrical
voltage medical devices are just a few examples of the industrial
and computer peripheral applications that frequently use these
devices. Research and application of this mirror-symmetric
Dual-Output dc-de power conversion technology are emerging as
a significant and promising field, due to the quick advancement
of modern science and technology.

By using transformer isolation and cascading connections,
Dual-Output dec-dc converters with high voltage transmission
gain can be created using standard dc-dc conversion



2 Xiaofeng Dong et al.:

Non-Isolated Dual-Output Mirror-Symmetric DC-DC Converters: Topology

Construction and Analysis

This topology for SEPIC converters does not show an output
polarity inversion, and the voltage transfer gain is:

D
M = 1
SEPIC =7 py (1)
In the case of the Cilik converter, the output polarity is
reversed, and the voltage transfer gain is:

D
M ey _D )

Due to the influence of parasitic elements, there is a
practical upper limit on the actual value of D (usually D <0.9).
As aresult, the output voltage and power transfer efficiency of
both converters are severely limited.

Advanced dc-dc conversion enhancement techniques have
been extensively explored, including switched-capacitor (SC)
and voltage boost (VL) techniques [11-17]. The goal of these
technologies is to achieve high efficiency, high power density,
and simple structure. Combining the classic prototype with the
enhancements described above may help drive the adoption of
non-isolated dual-output converters. The main advantage of
SC technology is that it does not require the use of inductors,
so it can achieve miniaturization and high power density.

VL technology is different from current SC technology
which is an effective method to be applied in electronic circuit
design, especially in radio engineering. It can also improve the
performance and characteristics of dc-dc converters. In VL
technology, both inductors and capacitors play an important
role, and all internal capacitors are adequately charged by the
power supply. In addition, the VL-type structure uses fewer
power switches (typically a single switch or two synchronous
switches) and avoids complex multiple switch control schemes.
In this paper, we apply VL technology to the prototype of
SEPIC and Cik converters, and propose a new series of
mirror-symmetrical dual-output transformer-free VL-type
converters. They are divided into the following categories:

1) Dual-Output VL-type converter with mirror symmetry

and self-lift circuit

2) boost enhanced series

3) super enhanced series

Positive to positive/negative dc-dc voltage increase
conversion is made possible by the suggested architecture,
which also has a simple construction, improved voltage
transfer gain, power density, and efficiency. They use a single
power switch and are unlike any other Dual-Output dc-dc
boost converter on the market. Consequently, they have a
wide range of uses in industrial settings and as computer
peripherals, particularly in high output voltage projects. The
ensuing sections will conduct a thorough topology study. The
resulting formulas compute the capacitive voltage ripple,
inductor current ripple, and boundary conditions.

For any of the components X in this article, their
instantaneous current and voltage are stated as iy and vy. During
a steady-state switching cycle, its average voltage and current
are expressed as Iy and Vy. All reference directions for current
and voltage can be referenced in the corresponding diagrams. In

general, all the elements are ideal, and V,I,=V;,[;, indicates that
the output power equals the input power. The value at which the
continuous conduction mode (CCM) and discontinuous
conduction mode (DCM) meet is indicated by any parameter
that has the subscript -B. The symbols ¢, {, and & are defined as
the output voltage change ratio, the inductor current change
ratio, and the diode current change ratio, accordingly.

2. Mirror-Symmetrical Dual-Output
VL-Type Converter

We contrast SEPIC and Cik, two prototypes of dc-dc
converter circuits. There are two components to every
prototype: the source component and the pump component.
The remaining components make up the pump part, while the
voltage source, inductor L, and active switch S comprise the
source part. As a result, every prototype can be thought of as a
unique way for these two components to cascade together.

Common Ground

e
Figure 1. Mirror-symmetrical Dual-Output VL-type converter topology.

We integrate the source sections of the SEPIC and Cik
converters on the input side as they both have the identical
source component (L-S) and a voltage transfer gain of the
opposite polarity. Furthermore, capacitors and diodes were
added at different locations in these two pump sections before
they were combined. As shown in Figure 1, the newly
acquired topology is referred to as a mirror-symmetrical
dual-output VL converter. This is due to the fact that we have
successfully implemented VL technology, which will be
validated in the following topology analysis. As you can see,
four new components, D,., D,, C;., and C;-, have been added
to the previous pump section.

Combining both positive and negative conversion routes,
the topology suggested in this research is a hybrid of both. In
the positive conversion path, the components include the
source section L-S , pump section
C,—-(S)-L,—-D,—-C, , and output filter sections
D,—-C,,; in the negative conversion path, the components
additionally include the source section L —.S, pump section
C,-—(8)-D, , and output Il-type filter sections
D_-C_-L._
which allows the circuit to provide positive and negative
voltages more reliably. In the following sections, we will

—C,_. This topology has a common ground,
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analyze the operation of this circuit in detail and assume that
the circuit operates in CCM (Continuous Conduction Mode).

2.1. Positive Conversion Path

The switching diagrams in Figure 3 display the main
steady-state waveforms, with reference directions taken from
Figure 1. It can be observed that in the steady state, the
average voltage across L over a cycle is zero. Therefore,

VCs+ = Vin (3)

During the process of turning on, the voltage across C, is
the same as the voltage across V., . Given that the values of

Co and C,, are significantly large, we have:

Verr =Vegs =V 4)

When turning on, the inductor current i, rises, and when
turning off, it falls. The corresponding voltages across L are

V:, and “Veosr =Vere =Vin ¥Vegs) . Thus, using the theory of

sec-voltage balance, we have

DTV, =(1=-D)YT Ve ~Vere =V ¥Veor)

L

or
D1V, =(1-D)T(V,. =V,,) 4
—
| L +
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Figure 2. Equivalent circuits of positive conversion path. (a) equivalent
circuit while turning-on. (b) equivalent circuit while turning-off. (c)
equivalent circuit during DCM.
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Figure 3. Positive path: waveforms with enlarged variations.
Thus,

1
V,=—1V, 6
* 1-p " ©

In CCM, the voltage transfer gain is

V. 1
Mg, =% =—— (7
V., 1-D
Moreover, the input current is
-1 -7 =
Iin+ - I_DIo+ _1L+ _]Cs+(qff) (8)

During switching-off, the charge of C,. and C,. increases,
while during switching-on, it decreases. The results we get are

Ocos(ony =1+ DT Ocs+ = Lese(onPT )
Ocotofry = Lcoroy L= DIT Ocym = Loy 1= DT
In the course of a switching cycle, Oc,+(on) = Ocor(op) a1

Ocs+(on) = Ocs+(off) - Therefore,

D
ICu+(uj]') :mlo+ ’ICs+(un) :B[u+ (10)
While switching-off, ip,+=ic,++ i,+. Therefore,
_ _ 1
Iporiofy = Lcor(op) T Lo+ _mlo+ (11)

While switching-off, L, and C,. form a path along which
stored energy is released and transferred to D, Thus,
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1

Tervon) = ooty = 72 Lov (12)
In a switching cycle, Octom) = Octv(of) - Thus,
1-D 1
Lerom = oo :Blo+ (13)

During the turn-on process, L;+ and C;, are connected in
parallel, and they receive stored energy from Ci.. Therefore,
according to the KCL law,

Iiie = degaiony = Lorsion =0 (14)

Equation (14) is used to calculate the average of the
switching cycles under steady-state conditions. It is important
to note that the instantaneous inductor current i; ;. does flow
through L;, during each cycle, and the energy storage and
transfer of L,. is achieved by the oscillation of iz ;..

Since the peak-to-peak current change of iy, Aiy is equal to

DTV, /L , the current change ratio of i, equals

_Dij/2_ D R,
[L 2M52‘+fl’

SL (13)
The current fluctuation during switching-off is equal to
Ai“*, and DiLrs equalsDTVi" [Lp

variation ratio is

. Consequently, the ip,

_Ni,,,/2_ D R,

2
Ipoogy  2M5, fLis

$po (16)

The voltage variation of v,, from peak to peak Av,, is
equalto/,, DT /C,, . Consequently, the v,, variation ratio is

_Av,,/2_ D
Vu+ 2R+Cu+f

(17)

Es

2.2. Negative Conversion Path

When switch S is on, D, is off, and D,_is on. Upon
switching-off of S, D,_becomes inactive, and Dy is activated.

C,_exhibits traits to elevate the output capacitor voltage by
means of the capacitor voltage. The respective equivalent
circuits of the negative path during switching-on,
switching-off, and DCM are depicted in Figure 4(a-c).

Figure 5 displays switching diagrams with primary
steady-state waveforms; Figure 1 refers to the reference
directions. The average voltage across a period of time is zero
in the steady state. Consequently

VCl— = VCo— = Va— (18)

V.,-is equal to the voltage across C,_ during the switch-on

phase. Given that C_and C,_and are big enough, we have:

Ves- =Ver- =V, (19)

When turning on, the inductor current i; rises, and when
turning off, it falls. ¥V, and —(V,_-V;,) are the
corresponding voltages across L. Thus, if we apply the
principle of inductor volt-second balancing to L, we obtain

DTVm =(1_D)T(VCs—_Vin)

or
DIV, =(1-D)T(V,- V) (20)
Hence
v, =, @)
1-D
In CCM, the voltage transfer gain is
My = IV/ = ﬁ 22)
Furthermore, the input current is
Ly :;Io— =1 =1pr oy (23)
1-D
As a lowpass filter, C, ensures that
Ip-=1,- (24)

Since the peak-to-peak current fluctuation of i;, Aj; equals

to DTV;, / L, the variation ratio of i is

_Ni,/2 D R
I, 2Mi fL

L (25)

The voltage variation ratio of v.;_, from peak to peak,

Av,,_is approximate to

1,_(1-D)T
DAy =F—— 26
c1 Cr (26)
Consequently, the variation ratio of v, _is
Ave_ /2 1
oo == 27)

(2)
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(b)

Figure 4. Equivalent circuits of negative conversion path. (a) equivalent
circuit while turning-on. (b) equivalent circuit while turning-off. (c)
equivalent circuit during DCM.

LA
Ai, i
0 >/
—(I/(\— _I/m
C A

\

V. =V.
057 4 (o} Co
0 »
L
I B
Af,,_ N P < /
’ \/ \%,,_ I, =1_
0 DT (I-DyT >

Figure 5. Negative path: waveforms with enlarged variations.

Since v,_ fluctuates relatively little, the peak-to-peak
current variation of i;;_may be computed using the area A of
a triangle of width T/2 and height Av.,_/2, which is roughly

1 &Ver T
75 5 _(-D)
AiL1_=222=( Moo

L_ 8/2L_C_

(28)

As aresult, the i;,_variation ratio is about equal to

AN, /2 1

¢ = (29)
Tl 16Mg 7L G

During switching-off the variation of iy, equals to AIL, SO
the variation ratio of ipyis

D R

= 30
2Mi_ /L G0

EDf =¢, =

Because of how tiny the ripple of i;,_ is, we consider it as
a triangle waveform in Figure 5 to make the computation
simpler. Therefore, arca B, is used to determine the
peak-to-peak voltage variation of v__, which is roughly

PO s N (o)) 8

C.  64f’L_C.C,.

>

(€2))

Consequently, the variation ratio of v,_ is almost equal to

_ Dy, /2 1
V. 128M_f3L,_C,_C,_R

o- o—1'-

£ (32)

The definitions of V,=V,.=|V, |, Ms=Mg.=Mg = V,/V;,
=1/(1-D), and the mirror-symmetrical double output voltages
in CCM can be found from (7) and (22). Table 1 provides a
summary of the voltage and current strains experienced by
each semiconductor in the CCM.

Table 1. Summary of voltage and current stresses.

Voltage Stress Current Stress

1+2D-D?
S —
D(1-D)
D, LS
1 1-D
— 1
mn
D1+ 1-D 31()
1
D, —
s 1-D ©°
D, 1,
2.3. DCM

The converter is in DCM mode when the free wheeling
diode currents ip, and iy, reach zero during switch off before
the start of the subsequent switching cycle. Figures 2(c) and
4(c) depict the corresponding circuits for the DCM operation,
respectively. We deliberately choose L=L;, and R, =R_ in
order to produce the mirror-symmetrical Dual-Output
voltages in DCM. Zy. represents the normalized load for the
positive conversion path, R.AfL;.), and R_/(fL) represents

the normalized load for the negative conversion path, Z, _.
We therefore define Zy =Zy.=Zy_and ¢ =¢§p, =&, . DCM

requires condition =1, i.e.
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E:

Zy 21 (33)

M

In the rare event that ip, and ip, both drop to zero att=T,
the circuit functions at the intersection of CCM and DCM. As
a result, the following is the boundary between CCM and
DCM:

2M? 2

— S

yAVE— =
NP D D-D)>

(34)

The circuit runs in DCM when Zy >Zyp. At t = t;, =
[D+mg.(1-D)] T, where ip, drops to zero under the DCM
condition,

DT <t <T and 0<mg, <1

In this case, mg., which is the present filling efficiency for
the positive conversion path, is defined as

t,-DT

Mgy = (35)
(I-D)T

In DCM, i, rises throughout the on-time phase and falls

between DT and mg(/-D)T. V,, and —(V,, —V;,) are the

corresponding voltages across L for the positive conversion

routes. Therefore, applying the theory of volt-second

balancing, we have
DTVm :mS+(1_D)T(V0+_Vm) (36)

Furthermore, while switching-off, the transferred charges
of L;. equals to mg(1—-D)TAi;,;, /2, which offsets the entire
amount of charges of the load. Thus, we have

1
1,,.T :3m5+(1 _D)TAiLI

or
DTV,
Vor 1 :émSJr(]—D)Ti (37)
+ 1+
Combining (36) and (37), we acquire
1+41+2D°Z, -
mg, = —————
S DU-D)zZ,
From (36), we obtain
Vo 24—, (39)
mg, (1= D)

Consequently, the following positive voltage transfer gain
in DCM is obtained by replacing (38) with (39):

1
Ms.pewy =5+ 1+2D°Zy)  (40)

ipr drops to zero under the DCM condition at ¢ = ¢, =
[D+mg (1-D)]T, where DT <t; <T and 0<mg_<I

The current filling efficiency for the negative conversion
path, mg_denoted as

_4,-DT

“u-or @

mg_

Ve and —(V,_ —V;,) are the corresponding voltages across

L for the negative conversion routes. Thus, using the
volt-second balance concept, we have

D1V, =ms_(1=D)YT(V,- =V;,) (42)

Furthermore, upon switching-off, the transferred charges of
L to the positive conversion path equalmg_(1-D)TAi; /2,
which makes up for the whole amount of charges used by the
load. Thus, we have

I,_T :%ms_(l - D)TNi,

or

V. DTV,

_ 1 .
" T = _me_(1- D) ——1 43
ra 5 s (1-D) 7 (43)
Combining (42) and (43), we obtain
_1+41+2D°Z, @)
"S- D-D)z,
From (42), we have
Vo— = [1 +L]Vm (45)
mg_(1-D)

Consequently, the negative voltage transfer gain in DCM
that results from changing (44) into (45) is as follows:

1
Ms-(pewry =5 U+ 1+2D°Zy) (46)

We can determine that mg=mg.=mg , mg=mg,=mg ,
Vo=Vo:=|Vo_|, Mgpem= Msypemy= M S—(pCM) = Vo/Vin =

(I+41+ 2D°7 v)/2 and the mirror-symmetrical double

output voltages in DCM are acquired from the study above.
The boundary curve between CCM and DCM and the voltage
transfer gains vs the normalized load are obtained using (7),
(22), (34), (40) and (46), as seen in Figure 6. The circuit
design's essential parameters and output performance can be
estimated using equations (17), (32), and Figure 6. It is evident
that a higher output voltage in DCM could result from a bigger
normalized load. In the presence of condition D = 1/3, the
minimal Zy value at the boundary is 13.5. This indicates that
the highest likelihood of this converter entering DCM is in
condition D = 1/3.
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30

N

Voltage Transfer Gains, M

Figure 6. Proposed topology: boundary between CCM and DCM, and
voltage transfer gains against Zy.

3. Boost Enhanced Series

The Dual-Output mirror-symmetrical VL-type converter
serves as the foundation for all of the circuits in the boost
improved series. Using the voltage lift technique, we can build
corresponding enhanced circuits since the positive and
negative conversion channels in Figure 1 share a similar
source section, which may be thought of as a boost converter
circuit. Several new circuits are applied to the source section,
increasing Vg and Ve, step by step along the geometric
progression and transferring significantly more energy to Ci.
and C,. in each cycle. We refer to them as boost', boost?, and
boost" improved circuits, respectively, to make things easier
to understand.

3.1. Boost' Enhanced Circuit

el T4

D\I
— \
Lo 1Dy .
L

Ill—i_»,LE

-

Figure 7. Boost enhanced series: boostl enhanced circuit.

As illustrated in Figure 7, the components (L,;-Dy;-Di>-Cy)),
denoted by boost’, constitute a basic VL cell and are added to
the source section. Using the additional components, the
newly-derived architecture in Figure 7 offers a single boost
circuit augmentation. Dy; is off and Dy, is on when S is turned
on. Dy; is on and Dy, is off when § turns off. By acting
according to its properties, the capacitor Cy; raises the source
voltage V;,. Consequently,

1

V. R
Csl 1-D

v, (47)

L

In every cycle, energy from Cy; is transferred to Cy, and C;..
Moreover, there is a notable increase in V¢, and V. As a
result, we obtain

1
VCs+ = VCsl zﬁVin
1 1

= VS = ViH
1-D ©' (1-D)?

(48)

Consequently, the voltage transfer gains of the boost'
improved circuit in CCM are as follows, derived from the
previously mentioned analysis and computation in Sections I1
and III:

V. 1
Mb 1y = e
00st Vin (1 _D)2
(49)
V. 1

M —_
boost' - V;” (1 _ D)2

Comparably, the boost' improved circuit in DCM has the
following voltage transfer gains:

¥, _(I+\1+2D°Zy)
Mboostl+(DCM) - V. -

2(1-D
in (1-D) (50)
y LV, (I+\1+2D°Zy)
boost' -(DCM) - V;n - Z(I—D)

3.2. Boost" Enhanced Circuit

With reference to Figure 7, by iteratively repeating the
components (Ly;-Dy;-Dy>-Cy;), the boost™ enhanced circuit (i.e.
multiple boost circuits enhancement) can be realized in the
source part. Assuming n voltage lift cells, Figure 8 depicts the
generalized form of the boost enhanced series for the
mirror-symmetrical Dual-Output VL-type converter. Figure 8
shows the generalized form of the boost enhanced series for
the mirror-symmetrical Dual-Output VL-type converter. The
power switch S is shared by all circuits, simplifying the
control method and cutting costs dramatically. As a result,
there are (2n+4) diodes, (n+3) inductors, (n+6) capacitors,
and one switch in every circuit. Every capacitor has an
adequate size. Every cycle, energy from C;, is transferred to
C,; and Cj, increasing V¢, and V..

Dy is on, and Dy, is off in the j* cell of the source
section when switch §'is turned on. Dj; is off and Dy ;. is on
when S turns off. Thus, we obtain:

VCA‘n = 1 Vin (51)
(1-Dy
Vo=V =— 1y
Cs+ —VCsn = — Vin
(1-D) (52)
1 _ 1
VCs— - Csn — n+l Vin
1-D (1-D)

Consequently, based on the analysis and computation done
previously, the general voltage transfer gains of the boost
series are:
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Mboth o = Vot :—1 T M Ve _ 1+ ]+2DZZN)
- - . — n M — —
V, (1 D) (53) boost™ +(DCM) Vin 2(1 _D)n A
_V, 1 - (54
MboostM—S— - V. - _ n+l _ I/:,_ _ (1+ 1+2D ZN)
in (1-D) M st < pcry =7 =T
005, Vl 2(1 _D)n
Comparably, the boost series' overall voltage transfer
improvements in DCM are: The Dual-Output mirror-symmetrical voltages in CCM and
DCM are observed to be produced from (53) and (54).
1 | | | 1 D, | — I
P Y Y\
! | I I 1 D I L
1 1 1 1 ’__!_’ "2%) |
[ | | D, ! 4. v L, | R:El‘
[ 1 1 .- 4 kA
| 2T ™ 1 1
[ D, l? P [ i |
& ~ v R ‘: A.-
I_’ 1 1 ‘ 1 1 ‘ 1 e 11”
| | 1 1 1
. v L, _]L| 1 o 1 o
v — e
= | G, 1 Cy 1 Ca | S \
T T ‘ T 5
iy

J

Figure 8. Generalized representation of the boost enhanced series (the boost enhanced circuit).

4. Super Enhanced Series

Every circuit in the super enhanced series comes from the
matching circuits in the boost series that are suggested in the
section above. Several new circuits are applied to the source
section, increasing Ve, and Vg, step by step along the
geometric progression and transferring significantly more
energy to C,+ and C;. in each cycle. To make things easier to
understand, we refer to them as super’, super’ and super"
improved circuits, respectively, because they can deliver
greater voltage transfer improvements than the boost series.

4.1. Super’ Enhanced Circuit

D L
|>"| ol 4
—
~Cas S|V
o b RE)
NL
Ll -
C, T~ ,
' Sy ' R::l‘”
R
l c
e

Figure 9. Super enhanced series: super' enhanced circuit.

This circuit is a simple voltage super lift cell that is created
by adding one diode and one capacitor (D,;-C,;) to the boost'
circuit. In Figure 9, the circuit diagram is displayed. D;; is off
and Dy, and D,; are on when switch § is turned on. Dy; is on
and Dy, and D,; are off when S turns off. V,; are elevated by

Vear because C,; links L; and C; during switching-off by
acting as a ladder joint.
Therefore,
-D

1 2
Vey =——V, +Vy, =——
Csl 1-D in Cal 1-D

V.

o (55)
The energy is transferred to C,; and C;. in each cycle from
C;;. In every cycle, energy from Cj; is transferred to Cj. and
.
Moreover, there is a notable increase in Vi, and Vi,.. We
obtain

2-D
VCS+ = VCsl = Vin
1-D
(56)
1 _2-D
VCs— Csl — 2 Vm
1-D (1-D)

Consequently, the voltage transfer gains of the super'
improved circuit in CCM are as follows, derived from the
previously mentioned analysis and computations in Sections
IT and III:

_Vor _ 2-D
super' + - Vin - (1—D)2
(57)
vV, _ 2-D
superl— - Vin __(I_D)Z
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Figure 10. Generalized representation of the super enhanced series (the super™ enhanced circuit).

Comparatively, the super' improved circuit in DCM has the
following voltage transfer gains:

V.. (2-D)I++1+2D°Zy)
M | =_0°Ff —
super +(DCM) Vin 2(1 _ D)

(58)
v

—0- —

(2-D)(I++J1+2D°Z))
Msuper‘ -(pcmy ~ v, -

2(1-D)

4.2. Super™ Enhanced Circuit

By repeating the components (L;-D,;-C,j-Dy-Ds>-Cyy), the
super™ improved circuit can be built, as shown in Figure 9.
Figure 10 shows the generalized form of the super enhanced
series for the mirror-symmetrical Dual-Output VL-type
converter, assuming that there are n voltage super lift cells.
Since every circuit uses the same power switch S, the control
system is made much simpler and costs much less. As a result,
each circuit contains one switch, (3n+4) diodes, (2n+6)
capacitors, and (n+3) inductors. Every capacitor has an
adequate size. Every cycle, energy from Cj, is transferred to
C;+ and C, which can greatly increase V¢, and V..

When switch S is activated in the /” cell of the source
section, Dy and D,; are turned on while Dy ) is turned off.
Dy and D,; are off and Dy is on when S turns off. The
generic formulas for all super™ improved circuits can be found
as follows from the analysis and computation above:

2-D
Ve, = "V 59
Csn (I_D) in ( )
2-D,
VCs+ Csn_(l_D) in
(60)
1 (2-DY
VA_ = V. = .
Cs 1-D Csn (1‘D)n+l in

Consequently, the general voltage transfer gains of the
super enhanced series in CCM are as follows, based on the
previously mentioned analysis and computation in Sections II
and III:

V —- n
M, =te o @D
Wt Ve a-py™

V- __2-D)

o—
super — V:'n (1 _ D)n+1

(61)

In a similar vein, the super enhanced series' overall voltage
transfer increases in DCM are:

_V,, _(I+\1+2D’Zy) 2-D

supch +(DCM) - V_ 2 1-D )”
m (62)
V.. (I+1+2D°Zy) 2-D,
supch—(DCM):V_in:_ 2 (I—D)

The mirror-symmetrical Dual-Output voltages in CCM and
DCM are observed to be produced from (61) and (62).

5. Simulation and Experimental Results

.
i
i
1

20+
11 SEPIC/Cuk prototype
18'_ ----- Mirror-symmetrical double-output
" 16 1 VL-type converter
-% 144 | ---- Boost' enhanced circuit
g 12] Super' enhanced circuit
2 10
E 1 4
'_ 8“ /_/
S 64 L
S e .
o 4+ T S
> L — - - I
2_:-:'_‘_"_‘1'_';‘_"_?----—---"'_»‘:.—_ e
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o
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o
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o
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duty ratio, D
Figure 11. Output voltages transfer gains of the proposed topologies.

Figure 11 displays the voltage transfer gains of the three
suggested topologies in CCM and compares them to the
traditional SEPIC and Cik converters. Three distinct
situations were examined using the PSIM simulation program.
To validate the theoretical study, the voltages of the positive
and negative routes are provided. In order to match the
simulation results with the hardware testing circuits, the
relevant designs were also built. It is observed that the
oscillograph's channels 1 and 2 (which share the common
ground) exhibit v,, and v,_, respectively.
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5.1. Simulation and Experimental Results of the
Dual-Output VL-Type Converter

The circuit settings for the simulation, as shown in Figure 1,
are as follows: V,,=10V, R. = R_ =100Q, L=ImH,
L;.=L;=500uH, C1+=C;.=22uF, Cy=C,=110uF,
Cy=C,.=47uF, D=0.5 and f=100kHz. Since the case must be
completed in CCM, we apply (34) to obtain the normalized
load boundary values. In this instance, the normalized loads
Zy+ and Zy. are situated at the boundary curve's left CCM
region, as depicted in Figure 6. It follows that the
aforementioned parameters are suitable for the CCM
functioning. We derive the Dual-Output voltage V,. and V.
theoretical values in accordance with (7) and (22). They are
equivalent to -20V and 20V, in that order. Figure 12 displays
the results of the simulation run in Psim with zero beginning
circumstances. Curve 1 represents v,. in the positive
conversion route, while curve 2 represents v, in the negative.
It is evident that the startup procedure is rapid and comparable
to that of other dc-dc converters currently in use. The
theoretical analysis and the simulation's steady-state values
match exactly.

Vo+ Vo-
40.00
N\ :
{ /\
! \/ \\\/\ 1
2000| | N
! H
! i
! ;
/ i
! H
0.00 -~
\ :
\ H
\ i
! 2
-20.00| 1 e 2
\ el
| el
\ ;
"
-40.00 :
0.00 10.00 20.00 30.00 40.00
Time (ms)

Figure 12. Simulation results of the mirror-symmetrical Dual-Output VL-type
converter.

.—0.00s

20.0V 2 20.0V S5.00%/ £1 STOP

Figure 13. Experimental results of the mirror-symmetrical Dual-Output
VL-type converter.

The testing hardware circuit is built using the same
settings, and Figure 13 displays the experimental startup
curves. With 20V/Div, the curve seen in Channel 1
represents positive output v,., or around 18.7V in the steady

state. In Channel 2, the curve exhibiting 20V/Div is
indicative of the negative output v,, which in a steady
condition is likewise around 18.7V. We can observe that the
observed findings agree extremely well with the theoretical
analysis and simulation results when taking into account the
effects induced by the parasitic factors. In addition, a load
change from 100Q to 33Q in the negative conversion path is
made to observe its dynamics. It is seen that both output
voltages can recovery their steady states after several
milliseconds.

5.2. Simulation and Experimental Results of the Boost'
Enhanced Circuit

The circuit settings for the simulation, as shown in Figure 7,
are as follows: V,,=10V, R, = R_ =100Q, L, =L=ImH,
L =L;=500uH, C;=C;.=C;=22uF, Cu=C;=110uF,
Co:=C,=47uF, D=0.5 and f =I100kHz. We derive the
theoretical Dual-Output voltage V,. and V, values in
accordance with (49). They are, thus, equivalent to 40V and
-40V. Figure 14 displays the results of the Psim simulation.
Curve 1 represents v,. in the positive conversion path, and
curve 2 represents v, in the negative conversion path. It can be
observed that the simulation's steady-state values perfectly
match the results of the theoretical study.

The testing hardware circuit is built using the same
parameters, and the related experimental curves are displayed
in Figure 15 accordingly. When 20V/Div is used, the curve in
Channel 1 represents positive output v,, or around 37V in a
steady condition. In Channel 2, the curve displaying 20V/Div
is indicative of the negative output v,, which in a steady
condition is likewise approximately 37V. We can observe that
the observed results agree extremely well with the theoretical
analysis and simulation results when taking into account the
effects induced by the parasitic factors.

5.3. Simulation and Experimental Results of the Super’
Enhanced Circuit

With reference to Figure 9, the simulation's circuit settings
are as follows: V,,=10V, R, = R_ =100Q, Ly =L=ImH,
L1+:L1_:500ﬂl‘l, Cs1:C1+:C1_:221uF, CaZZZOﬂF,
Cs=Cy.=110uF, C,.:=C,=47uF, D=0.5 and [ =50kHz. We
derive the theoretical Dual-Output voltage V, . and V. values
from (57). They are, thus, equivalent to 60V and -60V. Figure
16 displays the results of the Psim simulation. Curve 1
represents v,. in the positive conversion path, and curve 2
represents v, in the negative conversion path. The theoretical
analysis and the simulation's steady-state values match
exactly.

The hardware circuit for testing is built using the same
specifications. Figure 17 displays the relevant experimental
curves, respectively. When 20V/Div is used, the curve in
Channel 1 represents positive output v,., or around 54V in a
steady condition. With 20V/Div, the curve displayed in
Channel 2 represents the negative output v,._, which in a steady
condition is likewise roughly 54V. We can observe that the
observed results agree extremely well with the theoretical
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analysis and simulation results when taking into account the

effects induced by the parasitic factors.

Vo+ Vo-

80.00

40,00 [ fo s

I Ta N0 0 T

0.00 20.00 30.00 40.00
Time (ms)

Figure 14. Simulation verification for the boost' enhanced circuit.
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Figure 15. Experimental verification for the boost' enhanced circuit.
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Figure 16. Simulation verification for the super’ enhanced circuit.
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Figure 17. Experimental verification for the super' enhanced circuit.

5.4. Transient Modelling, Stability Analysis and Control
Strategy

As seen in Figures 12—17, the open-loop transient processes
are extremely rapid, taking only a few milliseconds, and they
display the typical traits found in de—dc converters. High order
models can be derived for all suggested converters using
state-space averaging and switching flow graph methods,
whereas reduced order models can be derived using the energy
factor method [18]. Due to the length constraints of the paper,
it is challenging to describe in this one. In subsequent articles,
we would want to present the comprehensive transient process
and circuit stability analysis.

A quick overview of the control strategy is provided below for
the benefit of future research and application. Two primary issues
should be taken into account in the control method for the
suggested converters. One way is to regulate the single switch to
provide the mirror-symmetrical Dual-Output voltages. The other
is to remove the positive and negative output voltage imbalance
caused by mismatched capacitance or shifting loads. It is evident
from every suggested topology that if S is off, the negative v,.
will diminish and if S is on, the positive v, would decrease.
Consequently, the phenomenon of complimentary output voltage
variation can be employed to eradicate the imbalance caused by
Dual-Output voltages. With the general control technique shown
in Figure 18, both of these can be satisfied.

Proposed
Converters

— ref

Figure 18. General voltage-mode control strategy of the proposed converters.

The conventional voltage-mode PI controller serves as the
foundation for the suggested control technique. The PI
controller now includes the imbalance error in addition to the
average output voltage. The controller is applied to the
topology in Figure 1 in order to verify the suggested approach.
The circuit specifications match those found in Section V.A.
The controller's parameters are as follows: k=1, the PI unit's
gain of 0.01; the PI unit's time constant of 0.0017 seconds; and
the limiter's maximum limit of 0.8. The curves for v, and v,.
in relation to different load combinations are shown in Figure
19. R+ and R_ s initially set to 100Q, but at t=40ms, it
changes to 33Q. It is evident that the single switch's duty ratio
has been set at 0.5. Elimination of the high overshot in the
transient process and the voltage imbalance in the steady state
has occurred. Given that the circuit architectures of all the
suggested topologies are identical, the general control method
can be applied to all of them. Future studies will examine the
additional sophisticated control techniques that can be derived
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from the voltage-mode controller.

Vo- Vo+
30.00 r r T
20.00 W

0 : :
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Time (ms)

50.00 60.00

Figure 19. Verification of the proposed general control strategy.

6. Conclusions

The use and advancement of the VL approach in the
topology creation of Dual-Output dc-dc converters were
shown in this study. It has been suggested to build a number of
innovative mirror-symmetrical Dual-Output dc-dc converters,
which can significantly boost the output voltage transfer gains.
The suggested converters prevent taking an excessively high
duty ratio and mitigate the effects of parasitic factors. In
addition, they have modest ripples in simple structures, a
single power switch, and a common ground. A number of
significant findings were obtained through theoretical
topology research that may find utility in future applications.
With careful parameter selection, we may use a positive input
source to produce mirror-symmetrical Dual-Output voltages.
These converters are suitable for high mirror-symmetrical
Dual-Output voltage industrial applications, medical
equipment, and computer peripheral circuits.
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