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ABSTRACT

Super-lift dc-dc converters are a series of advanced step-up dc-dc topologies that provide high voltage transfer gains by

super-lift techniques. This paper presents a developed graphical modelling method for super-lift converters and gives a

thorough analysis with a consideration of the effects caused by parasitic parameters and diodes’ forward voltage drop. The

general guidelines for constructing and deriving graphical models are provided for system analysis. By applying it to

examples, the proposed method shows the advantages of high convenience and feasibility. Both the circuit simulation and

experimental results are given to support the theoretical analysis.
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1. Introduction

Advanced dc-dc converters with high voltage transfer
gains are widely used in various industrial areas such as
communication equipment, aerospace electronics and
portable devices. Therefore, many new transformerless
de-dc topologies and dc voltage step-up theories have
been reported in recent years, and their main aim is to
improve the voltage boost ability in a simple structuret'™.
The super-lift de-dc converters'™ analyzed in this paper are
a series of advanced step-up dc-dc power conversion
topologies based on the super-lift (SL) technique.
dec-dc

super-lift converters can implement the output voltages by

Compared with conventional converters,
increasing stage by stage along a geometric progression

and obtain higher voltage transfer gains. They are divided
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into various categories according to their power stage
numbers, such as the elementary circuit (single power
stage), re-lift circuit (two power stages), triple-lift circuit
(three power stages) etc. Assuming that there are n power
stages connected in series for voltage lift, we get the
generalized topology of the super-lift converters as shown
in Fig. 1(a). The circuit has one switch S, n inductors, 2n
capacitors, and (3n-7) diodes. Obviously, it is different
from the topologies of conventional cascade boost
converters due to their single-switch structures and
operation principles. The number of power switches in the
conventional cascade boost converters is n (n power
stages). However, only one switch is required in this
circuit. In addition, more diodes are involved in the
process of network switching. When S turns on, D;, D3,
Dy, Ds...D3yz, Dsy... D3, are on, and D5, Ds...D3, ...
D3, ; are off. When S turns off, D;, D;, Dy, Ds...D3,2,
D3,,... D3, are off, and D,, Ds...D3,.;... D3, are on.
The equivalent circuits during switching-on and —off are
shown in Fig. 1(b) and (c), respectively.
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Fig. 1. Generalized topology of the super-lift converter with n power stages.
For the m" (1<m<n) power stage, during the effective and generalized analytical method is required to

switching-on of a given switching cycle 7, inductor L,
and capacitor C,,_; constitute a parallel-connected pump
circuit (SL pump)®® to absorb the energy from the
capacitor C,,_,. For the first power stage, the input source
charges the pump circuit. During switching-off, L,, is in
series with C,,,_;. The energy stored in the pump circuit is
transferred to the capacitor C,, and the next power stage.
All capacitors with odd subscripts (C,,.;) are termed the
storage capacitor. All capacitors with even subscripts (C,,)
are termed support capacitors. As a series of new
the lack
theoretical analysis and modelling, and therefore an

topologies, super-lift converters presently

perform the steady-state, large- and small-signal analysis
for stimulating their industrial applications.

The analytical and modelling methods reported in
recent decades mainly include the state-space averaging
method, the average-switch method, the energy-based
method and the graphical method'®'?. Although all of
these modelling methods have been discussed and applied
to many cases, they are still rather tedious for circuit
designers, especially when the converter circuit contains a
large number of elements or many power stages. All of the
above methods cannot model super-lift converters directly
because they have not considered the SL technique
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adopted in each SL pump circuit and the effects caused by
the forward voltage drop of each diode. These two special
problems increase the complexity of mathematical
modelling significantly. Furthermore, both the steady and
transient performances of super-lift converters are subject
to the problems mentioned above.

This paper presents a developed switching signal flow
graph (SFG) method for modelling super-lift converters. It
describes the SL technique by reducing the circuit order in
the SFG. The forward voltage drop of the diodes is also
introduced into the model. General guidelines of drawing
switching SFG for super-lift converters are given, from
which a unified dynamic model is obtained. Derivation of
the steady-state information and dynamic performance has
been discussed. The re-lift circuit is taken as an example
to demonstrate the application of the proposed method.
Both the simulation and experimental results are provided
to verify the analytical results.

2. Developed Switching SFG Method for
Super-Lift Converters

The proposed method is a combination of conventional
flow graph theory and the special characteristics of SL
techniques. The following sections are carried out under
the following assumptions:

a) The converter is working in continuous conduction
mode (CCM). The power losses are described by the
equivalent series resistance (ESR) of each inductor.

b) The ESR of the capacitors and stray capacitances are
neglected except the output capacitor.

¢) All capacitors are large enough that the ripple voltage
across the capacitors can be negligible in one cycle
for the average value discussion.

d) The switching actions of the switch are ideal.

e) All the forward voltage drop values of the diodes are
the same and defined as V.

f) The filter corner frequency is much smaller than the
switching frequency f;.

For any given voltage or current parameter, the capital
letter represents its average values, and the small letter
represents its instantaneous values. The corresponding
perturbations are represented by the small letters with a
hat symbol. The directions of the voltages and currents are

defined and shown in the corresponding figures.

2.1 Drawing switching SFG

According to the basic rules of switching SFG
theory[m'm, two SFGs G; and G, are drawn from the
operation of the converter, which correspond to
switching-on and switching-off modes, respectively. Then
these two sub-graphs are combined to form the following

switching SFG:

G = kG, + kG, (1)

where k and k are switching functions as:

1
k=
t

Equation (1) introduces two basic switching branches, &

0<t<dl —
k

otherwise

branch and k branch!"”. The corresponding transmittance

of the k branch is equal to the duty ratio d while the
corresponding transmittance of the k branch is equal to

(I-d), which is usually expressed by d . The steady-state,
large- and small-signal models can be obtained from G by
a systematic procedure. It is noted that the transmittance
labelled on the branch is a real gain or complex gain
between two nodes. Such gains can be expressed in terms
of the transfer function between two nodes.

For drawing the switching SFG of a super-lift converter
with n power stages, the developed method presents the
following general guidelines:

2.1.1 Guideline(1) for nodes configuration
Neglecting the definitions of the voltage and current
nodes of each storage capacitor (C;, Cj;...C,, ;) in the
pump circuits, we define the sequence of the basic nodes,
which are determined according to the sequence of the
elements appearing in the circuit, inductor (L; L,...L,) or
support capacitor (C,, C,...Cj,). Each inductor current
node i;, is connected from its corresponding inductor
voltage node v;,, and the transmittance takes into
consideration the ESR of each inductor expressed by

1/(sL,, +rL, ) . Each capacitor voltage node vcy, is
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connected from its corresponding capacitor current node

icom, and the transmittance is expressed by 1/(sC,,,) .

2.1.2 Guideline(2) for drawing switching-on SFG
The corresponding SFG for switching-on, G, is referred
to in Fig. 2(a). For the switching-on mode shown in Fig.
1(b), the charging process of each capacitor in the pump
circuit can be neglected. This is due to the
above-mentioned assumption (c). Therefore, these storage
capacitors, C;, C3,...,C,,.;, are taken as voltage controlled

voltage sources (VCCS) in the SFG, and the voltage

values across them are defined as a series of voltage nodes.

These nodes are determined directly by the input source
node v;, and the corresponding voltage nodes of the
support capacitors (C,, Cy,...C3,). Then the number of
the capacitors considered in the SFG has been reduced by
50%.

Then we can check the connection branches existing in
the switching-on mode. Since the capacitor charging
current in each pump circuit is neglected, this neglected
current should be reconsidered when the current feedback
loop from the node of i;, to the node icpn.z is being
constructed. The support capacitor C,,,_, charges L, and
C,p.; simultaneously, so a transmittance labeled on the
current feedback branch is added to reflect the summation
of the charging currents iy, and ico,.;) . For super-lift
=D7I

converters, we have / m

C2m1) in the steady state.

As a result, the proposed transmittance is equal to —d .

In addition, the effects caused by the forward voltage
drop of the diodes are defined as a series of dc source
voltage nodes. They are used to modify the practical
voltage values of each passive element. For example, the
voltage node -(n-1)Vp is added and connected with the
node v;; because the total voltage drop caused by the
diodes during the process of charging L; is equal to
(n-1)Vp.

2.1.3 Guideline(3) for drawing switching-off SFG
The corresponding SFG for switching-off, G, is
referred to in Fig. 2(b). For the switching-off mode shown
in Fig. 1(c), the effects caused by the forward voltage drop
of the diodes are defined as some additional source nodes.

This is because that the different conduction paths in the
switching-on and switching-off modes usually contain the
different diodes. For example, a new voltage node, -V is
added and connected with the node v;;, which has never
been considered by conventional methods.

Then we can check the connection branches existing in
the switching-off mode. The transmittance labeled on the
current feedback branch is changed to -/ because L,, and
C,n.; are connected in series during switching-off. It
means neglecting icp,.;) need not require any additional
correction on the current feedback branch from the node
of iz, to the node i¢m.2)-

2.1.4 Guideline(4) for drawing switching SFG

The unified switching SFG is drawn by merging G; and
G, according to (1), which is referred to in Fig. 2(c).
Many source nodes are added due to the modelling of the
diodes. Then we can check and perform some primary
predigestion such as branch moving or reducing the
parallel braches which shares the same nodes. Two sorts
of source nodes, v;, and -V are distributed in different
positions on the graph. Furthermore, it will result in
several new switching branches which can be described by

the generalized expressions, (ak+ f) and (ak + f) .
Here, « and g are two generalized and fixed parameters.

«a is produced by the predigestion of the diodes’ voltage
nodes and g is produced by the predigestion of sharing
branches in the sub-graphs. They will be illustrated in
Section 3. Because we have (—~d ' )xd +(—-I)xd =—(1+d),
the transmittance labeled on the current feedback branch is

mergedto —(/+d).

2.1.5 Guideline(5) for graph analysis

In the obtained switching SFG, the source nodes
correspond to the source voltage and the voltage drop
caused by the diodes. The mixed nodes correspond to the
state variables. Each mixed node can be regarded as a sink
node to perform a graph analysis when the relations
between the variable and the source voltage are
investigated. The main mathematical computational
approaches are the graph reduction techniques, the Mason

rules and the binary-tree analytical rules !'""'*. The main
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Fig. 2.

computer simulation packages are TUTSIM and Matlab.
The detailed graph analysis depends on the derivation of
steady-state, large- and small-signal models from the
switching SFG, which will be introduced in the following
sections.

2.2 Derivation of large-signal models and

steady-state information

The switching SFG can be utilized to derive a graphical

Unified switching SFG of the super-lift converter with n power stages.

representation of large-signal and steady-state models by
substituting for the switching branches existing in the
graph. Here, the switching branches in the switching SFG
will be developed to the branches with the averaging
transmittance. For super-lift converters, the averaging
transmittance of their generalized switching branches are

(ad +p) and (ad + fB) the

corresponding large-signals carried through the switching

respectively. Hence,

branches can be expressed by:
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y(s) = (ad + p)x(s)
y(s) =[a(l-d)+ plx(s)

forak +  branch 2)
forak + 8 branch (3)

where x and y represent the input and output nodes
(signals) of the switching branch.

The graphical representations of (2) and (3) are
substituted for the switching branches in the switching
SFG as shown in Fig. 2(c). Then, the graphical
representation of the linear large-signal model in the
s-domain is obtained directly.

It is convenient to obtain the steady-state model from
the aforementioned large-signal model. In the graphical
representation of the large-signal model, all the source
nodes are assumed to be constant and all the mixed nodes
(state variables) are fixed to their average values. In
addition, all the transmittances labeled on the branches are
simplified by setting s—0. Then a graphical representation
of the steady-state model is obtained, which is used to
derive the steady-state information.

2.3 Derivation of small-signal models

From the large-signal expressions (2) and (3) presented
in the previous section, the corresponding small-signal
expressions for the generalized switching branches can be

derived. It is assumed that there exist small

perturbations £(¢) , d(¢) and »(¢) near the operating
points X, D and ¥, i.e.

d(t)=D+d() )
x(t) = X +x() )
W)=Y+ y(t) (6)

The time domain expression of (2) and (3) are:

y(0) = (ad + B)x(2)
y(®) =[a(l=d)+ Bx(t)

forak + # branch (7
forak + 8 branch (8)

By substituting (4), (5), and (6) into (7) and (8), we get
the following equations:

Y+ 3(0) = (X + 2O)a(D+d(0)+ Bl (€))

Y+ 5(0) = (X +5(0)a(l- D—d(1)) + ] (10)

By neglecting the second-order perturbations and
performing a Laplace transformation, we get the
corresponding small-signals carried through the switching
branches expressed by:

y(s) = aXd(s) +(aD + P)x(s)  fork+ Abranch  (11)

y(s)= —aXc?(s) +[a(1- D)+ Blx(s) for k+2 branch (12)

The graphical representations of (11) and (12) are
substituted for the switching branches in the switching
SFG, and consequently, the representation of the
small-signal model in the s-domain can be obtained.

2.4 Summary of the proposed method
From the foregoing introduction, the main
characteristics of the proposed method are summarized.

1) This method is proposed to solve the problems
associated with the modelling of SL techniques
adopted in advanced dc-dc topologies. It is noted that
the transmittance labeled on the current nodes’ branch
should reflect the correct quantity relations between
the inductor and capacitor currents.

2) The forward voltage drop of each diode is considered.
Hence, several source nodes are introduced so as to
increase the analytical precision, especially for the
steady-state information.

3) The definition of transmittance labeled on the current
feedback branch has taken into consideration the
circuit characteristics of SL pump circuits.

4) The obtained graphical expressions of graphical
models can be programmed into TUTSIM or Matlab
to observe the dynamical behaviors conveniently. The
analytical expressions for various relations among the
circuit variables can also be derived easily.

5) Compared with other methods, the proposed method
needs fewer mathematical -calculations. General
calculation rules (graph reduction techniques and the
Mason rules) can be utilized for systemic analysis.

This method can be considered as a developed graphical
representation of the state-space averaging technique, and
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Fig. 3. Re-lift circuit of super-lift circuits.

the models derived from these two methods are equivalent.

Since it is generally believed that state-space averaging
models do not introduce significant error when f; is
sufficiently higher than the natural frequency of the
converter, the proposed models can be expected to be
accurate (up to about one third of the switching
frequency).

3. Case Study: Re-lift Circuit

In this section, the proposed method will be applied to
the re-lift circuit as shown in Fig. 3.

3.1 Steady-state and large-signal models

The switching SFG of the re-lift circuit is drawn from
Fig. 2(c) and shown in Fig. 4(a). There are three close
loops and five generalized switching branches in Fig. 4(a).
We get the graphical expression of the large-signal model
as shown in Fig. 4(b) according to the proposed method.
There are three generalized switching branches in Fig.

4(b). One is (k + 1), where the corresponding parameters
a=p=1. One is (2k), where a=2 and f=0. And one is
(2k + 1), where a=2 and B=I. In addition, there is one

source node v;, and two source nodes -Vp (-Vp/s is the
expression in the s-domain) distributed in it. Therefore,
the complicated calculation difficulties existing in the
conventional methods are avoided through constructing
the flow graph. For example, to get the steady-state
information of V,/V;,, assuming s—0 and using the Mason
rules, we analyze the graph from three individual paths
that start from different source nodes and end at the same
mixed node. We have:

v, (8)

RAC)

n=1 _VD (S)

e TR (E)

s—0 m

v,
Vi

s—=0

where 7 is the number of the node -V, in the large-signal
model and it corresponds to the individual path.

The result of (13) is then obtained by the Mason rules,
and is tabulated in Table 1 with the other main
steady-state information. The ideal performance is also
provided for reference. The corresponding analytical
results of the elementary circuit are proved in the appendix
(see Table 3).

Table 1.  Steady-State Information of Re-lift Circuit.
v, 1+Dy 4D’ +3D+1, _ 1+D
v, |~ DL g 1= (=)
in (DR (DR D
_ 5(1+5)(%+1)_€[5(1+25)+%L?_%2<%5>]
Ve D, D,
Vin 1+D
D
I, _(1+f))2_g[452+3f)+1 _({+Dy
Vi RDO®,, RD®, DR
Iy | _U+Dy _(+D)@#D +3Z)+1)] _(+Dy
Vin RD'®, RD'®, DR

Vb _ 12 ' 14DN2 | 2
where Q:Wand Dy =2+ 2L (1E2)2 4+ D2

Since D; and S have large current stresses, the
averaging current of Dj; during switching-on, Ip;.,, is
obtained for ready reference. We have:

1

D3-on

=1

LI

_{(1+5)3 i (I1+D)(4D’ +3D+1)

=< = V. (14
RD’®, RD’® ]} w (19

R

The averaging current of S during switching-on, /., is

obtained as:

Lo o =10 11,
_ —, - =
:]+_2D (]tD) _0[4D J:3D+]] voo(s)
D RDO, RD®,

The detailed analytical procedure using the Mason rules
to analyze the graph will be demonstrated in the following
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section on deriving small-signal models.

3.2 Small-signal models

The graphical expression of the small-signal model is
shown in Fig. 4(c), and it has two different sorts of source
nodes. They include one node of v,,(s) and nine nodes

of c?(s) distributed in different positions. Unlike the

large-signal SFG model as shown in Fig. 4(b), Fig. 4(c)
considers the effects caused by the ESR of the output filter
rcq by changing the transmittance labelled on the branch

<oy .

v, > from the previous R/(/+sRC,) to the
current R(/+5C 7. ) /[1+5C,(R+7.,)].

For example, the derivation of the input-to-output
transfer function is demonstrated here. Neglecting all

source nodes c}(s) and the branches connected to them,

we use the Mason rules to search the forward paths and
the close loops. From the source node v,,to the mixed

node v,, the forward path is searched and defined as P;
(<Y, Vi1 i1 deg Voo Vi 15 Ioa V,>). The transmittance

of this forward path P; is obtained as:

~ (I+ DYy D’R(1+s7,,C,)
[ +s(R+7 YCN(SL; + 1 )(sL, +7,,)sC,

I

There are three individual loops L;

(SVpip ien Ve Vin>)s Lo (Sigy Voo Vis iy iy >) and
Ly (< Vy, ipy icg V, V;, >) in the graph. The

corresponding loop transmittances are:

=D’ [ __~U+Dy
! (sLy +r71)sC, ’ ? (sL, +r,,)sC,
B -D’R(1+s1.,C,)

(L, +r )1 +s(R+1.,)C,]

3

Note that there are two non-touching loops (Z; and L3).
Hence, the determinant A is equal to (/-L;-L,-Ls+L;L3).
Since all three loops have a common branch, the cofactor
of the defined forward path, A, is equal to /. Therefore,

the overall gain between v, and v, , or the transfer

in >

function is given by:

v PA
Yl —lypa, =00 (16)
in |q(s)=0 A% A

It is noted that the final result obtained from (16) does
not reflect the effects caused by the diodes. This is
because the transmittances labelled on the branches from
the source node v,,(s) to any mixed node do not cover

any information about Jp. Since the diodes will affect the
practical steady-state performance significantly as referred
to in Table 1, in the derivation of (16), we replace the
ideal voltage transfer gain with the non-ideal voltage
transfer gain as shown in Table 1 to modify the practical
results.

Similarly, neglecting the source nodes v,,(s)and the

branches connected to it, the analytical form of the

control-to-output transfer functions (v, /c? .- / d and
iy /c?) can also be obtained. Because there are several

source nodes c}(s) in different positions, we can derive
the relations between the output node and the different
nodes c}(s) respectively, and can sum them up to get the

entire control-to-output transfer function. Furthermore,
because the transmittances labelled on the branches from

each node c?(s) to the corresponding output node include

information about Jp, the obtained control-to-output
transfer functions reflect the effects caused by the diodes
and need no further modification.

The detailed analytical forms of small-signal transfer
functions of the re-lift circuit are tabulated in Table 2. The
corresponding analytical results of the elementary circuit
are proved in the appendix (see Table 4).

3.3 Simulation and experimental verification

To illustrate a comprehensive application of the
proposed method, the following design example is
considered. Referring to Fig. 3, we choose the circuit
parameters Js=50kHz, d=0.5, L;=L,=500uH,
C1=C,=C5=220uF, C;=50uF, R=10£2 and v;,=5V. There
are some power losses, assuming that the ESR of the
inductor rp;=r;,=0. 102 and the forward voltage drop of the
diodes Vp=0.85V. We get the steady-state performance by
using the calculation equations in Table 1. The averaging
load voltage is V,=23.6) and the averaging inductor
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—(1+d)

—ava)

(b) Large-signal model

3/ ‘ -(1+D)

R(I+5Cyrcy)

(c) Small-signal model, where: ¢, =
1+sC/(R+1py)

Fig. 4. Switching SFG of the re-lift circuit.

Table 2.  Analytical Forms of Small-Signal Models of Re-lift Circuit.

=>

(5) M ,D*R(1+ s124Cy)
in(8) A, +[1+s(R+124)CyN[(sLy +175)D % + (sLy + 1)1+ D)1+ D*R(1+ 5104Cy)[(sLy +1,,)sC, + D7

>

0, (5) _ (14 D) Ay + Ay (sLy + 1, )+ A5[D? +(sLy + 1y )sCy] = Ag[(sLy + 1)Ly +15)sCy +(sLy +15) D + (sLy +1,)I + D)’ ]
d(s) A, + 1+ 5(R+10)C(sLy +7,,)D” +(sLy + 1)1+ D)* 1+ D’ R(I + 10, C)[(SL, +7,,)sC, + D?]

ips(s) _ As(1+ D)D + Ag(sLy + ;) + (Ay + A, D) D? + (sL; +7;;)sC,]
d(s) A, +[1+s(R+71c,)C,A(SLy +7,,)D” +(sLy + 1)1 + D)’ 1+ D’ R(I + s7¢,C)(sL; +7,)sC, + D*]

iy (s) _ As(sLy +17,)[sC, + (I + D)’ 1+ A4;5C, — 4,D7 — A;D(sL, +71,,) + (4, + A,D)(1+ D)D
d(s) A, +[1+s(R+1,)CI(SLy +1,,)D? +(sLy +r,,)(1+ DY’ 1+ D’ R(1 + 57 ,C)(sL; +1,,)sC, + D7 ]

Where:

M, =D g aD b - (18)? - g4D°3D, A, =1+ S(R +16,)Cy1(sLy +70)(sLy +7,5)5C »
Ay =Ve, +2Vp -V, )52R(1+5”C4C4) > Ay =1, —1,,)DR(1+ s1¢,C,)

Ay =V, + 2V — V) )DR(+570,Cy) » Ay =1,,R(1+s7:4Cy)

As =WVey+ 2V =V )1+ (R +70,)C, 1, Ay =, — I, 1+s(R+70,)C,]

A, =V, + 2V =V ) +5s(R+1:4)Cy]
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currents are 1;,=4.74 and [;;=14A.
in the PSIM with the
above-mentioned parameters to verify the theoretical

The circuit is simulated
results. All parasitic parameters are included, and the
simulation results are shown in Fig. 5. Both simulation
and experimental results are in a good agreement with the
theoretical results derived from the proposed method.

For an illustration of the transient performance, the
theoretical large-signal SFG models described by Fig. 4
Matlab to observe the
large-signal global behaviors. For the case where the input
voltage is changed from 57 to 8V and back to 5V after an

are programmed into the

interval, the simulation curve for the output voltage is
shown in Fig. 6(a), from which it is seen that the model is
close to an overdamped high order system. The
experimental curve is provided in Fig. 6(b) to validate the
simulation results. It is seen that the actual transient
performance can be simulated by the proposed method
exactly.

In Fig. 7, the new derived small-signal model is
compared with the practical measured results. The
measured points of the control-to-output frequency
response at D=0.5 are compared with the predictions of
the derived model. Since the proposed small-signal model
shown in Table 2 takes the parasitic parameters into
account, the reduction of the practical dc gain is included.
Therefore, as the figure shows, the derived model predicts
almost exactly the same frequency response as the
experiment up to one third of the switching frequency.

4. Conclusions

A developed switching SFG method is presented in this
paper. This method is applied to the theoretical modelling
of de-dc
successfully overcomes the complexity problems caused
by the SL technique and the diode effects. The tedious
circuit analysis is changed to a systematic process of

and analysis super-lift converters, and

construction and analysis on flow graphs. The general
guidelines for drawing switching SFG and derivation of
models are summarized. By the verification of simulation
and experimental results, it is shown that the proposed
method is an effective approach for super-lift converters.
Furthermore, this method can be extended to all the other
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dc-dc converters with the consideration of diodes and the

SL technique.
Appendix

Table 3. Steady-state Information of Elementary Circuit.
v, _1+5_9£21+5
V,»” q)E (DE D
1 _1+D PR +D
Vin DR®, RO, D’R

Where: ¢=12 and ®,=7L+D

Table 4.

in

Elementary Circuit.

=>

M ,D*R(1+ 51¢,C,)

=>

>

o(8) _
() (SL+ 1)1+ 5(R+72)Cy ]+ D*R(1+ 57:,Cy)
(s)

I+ 570,C)[(V,, + 2V =V, )DR =, R(sL+71,)]

zi(s) (sL+rL)[1+s(R+rCZ)C2]+f)2R(1+srC2C2)
fL(s) [+ s(R+71,)C 1V, + 2V —Vm)+[L5R(1+srC2C2)
ti(s) (sL+rL)[1+s(R+rC2)C2]+EZR(]+SVCZC2)

(3]

(4]

(5]

(6]

(7]
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