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Abstract

Solar energy is the most extensively exploited source
of effective natural energy. As the terminal voltage of
solar module is low, we need a DC-DC converter for
its effective power utilization. Many conventional
DC-DC converters are discussed and compared here.
High step-up gain of non isolated converters cannot
satisfy the requirements of the galvanic isolation
standards. Thus isolated high step-up converters are
discussed. But these converters provide high voltage
stress on diodes and switches and low converter
efficiency. In order to reduce the voltage stress on
diodes and switch with high conversion efficiency,
an isolated coupled inductor integrated with a non
dissipative snubber is introduced. The proposed
converter realizes high step-up voltage gain without
incurring a high coupled inductor turns ratio by
adapting a dual-voltage doubler circuit at the
secondary side. Thereby the size of the coupled
inductor is reduced.

A non dissipative snubber is proposed at the primary
side of coupled inductor in order to reduce the
voltage stress of MOSFET switch. And also due to
the restoring of leakage energy in the coupled
inductor leakage reactance, the converter efficiency
is improved. The proposed converter can utilize
lower voltage stress output diodes and a power
switch with low ON resistance. As the converter
transferring a part of energy directly to the secondary
side, the converter possesses high efficiency. The
proposed converter gives an output voltage of 200 V
DC from 24 V solar PV module having a power
rating of 100W.

Keywords: Isolated Converters,
Snubber, Magnetizing Inductance.

Non-dissipative

1. Introduction

The limited availability of energy sources has
become an inevitable global problem. Therefore we

489

are looking for renewable energy sources instead of
non renewable energy sources. Solar energy is the
most exploited source of renewable energy. As the
terminal voltage of solar module is very low, a DC-
DC converter is essential for the useful utilization of
energy.

Several methods exist to achieve DC-DC voltage
conversion. Each of these methods has its specific
benefits and disadvantages, depending on a number
of operating conditions and specifications. Examples
of such specifications are the voltage conversion ratio
range, the maximal output power, power conversion
efficiency, number of components, power density,
galvanic separation of input and output, etc. When
designing fully-integrated DC-DC converters these
specifications generally remain relevant. A DC-DC
converter is normally chosen because of its high
efficiency in converting the input power to output
power.

Many conventional DC-DC converters are present, in
which isolated converters are preferred because the
non isolated converters do not satisfy the
requirements of galvanic isolation standards. In many
DC-DC applications, multiple outputs are required
and output isolation may need to be implemented
depending on the application. In addition, input to
output isolation may be required to meet safety
specification. The electrical isolation in switching
DC power supplies are provided by high frequency
isolation transformer.

But the voltage stresses on the transformer winding
and output diode are very high in the conventional
isolated converters such as flyback converter,
forward converter, push—pull converter, and full-
bridge converter. The high voltage stress on the
switches results in usage of components having high
power handling capability, which in turn increases
the cost. Snubber circuits are normally used for
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reducing the switch voltage stress. The snubber
circuit again decreases the converter efficiency by
dissipating energy in it. A non dissipative snubber
can be implemented by using only capacitor and an
inductor and it can be utilized to reduce the voltage
stress. Also the converter efficiency will be increased
because of the recovery of energy trapped in the
leakage inductor.

In a flyback converter, the step up voltage ratio can
be changed by varying turns ratio and the duty cycle.
In order to have high boosting capacity, a voltage
doubler also can be implemented at the secondary
side of coupled inductor. It reduces the converter size
by reducing the number of turns of the coupled
inductor. The switched capacitor technique is used in
the voltage doubler circuit.

The main aim of this project is to develop a converter
with a high voltage dc output from a low voltage DC
input. Also the converter must satisfy the galvanic
isolation standards. By using coupled inductor
integrated converter, safety considerations and
isolation standards are satisfied. The overall system
size must be minimized and the overall efficiency
must be improved. The rating of power electronics
components must be reduced in order to reduce the
cost. The voltage stress on the switch can be reduced
along with high conversion efficiency by
implementing a non dissipative snubber circuit. The
voltage step up ratio can be increased by
implementing a voltage doubler circuit. The size of
coupled inductor also gets reduced by the
implementation of voltage doubler circuit.

2. Literature Study

This chapter gives a review of different types of DC-
DC converters. The DC-DC converters are widely
used in regulated switch mode DC power supply and
in DC motor drives. Switch mode DC-DC converters
are used to convert the unregulated DC input into a
controlled DC output at a desired voltage level.
Many types of previously used converters are
discussed here and their performances are compared.

There exist many types of DC-DC converters using
different techniques. These converters can be
classified as isolated and non- isolated converters,
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step-up and step-down converters, unidirectional and
bidirectional converters, single input and multi-input
converters, Low power application and high power
application converters etc. Normally, the converters
are designed in the medium frequency range. These
converters can be classified based on various
categories.

The converter topology proposed by Fan Zhang [1]
uses switched capacitor technique for voltage
boosting. The circuit consists of many switched
capacitor cells and the number of cells depends upon
the voltage conversion ratio. The output voltage can
be controlled by changing the switching pattern. But
the output voltage obtained will be of discrete values
only. This topology provides solutions to improve
the conversion efficiency and achieves large voltage
conversion ratio. But the switch suffers high transient
current and large conduction losses. Also many
switched capacitor cells are required to obtain
extremely high step-up conversion, which increases
the circuit complexity.

A non-isolated single switch DC-DC converter with
high voltage transfer gain and reduced semi
conductor voltage stress was proposed by Abbas A
Fardoun[2]. The converter utilizes hybrid switched
capacitor technique for providing high voltage gain
without an extreme switch duty cycle and yet
enabling the use of lower voltage and Rps-ON
MOSFET switch. The higher voltage gain ratio can
be obtained at moderate duty cycle. Also the low
voltage stress across the diodes allows the use of
schottky rectifiers for alleviating the reverse recovery
current problems, which again reducing the switching
and conduction losses considerably.

An integrated boost-flyback converter with high
voltage gain by employing a flyback converter was
proposed by Tseng [3] .Theoretically, conventional
boost converters are able to achieve high step-up
voltage gain in heavy duty load conditions. With a
very high duty ratio, the output rectifier conducts for
only a very short time. Thus resulting in serious
reverse recovery problems. So rectification diodes
with high ratings are needed. A boost converter with
a coupled inductor is able to produce higher output
voltage with high conversion efficiency. The boost
converter output terminal and flyback converter
output terminal are serially connected to increase the
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output voltage gain. The output voltages of the boost
sub converter and the flyback sub converter were
optimized to achieve maximum system efficiency.

Amit Gherlitz was proposed a new high step up DC-
DC converter which integrates a switched-capacitor
circuit within a boost converter[4]. It is known that a
switched capacitor converter can provide any
required voltage ratio, depending upon the number of
capacitors used in its structure. If ‘n” is the number of
capacitors used in the switched capacitor structure,
then V= (n+1) Vg, where Vg is the line voltage, and
Vo is the output voltage. The output capacitor, which
is connected in parallel to the load is not accounted in
‘n’, because its role is to reduce the output ripple.
Therefore, by choosing an appropriate value for ‘n’,
any voltage ratio can be attained. The switched
capacitor converter would be the ideal choice for an
application where no isolation is needed and there is
no the efficiency requirement. Because when an
output voltage at a certain constant level is required,
the efficiency may drop considerably.

The converter topology proposed by Lee [5], which
use diodes and coupled windings instead of active
switches to realize functions similar to those of active
clamps, perform better than their active-clamp
counterparts. This paper presents a family of high-
efficiency, high step-up clamp-mode converters
without extreme duty ratios. In the proposed
converters, the additional diode serves as the body
diode of the active-clamp switch. The coupled
winding and output rectifier together act as a switch
similar to a magnetic switch. The drawbacks of the
active clamp solution are the topology complexity
and the loss related to the clamp circuit. The active
clamp solution requires two power switches and two
isolated gate drivers. The current through the active
clamp switch is the high primary current, which can
induce high conduction losses in the active clamp
circuit. The operation of the proposed converters is
similar to that of their active clamp counterparts, but
the new converters utilize one additional diode and
one coupled winding instead of an active switch in
order to realize the clamp function.

To achieve a high step-up voltage ratio, transformer
and coupled-inductor based converters are usually
the right choices. The proposed converter by Y.S
Lai[6] is the converter with an asymmetrical PWM
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control. This paper proposes a boost converter with
coupled inductors and buck-boost type of active
clamp. In the converter, the active-clamp circuit is
used to eliminate voltage spike induced from the
trapped energy in leakage inductor of the coupled
inductors. The active switch in the converter can still
sustain a proper duty ratio when even under high
step-up applications, reducing voltage and current
stresses significantly.

This proposed topology by Jong-Soo Kim[7] was an
improved high boost converter that can boost very
low input voltage to high output voltage. The
proposed circuit is made of a boost converter with a
coupled inductor and a voltage multiplier. The
number of multiplier can be adjusted to get a needed
duty ratio, thus a higher boost rate is easily obtained
from the voltage multiplier. Also the proposed
topology eliminates the problems of extreme duty
ratio or complexity of circuits in the conventional
topology.

3. Operating Principle of the Proposed Converter

The proposed converter is implemented by
integrating an RC snubber with the converter using
coupled inductor. The snubber circuit is used for
recovering the energy trapped in the coupled inductor
leakage reactance. The output voltage can be
controlled by the control circuit. Advantages of this
topology are high voltage gain and high efficiency.
The system consists of a DC source, converter,
control section and load.

The isolated coupled inductor integrated DC-DC
converter with a non dissipative snubber is shown in
Fig. 1. This converter consists of the voltage of the
solar panel Vpy, an input capacitor C;,, snubber
diodes D; and D,, a snubber inductor L;, a snubber
capacitor Cy, a coupled inductor T4, a main switch
Q, two step-up capacitors C, and Cs, two step-up
diodes D3 and D4, an output diode D,, an output
capacitor C,, and an output load R. The energy stored
in the non dissipative snubber capacitor is recycled to
the voltage of the solar panel Vpy and the input
capacitor Cj,, thereby improving the system
efficiency. Moreover, maximum power point
tracking (MPPT) is important for solar energy
applications. Simply, the perturb and observe (P&O)
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algorithm can utilized to achieve an MPPT function
for solar energy conversion applications.

To simplify the analysis of the operating principles,
the following assumptions are made during one
switching cycle:

» The main switch Q; and all the diodes are
regarded as ideal components; only the
parasitic capacitor Cps; of the main switch
Q1 is considered.

Capacitors Ci,, C,, C3, and C, are
sufficiently large that Vpy, V2, Ves, and V,
are regarded as constant values.

The turns ratio of the coupled inductor T is
n = N,/Ny, and the magnetizing inductance
L and leakage inductance L, of the coupled
inductor T, are considered in the analysis.

2.1 Continuous Conduction Mode of Operation

In CCM operation, next switching cycle starts before
magnetizing current of transformer reaches zero.
There are eight operating modes in the CCM
operation. Typical voltage and current waveforms of
proposed converter under CCM operation is shown
in Fig 2. Current through and voltage across all the
elements for each of the eight switching stages are
plotted.
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Fig 2. Typical voltage and current waveforms of the
proposed DC-DC converter under CCM operation.
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A. Mode 1

The switching cycle starts when the switch is just
turned on. During this sub interval, the diodes D; and
D, are turned off, and diodes D,, D3, and D, are
turned on. The equivalent circuit is shown in Fig.3.4.
As the switch is turned on, the leakage inductance
current i increases quickly. The magnetizing
inductance continuously releases energy to secondary
side capacitors C, and Cs As the diode D, is reverse
biased, energy to the load is supplied by the output
capacitor. The energy stored in the snubber capacitor
in the previous switch off time is now releases to the
snubber inductor, L;. This operation mode ends when
the leakage current becomes equal to the
magnetization current at t =t;.

B. Mode 2

During this subinterval, the main switch Q; is turned
on, diodes D4, D3, and D4 are turned off, and diodes
D, and D, are turned on, as shown in Fig. 3.5. The
solar panel, Vpy and input capacitor, Ci, provide
energy to leakage as well as magnetizing
inductances. As the magnetizing current starts to
increase, the voltage induced in the secondary side of
coupled inductor reverses its direction. So the voltage
across two secondary capacitors and the transformer
secondary voltage are collectively forward biases the
diode D,. Thus energy from the transformer is
allowed to flow to the output capacitor and the load.
As a result, the secondary side capacitors discharge
in series along with the transformer secondary
voltage to release energy to the load.

The energy stored in the snubber capacitor C; is
released to inductor L until the snubber voltage vc;
is equal to zero at t = t,*. Then, the inductor L, starts
to release energy to snubber capacitor C, through the
switch. This mode ends when voltage across the
snubber capacitor reaches —Vpy att =t,.

C. Mode 3

During this subinterval, the main switch Q; is turned
on, secondary side diodes Ds; and D, are reverse
biased, and diodes D;, D,, and D, are forward
biased. Energy to the load is supplied by the
transformer and the secondary side capacitors as the
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diode D, is forward biased. Thus the operating
principle of the main circuit is same as mode 2.
Equivalent circuit is shown in fig 3.6.

The only difference is that the energy of snubber
inductor L; is now recycled mainly to the load. As
the voltage across the snubber capacitor reaches
—V5py, the diode D; becomes forward biased and thus
the energy in the snubber inductor is recycled to the
load via diode D;. Also the voltage on snubber
capacitor C; is remains clamped at —Vpy. The mode
ends when the energy in the snubber inductor is fully
transferred to the load. i.e, diode current ip, is equal
to zero at t = ts.

D. Mode 4

During this subinterval, the main switch Q; is turned
on, diodes D;, D5, D3, and D, are turned off, and
diode D, is turned on. As the energy stored in
snubber inductor L; vanishes at the time t=t;, diodes
D, and D, are getting turned off immediately. The
main operating principle of this operating mode is the
same as mode 2. The magnetizing inductance Lp,
needs to store energy during modes 2 to 4, thus an air
gap is required for the coupled inductor T;. Mode 4
plays a significant part of a switching half cycle. This
operation mode ends when the switch Q; is turned
off.

E. Mode 5

During this subinterval, the main switch Q is turned
off. The diodes D,, D3, and D, are reverse biased
and diodes D; and D, are forward biased. The
leakage inductance current i charges snubber
capacitor C; and parasitic capacitor Cps; of Qy. The
voltage of v¢; clamps from —Vpy to positive quickly.
N,, C, and C; are linked in series to continue
releasing energy to Co and R. This operational mode
ends when the current is is equal to zero at t = ts.

F. Mode 6

During this subinterval, the main switch Q; is turned
off, diodes D, and D, are turned off, and diodes D1,
D3, and D4 are turned on. The magnetizing
inductance Lm releases energy to C, and C; in a
parallel mode. Thus, V¢, = V3. The output capacitor
C, releases energy to load R.
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Fig 3. Equivalent circuits of the proposed dc—dc converter during one switching cycle under CCM operation:

(a) Mode 1, (b) mode 2, (c) mode 3, (d) mode 4, (e) mode 5, (f) mode 6, (g) mode 7, and (h) mode 8.
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The leakage inductance current, i x flows through D,
to charge snubber capacitor C;. At that time the
voltage of main switch Q; is clamped at Vpy + V1.
So the voltage across the switch will be nearly twice
the input supply voltage. The energy in the leakage
inductance is fully transferred to the snubber
capacitor in this mode. This operation mode ends
when the current through the snubber diode ip;
becomes zero at t = tg. It means the energy transfer
from the leakage inductance to the snubber capacitor
is completed.

G. Mode 7

During this subinterval, the main switch Q; and
diodes D; and D, are turned off. But the diodes D,
D;, and D, are turned on. The magnetizing
inductance Lm releases energy to capacitors C, and
C; continuously and charges them in parallel mode.
The output Capacitor Co still releases energy to the
load R. The trapped energy in the leakage inductance
is restored back into the source during this mode.

Because the voltage across snubber capacitor, V¢; is
higher than Vpy —V ik + Vcan, the energy stored in
C, is released through D, and T, to source Vpy, Cin,
and N,. Therefore, the leakage energy is recycled
back to the source efficiently. This operation mode
ends when the voltage relations become V; + V¢ <
Vey —Vik + Vo at t = t;. Thus the function of
snubber circuit is completed and only the main
circuit works after this mode.

H. Mode 8

During this subinterval, the main switch Q; is turned
off, diodes D4, D», and D, are turned off, and diodes
D3 and D, are turned on.

The voltage across Q; is equal to Vpy —vi + Veo/n,
and the voltages across C, and C3 are nearly nVpy
D/(1-D). The magnetizing inductance Lm releases
energy to C, and C;. Co releases energy to R. This
mode ends when the main switch Q; is turned on at t
=t5.

2.2 Discontinuous Conduction Mode of Operation

In DCM operation, the magnetizing current of
transformer will be discontinuous. ie, next switching
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cycle starts after the magnetizing current reaches
zero. There are eight operating modes in the DCM
operation. Typical voltage and current waveforms of
proposed converter under CCM operation is shown
in Fig 4.

1 t # 15 14 ts to t7
| Mode s | Mode b | Mode e | Moded | Maode e | Made £ | Mode g |

Fig 4. Typical voltage and current waveforms of the
proposed DC-DC converter under DCM operation.

A. Mode a

During this subinterval, the main switch Q;
is turned on. The diodes D1, D3, and D4 are reverse
biased, while the diodes D, and D, are forward
biased. The energy of snubber capacitor C, is
released to inductor L,. This operating mode ends
when ic; and ip, are equal to zero att = t;.

B. Mode b
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During this subinterval, the main switch Q;
is turned on, diodes D, D,, D3, and D, are reverse
biased, and diode D, is forward biased. The voltage
of the solar panel Vpy and the input capacitor Cj,
transfer energy through coupled inductor T; to
secondary winding N, with high step-up capacitors
C, and Cs; and then through output diode D, to
transfer energy to output capacitor C, and output
load R. Part of the energy from the voltage of the
solar panel Vpy and the input capacitor C;, is stored
in primary magnetizing inductance L. The mode
ends when the main switch Q, is turned off at t = t,.

C. Mode ¢

During this subinterval, the main switch Q;
is turned off, diodes D,, D3, and D, are turned off,
and diodes D; and D, are turned on. The leakage
inductance current iy, charges snubber capacitor C;
and parasitic capacitor Cps; of Qq, and the voltage of
Vcr clamps from —Vpy to positive quickly. N,, C,,
and C; are linked in series to continue releasing
energy to C, and R. This operational mode ends
when the current is is equal to zero att = ts.

D. Mode d

During this subinterval, the main switch Q; is turned
off, diodes D, and D, are turned off, and diodes D1,
Di;, and D, are turned on. The magnetizing
inductance L., releases energy to C, and C3 in a
parallel mode. Thus, Ve, = Ves. C, releases energy to
R. i flows through D; to charge snubber capacitor
C;. Thus, the voltage of main switch Q; is clamped
at Vpy + Ve, This mode ends when snubber diode
current ip; is equal to zero at t = tg.

E. Mode e

During this subinterval, the main switch Q; is turned
off, diodes D,, D,, and D, are reverse biased, and
diodes D; and D, are forward biased. The
magnetizing energy L, is transferred to C,, as well
as Cs in a parallel way. The energy stored in C, is
transferred to load R. The mode ends when the
primary magnetizing current i_, reaches zero at time
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During this subinterval, the main switch Q is turned
off, diodes D;, D3, D4, and D, are reverse biased,
and diode D, is forward biased. The energy of
snubber capacitor C; and inductor L; is released to
the voltage of the solar panel Vpy, and the input
capacitor C;,, and the energy is transferred from C,
to R. The mode ends when ic; and ip, are equal to
zero at t = tg.

G. Modeg

During this subinterval, both the main switch and
diodes are switched off, and the primary magnetizing
inductance voltage and current are both zero. The
energy is also transferred from C, to R. The voltage
waveforms of vo; have some oscillations caused by
the parasitic capacitor Cps; of switch Q. The
primary magnetizing inductance L, and the leakage
inductance L, are formed in resonance when i, and
ik are equal to zero. The mode ends when the main
switch Q; isturned on at t = t;.

4. Theoretical Analysis

The theoretical analysis is done for a fixed duty cycle
considering one switching period and steady state
analysis in continuous conduction mode.

To simplify the analysis of proposed converter, the
following assumptions are made during one
switching cycle:

1. The main switch Q; and all the diodes are
regarded as ideal components; only the parasitic
capacitor Cps; of the main switch Q; is
considered.

Capacitors Cj,, C,, Cs, and C, are sufficiently
large that Vpy, Vc2, Vs, and V, are regarded as
constant values.

The turns ratio of the coupled inductor T, isn =
N./N,, and the magnetizing inductance L., and
leakage inductance Ly, of the coupled inductor
T, are considered in the analysis.

Because the magnetizing inductance L, is
much larger than the leakage inductance Ly, the time
intervals 1,2,3,5,6 and 7 are very short as compared
to one switching period. Thus, only operating modes
4 and 8 are discussed.
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The primary side magnetizing inductance voltage

Vim, capacitor voltages V¢ and Ve, can be
expressed as,

Vim = Vey (1)

Veg = Vs = 2o~ nlev (2)

During mode 8 of operation, flux density, B is
decreased by AB and the magnetizing inductance
voltage V|, can be expressed as,

©)

According to the principle of volt-second balance of
the primary side magnetizing inductance L., the
voltage gain can be expressed as,

o

=n—
1-D

Ve Vs
Lz _ CLE 4
Vpy Vv “)
Substituting (2) in (4) yields the total voltage gain as,

1+D
1-D

Vew

(%)

Mecu =

The voltage and current stresses of the main switch
Q: and diodes D3, D4, and D, can be expressed as

Ver

Vor =1, (6)
Vo
Vo =Vpa=Vp, = itn (7)
Average currents through Q; is,
1+D
'F'Ql = HEIE‘ (8)

Average currents through diodes D3,D4 and D, are,

Ipg=Ips=Ip, =1, )
The boundary-normalized magnetizing inductance
time constant is defined as follows:

Lm
T = =

AT (10)

Solving (10), T,z can be expressed as,

497

International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-7, October 2015

ISSN: 2395-3470
www.ijseas.com

Di1-o)y*
4niii+D]

Tig = (11)

4.1 Calculation of Duty Cycle

Assume that the main switch voltage is
clamped at 45 V with neglecting the effect of leakage
inductance. From (6) duty ratio can be obtained by,

_ Vg —Vpy
= —v.g._

D (12)

The duty ratio is obtained as 0.47.
4.2 Design of Coupled Inductor

Substituting the value of D in the equation (5)
of voltage gain, transformer turns ratio, n is obtained
as 3.

By putting values of n and D in the equation (11) of
magnetizing inductance time constant, T.g IS
obtained as 2.495x1073. From equation (3.10), Ly, is
obtained as 25uH.

4.3 Calculation of C;

The energy stored in leakage inductance Ly, during
the switch-on period is completely released to the
snubber capacitor C; during the switch-off period. It
can be explained as,

_ Lk:':ii?{—mux_ii&'—.‘mn}
Cl ':F"‘ﬁ"_—mu'l'ynﬁ"_—min} (13)
Where, i max IS the maximum leakage inductance
current during the switch-on period, ipg-min iS the
minimum leakage inductance current during the
switch-on period, Vei-mex 1S the maximum snubber
capacitor voltage, and Vci-min IS the minimum
snubber capacitor voltage.

4.4 Calculation of L;

If the maximum switch voltage spike Vo, is assumed
as 80 V by considering the effect of the leakage
inductance, usually, the leakage inductance Ly is
about 1% of L,,. Then, the snubber inductor L; can
be calculated as,

(14)
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The snubber inductance L, is obtained as 4.6 pH.

5. Simulink model and simulation results

This chapter gives simulation study for a prototype
implemented with output rated power of 100W,
giving an output dc voltage of 200V when an input
voltage of 24V is given. The frequency at which the
switch is operated is 50 kHz. The simulation is done
for continuous conduction mode of operation.

The parameters given to the circuit for obtaining an
output voltage of 200V are listed below. A pulse
generator with 47% pulse width and 50 kHz
frequency is used to supply gate pulse to the
MOSFET switch.

Table 1 Simulation parameters

Parameters Value
DC Input voltage (Vi) 24V
Output power (P,) 100 W
Load resistance 400 Q
Switching frequency (F;) 50 kHz
Transformer turns ratio (n) 3
Duty ratio (D) 47 %
Magnetization inductance (L) 50 puH
Leakage inductance (Ly) 0.21 pH
Snubber capacitance (C;) 22 nF
Snubber inductance (L 1) 4.6 uH
Output capacitor (C,) 2200 pF
(Sg(l:’ocr:wzd)ary side  capacitors 100 pF
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Fig 5.0pen loop model of proposed converter

5.1 Simulation Result

The response of the proposed circuit can be analyzed
from the simulation results. The switching pulse
given to the switch Q, is of 50 kHz frequency. The
simulated waveform of pulse is shown in fig 6.

=y
I

Amplitude(V)
3

Time(s)

Fig 6. Pulse given to switch Q;

The simulated coupled inductor magnetization
current and leakage current are shown in figures 7
and 8 respectively. As the switch Q; is turned on
(mode 1), coupled inductor magnetization current
(ILm ) is decreased to its minimum value of 5A due to
the rapid increase in the coupled inductor leakage

current.
12 T T T T T

Current{A)

0.045 0.045 0.045

0.0449 00449 00449 0.045
Time(s)

Fig.7 Magnetization current of coupled inductor

0.045
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After mode 1, I increased linearly from 5A to
9.3A. Magnetization current reached its peak value at
the end of mode 5. As the switch is turned off, I,
begins to decrease and it reaches its minimum value
of 5A at the end of mode 1 of next switching cycle. It
again increases as the mode 2 starts.

15

Current(A)
=]

o

0.04490.04490.04490.04490.0449 0.045 0.045 0.045 0.045 0.045
Time(s)

Fig.8 Leakage current of coupled inductor

The coupled inductor leakage current (I.) increased
quickly as the switch Q; is turned on and it reached a
value of 6.5A at the end of mode 1 itself. As I
starts to develop after the end of mode 1, the rise of
Ik become sluggish and it reaches its maximum
value of 13A at the end of mode 4, i.e just before the
switch is turned off. When the switch is turned off,
I« falls rapidly and reaches zero at the end of mode
6. During mode 7, I just increased in the opposite
direction and again falls to zero. During mode 8 of
operation, leakage current is absolutely zero.

Figure 9 shows the simulated waveforms of voltage
across the switch Q;. When the switch is just turned
on, voltage across it drops rapidly to zero and current
through it rises quickly. During the switch ON
period, voltage across the switch is 2 V, due to the
internal resistance of the switch and current though it
is21.7 A.

100

80

Voltage(V)

20

O 00440 0.0449 0.04490.04290.0449 0,045 0.045 0.045 0.045 0.045
Time(s)

Fig 9. Voltage across the switch Q,
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Simulated waveforms of voltage across and current
though the snubber capacitor C; is shown in figures
10 and 11 respectively. When the switch is just
turned off, the leakage inductance current, Iy
charges snubber capacitor C4, so the current through
C, rises rapidly to 14 A and voltage develops across
the capacitor. When the current becomes zero, the
voltage reaches the maximum value 50 V. Then
during mode 7, since energy in the snubber capacitor
is released to the Vpy, the capacitor voltage is
decreased and it remains constant at 40 V till the
switch is turned ON.

0.06 0.0601 0.0601 0.0601

Time(s)

Fig.10 Voltage across the snubber capacitor C;

0.06

0.06

006 006 0.06

As the switch is turned ON, voltage across C;
decreases due to the release of energy to snubber
inductor (L;). So the snubber capacitor current
develops in reverse direction till V¢, becomes zero.
As V¢ becomes zero, then L, starts release energy
to snubber capacitor, hence snubber voltage develops
in reverse direction till V1= -24 V.

20 - - - ]

—_
(=]
|
1

Current(A)

=]
L=
-
[ =
-

Po6 006 006 006 006 006 00601 00601 00601
Time(s)
Figll. Current though the snubber capacitor Cy.

The simulated waveforms of diode currents Ip; and
Ip2 are shown in fig 12 and 13 respectively. As the
coupled inductor leakage current charges C;when the
switch is just turned off, the diode D; conducts and
the charging current of 14A flows through diode D;.
D, is turned off as the leakage current falls to zero.
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Diode D, becomes forward biased in mode 7
because of the voltage V¢; and thus current flows
through D, so as to recycle leakage energy to Vpy.
Diode D, conducts in mode 1 to 3 so as to charge
and discharge between snubber capacitor and
snubber inductor. The peak value of current through

diode D, is 2.2A.
20 ; :

=y
o

Current(A)
=
L

5_ -
0] L I I
006 006 006 006 006 006 00601 00601 0.0601
) Time(s) )
Fig.12 Current through diode D,
J z ' ; ; z ; )
4
<3|
=
gz -
3
1
0 A o A A
0.06 0.06 0.06 0.06 0.06 0.06 0.0601 0.0601 0.0601
Time(s)

Fig.13 Current through diode D,

Simulated waveforms of secondary current of
coupled inductor (l5) and current through diode Dj is
shown in figures 14 and 15 respectively. Secondary
current develops quickly as the switch is turned on
and reaches a value of 3A and the current through the
D, drops to zero.

diodes D3 and
20 ;

Ccurrent{A)

2 0.04490.04490.04490.04490.0449 0.045 0.045 0.045 0.045 0.045

Time(s)
Fig 14. Secondary current of coupled inductor
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Fig 15. Current through diode D3

After mode 1, coupled inductor secondary current
remains almost constant for the switch on period. At
this time diodes D3 and D, are reverse biased and the
current is flowing directly to the load and output
capacitor. When the switch is turned off, current I
drops to zero. As |, starts decaying, the direction of
Is gets reversed. During mode 7, as the leakage
energy is also transferred to secondary, there is an
increase in I for the duration of mode 7 (i.e current
reaches -5A). At the end of the switch off time,
secondary current reaches its minimum value of 3.5A
in reverse direction.

The simulated waveform of current through diode D,
is shown below. No current flows through diode D,
during mode 1 of operation, because it is reverse
biased due to the voltage of output capacitor C,.
Diode current develops just after the end of mode 1
as the V¢; and V¢, becomes more than V¢,.

Current(A)

D06 006 006 006 006 006 00601 00601 0.0601
Time(s)

Fig.16. Current through diode D,

The output voltage waveform is shown in the fig 17.
The output voltage waveform was well settled at
200V in 0.02 seconds. There exists no overshoots
before settling the voltage waveform and the output
voltage waveform is free from ripples. The load
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current also follows the output voltage waveform, as
the load was resistive load.

200

—
T
2

Voltage(V)

%))
=

% 0.02 0.04 0.06 0.08 0.1
Time(s)

Fig.17. Simulated waveform of output voltage

4.3 Closed Loop Simulink Model of
Converter

Proposed

bbb =

iR ERCE)

|
ZXL
|

1
IGEE=

[
[ »

Comet

Fig.18 Closed loop model of the converter

The closed loop regulation is necessary to achieve
good dynamic response under varying plant
parameter condition. Proportional and Integral
controller is used here. PI controller is used normally
in many applications because of its simplicity.

After a peak overshoot of 225V, the output voltage
settled at 200V in 0.04 seconds. Methods used for the
output voltage regulations are Line regulation,
Reference regulation and load regulation.
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Fig.19 Simulated (closed loop) waveform of output
voltage

A. Line Voltage Regulation

In line regulation, by varying the input voltage in a
particular range the output will be constant, ie there
is no variation in output voltage value. As the input
voltage varied from 18V to 55V and the output will
be 200V dc. This shows the proposed circuit is
capable of handling input voltages in the range of
18V to 55V for obtaining an output voltage of 200V.

Voltage(V)

0 0.1 02 03 0.4 05 06 0.7
Time(s)

Fig 20 Behavior of proposed converter with Line
voltage variation from 18V to 55V

B. Reference Voltage Regulation

In the reference regulation we are giving different
reference values. The output voltage follows the
reference value for the range of reference from 83V
to 350V. This shows the proposed circuit is capable
of supplying output dc voltage in the range of 83V to
350V. But the settling time is increased as the
reference value is increased. The minimum settling
time was 0.04 seconds, and which was obtained
when the reference value given was 200V.
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Voltage(V)

03 05
Time(s)
Fig.21 Behavior of proposed converter with reference

voltage value 350V

0 0.1

0.2 0.4

C. Load regulation

In the load regulation, the proposed converter is
connected across different loads and the circuit
maintains a constant output voltage of 200V.

First, an output load of 200W is connected. After 0.3
seconds, the load is changed as 500W by connecting
a parallel resistance. Again the load is changed to
800W after 0.3 seconds. That is the load is changed
from 200W to 800W in three steps. Fig 4.21 proves
that the output voltage remains constant at 200V for
any change in load between 200W to 800W.

250,

L]
[=1
[]

on
=

Voltage(V)
=
=

on
f]

00 02

04 06 0.8 1

Time(s)
Fig.22 Behavior of proposed converter with load

variation from 200W to 800W

The simulation of the converter and its closed
loop control has been carried out .The results shows
that the voltage boosting is carried out effectively.
The efficiency is also high. Also the closed loop
implementation of proposed converter works well as
it performs very good line regulation and load
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regulation. It maintains output voltage level at
constant 200V for a wide range of changes in input
voltage (i.e, 18V to 55V). Also output voltage
remains at constant 200V for change in load from
200W to 800W. The reference regulation behaviour
is also excellent as it gives the correct reference value
as output for a reference value up to 350V.

6. Experimental Setup of the Converter

This chapter describes the verification of the
proposed high step up DC-DC converter with an
experimental set up. The hardware setup is designed
and created for converting a dc voltage of 12V to
100V as per the table 1. Hardware set up consists of
power circuit, control circuit, gate driving circuit and
control circuit power supply. The schematic diagram
of the hardware setup is shown in fig 23.
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Pane]' ™ L I G kg
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POWER TP
SUPELY (120) DilvER
DRIV
. SPICFAID | .
POWER FEEDBACK '7
SupLY CONTROLLER | ceurr
o) CIRCUTT L

Fig.23 Schematic Diagram of Hardware Setup
6.1 Controller Circuit Realization

The IC employed in realizing the control circuit is
dsPIC 30F2010. dsPIC 30F2010 is a 28 pin IC which
should be supplied with a regulated dc supply of
3.3V. This IC consists of an internal ADC and three
inbuilt PWM generators. Output from the feedback
circuit is given as input to the ADC pin of dsPIC.
The output pulse from the PWM generators is used
for adjusting the duty cycle for switching the
converter as per the level. The pin out diagram of
dsPIC30F2010 is shown in fig 24. The dsPIC is
programmed for obtaining a switching pulse of
50kHz which is needed for the MOSFET switch.
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Fig.24. Pin out diagram of dsPI1C 30F2010

In the control circuit of dsPIC IC, pins 8, 19 and 27
are connected to ground. Pin 28, 20 and 13 connected
to source of 3.3V. There are totally 6 pins for getting
pulses. The Pin 25 and 26 is the pin meant to give
pulses to drive the Converter. Pin 3 is meant for the
feedback IC 4N25 input to dsPIC. Between the 9th
and 10th pin we have the connection of 4 MHz
crystal oscillator, which gives the clock pulses for the
operation of IC. The reset switch is connected at pin
1.

4 oscucuo P i
- sooncs Hi—pe
|| LE03
w 7
cho o o o chio D Gho ofio o

Fig.25 Control circuit with dsPIC 30F2010

The controller section consists of IC dsPIC 302010,
Crystal oscillator, adapter, regulator, capacitors,
resistors, etc. The crystal oscillator is of 8MHz. An
adapter is needed for giving the 12V Supply for
TLP250 IC and 3.3 V supply for the PIC. Two
capacitors of 22pf is needed for the working of
crystal oscillator. The coupling capacitors used are of
0.1 microfarad. The hardware implementation of
control section of the proposed converter with
feedback circuit is shown in fig. 5.3.
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6.2 Feedback Circuit

The feedback circuit in proposed technique is
achieved by IC 4N25, which is a 6 pin opto isolator
transistor. The feedback circuit diagram is shown in
Fig.5.4. Pin 1 and 2 are the input ports of feedback
circuit. Pin 4 is the output pin which should be
connected to the 3" pin of dsPIC IC, as 3" pin is the
ADC port of dsPIC. Here in the feedback circuit, we
take the voltage feedback from the power circuit
output for properly implementing the algorithm in
dsPIC. The feedback circuit is connected with power
circuit via a current limiting resistor, in order to limit
current through feedback circuit when the load is
applied.

|
+33V
A

4N235

To ADC mput of dsPIC"

R=100 ohm

GND GND

Fig.26 Feedback circuit using 4N25
6.3 MOSFET Gate Drive Circuit

In this work, TLP250 driver is employed for driving
the MOSFET gate. Fig. 5.5 shows a typical
MOSFET gate driver circuit using TLP250 IC.
The gate driveris is an integrated chip transistor
driver with optical isolation which accepts low power
input from a controller IC and produces a high
current output for driving the gate of high power
transistors such as IGBT and power MOSFET. Like
any driver, it has an input stage, an output stage and a
power supply connection. The input drive signal
from dsPIC is connected to the 2" pin of TLP250 IC,
that dictates the output state which is referenced to
signal ground.
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Fig.27 MOSFET gate drive circuit using TLP250

The gate drive circuit consists of an IC, resistors,
capacitor, adapter etc.. It provides isolation between
power circuit and control circuit by means of optical
isolation. It also changes the amplitude of the pulse
obtained from the dsPIC from 2.5V to 13V, which is
essential for driving the MOSFET switch. A 12V DC
adapter is used for supplying power to the TLP 250
IC.

6.4 Control Power Supply Circuit

A regulated power supply circuit is developed for
obtaining power supply for dsPIC and TLP drivers.
We have an adapter and terminal jack for converting
the 230V AC supply to 12V DC. Power supply
required for TLP250 driver is taken from this 12V
supply. We are also having a voltage regulator IC
LM317 to supply 3.3V to dsPIC and to the feedback
circuit. Voltage regulator using LM317 is shown in
fig 28.

LM317 is a 1.2V to 25V adjustable DC voltage
regulator. It possess a voltage regulation of 0.01%
and output voltage tolerance of 1% only. Input
supply to LM317 is given by a 12V DC adapter. It
gives a regulated 3.3V DC output voltage which is
required for providing power supply to control IC
and feedback IC.
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Fig 28. Voltage regulator using LM317

6.5 Power Circuit

The power circuit consists of one MOSFET switch,
four capacitors, one inductor, a coupled inductor and
five diodes. The power circuit is developed on a
dotted PCB. The MOSFET switch used is from
IRF250 family. Flower type heat sink is used for heat
dissipation from the switch. Pulse from the dsPIC is
applied to the MOSFET gate via gate driver circuit.
The core of inductor is powdered iron type and it
winded in a toroid style. Electrolytic capacitors are
used in voltage doubler section and film capacitor is
used as snubber capacitor. The output capacitor
connected is also electrolytic type. All the diodes
used are schottky diodes for providing better
performance and to avoid reverse recovery problems.

EE42 ferrite core is used as the core of coupled
inductor. An air gap of 0.1mm is provided in the
core. The primary windings are wound so as to
obtain the required magnetizing inductance and then
the secondary windings are wound so as to obtain a
turns ratio of three as per the design provided in
A2.1. A resistor of 1 kilo ohm is connected as the
load.

6.6 Complete Hardware Setup

Fig 29 shows the complete hardware setup. Control
circuit and the gate driver circuits are developed on
printed PCB and the power circuit is developed on a
dotted PCB. All the three sections are connected and
are mounted on a piece of corrugated plastic mount
board by means of nuts and bolts.
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Fig.29 Complete hardware setup
6.7 Hardware Results

The hardware setup was implemented as per the
parameters tabulated in tablel. When 12V DC supply
is given to the proposed circuit as input, the output
voltage obtained was 100V DC. The prototype circuit
maintains its constant terminal voltage of 100V for
an input voltage range of 10V to 16V. Also maintains
a constant output voltage of 100V for different load
conditions. i.e., the closed loop control of hardware
setup is completed and verified. All the waveforms
are saved in a digital storage oscilloscope (DSO).

The hardware output waveform of the switching
pulse given to the MOSFET switch is shown in
figure 5.8. The frequency of switching pulse is 50
kHz and the amplitude of the pulse given to the
switch is 13V. The designed duty cycle of the
switching pulse was 0.47. But the duty ratio of the
switching pulse under closed loop control is obtained
as 0.493. Five switching cycles are shown in the
figure. The low amplitude of the switching pulse
obtained from the dsPIC is converted to 13V by the
gate driver circuit. The output pulse from gate driver
circuit is shown in figure 30.
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Fig 30 Switching pulse given to MOSFET switch

The magnetization current waveform of the
coupled inductor is shown in the figure 31.
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Fig.31 Magnetization current of coupled inductor

2l e

The magnetization current increases to an upper limit
and then it decays to the lower limit in one switching
cycle. The magnetization current is increased and it
reaches up to 5A at the end of switch on time and it is
decreased to 0.7A at the end of one switching cycle.
The magnetization current never reached zero, thus
the circuit is operating in continuous conduction
mode.

The DSO image of output voltage and current
waveforms are shown in fig 5.10. Same as designed,
the output voltage across the load is obtained as
100V. The output current through the load is
obtained as 234mA.
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Fig 32. Output voltage and output current

The DSO image of voltage across the power switch is
shown in fig 33. The voltage across the switch during
switch off time is obtained as 26V. When the switch
is just turned on, voltage across it drops rapidly to
zero and current through it rises quickly. During the
switch on period, voltage across the switch is nearly
2V, due to the internal resistance of the switch. When
the switch is turned off, current falls rapidly and
becomes zero at the end of mode 6. At the same time
voltage across it shoots to 50V and then suddenly
decreased to 26V and it is maintained as long as the
switch is in on condition. Also the duty ratio can be
easily predicted from the switch voltage.

. Stop M Pos: 0.000s

MEASLRE

CH1
Mean

1 16y

CH1
Rids

1 245y

CH2 Off
Mean

(RN

Freq

Pk-Pk

CH2 Off

CH2 0ff

I:H1 Al EI'-.-'

I:H1 ..-’ A30rnt
28- -.luI 15 1337 «10Hz

Fig.33 Voltage across the switch

Fig 34 shows the waveform of voltage across the
snubber capacitor. The voltage reverses its direction
for each on-off half cycle. Also it can be seen that the
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capacitor keeps constant voltage across it during 4"
and 8" mode of operation, because at that time, only

the main circuit is in operation.
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Fig.34 Voltage across snubber capacitor

6.8 Comparison between Hardware Results and
Simulation Results

Table 2 Comparison between hardware results and
simulation results

Simulation result ‘ Hardware result
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Angplitudev)

2 3
Time(s)

1 Pas: 00005
MI—LH\-J

CHi 5008

CHi #5392

ME‘\WFE

CHI
eq

& man
H

=v

CH2Oft
BMS

CH2 Off
Mean

M 1000
27-Jun-1518:33

4958674z

Magnetization current

Tek N, @ Stop M Pos: 0.000s MEASURE
e i e 2 L

CH1 Off
Duty Cye

CH1 0ff
Freq

Surrent(A)y

1ok i
8 i
g i
0

0049 00440 0048 0045 0045 D04E 0045 0045
Timeis)

CHo 5004 M100us EHZ/HI]A

In order to validate the hardware results, the
proposed converter circuit is again simulated with
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same specifications as that of hardware design
(Table.5.1). i.e MATLAB simulation of closed loop
implementation of the proposed converter with 12V
DC input is done. The simulation results are
compared with the hardware results. Hardware
waveforms and the simulation waveforms reveals
that the hardware results matching the simulation
results.
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The hardware results of the proposed system are
described in this chapter. The control part of the
hardware circuit is implemented with the help of
dsPIC30F2010. The power circuit, control circuit and
the gate driver circuit are implemented on separate
circuit boards. The output waveforms are viewed
with the help of a digital storage oscilloscope. The
prototype output waveforms obtained from the DSO
is similar to that of simulation results. These results
are also analyzed in this chapter.

7. Summary and Conclusion
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This project presented a new topology for isolated
DC-DC converter. The proposed converter realizes
high step up voltage gain without incurring a high
coupled inductor turns ratio. From the detailed
simulation and experimental analysis, it is clear that
the presented converter has the following advantages.

1. A coupled inductor and a voltage doubler circuit
are employed in the presented converter. The
coupled inductor turns ratio is 3. The voltage
doubler doubles the output voltage. Hence it
achieves high step- up voltage gain.

The main problem faced by isolated converters
is its low efficiency due to the energy wastage in
the coupled inductor leakage reactance. The
snubber circuit effectively restores the leakage
energy to the source. Thus the energy in the
leakage inductor of the coupled inductor is
recycled and thus the converter efficiency gets
improved.

A voltage doubler is employed at the secondary
side of the coupled inductor, which rectifies and
doubles the output voltage. As the voltage
doubler circuit is employed, the size of the
coupled inductor can be reduced.

An LC snubber circuit is employed in order to
protect the power switch from voltage spikes
due to fast switching. Also there is no energy
dissipation takes place as the snubber used is of
LC circuit instead of RC circuit. By the use of
snubber circuit, the voltage stress on the power
switch is reduced one third. So a power switch
with low voltage stress and low ON-resistance
(Ron) can be selected.

The low voltage stress of the output diode
enables the selection of a low forward voltage
diode, it also improves the efficiency.

As the terminal voltage of solar power modules
are very low, a DC-DC converter is very essential for
the effective power utilization. Also non-isolated
converters cannot satisfy the requirements of
galvanic isolation standards. Thus an isolated DC-DC
converter finds its application in various fields. In
isolated converters, the presented converter possesses
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high voltage gain and high conversion efficiency
with low voltage stress.

7.1 Future Scope

In future the converter can be redesigned for high
power applications by implementing inductors
instead of capacitors in the voltage doubler circuit. If
the voltage doubler using inductors is implemented,
the converter can supply high power loads. Also
active switches can be used instead of diodes. The
converter voltage gain can be improved much more
without extreme switch duty cycle by using a three
winding coupled inductor, which in addition
enhancing the utility rate of magnetic core. Also the
control scheme for controlling the switch can be
implemented by using fuzzy logic.
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APPENDIX-II

A2.1 Winding Design of Coupled Inductor

Winding design of acoupled inductor consist of
the following steps:

1. Calculation of number of turns:

We know that, the emf equation,
E=L==N—T=N—7

From this equation we get:

N=—

Where,

dI=i,=Ai_uw=Inductor peak current = 9A
AB=0.3T to 0.6T for avoiding the saturation
2. Calculation of air gap:
We have,
Magnetising inductance, L = —4—
Therefore air gap length is given by
lg=——

3. Selection of core:

Core is selected considering power handling
capability and for occupying coil turns. Core used is
EE42 ferrite core, having 9.7 cm and
A.=180mm’

4. Selection of coil for winding

Coil selection is in accordance with the
current needed to carry. For the coupled inductor
having L,,=50 pH,

Ie—
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Peak current of inductor can be di=Ip=
1.5(safety factor) x peak current
15x9 =
135 A

So number of turns in primary = 13
Air gap length =0.16mm

A2.2 Program for Controlling the Proposed DC-
DC Converter

[IADCONZ2 Register
//Set up A/D for interrupting after 2 samples get
filled in the buffer
//Set up to sample on 2 S/H amplifiers - CHO
and CH1
//All other bits to their default state
ADCON2bits.SMPI = 0;
ADCONZ2bits.CHPS = 1; //selected ch0 & 1
ADCON2bits.VCFG
/lused AVdd and AVss as references
//ADCON3 Register

0;

ADCON3bits.SAMC = 1;
ADCON3Dbits.ADCS = 15;
//ADCHS Register

14

ADCHS = 0x0024;
AN4 and chl for AN3
IIADCSSL Register

/Iselected chO for

ADCSSL = 0x0000;
//ADPCFG Register

ADPCFG = OxFFFF;
ADPCFGbits.PCFG3 = 0;
ADPCFGDbits.PCFG4 = 0;
/IClear the A/D interrupt flag bit
IFSObits.ADIF = 0;
//Set the A/D interrupt enable bit
IECObits.ADIE = 1;
/[Turn on the A/D converter
ADCON1bits.ADON = 1;
¥
void
_ADClnterrupt(void)
{
ADC_RESULT = ADCBUFO;
IFSObits.ADIF = 0;

__attribute__((__interrupt_))
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}

int main()

{

ADC_Init();

Init_ PWM_1(50000,70);
while(1);

return (0);

}

APPENDIX-1I

A3.1 PCB Layout of Control Circuit

A3.2 PCB Layout of Driver Circuit
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A3.3 Schematic Diagram and Pin Configuration

of TLP250 IC

Schmatic Pin Configuration (top view]
1]
¥ A
X ~L—+ N
= -
v 1 o[
3 o=
0
;1 1:NC
A 0. 1uF bypass capeitor must be 2 Anode
connected between pin § and 5 (See Note 5) 3: Cathode
4 _NC.
5:GND
6 Vo (Ouiput)
T:¥o
8:Veo
Truth Table
- ri T2
nput on o
LED on on on

A3.4 IRF250N Power MOSFET

HEXFET® Power MOSFET

« Advanced Process Technology D
* Dynamic dvfdt Rating = Vpss = 200V
« 175°C Operating Temperature I—
» Fast Switching 'y Rps(on) = 0.075Q
« Fully Avalanche Rated G\
« Ease of Paralleling i lo = 30A
« Simple Drive Requirements S
Description
Fifth G HEXFETs wall Rectifier wilize advanced processing
techniques to achieve exiremely low on-resistance per silicon area. This benefit,
combined with the fast swilching speed and ruggedized device design that «
HEXFET Power MOSFETs are well known for, provides the designer with an = =
extremely efficient and reliable device for use in a wide variety of applications.
The TO-247 package is preferred for commercial-industrial applications where
higher power levels preclude the use of TO-220 devices. The TO-247 is similar
but superior tothe earlier TO-218 package because of its isolated mounting hole.
TO-247AC

A3.5 EE42 Ferrite Core
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Ferrite E Cores
to Din 21295
EE 42 x 20 EE 42 x 20
Hitachi SB7C
material
i Magnetic Data for a pair of cores
;E U T P PACE
Lief Ettoctive area of megestic path | &, prre— -
L i Ity otk e , 17"
e Nl R H g St POWER MAGNETICS
- » - DIVISION
Dimensions

Iy ] = ] E [

420413 4RA404 | B0+0  ER54 0T | 12840 996414
07 <08 -0 -0 -05 -0
power loss as a function of flux density and frequency

16khz 200mt = 80m wicc at temperature 25-80 ¢

Standard Characteristics of M.lﬂlﬂ!

Matensal piec [lano /piau| egr | TC | f | p [Bms [Hems| o
6107 [x10% | (O (MH2X.cm) mT | Am” jgfem’
10KHz |

SE7C 2400 | 0% | 05 200 <03| 40 490 13 |49

=207 |

CF129 1900 =840 | 100 [510 | 15 | 48

=80 |
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