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Abstract

Investigating the “Single Ended Primary Inductor Converter” for use
with residential, rooftop, commercial or industrial solar panels. The pur-
pose of this study is to gain a more thorough understanding of the theory
of operation of switching power supplies and “charge controllers” for solar
panel systems before putting it in practice.
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1 Introduction

The SEPIC is one of a number of regulated switching power supply topolo-
gies, among which are included various versions of Buck, Boost, Buck—Boost,
Flyback, Zeta and Cuk! DC-to-DC converters, to name a few.

INamed after the prolific Serbo-Croatian—American inventor Slobodan Cuk of the Califor-
nia Institute of Technology.
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Figure 1: SEPIC circuit diagram

2 Discussion of the SEPIC topology

If the inductors L; and Lo in Figure 1 are coupled, or wound on the same
iron core as indicated by the black dots in the diagram, then the capacitors Cy
and Cy are essentially placed in parallel, and one or the other may be removed
without affecting the circuit much, because the inductance in canceled out for
any electric current flowing through L, and back the opposite way through Ls.
Nevertheless, the capacitors C; and Cy as placed serve to protect the power
MOSFET @Q; from transient “spikes” in the inductive windings.

When Q1 is switched on by the PW M the current through L increases, and
when @ is switched off, the remaining magnetic flux in the iron core forces the
current through the other winding Ly past the diode D; to keep the capacitor
C3 charged and continue supplying power to the load resistance R;. This is
omitting Cy from consideration, and depending on mutual inductance alone.

However the circuit will still function if the inductors L; and Lo are not
coupled and Cy is present. In this case, Cs is discharged by current flowing
through Lo when @ is switched on, and additional supply current is admitted
through L;. Now when @ is switched off, Cs is charged again by current
continuing through L, and the current that was flowing through Ly as Cy was
discharging is suddenly switched and forced through the diode D; instead.

When the inductors L; and Ly are coupled, and Cy is present, there is
additional redundancy, stability, and reliability for the circuit.



3 Calculating the duty cycle of the PWM

A simple way to figure out the duty cycle of the pulse width modulator needed
to produce the desired potential at the output is to consider that the mean
potential at the drain of ()1 over the switching cycle must be equal to the input
potential V7, and that potential is equal to zero, or the forward voltage drop of
the transistor during the time when it is on, which we want as small as possible.
That potential must then be high enough during the time when the transistor
is off to average out to the correct value over the entire clock cycle T'. Let 7
be the pulse width, or the time when the power transistor 7 is turned on and
conducting electricity between its source and drain:

Vo o= i
of T -7

Now consider the operating potential Vp at the anode of diode D;. At all
times, Vp is less than the potential Vg at the transistor drain by a difference
equal to the input potential V.

V7Q = Vla VQon = 0’

Ve =V - V1.
So

TV1

T—7

Increasing the duty cycle 7/7 will increase the potential Vp F which is avail-
able at the output less the forward drop through the diode D;, but it will
correspondingly decrease the clock-cycle-averaged current available at the in-
creased potential. A Pulse Width Modulator with a feedback loop will assist in
maintaining a stable output potential from a variable input potential from solar
panels.

Ve =0; Veon = —Vi; Vrog =

4 Size and scale of systems proposed

We propose off-grid solar electric power systems for use by “sovereign citizens”
or “freemen on the land” (or even banks or broker houses that desire back-up
power and money savings at the city electric meter) with about a dozen solar
panels rated at 18V and 200W each, all connected in parallel to serve a common
automotive-like 12V electrical system for which many accessories are commonly
available, as well as inverters to generate 110VAC if desired.

5 Selection of components and bill of materials

[1%)

The selection of components is based on how much “’ripple voltage” and possible
overheating of components we are willing to tolerate versus how much money
we can afford and are willing to spend on bigger and better components for
reliability and smoothness of the power supply system.



5.1 Power MOSFETs or IGBTs

For 1 in Figure 1, the Littelfuse/IXYS IXFN520N075T2 [3] or the Vishay
VS-FC420SA10 [16] might be useful. IGBTs are better than MOSFETs for
higher frequency switching but are much less desireable for a low-voltage system
because of the forward voltage drop. Power MOSFETs may also require a higher
gate voltage to turn on.

5.2 Power Schottky rectifier diodes

The ST Microelectronics STPS200170TV1 [4] and the Vishay VS-203CNQ100PbF
[15] are likely candidates.

5.3 Power audio capacitors

We suggest using power audio capacitors from a music supply store [1, 2] for the
capacitors C1, Cy and C5 in Figure 1, and certainly for that matter our proposed
system will be capable of powering the high-end stereo systems offered at those
stores. Check ratings carefully for use with 1824 V. It may be possible to use
two identical capacitors in series to double the voltage rating. Some care will
be needed to switch them on to avoid a short-circuit inrush current.

5.4 Heavy iron inductors and power chokes

Inductors and chokes are to be wound by hand with varnished magnet wire of
adquate gauge on suitably heavy toroidal cores of laminated mild electrical steel
or ferrite to prevent saturation in normal use. The use of closed toroidal cores
reduces radio and audio systems interference.

5.5 Pulse Width Modulators

We suggest a Texas Instruments line-up of pulse width modulators depending
on the desired frequency.

5.5.1 High frequency

The LM515xx series [5, 6, 9, 7, 8] of pulse width modulators offer a dynamically
programmable switching frequency ranging from 100 kHz to 2.2 MHz. Switching
in the megahertz range for our application may incur excessive power losses and
inefficiency in the large power MOSFETS [4, 15].

5.5.2 Medium frequency

The TL5001xx series PWMs [11, 12, 14, 13] operate in the range of 20 kHz to
500 kHz.



5.5.3 Low frequency

The LM555 [10] or similar ICs from many manufacturers may be used for fre-
quencies below 20 kHz, but the 555 is a general purpose timer which will require
additional customization and circuitry to use specifically for pulse width mod-
ulation.

5.6 The feedback loop

There needs to be a stable and reliable automated method of adjusting the
duty cycle of the PWM up and down between certain limits based on the differ-
ence between the desired correct output voltage and the actual output voltage
measured.
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