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Abstract

This research study the effect of Photovoltaic surface
temperature on Photovoltaic panel output characteristics. First,
circuit simulator PSPICE was used to compose Photovoltaic
panel model at 75 W, 4.8 A and 21 V. Then, study the behavior
of it under varying conditions (solar insolation, environmental
temperature and PV panel surface temperature). ABM feature of
PSPICE was used to include the above parameters in PV PSPICE
model and produced temperature dependent voltage. The voltage
converted to current with galvanic insolation by element Gploy
with gain 0.8. The model defined as hierarichal block in PSPICE
library and could be called as individual source for any

applications.

After studying the effect of PV surface temperature on its (I-
V) curves specially the position of the maximum power point,
this temperature was used to keep tracking of the optimal voltage
for the PV panel at the MPP. Therefore DC -DC boost converter

was used to achieve this purpose.

Boost converter was raise a PV panel voltage from 17 V to 34
V for all variation of surface temperature from 300 K to 350 K at
frequency 10 KHz and AV, =5 V.
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Chapter One General Introduction and Literature Review

Chapter One

General Introduction and Literature Review

1.1 Introduction:

In past years, it has become increasingly clear that the present method of
generating energy has no future. Thus, finiteness of resources is noticeably
reflected in the rising prices of oil and gas. At the same time, we are it has
been noticed the burn effects of fossil fuels. The melting of the glaciers, the
rise of the ocean levels and the increase in weather extremes, as well as the
nuclear catastrophe in Fukushima, all show that nuclear energy is not the path
to follow in the future. Besides the unsolved final storage question, fewer and
fewer people are willing to take the risk of large parts of their country being
radioactive. Fortunately, there is a solution with a sustainable energy supply
can be assured: renewable energy sources. These use infinite sources as a basis
for energy supplies and can ensure a full supply with a suitable combination
of different technologies such as biomasses, photovoltaics, wind power, and
so on. A particular role in the number of renewable energies is played by
photovoltaics. They permit an emission-free conversion of sunlight into
electrical energy and, because of their great potential, will be an important
pillar in future energy systems. However, the changeover of our energy supply
will be a huge task that will only be mastered with the imagination and

knowledge of engineers and technicians. [1]

Photovoltaic system is the technology that generates direct current (DC)

electrical power measured in watts (W) or kilowatts (kW) from
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semiconductors when they are illuminated by photons. As long as the light is
shining on the solar cell (the name for the individual PV element), it generates
electrical power. When the light stops, the electricity stops. Solar cells never
need recharging like a battery. Some have been in continuous outdoor

operation on Earth or in space for over 30 years [2].

Solar cells are typically made of semiconductor materials, which have
weakly bonded electrons occupying a band of energy called the valence band.
When energy exceeding a certain threshold, called the bandgap energy, is
applied to a valence electron, now the electron is somewhat “free” to move
around in a new energy band called the conduction band where it can
“conduct” electricity through the material. Thus, the free electrons in the
conduction band are separated from the valence band by the bandgap
(measured in units of electron volts or eV). This energy needed to free the

electron can be supplied by photons, which are particles of light [2].

1.2.1 Advantages of Photovoltaic

. No emission, combustion or radioactive waste (does not contribute

perceptibly to global climate change or air/water pollution.

. Low operating costs (no fuel).
. No moving parts (no wear); theoretically everlasting.
. Ambient temperature operation (no high-temperature corrosion or

safety issues).

. High reliability of solar modules (manufactures’ wuarantees over 20
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years) [2].

1.2.2 Disadvantages of photovoltaic

. High initial (installed) costs.

. Unpredictable hourly or daily output. [2]

1.3 Types of Photovoltaic systems

e Systems That feed power directly into the utility grid.

e Stand - alone systems that charge batteries, perhaps with generator

back-up. Where this type of photovoltaic was used in this project.

e Applications in which the load is directly connected to the

Photovoltaic: case of water — pumping systems.

1.4 Basics principle of Photovoltaic system

The photovoltaic (PV) effect is the basis of the conversion of light to
electricity in photovoltaic, or solar, cells. Described simply, the PV effect is
as follows: Light, which is pure energy, enters a PV cell and imparts enough
energy to some electrons (negatively charged atomic particles) to free them.
A built-in-potential barrier in the cell acts on these electrons to produce a
voltage (the so-called photovoltage), which can be used to drive a current

through a circuit.
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All matter is made from atoms. They, in turn, are composed of three
kinds of particles: protons, neutrons, and electrons. Protons (positively
charged) and electrons (negatively charged) attract each other; neutrons are
not electrically attracted to either and are said to be neutral. The positively
charged protons and the neutral neutrons reside in a nucleus, the close-packed
center of the atom. The electrons-much lighter than the protons {or neutrons)-
orbit the nucleus. Although an atom contains charged particles, overall it is

electrically neutral because it has the same number of protons and electrons

3]

Different atoms have different numbers of protons. For every proton in
an atom's nucleus, there is an electron orbiting the nucleus. The orbital
locations (and the motion of the ‘electrons about their own axis) are
determined by the energy of the electrons. The electrons, in particular those
furthest from the nucleus, interact with electrons from other atoms and
determine the way in which like or dissimilar atoms combine into larger

structures such as solids.

The silicon atom has fourteen electrons arranged in such a way that the
outer four can be given to, accepted from, or shared with another atom. These
four outer electrons are called valence electrons. Large numbers of silicon
atoms, through their valence electrons, can bond together to form a solid. As
a solid, each silicon atom usually shares each of its four valence electrons with

another silicon atom. Each basic silicon unit, forming a tetrahedral
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arrangement, thereby contains five atoms (the one silicon atom plus the four

others it shares electrons with).

Each atom in the silicon solid is held in place at a fixed distance and
angle with each of the atoms with which it shares a bond. This regular, fixed
formation of a solid's atoms is called a crystal lattice. Solids can form from
several differently shaped crystal lattices. (All solids are not crystalline,
however; some can have multiple crystalline forms and/or none at all.) For
silicon, the atoms are located so as to form the vertices of a cube with single
atoms centered at each of the faces of the cubic pattern. The cubic arrangement

repeats throughout the crystal [3]

1.4.1 The Effect of light

When light strikes a silicon crystal, it may be reflected, be absorbed, or
may go right through. Let's concentrate on the light that is absorbed. Usually
when light of relatively low energy is absorbed by a solid, it creates Light of
greater energy can alter the electrical properties of the crystal. If such light
strikes a bound electron, the electron is torn from its place in the crystal. This
leaves behind a silicon bond missing an electron and frees an electron to move
about in the crystal. A bond missing an electron, rather picturesquely, is called
a hole. An electron free to move because free electrons are the means by which
electricity flows. Both the conduction-band electrons and the holes play
important parts in the electrical behavior of PV cells. Electrons and holes freed
from their positions in the crystal in this manner are said to be light-generated
electron-hole pairs. Move throughout the crystal is said to be in the crystal's

conduction band, because free electrons are the means by which electricity
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flows. Both the conduction-band electrons and the holes play important parts
in the electrical behavior of PV cells. Electrons and holes freed from their
positions in the crystal in this manner are said to be light-generated electron-

hole pairs and finally generate the electricity [3].

1.5 Literature overview:

Practical solar cells have only been available since the mid-1950’s, but

the phenomena were discovered by French scientist Henri Bequerel in 1839.

[4]

Emery and Burdick (1996) state that  Photovoltaic (PV) cells and
modules are often rated in terms of a set of standard reporting conditions
defined by a temperature, spectral irradiance, and total irradiance. Because PV
devices operate over a wide range of temperatures and irradiances. Emery
Surveys the temperature dependence of crystalline and thin-film, state-of-the-
art, research-size cells, modules, and systems measured by EIl variety of
methods. The various error sources and measurement methods that contribute
to cause differences in the temperature coefficient for a given cell or module

measured with various methods are discussed [5].

King (1997) proposed that the term “temperature coefficient” had been
applied to several photovoltaic performance parameters, including voltage,
current, and power. The procedure for measuring the coefficient(s) for
modules and arrays are not yet standardized, and systematic influences are
common in the test methods used to measure them. He described effective

methods for determining temperature coefficients for cells, modules, and

7
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array; identifies sources of systematic errors in measurements; and provides

guidance for their application in system engineering. [6]

Park and Yu (2004), A Photovoltaic system(PV) had been studied and
watched with keen interest due to a clean and renewable power source. The
output power of PV system was not only unstable but uncontrollable, because
the maximum power point tracking (MPPT) of PV system is still hard with
the tracking failure under the sudden fluctuation of irradiance. Authors
suggested that the optimal voltage for MPPT be obtained by only solar cell
temperature. Having an eye on that the optimal voltage point of solar cell was
in proportion to its panel temperature, with operating the power converter
whose operating point keeps its input voltage to the optimal voltage imagined
by the surface's temperature of PV panel. The maximum power point becomes
tenderly possible to be tracked. In order to confirm the availability of the
proposed control scheme both control methods ware simulated not only on the
various angle of sampling time of switching control but also with the real field

weather condition. [7]

Nema (2009) presented a computer simulation based study of photovoltaic
cells/modules using circuit simulator PSpice. The PSpice was an
analogous/digital circuit simulator which calculates voltage and current in a
circuit under variety of different circumstances. This feature of PSpice used
to simulate a circuit based model for PV cells/ modules and then to conduct
the behavior under varying conditions of solar insolation including shading

effect, temperature, diode model parameters, series and shunt resistance. [8]
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Coelho (2009) stated that photovoltaic applications were increasing
rapidly; thus, an accurate photovoltaic module modeling was requested in
order to allow photovoltaic plants simulations. Roberto presented a
mathematical modeling to describe numerically photovoltaic modules and
arrays, taking into account the radiation and temperature effects on output

voltage, current and power. [9]

Kubba and Samir (2009) presented a theoretical study of photovoltaic and
modeling techniques using equivalent circuits. The using of equivalent
circuits was it possible to investigate the characteristics of PV cell. The
method was used here is implemented in OrCAD pspice program. The same
modeling technique is also applicable for modeling a PV module. The details
are also given the method of measuring the panel parameters lsc, Rs and Is,
several techniques described to create a new components (PV), in the orcad-
pspice simulator library that could be directly called by their equivalent
circuits [10].

Coelho (2010) stated a method based on temperature measurements, in
which the PV module of surface temperature was used to determine the
maximum power point voltage and also Roberto state that the Maximum
Power Point trackers (MPPT) were quite required in order to maximize the
extracted power from power from photovoltaic generators. Since the PV
module output power depends on environment conditions, the tracking

algorithm must ensure velocity and accuracy. Traditionally, methods like

9
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constant voltage, perturb and Observe (P, O) and Incremental and
Conductance (IncCond) were widely employed and the choice of one or other

depends on static and dynamic tracking features. [11]

Coelho, etal. (2010) showed that Maximum Power Point Trackers (MPPT)
system are essential devices employed to maximize the power flow from
photovoltaic module (or array) to a load in most application, the MPPT
composed by a DC-DC converter interposed between the photovoltaic module
and the load. Among the main DC-DC converters, the Buck-type and Boost-
type were not proper for this purpose, since they cannot ensure that the
operation point will match the maximum power point for every radiation and
temperature conditions. On the other hand, as it will be demonstrated
theoretically and by experimentation, the Buck-Boost, Cuk, Sepic, Zeta, or
any other DC-DC converter with static transfer characteristic given by D/(1-
D), which were a natural solution in Maximum Power Point Tracking

applications. [12]

Brito (2013) presented the evaluations among the most usual maximum
power point tracking (MPPT) techniques, doing meaningful comparisons with
respect to the amount of energy extracted from the photovoltaic (PV) panel
[tracking factor (TF)] in relation to the available power, PV voltage ripple,
dynamic response, and use of sensors. Using MatLab/Simulink and dSPACE
platforms, a digitally controlled boost dc—dc converter was implemented and
connected to an Agilent Solar Array E4350B simulator in order to verify the
analytical procedures. The main experimental results were presented for

conventional MPPT algorithms and improved MPPT algorithms named IC

10
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based on proportional—integral (PI) and perturb and observe based on PI.
Moreover, the dynamic response and the TF are also evaluated using a user-
friendly interface, which is capable of online program power profiles and
computes the TF. Finally, a typical daily insulation is used in order to verify

the experimental results for the main PV MPPT methods. [13]

Hiwale, etal. (2014) showed that the maximum power point tracker battery
charger is proposed for extracting maximum power from a photovoltaic panel
to charge the battery. The output power of the PV system continuously varies
with change in irradiance and temperature. It is very important to improve the
efficiency of charger. There were number of maximum power point tracking
(MPPT) methods available to operate the PV system at maximum power
point. The proposed system had used Perturb & Observe (P&O) MPPT
algorithm for the design and implementation. When the irradiance and
temperature are constant or slowly varying, the P&O method tracks MPP
steadily and calculate the operating point at which the battery was capable of
producing maximum power. In this method, the controller provides the PWM
signal to adjust the voltage, adjustment is done by Buck converter and
measures power, if the power increases, further adjustments in that direction

are tried until power no longer increases [14].

Gauri, etal. (2016) show that for extracting maximum power from
photovoltaic panel to charge battery. There are number of maximum power
point tracking (MPPT) methods available to operate the PV system at
maximum power point. The proposed system had been used Perturb and

11



Chapter One General Introduction and Literature Review

Observe (P and O) MPPT algorithm for the design and implementation. A
simulation study of maximum power point tracking (MPPT) for photovoltaic
systems using perturb and observe algorithm. Maximum power point tracking
(MPPT)is used in photovoltaic (PV) systems to maximize the photovoltaic

array output power [15].

1.6 The Aim

The aim of this project is to study the effect of PV surface temperature on
PV panel output characteristics. And also, to reach the maximum power point
trackers (MPPT) by calculating and estimating the effect of the photovoltaic
panel surface temperature on the output power of the photovoltaic system by
designed an electrical circuit to control the Photovoltaic panel output. by

using OrCAD PSPICE simulation program.

1.7 Thesis overview

In chapter one of the thesis issues a historical review was presented to show

the extent of research interest in this field.

Chapter two describes the principles and electrical parameters of the PV
cell (DC-DC converters types, the design of the boost converter), and the

OrCAD Pspice model for PV cell will presented.

The simulation of the PV panel with temperature effect within the OrCAD
PSpice simulator will presented in chapter three.

12
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Finally, chapter four will gives the conclusions and suggestions to continue

and extend this work in future.

13
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CHAPTER TWO

Description of the photovoltaic system

2.1 PV modeling

A photovoltaic module was modelled using single diode equivalent circuit.
The various parameters which influence the characteristic of a cell are
classified as environmental parameters as irradiance and temperature, internal
parameter as ideality constant, energy band- gap and charge of electron,
electrical parameter like open circuit voltage, short circuit current, series

resistance, and shunt resistance [16].

A PV array consists of several photovoltaic cells in series and parallel
connections. Series connections are responsible for increasing the voltage of
the module whereas the parallel connection is responsible for increasing the

current in the array [17].

APV array comprises individual PV cells connected into a unit of suitable
power rating. Its characteristic are determine by multiplying the voltage of an
individual cell by the number of cells connected in series and multiplying the
current by the number of cells connected in parallel. Three important
operating points are open-circuit voltage, short circuit current and Maximum
Power Point (MPP) [18]

15



CHAPTER TWO Description of the Photovoltaic system

Typically, a solar cell can be modeled by a current source and an inverted
diode connected in parallel to it as shown in the figure (2-1). It has a series
and parallel resistance. Series resistance is due to hindrance in the path of flow

of electrons from n to p junction and parallel resistance is due to the leakage
current [19].

Rs

Ay
100
15C
GD Dspice § Rsh
4 81A

Dbreakx

Figure 2-1: Single diode model of a PV cell (equivalent PV circuit).

The output current from the photovoltaic array is [18]

1= Isc— Id .................................................................. (2'1)
PN R R L ) W (2-2)

Where: Is the reverse saturation current of the diode

16
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q: is the electron charge
Vq: is the voltage across the diode
K: is Boltzmann constant (1.38 * 102° J/K)

T: is the junction temperature in Kelvin (K).

then

I = Toom Is (€ TVHRINKT L1Y | ieeeeeeeeeeeeeeeeeeneeeseeeeees (2-3)

where, | is the photovoltaic cell current, V is the PV cell voltage, and n is the

diode ideality factor.

2.2 The Physics of PV solar cell

Solar PV systems are power-generating devices that convert
electromagnetic energy into electricity. This physical phenomenon is due to

the cell’s material properties [21].

The main component of a PV cell is silicon, which is a semiconductor:
it is an insulator at low temperature and a conductor when the energy is

available, in other words, when there is light.

A semiconductor such as silicon consists in three main areas: the valence
band where electron e are bounded to the atoms, the band gap which is a
forbidden space, and the conduction band where electrons are moving as
negative carriers and participate in electricity generation.

17
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For a valence electron to get to the conduction band there should be
sufficient energy provided so that the electron can jump over the band gap,
leaving a hole h* in the valence band. Hence, if the absorbed photon’s energy
Is equal or superior to the band gap energy Eg, which is 1.1 eV or 1.7622*10
197 for silicon, the electron will be to the conduction band with a release of
heat in the last case [20].

The energy carried by a photon is expressed as E=hv or E=hc/A. Thus,
long wavelengths might not provide enough energy while the absorption of

short wavelengths may generate heat [20].

Solar Photovoltaic (PV) systems generate electric power by absorbing
electromagnetic energy. They have an efficiency of about 10-22%, and are

heated by the remainder of energy.

These heat losses increase with higher incoming irradiance. The issue of
the phenomenon is the module temperature directly influences the module’s
performances as the electric output power and the efficiency goes down as the
module temperature rises. By studying the encapsulation scheme and the
thermal modeling of a PV module, the heat transfer processes in the system
can be understood and to know which parameters make the module
temperature vary [20].

18
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Finally, as the expression of the temperature is difficult to establish, a
simplified formula has been used in order to calculate the performances of a

given module under different environmental conditions [20].

PV-cell characteristics depend on insulation and temperature and surface
temperature of photovoltaic panel. The P-V characteristics of a PV cell array

can be obtained from its I-V characteristics [18].

2.3 The Operation Temperature

A PV module might be used in a variety of climates, and so is expected to
withstand harsh environmental conditions such as dust, salt, sand, wind and
snow [20].

A module is physically protected by the encapsulation structure, which
needs to be carefully studied to provide a long life-time (usually between 15
and 20 years) [21].

PV modules that are currently available in the market have an efficiency
ranging between 15% and 22%. The incident irradiance converted into
electricity. The remainder is converted into thermal energy that heats the cells
[21].

These heat losses cannot be estimated as they depend on the material’s

band gap and on the weather, i.e. the solar irradiance. However, a fraction of

19
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the sunlight is reflected on the front cover of the cell: it doesn’t contribute to

either the electrical power generation or the heating of the cells [20].

Three heat transfer processes occur in a PV module: conduction of the heat
losses through the encapsulates, heat convection at the module front and back

surfaces and radiation to the surroundings [20].

The conversion efficiency of a PV module is affected by changes in the
temperature and radiation levels. The higher the radiation levels, the higher
will be the amount of energy. The issue concerning the low amount of
absorbed radiation can be solved through the use of multi-junction solar cell.
These PV cells combine different semiconductor materials that possess
dissimilar response for distinct wavelengths of light. Therefore, the
combination of different materials increases the total of absorbed radiation,

reducing the amount that is converted into heat [21].

High radiation regions also have high local temperature. Seeing that, as
proven by Mishra and Tiwari, all different types of PV cells are negatively
affected by high temperature, leading to a decrease in the converted efficiency

conversion of the PV system.
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The main concern in order to improve the efficiency conversion should be
about maintaining the PV module at a low temperature, rather than increasing
PV cell conversion efficiency. Otherwise, high irradiation regions like Brazil
will not fulfill its true PV potential, due the high local ambient temperature
[22].

Fundamentally, the temperature coefficients for modules and large arrays
should be directly related to the temperature coefficients for their individual
cells. In principal, it should be possible to measure temperature coefficients
for a large number of cells, average the values, and then calculate coefficients
for modules and arrays using the average values. However, test results for

modules and arrays often don’t support this premise [23].

Systematic influences that occur during testing or system operation often
result in apparent temperature coefficients that differ from anticipated values.
Typically, the difference results from nonuniform temperature distributions
and/or measured temperatures that are not indicative of actual cell

temperatures [23].

The important role of the operating temperature is relation to the electrical
efficiency of a photovoltaic (PV) device [22]. The correlations expressing the
PV cell temperature (T) as a function of weather variables such as the ambient
temperature (Ta), local wind speed, solar radiation, material and system
dependent properties such as, glazing-cover transmittance and plate

absorption [24].
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The short-circuit current of solar cells is not strongly temperature-
dependent. It tends to increase a slightly increasing temperature. This can be
attributed to increased light absorption, since semiconductor band gaps
generally decrease when the enough energy available. The other cell

parameters, the open-circuit voltage and the fill factor, both decrease [25].

2.4 Electrical Power Converters

The dc-dc converters are widely used in regulated switch-mode dc power
supplies and in dc motor drive applications. Often the input to these converters
Is unregulated dc voltage, which is obtain by rectifying the line voltage, and
therefore it will fluctuate due to changes in the line-voltage magnitude.
Switch-mode dc-to-dc converters are used to convert the unregulated dc input

into a controlled dc output at a desired voltage level [26].

The role of power electronic converters is to provide power to the user in
a suitable form at high efficiency. The power electronic converters are needed
in PV systems to convert DC voltage to the required values and to convert
from DC to AC and vice versa. In addition, they control the charging and

discharging of batteries in systems where batteries are storage elements.
There are many types of DC -DC converters as follow:

1- Step-down (buck) converter.

2- Step-up (boost) converter.

3- Step-down step-up (buck- boost) converter.

4- Cuk converter.
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CHAPTER TWO Description of the Photovoltaic system

5- Full-bridge converter,

In this work was focused on boost converter to achieve the desired voltage.

2.4.1 Boost Converter

The Boost converter is another simple power electronic converter and
basically consists of a voltage source, an inductor, a power electronic switch
(usually a MOS- FET or an IGBT) and a diode. It usually also has a filter
capacitor to smoothen the output. Its function is to step up DC voltage to bring
it to a desired level. [28]

In the source side, it has been used a boost convertor connected to a solar
panel in order to enhance the output voltage so that it can be used for different
applications like motor load. By changing the duty cycle of the boost
converter appropriately it can match the source impedance with that of the

load impedance [27].

Fig. 2-2 illustrates the basic circuit of a Boost converter. However, in
this example the switching transistor is a power MOSFET, both Bipolar power
transistors and MOSFETs are used in power switching, the choice being
determined by the current, voltage, switching speed and cost considerations.
[28]

23



CHAPTER TWO Description of the Photovoltaic system

L1
+ D1 i

4
DC + e
Input — 0
e utput
Vin Cl| Load |V, >V,
o/ E_ L 4=

*
Squarewave  MOSFET
driving switch  Switch

Figure 2-2: Basics boost converter circuit [28].

2.4.2 Boost Converter Operation principles

Fig 2-3 illustrates the circuit action during the initial high period of the
high frequency square wave applied to the MOSFET gate at start up. During
this time MOSFET conducts, placing a short circuit from the right-hand side
of L1 to the negative input supply terminal. Therefore, a current flow between
the positive and negative supply terminals through L1, which stores energy in

its magnetic field [28].

There is virtually no current flowing in the remainder of the circuit as the
combination of D1, C1 and the load represent a much higher impedance than
the path directly through the heavily conducting MOSFET. [28]
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Fig.2-3 shows the circuit action during MOSFET ON periods after the
initial startup. Each time the MOSFET conducts, the cathode of D; is more
positive than its anode, due to the charge on C;. D; is therefore turned off so
the output of the circuit is isolated from the input, however the load continues
to be supplied with V iy +V|_ from the charge on C; [28]. Although the charge
C, drains away through the load during this period, C; is recharged each time
the MOSFET switches off, so maintaining an almost steady output voltage

across the load [28].

L1
Storing Energy
+
+ —
o T o g i TN
P
DC —\ D1 +
Input J- N o
Vin - o C1 Load
o e |
Square MOSFET
Wave Switch
HIGH ON

Figure 2-3: The Operation Principles of Boost Converter (at switch on)
[28].
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Fig. 2-4 shows the current path during the low period of the switching
square wave cycle. As the MOSFET is rapidly turned off the sudden drop in
current causes L1 to produce a back e.m.f. in the opposite polarity to the

voltage across L1 during the on period, to keep current flowing [28].

This results in two voltages, the supply voltage V\y and the back e.m.f.(V,)
across L1 in series with each other. This higher voltage (Vin +V), nhow that
there is no current path through the MOSFET, forward biases D1. The
resulting current through D, charges up C; to VN +Vminus the small forward

voltage drop across D, and also supplies the load [28].

L1
Returning Energy to Circuit
e
= + 4 -
AT
DC + DC
Input ﬂ ON 3 Output
Vs - C1 Load Vi +V,
Tl «
Square MOSFET 1
Wave Switch Charges
LOW OFF toV,,+V,

Figure 2-4: The Operation Principles of Boost Converter (at switch off)
[28].
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The Boost converter may be described mathematically through the

following equations [29].

When switch closed (ON) then

Ve=Vin=L @V dT) oo, (2-5)
Vin=L* (Iviox— I i) / DT <. (2-6)
(Vind LY DT = Iytax — Iin <. veveeee. (2-7)
max= Ivtin s (VINIL) DT oo, (2-8)

Now if switch is open (Off)

ViN+VL+Vo=0 oo, (279)

Vo= VIN=VLeooieioeioeaieai. (2-10)

Vo= Vin—L* (di/dt) ............... (2-11)

Vo=Vin—L* (Imin—Iva) / (T=DT) ... (2-12)
-L (Ivin— ) / (1-D) T =Vo— VIN cevveereeenn.. (2-13)
Iax = Intin— (Vin— Vo) (L) * (1-D) T oo, (2-14)

Therefore, Vo> VN
Ivax = Imin + (Vo — V|N)/ (L) * (1-D) T.......... (2-15)
Now eq. (2-8) equal to eq. (2-15)

Ivin + V|N/(L) *DT = lyin+ (Vo — V|N) /(L) *(1-D) T (2-16)
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Since

Vioad/ VModule =1/ (1-D) oo, (2-17)
lLoad/ IModutle = 1-D oo (2-18)
Where:

D: duty cycle.

V1oad, lLoad: l0ad voltage and load current.

V Modules Imodute: Module voltage and module temperature.

2.4.3 Critical inductance

The conduction mode of a power stage is a function of input voltage, output
voltage, output current, and the value of the inductor. The value of inductor is

given by the following equation [31].

Lomin = (Vo *Ts) /(16 *1o) ... (2-19)

2.4.4 Output capacitance

In switching power supply power stages, the function of output capacitance
Is to store energy. The energy is stored in its electric field due to the voltage
applied. Thus, qualitatively, the function of a capacitor is to attempt to

maintain a constant voltage [30].

The output capacitance for a boost power stage is generally selected to
limit output voltage ripple to the level required by the specification. The series

28



CHAPTER TWO Description of the Photovoltaic system

Impedance of the capacitor and the power stage output current determine the
output voltage ripple. The three elements of the capacitor that contribute to its
Impedance (and output voltage ripple) are equivalent series resistance (ESR),
equivalent series inductance (ESL), and capacitance (C). The following

discussion gives guidelines for output capacitor selection [30].

To determine the amount of capacitance needed as a function of output
load current, 1o, switching frequency, fs, and desired output voltage ripple, the
following equation is used assuming all the output voltage ripple is due to the
capacitor’s capacitance. This is because the output capacitor supplies the

entire output load current during the power stage on-state [30].

C>(o*D)/ (Fs* AVg) .oooeeoeeeoeein (2-20)

2.5 Maximum Power Point Tracking Algorithms

A typical solar panel converts only 15 to 20 percent of the incident solar
irradiation into electrical energy. Maximum Power Point Trackers (MPPT)
systems are essential devices employed to maximize the power flow from a
photovoltaic module (or array) to a load. In most applications, the MPPT is
composed by a DC-DC converter interposed between the photovoltaic module
and the load [31].
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The output power of a solar panel is a function of the temperature, the
sunshine and the position of the panel. It is also function of the product of the
voltage by the current. By varying one of these two parameters, voltage or
current, the power can be maximized. Several MPPT methods exist in order
to maximize this output power and to fix its value, in steady-state, at its high
level [32].

Among the main DC-DC converters, the Buck-type and Boost-type are
not proper for this purpose, since they cannot ensure that the operation point
will match the maximum power point for every radiation and temperature
conditions. On the other hand, as it will be demonstrated theoretically and by
experimentation, the Buck-Boost, Cuk, Sepic, Zeta, or any other DC-DC
converter with static transfer characteristic given by D/(1-D), are a natural

solution in Maximum Power Point Tracking applications [33].

Usually, the MPPT is achieved by interposing a DC-DC converter between
the photovoltaic generator and the load, thus, acting on the converter duty

cycle (D) it is possible to guarantee the operation point as being the MPP.

The photovoltaic (PV) module efficiency conversion affected by
environmental condition, particularly by variation in temperature and
radiation. There are several devices and techniques that allow a minimization
of those effects and changes, by keeping the efficiency conversion at its

highest level.
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The most common techniques are the output current, voltage or both to
calculate the maximum power technique. However, some MPPT systems
recently appeared using the PV module temperature as an input to determine
the MPP.

The choice of the algorithm depends on the time complexity the algorithm
takes to track the MPP, implementation cost and the ease of implementation
[34]. The two environmental conditions of solar insolation and temperature
govern output of a PV cell. In this thesis as state previously focused on cell

temperature effect (temperature method).

2.5.1 Temperature method

The tracking algorithm performance is fundamental for an efficient
tracking response. Usually, the algorithm receives the PV module voltage and
current as input data and defines the dc-dc converter duty cycle that

establishes the system operating point on the MPP [36], as depicts Fig. 2-5
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PV module /

,... = ﬁ /..

} ‘ e de-dc J
. converier

> + »
J A
T Sence Tracking D
S
algonthm

Figure 2-5: Typical input and output data related to MPPT algorithms.

Load

The main aim of the proposed algorithm is to unify the simplicity of
implementation of the constant voltage method with the velocity and accuracy

tracking of the IncCond one [36].

Constant Voltage algorithm is the simplest way to impose the voltage
across the photovoltaic terminals; however, the voltage value is clamped in a

fixed value and the MPP is not always achieved [35].

On the other hand, IncCond algorithm allows varying the voltage across
the photovoltaic device, fast and accurately, always matching the MPP;
nevertheless, this algorithm is complex to be implemented. In the Maximum

Power Point Tracking algorithm employing temperature sensor (MPPT-
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temp), the current sensor is substituted by a temperature sensor, fixed on the

photovoltaic back surface [35].

The development of an algorithm that employs temperature measurement is
based on the fact that the output photovoltaic voltage is directly proportional
to the temperature on the photovoltaic surface [36]. This algorithm is achieved

by the following steps:

1- The PV panel surface temperature and output voltage are measured by

Sensors.

2- both sense values are set as input data for the tracking algorithm, whose

output is the duty cycle of the DC-DC converter.

Table (2-1) index the simplicity of the temperature measurement

algorithm.

It is possible directly set the duty cycle (D) and transfer the maximum

power from PV panel to the load.
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Power DC-DC Converter Duty Cycle for operation on the MPP
Buck Dwmprp= Vicad / (V mpp + (T =T STC)MV
BOOSt DMPP:1' V|oad / (V mpp + (T - T STC)HV
Buck-Boost Dwmpp= Vload/ (Vload +V mpp + (T - T STC)HV

Table (2-1) Duty cycle for maximum power point operation.
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CHAPTER THREE

Simulation Results of The PV Model

3.1 Introduction

In this chapter the PV panel has been simulated within the PSPICE
simulator. Temperature of Photovoltaic panel is measured to estimate its
effect on the maximum power point trackers (MPPT) of PV system. Details
are also given to the methods of measuring the panel temperature and several
techniques to create a new component PV in the Orcad-PSpice simulator

library which will be called directly by their equivalent circuits.

3.2 Design of photovoltaic panel in PSPICE

Photovoltaic cells in Orcad-PSPICE program must be represented by diode
device, where diode have the same characteristics of solar cells, it’s also have

two layers and it’s a semiconductor device.

The block diagram in the fig. 3-1 below shows the full system with
maximum power point tracking controller. The voltage source provides the

panel voltage at different temperature.
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Y

Magnetic Field

Storage Element

A J
Voltage Switch Switching
Element
Source Control Rectifier and

- Output

h 4
r

Figure 3-1: The basic blocks of building Photovoltaic system [37].

Firstly, the PSPICE PV model will be prepared to understand its operation
and how to improve quality and add all the other parameters that is affected
the PV panel.

It is possible to simulate a PV panel in OrCAD- PSPICE if Is and Rs for
the diode in a single cell model shown in fig. (2-1) in the previous chapter are
calculated. Whereas the saturation current is calculated using a circuit shown
in fig (2-1). From DC simulation results under open circuit voltage shown in
fig (3-2) (Is= 436.96 PA at Voc = 0.602 V).

The PSPICE model of the diode is built according to the saturation current
Is calculated above (Is = 436.96 PA, N=1, Rs= 0.001Q, XTI = 3, IKF = 0A,
Eg=1.11ev, Cjo=1Pf, M =0.3333, V] =0.75V, Fc = 0.5, ISR = 0.1PA, NR=
2, BV =100V, IBV=0.0001
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8 | 436.964p, 602.778m ——

Vcell

Figure 3-2: The voltage cell as a function of the saturation current Is.

Series resistance was represented as Rval in fig. (3-3) and simulated
under optimal load 16.652 Q. (PMax/ IL), and from DC analysis results
shown in fig. (3-4) Rs = 13.95Q.

Ay
{Rwval} \
I | _ g Rp(max)
69 v Dspice 0.10690
4.81A Dbreakx
'____O

Figure 3-3: The circuit diagram used to determine RS.
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CHAPTER THREE Simulation Results of The PV Module

Right now, is possible to create the PV panel consist of 36 elementary cells
in series as shown in fig (3-5). The value of Rs for whole model is the sum of

the internal resistances of all the cells.

Temperature and solar radiation are the more important parameter affected
the PV panel output. Therefore, these two parameters will be added to the
previous model to improve it is behavior. This improvement will be helpful
to verify different types of PV systems. To achieve this work the following
equation (3-1) [38] was employed in the previous mathematical PV model as

shown in fig. (3-4).

Ipn=[ Iscr + K1 (T- 298) * (Irradiation / 1000)] ....... (3-1)
Where:

Ki: short circuit current temperature coefficient for SP75 equal 0.0017 A/C°.

from data sheet.

Ipn: represented photovoltaic current (A).
T: cell temperature.

Irradiation: solar radiation (W/m?).

Iscr: short circuit current (A).
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|

Figure 3-5: The created PV panel as represented on Orcad-PSPICE.
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ABM feature of PSPICE is used to include the above parameters in PSPICE
model and produced temperature dependent voltage. This voltage converted

to current with galvanic insulation by element Gploy with gain (0.8).

The 1-V and P-V characteristics of the created panel are shown in fig.
(3-6), (3-7), (3-8) and (3-9) these curves provides that the PSPICE PV model

could be used as a source of energy to the power circuit.

Fig. 3-6 shows the current-voltage curve, obtained from the DC analysis
of the PV model. The optimal load replaced by Ry to obtain all value of |
and V. The simulated model shows 21.7V open circuit voltage and 4.8A short
circuit current and 75W maximum power at 25C° with 1000W/m? solar

irradiation. Fig. (3-7) depicts (I-V) curves for different ambient temperature.

Next, the following figures (3-8) (3-9) depict the panel characteristics from

this simulation at different surface temperature and irradiation respectively.

42



CHAPTER THREE Simulation Results of The PV Module

The power vs. voltage plot is described on fig. 3-9. It reveals that the

value of PV model power varies greatly depending on its operation condition.

The location of the maximum power point in the (P-V) plane is not known
beforehand and always changes dynamically dependence on irradiance and

temperature.

Fig 3-10 shows the (P-V) curves for different temperatures at constant
irradiance and fig. 3-11 shows the (P-V) curves for different irradiance value
at constant temperature (25C°). there is observer shift where the maximum

power point occurred.

43



14

'*0D1S Japun jaued ay1 Jo aAINd (A-]) 8yl :9-§ aanbi4

3IMPOIN /\d 9UL JO SHNSay UORBINUIIS

d34H1L 431dVHO

Um_



174

‘W/MO00TuUoREIpE.LII
1UBISUOD ® J3pun ainjedadwa) JuaJlaip 1e jsued Ad ayl JO $aAnd (A-1) 8yl :/-§ aanbi4
ATA

A3z A2 hzzZ Aoz ABT h2T AT AZT ADT Ag A3 Ap L A0

(Ad)|

9INPOIN Ad 83U 40 S}|NSay uole|nwis d34H1L 4391dVHO



9P

"W/MO00T
uoljeIpe.LIl JURISUOD © Japun ainjedadwa) adepans Juadapip 1e |aued Ad a8yl Jo saaand (A-1) syl :8-€ aanbi4

A2 AZZ Aoz ABT A317 ApT AZT ADT A8 A3 Ay AZ AD

(nd)|

9INPOIN Ad 83U 40 S}|NSay uole|nwis d34H1L 4391dVHO



LY

0D GZ=1 aanmeJdadwsl JurISUOI B 13pun uolleipe.all Juatayip e [aued Ad a8yl Jo saaInd (A-1) 8yl :6-€ ainbi4

ATA

A3Z ApZ AZZ ADZ ABT A31 ApT AZT AOT A8 A2 Ay Az AD

(nd)]

9INPOIN Ad 83U 40 S}|NSay uole|nwis d34H1L 4391dVHO



514

'D1S 49pun jsued Ad dy3 Jo 8AIND (A-d) 3YL :0T-€ 24nbi-

AT/

AVT AEC

(Ad)] « ADTA

MOg

9INPOIN Ad 83U 40 S}|NSay uole|nwis d34H1L 4391dVHO



6t

"ZW/MO000T
uollelpe.al JURISUOD B Japun aanjeaadwa) a2eans Juadapip 1e jaued Ad ayl Jo saaund (A-d) 8yl :TT-€ a4nbi4

ATA

A2 hZZ hDZ BT A2t AT AZT ADT hg A2 Ay Az A0

(Ad)] 4 ADTA

M08

9INPOIN Ad 83U 40 S}|NSay uole|nwis d34H1L 4391dVHO



0S

ZW/MO00T
uoleIpe.Il JUBISUOI B J1apun aanjedadwsa) Juaiapip 1e jaued Ad syl o saAInd (A-d) 8yl :ZT-§ a4nbi4

M02

9INPON Ad 38U }JO S} nsay uonenwis d34H1 4391dVHO

(Ad)] 4 Ad

>



TS

0D
Gg=1 ainjeaadwa) JULISUOI B dspun uoneipelll 1ualayip 1e jsued Ad 8yl JO $aAINd (A-d) 8yl :£T-§ a4nbi4

ATA

wExaoumH
|

(Ad)] « ADTA

MOZT

9INPOIN Ad 83U 40 S}|NSay uole|nwis d34H1L 4391dVHO



CHAPTER THREE Simulation Results of The PV Module

3.3 Hierarchical Block

The model which described previously is very big so to minimize it an

integrated part (hierarchical block) has been assumed as shown in figure 3-

14 below.

(1}

Temparatura

P temp
R1

Solar Imadiation o ' A,

' zalar Rbreak

]

Shart Circuit Curment

D & 150

5PTE

Fig 3-14: The hierarchical block (part) of SP75 in state of optimum load
condition.

The result obtained from hierarchical part (figure 3-15, 3-16, 3-17, 3-18,
3-19 and 3-20) and pervious section figures are compatible. This part could
be called from PSPICE library to use as PV source at any circuit.
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CHAPTER THREE Simulation Results of The PV Module

3.4 Electrical Boost Converter

After studying the effect of PV surface temperature on its I-V curves
specially the position of the MPP, this temperature will be used to keep
tracking of the optimal voltage for the PV panels at the MPP. Therefore, DC-

DC converter will be used to achieve this purpose.

3.4.1 Design of Boost Converter

Boost converter shown in fig (3-21) will be raise a PV panel voltages from
(17 V) To (34 V). Assuming lo = 4.4 A, fs= 10 KHZ, AV, =5 V.

n

1 o1

Temperaturs LRttt I
op 1
DObreak
D—.temp
Solar Imadigtion
—— Pzl L
Mo T g Ri
Shart Cireuit Cumert F 382mF 16.51
IRF15]
I:I—Olsc
GHO

SPTS

Figure 3-21: The electrical circuit of the boost converter.

Therefore,
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R=(V,)?/ P=(34)?/70=16.51 Q.
and the duty cycle from eq. (2-5)

D=1- (V|N / VO) =05

The capacitor and the diode are used to achieve both a rectified and filtered

output voltage.

The value of the capacitance is calculated from eq. (2-8) Let AVo =5V

C=(16D) / (Fs AVo) ... (3-2)

C=3.52mF

The inductor shown in fig (3-17) works as a storage element is calculated
from eq. (2-7)

L=(oTs)/ (16 lo) weevvenn.... (3-3)

L =0.103mH

IRF150 MOSFET is employed as a switching element in the circuit with
data sheet in appendix (B).
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3.5 Maximum power point tracking technique

3.5.1 Control signal

MPPT are employed with boost converter in order to set the MPP as

operating point for large scale of irradiation and surface temperature.

As irradiation and PV surface temperature are changing during the day so,
it is important to record these parameters. For this job PV surface temperature
Is the main factor to be recorded. Also, record the PV voltage to compare it
with the actual Maximum voltages of the I-V curves for assigned temperature,

to design a control signal for MOSFET gates of the converter.

First problem, that should be solved is how to represent the measured
voltages in PSPICE program and the second one the design of the control

signal.

First one will be solved by represent a measured PV surface temperature
as {val} and from analog behavioral modeling (ABM) library table part will

be used to convert the actual temperature to voltage as shown in the fig. 3-22.
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208 0007 48 wal L TABLE
i M ABM output table to error Apm.
Oy I}
100y v
200y .\
ooy 12
400y 10y

=0

_L:: Iph PV panel

Figure 3-22: The (ABM) analog behavioral diagram with temperature

sensor as {val}.

A second problem control signal, was achieved by comparing the output
voltage for the PV panel with the voltage obtained from the output of the table

by using Error amplifier as shown in fig. (3-23)
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0
—g R6 Error signal
R1 vee
AV
From PV < I m —

VAT41 Q
1

L

=0

C3
470n

R2
From ABM table <.} M~ e
R3
45K

Figure 3-23: The Error amplifier with two input one from PV panel and
another from ABM table.

3.5.2 PWM Signal gate drive circuit

Fig (3-24) show a sub circuit connected to gate drive circuit for converter
MOSFET. This OP-Amp compare a saw tooth signal with an error signal
obtained from Op-Amp fig (3-23) to produce a square wave with necessary

duty ratio to drive the switching device of the converter.
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Vout Emor Apm.) [

Q1
V1= 15
V2= 18 I | Q2N2222
D =0 E =
TF =0 0
TR = 0.1m
PW = 0.1m
PER=01m =g

Figure 3-24: The compater Op-Amp to produce square signals.

Transistor Q2 provide a square pulse of suitable voltage and current to the
gate of transistor M5.

For the same purpose 555 timer was tasted as PWM the control signal from
fig. (3-24) is applied to the control pin (no. 5 in 555 timer)

Finally, fig (3-25) and fig (3-26) explained the total simulated circuit of
PV system with temperature controlled at PSPICE.
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CHAPTER THREE Simulation Results of The Proposed PV
Module and System Design

3.6 Results

Fig. (3-27) and fig. (3-28) represents the simulated Isc and a simulated PV

panel output voltage for different surface temperature

4,47

4,27

4.0A I I I R N R
40ms 50ms 60ms T0ms 80ms 90ms 100ms
+ X A ¥

Time

Figure 3-27: Current from PV panel at different surface temperature.

18v

Vpv

17v

16V
40ms 50ms 60ms T0ms 80ms 90ms 100ms

o ¢ v L

Time

Figure 3-28: Output voltage from PV panel at different surface

temperature.
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Fig. (3-29) and represent the input of ABM table at different surface
temperature of PV panel. Fig (3-30) shows the maximum voltage of PV panel

for each change in surface temperature

340V - — -
* ’ °5 i
ABM AR
320V
Input = = = o F
Voltage
+ * TE & + +
300V
65L&
280V
Os 20ms 40ms 60ms 80ms 100ms
a ¢ v ©
Time
Figure 3-29: Different surface temperature as input to ABM table
15.0V
. 25 iC
35.iC
ABM - - - e -
Output
P 12.5V S
voltage
foRolit
10.0V
Os 20ms 4 0ms 60ms 8 0ms 100ms

D o @ °
Time

Figure 3-30: Output voltage from ABM table.
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As seen in fig. (3-31) below the value of control signal confined between 0

V and 5 V according to VCC supply voltage of the error amplifier

4,

2.

Voltage
Signal

300 K
310K
330 K

350 K

ov
v =
ov
40ms 50ms 60ms 70ms 80ms 90ms 100ms
o ¢ v -4
Time
Figure 3-31: Control signal from Op-Amp (u7).

as seen in the fig. (3-32), fig. (3-33) below a different duty cycle has been

obtained from both tasted circuit 555 timer and saw tooth method.

Gate

drive

input
voltage

e 300K
° 310K

e 340K
e 350K

20V o= - =
L
o |
; [ ] %§§L#+§§€ H
oo o
olus 80us 100us 120us 140us 160us 180us 200us
o ¢ v 3
Time

Figure 3-32: Saw tooth method signal for different surface temperature.
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10— e P ;
N " ¥ p ; ' ..
0 .8 o ! 4 f % s+ 300K
10V ] : . A
Gate 1 it P S & e ! i
. o ’ e el e [ o ! ¢ i e ¢ 330K
derive . L8..q .@mﬂw.= ! ! XL - o
input W ; 1 : ; : e s .
g LK e e 350K
vottsge A R A
0V| Iw| | ! |
19.053ms 19.200ms 19.400ms 19.600ms 19.800ms 20.000ms
Do a6

Time
Figure 3-33: PWM signal for different surface temperature from 555C.

the current from the inductor in the boost converter is equal to 4.4 A as

shown in fig. 3-34

0A
Inductor A
Current
52 gﬁﬁf\ e 300K
Y AR\ e 310K
AR
. \ e 340K
e 350K
-10A
3.9ms 4, 0ms 4,1ns 4,2ms 4,3ms 4,4ns 4, 5ms

oe¢v L]
Time
Figure 3-34: The inductor current in the boost converter for different

surface temperature.
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Fig. 3-35 and fig. 3-36 show the output voltage and current from boost
converter for the designed PV system at different surface panel temperature.
The output current value ranging from 1.65 to 1.75 A and the output voltage
between 33V and 34V from saw tooth method. Fig. 3-37 fig. 3-38 shows the
output voltage and current from boost converter in PV system by using 555

timer.

This method give us a good result in comparison with the first one because
the converter output voltage and current are constant for all surface

temperature.
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Chapter Four Conclusion and future work

Chapter Four

Conclusions and future work

4.1 Conclusions

From the present study, the following points could be concluded:

1. PV panel model Defined as hierarchical block in PSPICE library. So, it
could be called directly from PSPICE library as special source and used it for

most PV systems applications.

2. In all MPPT techniques a PV voltage and current should be measured but
for temperature technique just sensing the surface temperature. For this

reason, this technique is used because it’s easy and economical.

3. In temperature technique the MPP sensing this parameter at constant

irradiation.

4. Boost converter gives better results with 555 timer as pulse width
modulation. The output voltage equal to 34 V for temperature variation from
300 K to 350 K.
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4.2 Future work

For future work, can recommend the introduction of the following open

problem:

1. Present the effect of shading for single cell or more in Photovoltaic panel

(1-V) and (P-V) curves. Also, study its effect on PV surface temperature.
2. Modify a PV panel model by adding tilt angle parameter.

3. Test PV panel model with other types converter with the same MPP

techniques.

4. design and implantation the previous work experimentally to sensing

surface temperature of PV panel.
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Shell Solar

Product Information Sheet

Shell SP75

Photovoltaic Solar Module

General
The Shell SP75 module contains 36 series

connected 125 x 125 mm PowerMax® mono-

crystalline silicon solar cells.

The Shell SP75 can generate a peak power
of 75 watts at 17 volts.

The Shell SP75 solar module has been
designed for grid connected and industrial
applications.

Qualifications
and Certificates

The Shell SP75 solar module meets the
following requirements:

e IEC 61215

e UL - Listing 1703

¢ FM approved

o TUV Isolation Class I

‘ o
APPROVED 180 9001

All Shell Solar modules are produced in
EN-ISO 9001 certified factories.

Limited Warranties
e Peak Power for 25 years

C€

Shell SP75 Module

* * 4+ % % 4+ 4
* * 4+ * % % %
* 4+ 4+ * % % 4+ 4

Junction Box

The junction box provides a high quality, dust
protected and splash proof IP44-rated housing.
The housing contains a rigid connection block
with screw ferminals and by-pass diodes
providing "hot spot" protection for the solar cells.

ProCharger™-CR Junction Box

Maximum conductor
cross-section: 4 mm?

Type of protection: IP44
Number of by-pass diodes: 2

Benefits

* PowerMax® mono-crystalline solar cells
deliver maximum power output even under
reduced light conditions providing more
power where space is a limitation.

e The surface of the PowerMax® cell has a
pyramidal textured surface to enable more
light absorption and deliver exceptional
efficiency.

e Highly transparent tempered glass delivers
more power and ensures high impact
resistance and protection against hail,
snow, ice, and storms.

¢ Nearly 300MW of cumulative installed
experience has been applied to the evolution
of our mono-crystdlline range to ensure
that our products have a long and reliable
service life backed by a 25 year warranty.

ELECTRICAL EQUIPMENT,
CHECK WITH YOUR INSTALLER

Due to continuous research and product improvement
the specifications in this Product Information Sheet are
subject to change without notice. Specifications can vary
slightly. For installation and operation instructions, see
the applicable manuals. No rights can be derived from
this Product Information Sheet and Shell Solar assumes
no liability whatsoever connected to or resulting from

the use of any information contained herein.



Mechanical

Specifications Module

A torsion and corrosion-resistant anodized

aluminium frame ensures dependable

performance, even under harsh weather

conditions. Predrilled mounting holes are

provided for ease of installation.

| 253(643) .|

<)

N

)

o~

5

208 (527)—
2260\ 1R

E

<

~

g

“!

S
1334~ IT19ws3)

*inches (mm)

Outside dimensions (in)

47.2 x20.8

Thickness (inc. junction box) (in)

Thickness (exc. junction box) (in)

Weight (lbs)

For installation instructions, please refer to
the Installation Manual which is available

from Shell Solar.

Electrical Characteristics
Data at Standard Test Conditions (STC)

STC: irradiance level T000W/m?, spectrum
AM 1.5 and cell temperature 25°C

Typical 1/V Characteristics

The 1/V graph below shows the typical
performance of the solar module at various
levels of irradiance.

Rated power P, 75W 1000 Wi
Peak power Pmpp 75W g . e
Peak power voltage Vinpp 8.5*/17V § 600 Wit
Peak power current |mpp 8.8*/4.4A E PPy
Open circuit voltage Voo 10.85%/21.7V i :
Short circuit current lsc 9.6*/4.8A i Cememp::uvrv;:m
Series fuse rating 15A

Minimum peak power P05 min 70W

The abbreviation ‘mpp’ stands for Maximum

Power Point.

Typical data at Nominal Operating Cell
Temperature (NOCT) conditions

NOCT: 800W/m? irradiance level, AM 1.5
spectrum, wind velocity Tm/s, Ty 20°C

Temperature TNOCT 45°C
Mpp power Pmpp 54W
Mpp voltage Vinpp 7.8*%/15.6V
Open circuit voltage Voc 9.95*/19.9V
Short circuit current lsc 7.8%/3.9A

* The Shell SP75 may be reconfigured in the field

for 6V operation

Typical data at low irradiance

The relative reduction of module efficiency

at an irradiance of 200W/m? in relation to
1000W/m? both at 25°C cell temperature
and AM 1.5 spectrum is 7%.

Temperature coefficients

o Prpp -0.45 %/°C
o Vinpp ~76 mV/°C
alge +2 mA/°C
aVoc -76 mV/°C

Maximum system voltage: 600 Vdc

0 5 10 15 20 25

Module Voltage (V)

The I/V graph below shows the typical
performance of the solar module at various cell
temperatures.

5

@
@
<
]

Module Current ()
N
a
<
o
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0 5 10 15 20 25

Module Voltage (V)

References in this Product Information Sheet to

'Shell Solar' are to companies and other organizational
entities within the Royal Dutch/Shell Group of Companies
that are engaged in the photovoltaic solar energy
business. Shell Solar was set up in 1999 and has

its principal office in Amsterdam, the Netherlands.

For further information on all Shell Solar products
contact:

Shell Solar
4650 Adohr Lane, Camarillo CA 93012
805-482:6800 Fax 805:388-6511

Web www.shell.com/renewables

V2/SP75/05/02/US
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International
ISR Rectifier

REPETITIVE AVALANCHE AND dv/dt RATED

HEXFET TRANSISTORS
THRU-HOLE (TO-204AA/AE)

Product Summary
Part Number | BvDss
IRF150 100V

RDS(on) ID
0.055Q | 38A

The HEXFET technology is the key to International
Rectifier's advanced line of power MOSFET transistors.
The efficient geometry and unique processing of this latest
“State of the Art” design achieves: very low on-state resis-
tance combined with high transconductance; superior re-
verse energy and diode recovery dv/dt capability.

The HEXFET transistors also feature all of the well estab-
lished advantages of MOSFETS such as voltage control,
very fast switching, ease of paralleling and temperature
stability of the electrical parameters.

They are well suited for applications such as switching
power supplies, motor controls, inverters, choppers, audio
amplifiers and high energy pulse circuits.

Absolute Maximum Ratings

PD-90337G

IRF150
JANTX2Z2NG764

JANTXV2N6764
[REF:MIL-PRF-19500/543]
100V, N-CHANNEL

TO-3

Features:

Repetitive Avalanche Ratings
Dynamic dv/dt Rating
Hermetically Sealed

Simple Drive Requirements
Ease of Paralleling

Parameter Units
ID@VGs =10V, Tc =25°C Continuous Drain Current 38
ID @ VGgs =10V, Tc = 100°C | Continuous Drain Current 24 A
IDM Pulsed Drain Current O 152
Pp @ Tc=25°C Max. Power Dissipation 150 W
Linear Derating Factor 1.2 W/°C
\VGS Gate-to-Source Voltage +20 \%
EAS Single Pulse Avalanche Energy [ 150 mJ
IAR Avalanche Current O 38 A
EAR Repetitive Avalanche Energy [ 15 mJ
dv/dt Peak Diode Recovery dv/dt [ 5.5 Vins
T Operating Junction -55 to 150
TSTG Storage Temperature Range °C
Lead Temperature 300 (0.063 in. (1.6mm) from case for 10s)
Weight 11.5 (typical) g
For footnotes refer to the last page
www.irf.com 1
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IRF150

International

IGR Rectifier
Electrical Characteristics @Tj = 25°C (Unless Otherwise Specified)
Parameter Min | Typ | Max |Units Test Conditions
BVpDss Drain-to-Source Breakdown Voltage 100 — — Y VGs =0V, Ip = 1.0mA
ABVDSS/ATJ Temperature Coefficient of Breakdown| — 0.13| — | VI°C | Reference to 25°C, Ip = 1.0mA
Voltage
RDS(on) Static Drain-to-Source On-State — — | 0.055 o VGs = 10V, Ip =24A0
Resistance — — | 0.065 VGs =10V, Ip =38A O
VGS(th) Gate Threshold Voltage 2.0 — 4.0 \% VDS =VGS, ID =250pA
dfs Forward Transconductance 9.0 — — | S(©) VDs > 15V, Ips =24A0
IDSS Zero Gate Voltage Drain Current — — 25 Vps=80V, Vgs=0V
— — | 250 | MA VDs =80V
VGs = 0V, Ty = 125°C
IGss Gate-to-Source Leakage Forward — — | 100 nA VGs =20V
IGss Gate-to-Source Leakage Reverse — — | -100 VGs =-20V
Qg Total Gate Charge 50 — | 125 VGs =10V, ID= 38A
Qgs Gate-to-Source Charge 8.0 — 22 nC VDS =50V
Qgd Gate-to-Drain (‘Miller’) Charge 25 — 65
td(on) Turn-On Delay Time — — 35 VDD =50V, Ip =38A,
tr Rise Time — — | 190 ns VGs =10V,RG =2.35Q
td(off) Turn-Off Delay Time — — | 170
tf Fall Time — — | 130
Ls+LD Total Inductance — | 61| — | nH | Measured from the center of
drain pad to center of source
pad
Ciss Input Capacitance — 3700 VGs =0V, Vps =25V
Coss Output Capacitance — | 1100 — pF f = 1.0MHz
Crss Reverse Transfer Capacitance — 200 | —
Source-Drain Diode Ratings and Characteristics
Parameter Min | Typ |Max [Units Test Conditions
Is Continuous Source Current (Body Diode) | — | — 38 A
Ism | Pulse Source Current (Body Diode) O — | — | 152
Vsp | Diode Forward Voltage — — 1.9 \% Tj=25°C, Is =38A,VGs =0V O
trr Reverse Recovery Time — — | 500 s Tj = 25°C, IF = 38A, di/dt <100A/us
QRR | Reverse Recovery Charge — — 2.9 pe VppD <30V O
ton Forward Turn-On Time Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lp.
Thermal Resistance
Parameter Min | Typ | Max | Units Test Conditions
Rthac Junction to Case — | — | 0.83 oMW
RthJA Junction to Ambient — | — 1] 30 Typical socket mount

For footnotes refer to the last page
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TSGR Rectifier
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TSR Rectifier
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Fig 12a. Unclamped Inductive Test Circuit
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IGR Rectifier

Foot Notes:
[0 Repetitive Rating; Pulse width limited by 0 Isp < 38A, di/dt <300A/us,
maximum junction temperature. Vpp< 100V, Tj<150°C
0 Vpp =50V, starting TJ = 25°C, Suggested RG=2.35Q
Peak I = 38A, Vgs =10V O Pulse width <300 ps; Duty Cycle < 2%

Case Outline and Dimensions —TO-204AE (Modified TO-3)

- 39.37 [1.550]
MAX,

@ 19.68 [.775]
v A 1.65 [.085]

1.53 [.060]
Caa kel - ( W i ‘i PIN  ASSIGNMENTS
A 12,06 [.475] ‘ H ‘ A - 127 iiﬁECE
11.31 [.445] -
3 — DRAIN (CASE)
‘ o 115
[@] @ 025 Lo} @[ A [c@® -8
NOTES:

1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.

x 22)? %12373]] 2. CONTROLLING DIMENSION: INCH.
3 DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES]

4 OUTLINE CONFORMS TO JEDEC OUTLINE TO—204AE.

25.53 [1.005]
MAX.

10.92 [.430] T
A

4.06 [.160]
2D Jee [is2]

[@] @ 025 L)@ A [c @)

\i‘

International
TSR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales contact information.

Data and specifications subject to change without notice. 08/01
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Philips Semiconductors

Product data

Timer

NE/SA/SE555/SE555C

DESCRIPTION

The 555 monolithic timing circuit is a highly stable controller capable
of producing accurate time delays, or oscillation. In the time delay
mode of operation, the time is precisely controlled by one external
resistor and capacitor. For a stable operation as an oscillator, the
free running frequency and the duty cycle are both accurately
controlled with two external resistors and one capacitor. The circuit
may be triggered and reset on falling waveforms, and the output
structure can source or sink up to 200 mA.

FEATURES
® Turn-off time less than 2 ps

® Max. operating frequency greater than 500 kHz
® Timing from microseconds to hours

® Operates in both astable and monostable modes
® High output current

® Adjustable duty cycle

® TTL compatible

® Temperature stability of 0.005% per °C

APPLICATIONS

® Precision timing

® Pulse generation

® Sequential timing

® Time delay generation

® Pulse width modulation

PIN CONFIGURATION

D and N Packages

GND

TRIGGER
OUTPUT

RESET

n Vce

SL00349

DISCHARGE
[ 6 | THRESHOLD
CONTROL VOLTAGE

Figure 1. Pin configuration

BLOCK DIAGRAM

6
THRESHOLD O—

DISCHARGE O—

7

COMPARATOR

5

CONTROL

COMPARATOR

2
—O TRIGGER

VOLTAGE

FLIP FLOP %0 ReseT
OUTPUT
STAGE
l 3 b1
OUTPUT GND
5L00350
Figure 2. Block Diagram
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Outline (SO) Package 0to+70°C NE555D SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) 0to+70°C NE555N SOT97-1
8-Pin Plastic Small Outline (SO) Package —40°Cto +85 °C SA555D SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) —40 °Cto +85 °C SAS555N SOT97-1
8-Pin Plastic Dual In-Line Package (DIP) -55°Cto +125 °C SES55CN SOT97-1
8-Pin Plastic Dual In-Line Package (DIP) -55°Cto +125°C SES555N SOT97-1

2003 Feb 14
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Timer NE/SA/SE555/SE555C

EQUIVALENT SCHEMATIC

FM
CONTROL VOLTAGE

Vee

THRESHOLD ©
> O ouTPUT

TRIGGER
24
RESET Q
DISCHARGE
Q14
GND R16 = = =
100 Q
= = A'A%
NOTE: Pin numbers are for 8-Pin package SL00351

Figure 3. Equivalent schematic

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Supply voltage
Vee SE555 +18 \Y
NE555, SE555C, SA555 +16 \Y
Pp Maximum allowable power dissipation? 600 mw
Operating ambient temperature range
T NE555 0to +70 °C
amb SA555 —40to +85 °C
SE555, SE555C -55to +125 °C
Tstg Storage temperature range —65 to +150 °C
TsoLb Lead soldering temperature (10 sec max) +230 °C
NOTE:

1. The junction temperature must be kept below 125 °C for the D package and below 150°C for the N package.
At ambient temperatures above 25 °C, where this limit would be derated by the following factors:
D package 160 °C/W
N package 100 °C/W

2003 Feb 14 3



Philips Semiconductors

Product data

Timer NE/SA/SE555/SE555C
DC AND AC ELECTRICAL CHARACTERISTICS
Tamb = 25 °C, Vcc = +5 V to +15 V unless otherwise specified.
SE555 NE555/SA555/SE555C
SYMBOL PARAMETER TEST CONDITIONS - - UNIT
Min Typ Max Min Typ Max
Vee Supply voltage 4.5 18 4.5 16 \%
Vec =5V, R = 3 5 3 6 mA
[ Supply current (low state)® cc L
ce PPRY ( ) Vec =15V, R = 10 12 10 15 mA
Timing error (monostable) Ra =2 kQ to 100 kQ
tm Initial accuracy? C=0.1 pF 0.5 2.0 1.0 3.0 %
Aty/AT Drift with temperature 30 100 50 150 ppm/°C
Atp/AV g Drift with supply voltage 0.05 0.2 0.1 0.5 %IV
Timing error (astable) Ra, Rg =1 kQ to 100 kQ
ta Initial accuracy? C=0.1uF 4 6 5 13 %
Atp/AT Drift with temperature Ve =15V 500 500 ppm/°C
Atp/AVg Drift with supply voltage 0.15 0.6 0.3 1 %IV
Ve =15V 9.6 10.0 | 104 9.0 10.0 11.0 \
V Control volt level
c ontrofvotiage feve Vee =5V 20 | 333 ]| 38 | 26 | 333 | 40 v
Ve =15V 9.4 10.0 | 10.6 8.8 10.0 11.2 \Y
V Threshold voltage
TH reshold voltag Vee =5V 27 | 333 | 40 | 24 | 333 | 42 v
[ Threshold current3 01 | 0.25 0.1 0.25 PA
VrRiG Trigger voltage Vec =15V 438 5.0 5.2 45 5.0 5.6 \Y
Vec =5V 145 1.67 1.9 1.1 1.67 2.2 \Y
ITRIG Trigger current VTrig=0V 0.5 0.9 0.5 2.0 HA
VRESET Reset v0|tage4 Vee =15V, V=105V 0.3 1.0 0.3 1.0 \%
| Reset current VReseT = 0.4V 0.1 0.4 0.1 0.4 mA
RESET Reset current VReseT =0V 04 | 10 04 | 15 mA
VCC =15V
Isink = 10 mA 0.1 0.15 0.1 0.25 \Y
Isink = 50 mA 0.4 0.5 0.4 0.75 \Y
Isink = 100 mA 2.0 2.2 2.0 25 \Y
VoL LOW-level output voltage sk = 200 MA 25 25 v
Vcc =5V
Isink = 8 MA 0.1 0.25 0.3 0.4 \Y
Isink =5 MA 0.05 0.2 0.25 0.35 \%
VCC =15V
Isource = 200 mA 125 12.5 \%
Von HIGH-level output voltage Isource = 100 mA 13.0 13.3 12.75 13.3 \
VCC =5V
ISOURCE = 100 mA 3.0 3.3 2.75 3.3 \%
torr Turn-off time> VRreseT = Vee 0.5 2.0 0.5 2.0 us
tr Rise time of output 100 200 100 300 ns
te Fall time of output 100 200 100 300 ns
Discharge leakage current 20 100 20 100 nA
NOTES:

Trwne

tied to threshold.

2003 Feb 14

Supply current when output high typically 1 mA less.
Tested at Vcc =5V and Vec =15 V.
This will determine the max value of Ry+Rg, for 15 V operation, the max total R = 10 MQ, and for 5 V operation, the max. total R = 3.4 MQ.
Specified with trigger input HIGH.
Time measured from a positive-going input pulse from 0 to 0.8xV ¢ into the threshold to the drop from HIGH to LOW of the output. Trigger is



Philips Semiconductors Product data

Timer NE/SA/SE555/SE555C

TYPICAL PERFORMANCE CHARACTERISTICS

Minimum Pulse Width Supply Current Delay Time
Required for Triggering vs Supply Voltage vs Temperature
150 10.0 1.015
7 125 8.0 1.010
%) <
g £ <
T —55°C | =
= 100 L~ = >
a /r Z 60 < 1.005 |—
= / o x o ~
% 75 0 (\:l % o \\
- LT s} a 1.000 ~—
2 T s > 40 % N ————
s 5 770 °C |~ g 74 < 0995
=) | = a s -
= = A 2 o
Z — o
S 2 — - 20 z
e +125°C 0.990
//’ ‘
0 0 0.985
0 01 0.2 03 0.4(xvVcQ) 50 100 150 50 -25 0 425 +50 +75 +100+125
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE SUPPLY VOLTAGE - VOLTS TEMPERATURE — °C
Low Output Voltage Low Output Voltage Low Output Voltage
vs Output Sink Current vs Output Sink Current vs Output Sink Current
10 — 10 — 10 T 1]
V(‘C‘=5V ‘VC‘C=10V7 ‘VCC=‘15V7
‘ 1
55 ° I I
— 1.0 5‘5 (‘5 —rﬁ 10 ST ey
» L0 -55°C { ’6’ +25 °C { " —55°C
o I / +25°C ® ] 0
p | )
Q ] 2 ) 9 7
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T / Lo w = T2
©f 2
S . 3 1% S | +25°C — ‘
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A
2
0.001 0.01 0.01
1.0 20 50 10 20 50 100 1.0 20 5.0 10 20 50 100 1.0 20 5.0 10 20 50 100
ISINK —mA ISINK —mA ISINK —mA
High Output Voltage Drop Delay Time Propagation Delay vs Voltage
vs Output Source Current vs Supply Voltage Level of Trigger Pulse
20 — 1.015 300
1.8 -55°C
™| y 1010 5 250
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e /3 \ ~ g Y
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5VsVecs15V +25 °C
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0 ‘ ‘ ‘ ‘ 0.985 0
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Figure 4. Typical Performance Characteristics
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TYPICAL APPLICATIONS

Vee
Ra 8 555 OR 1/2 556
Y — — — — 7
DISCHARGE O . 7| |
\ |
é el 2 F |
~ CONTROL 5, |
— —
[ VOLTAGE o comd = |
001pF L THRESHOLD ©
OLWF — | |
. | 3 L
= | R i OUTPUT
| | outpPuT
\ \
2 ‘ COMP ‘
TRIGGER O | \
\ \
| R \
\ \
I = [
c L o .__ 149
I 2 (Rp + 2Rg)C
h RESET
Astable Operation
Vee
o
ffffffffffffffff .
DISCHARGE |
|
~ CONTROL |
[ VOLTAGE | | At]
001 pF L THRESHOLD O—— |
L ¢ s
= s ouTPUT |0
| ouTpuT
\
\
TRIGGER |
\
. \
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\
ffffffffffffffff J
4 AT =1.1RC
RESET
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Figure 5. Typical Applications
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TYPICAL APPLICATIONS

Vee
Vee Vee
10 kQ
1/3V T
0.001 pF ce
2 555
= OvoLts

SWITCH GROUNDED
AT THIS POINT

4’] L DURATION OF

TRIGGER PULSE AS
SEEN BY THE TIMER

SL00354

Figure 6. AC Coupling of the Trigger Pulse

Trigger Pulse Width Requirements and Time

Delays

Due to the nature of the trigger circuitry, the timer will trigger on the
negative going edge of the input pulse. For the device to time out
properly, it is necessary that the trigger voltage level be returned to
some voltage greater than one third of the supply before the time out
period. This can be achieved by making either the trigger pulse
sufficiently short or by AC coupling into the trigger. By AC coupling
the trigger, see Figure 6, a short negative going pulse is achieved
when the trigger signal goes to ground. AC coupling is most
frequently used in conjunction with a switch or a signal that goes to
ground which initiates the timing cycle. Should the trigger be held
low, without AC coupling, for a longer duration than the timing cycle
the output will remain in a high state for the duration of the low
trigger signal, without regard to the threshold comparator state. This
is due to the predominance of Q15 on the base of Q¢, controlling
the state of the bi-stable flip-flop. When the trigger signal then
returns to a high level, the output will fall immediately. Thus, the
output signal will follow the trigger signal in this case.

2003 Feb 14

Another consideration is the “turn-off time”. This is the measurement
of the amount of time required after the threshold reaches 2/3 V¢
to turn the output low. To explain further, Qq at the threshold input
turns on after reaching 2/3 V¢, which then turns on Qs, which turns
on Qg. Current from Qg turns on Q1 which turns Q7 off. This
allows current from Qg to turn on Qg and Q4 to given an output
low. These steps cause the 2 us max. delay as stated in the data
sheet.

Also, a delay comparable to the turn-off time is the trigger release
time. When the trigger is low, Q¢ is on and turns on Q11 which turns
on Q15. Q15 turns off Q16 and allows Q47 to turn on. This turns off
current to Qg and Q4, which results in output high. When the
trigger is released, Qg and Q11 shut off, Q45 turns off, Q¢ turns on
and the circuit then follows the same path and time delay explained
as “turn off time”. This trigger release time is very important in
designing the trigger pulse width so as not to interfere with the
output signal as explained previously.
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S08: plastic small outline package; 8 leads; body width 3.9 mm SOT96-1

A
1 Y B (As) A
pin 1 index ! l i * l
'/ f +"7—6
1 ™ Lp
1 | |:| |:|4 L
-— ——-I w detail X
[e] ,
0 25 5mm
| S T N TN O NN TN T M S |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions}
A
UNIT | (o | A1 | Az | As | by ¢ | DV | E@ | . He L Lp Q v W Y zMW| e
0.25 1.45 0.49 | 0.25 5.0 4.0 6.2 1.0 0.7 0.7
mm 1.75 0.10 1.25 025 0.36 | 0.19 4.8 3.8 1.27 5.8 1.0 0.4 0.6 0251 025 0.1 0.3 a®
o
. 0.010 | 0.057 0.019|0.0100| 0.20 | 0.16 0.244 0.039 | 0.028 0.028 0
inches | 0.0691 5 504 | 0.049 | %0" | 0.014 [0.0075| 0.19 | 0.15 | 29%C | 0.2 | ©041 | 5016 | 0.024 | 00T | O01 | 0:004] ggyp
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
VERSION PROJECTION | ISSUEDATE
IEC JEDEC EIAJ
SF-65-22-
SOT6-1 076E03 MS-012 = @ oo a
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DIP8: plastic dual in-line package; 8 leads (300 mil)

SOT97-1

|-— seating plane

——‘ b‘-—

|_?_|

5[
rrLl!r”jﬂ
|

pin 1 index

1 4
0 5 10 mm
L 1 1 1 1 1 1 1 1 1 1
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A Ai | A ) M zMm
UNIT max. min. max. b b1 b2 c D E e eq L ME MH w max.
1.73 0.53 1.07 0.38 9.8 6.48 3.60 8.25 10.0
mm 4.2 051 82 1.14 0.38 0.89 0.23 9.2 6.20 254 7.62 3.05 7.80 8.3 0254 115
; 0.068 | 0.021 | 0.042 | 0.014 0.39 0.26 0.14 0.32 0.39
inches
0.17 0020 | 0.13 0.045 | 0.015 | 0.035 | 0.009 0.36 0.24 0.10 030 0.12 0.31 0.33 0.01 0.045
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION ISSUE DATE
IEC JEDEC EIAJ
-98-02-04-
SOT97-1 050GO1 MO-001 SC-504-8 = @ 591907
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REVISION HISTORY

Rev Date

Description

2 20030214

Product data (9397 750 11129); ECN 853-0036 29156 of 06 November 2002.
Supersedes Product specification dated August 31, 1994.

Modifications:

® Remove all cerdip information from the data sheet. Package type discontinued.

® ‘Absolute maximum ratings’ table: Tgpo| p rating changed from ‘+300 °C’ to ‘+230 °C’.

19940831

Product specification; ECN 853-0036 13721 of 31 August 1994.
(Filename = NE_SA555X.pdf)

2003 Feb 14

10



Philips Semiconductors Product data

Timer NE/SA/SE555/SE555C

Data sheet status

Product Definitions

1
Level |Data sheet status [ status (2 [3]

| Objective data Development This data sheet contains data from the objective specification for product development.
Philips Semiconductors reserves the right to change the specification in any manner without notice.

1l Preliminary data Qualification This data sheet contains data from the preliminary specification. Supplementary data will be published
at a later date. Philips Semiconductors reserves the right to change the specification without notice, in
order to improve the design and supply the best possible product.

1] Product data Production This data sheet contains data from the product specification. Philips Semiconductors reserves the
right to make changes at any time in order to improve the design, manufacturing and supply. Relevant
changes will be communicated via a Customer Product/Process Change Notification (CPCN).

[1] Please consult the most recently issued data sheet before initiating or completing a design.

[2] The product status of the device(s) described in this data sheet may have changed since this data sheet was published. The latest information is available on the Internet at URL
http://www.semiconductors.philips.com.

[3] For data sheets describing multiple type numbers, the highest-level product status determines the data sheet status.

Definitions

Short-form specification —  The data in a short-form specification is extracted from a full data sheet with the same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definiton—  Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device. These are stress ratings only and operation of the device at these or at any other conditions above those given
in the Characteristics sections of the specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information —  Applications that are described herein for any of these products are for illustrative purposes only. Philips Semiconductors make no
representation or warranty that such applications will be suitable for the specified use without further testing or modification.

Disclaimers

Life support — These products are not designed for use in life support appliances, devices, or systems where malfunction of these products can reasonably be
expected to result in personal injury. Philips Semiconductors customers using or selling these products for use in such applications do so at their own risk and agree
to fully indemnify Philips Semiconductors for any damages resulting from such application.

Rightto make changes — Philips Semiconductors reserves the right to make changes in the products—including circuits, standard cells, and/or software—described
or contained herein in order to improve design and/or performance. When the product is in full production (status ‘Production’), relevant changes will be communicated
viaa Customer Product/Process Change Notification (CPCN). Philips Semiconductors assumes no responsibility or liability for the use of any of these products, conveys
no license ortitle under any patent, copyright, or mask work right to these products, and makes no representations or warranties that these products are free from patent,
copyright, or mask work right infringement, unless otherwise specified.

Contact information 0 Koninklijke Philips Electronics N.V. 2003
For additional information please visit All rights reserved. Printed in U.S.A.
http://www.semiconductors.philips.com . Fax: +31 40 27 24825

Date of release: 02-03
For sales offices addresses send e-mail to:

sales.addresses@www.semiconductors.philips.com Document order number: 9397 750 11129
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This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.


http://www.datasheetcatalog.com
http://www.datasheetcatalog.com
http://www.datasheetcatalog.com
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