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Abstract

Solar power contribution in producing energy has been increasing rapidly due to the negative
impact of rising carbon emissions. Considerable growth of photovoltaic technology installations have been
noticed around the world. However, this technology suffers major concerns regarding the efficiency and
reliability of system generation. Solar panels’ lifespan and efficiency decline over time due to the
environment conditions, thereby affecting its main parameters. Weather factors like irradiance and
temperature have a direct impact on the overall generation system efficiency and its functionality period.
Many attempts have been made in order to interpret the electrical behavior of solar panels module to observe
the performance under natural conditions. For monitoring these weather conditions that may affect the main
parameters of PV panel, we have developed a new platform frame work using Labview, Ardouino and
MOSFET to obtain the current-voltage (I-V) and P-V curves automatically. This platform aids to
characterize quickly a solar panel with high accuracy and precision in measurement of its dynamic
parameters. The new developed platform uses PC associated with the Arduino to acquire the values of
current and voltage from the solar panel under test and store the data for the objective of full analysis of its

characteristics under different environmental conditions.
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Chapterl : General Introduction

1.1 Generalities

The conventional energy sources are no longer sufficient to meet up the increasing
demands for power and electricity. The population growth over the past half century led to an
accelerating increase of energy consumption which has negatively affected the environment
deterioration and increased carbon emission .It is therefore, essential to plan for the future
needs of energy moving toward the use of more ensuring renewable energy to cover the rising
demands.[1]

The solar energy as a natural replenished source has always been of great appreciation due to
the depletion of the conventional sources. Oil, gas and other fossil fuels have exhausted the
earth and are likely to be vanished soon, whereas others would be lasting for a long time [1].
Consequently, the photovoltaic is regarded as reassuring tool to maintain an ongoing reservoir
of energy on earth; it provides a clan and sustainable energy, that will allow being less
dependent on conventional sources. PV installation are becoming progressively wide spread
and proven simple operational set, as the technology allows direct conversion of sunlight into
electricity .Thus, solar irradiance and temperature are the leading criteria in the electricity

generation.
1.2 Motivation

Solar cell technology has been developing rapidly, leading to great improvements in the
production of energy. Accordingly, this has constituted a ground for a game changing
technology to harvest the sun’s energy. In the light of this, studies have become even more
interested in PV technology attempting to upgrade the exploitation of the solar panels based

on the 1-V characteristic curve of the PV systems.

It is essential to analyze power system reliability to narrow the limit of interruption caused by
the environment conditions which in turn will affect solar panels longevity .Based on the
forgoing, this research tries to evaluate the performance of PV panels by designing and
plotting (I-V) characteristics curve. This leads to an automatic lecture and a direct storage of

parameters at any fixed time frame.
1.3 Objectives

Consequently, this project tries to shed light on the acquisition of the PV panel’s
dynamic parameters and automatic plotting of the curves. It attempts to maintain the full

exploitation of the solar panels characteristics in front of the changing environmental

2
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parameters. Above all, their overall aim is to design and implement a platform can acquire all
these dynamic parameters of PV panels under different conditions. In other words, this project

can save all the real time data for analysis purpose.
1.4 Outlines

This report is divided into five main chapters. After general introduction presented in
this chapter, chapter two deals with the PV cell construction description and its different
types, then the PV cell characteristic. Besides, this chapter talks about the PV cell modeling
and the main parameters. In chapter three, a Real-time characterization platform software as
well as its hardware components that may be needed for its implementation will be introduced
starting with the graphical instrumentation program (Labview) used to minimize physical
components. Labview as software tool will take place in measurement and control part in this
platform. The control part will be done using transistor programmed by Labview program that
may be presented in chapter four. Besides, in this chapter, the complete system
implementation with tests will be discussed. The implementation of the measurement circuit
as well as the Labview program are explained. Finally, the report ends up by a conclusion as

chapter five.
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Chapter 2: Photovoltaic System

2.1 Introduction:

Photovoltaic systems can be defined as a source of renewable energy that transforms
sunlight to electrical energy. It contains two basic portions: stand-alone and grid connected
PV system [2]. Moreover, Solar cells are simple semiconductor devices. Yet, they are the
most prominent component of this revolutionary technology. Besides, solar cells can be
gathered to create modules connected in series or in parallel to generate an array in order to
increase the production of power [3]. Finally, other details will be introduced and discussed
later in this chapter such as; its structure, operation, and some affecting factors.

2.2 Photovoltaic cells
2.2.1 Solar Cell Overview

A solar cell can be termed as electronic device that has the ability to convert the solar
energy directly into electricity without any changes in the place of its parts through the

contribution of photovoltaic effect. A Solar cell is also known Photovoltaic (PV) Cell as

shown in figure 2.1. [4]

Figure 2.1 Solar Cell.

2.2.1.1 Features of Solar Cells

e Itisano moving and solid device.

e “Photo” is defined as Light and “voltaic” indicates generating electricity.
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e Itis an electronic device composed of semiconductor substances like silicon.

e Insolar cells, energy of light is directly converted into Direct Current (DC).

e Insolar cells, the heat of light is not utilized to produce electrical energy.

e Many factors, like shading on cells, irradiance, temperature act, exert an influence on
the efficiency of solar cell.

e In 2014, the multiple junction cells are used to reach the highest 44.7% efficiency.[4]

2.2.2 Photovoltaic Effect

The photovoltaic effect is regarded as the property that enables a photovoltaic cell
produces a voltage and electric current once it is subjected to sunlight.

The usefulness of the solar panels is determined by this effect. This is due to the way
the cells in the panel transform the light of the sun to electrical energy. The scientist called
Edmond Becquerel who has brought to light the photovoltaic effect in 1839. He observed that
the increase of the voltage is the result of the cell's silver plates’ exposure to sunlight . This has

been detected when experimenting with wet cells [5].

2.2.3 Working principle

In the solar cells, it takes place an effect called the photovoltaic effect. The main parts
of the solar cell are two distinctive kinds of the semiconductor: - a p-type and an n-type.
These semiconductor types are combined for the sake of creating a p-n junction. As soon as
the two types of semiconductors are joined, an electronic field is produced. Similarly, the
electrons’ movements to the positive p-side along with the holes” movements to the negative
n-side are also considered the outcome of this junction. This results in a field which in turn
provokes the movements of negatively charged particles (electrons).

Light consists of tight bundles of electromagnetic radiation or energy referred to as
photons. The photovoltaic cell as the main component of the solar panels has the ability to
absorb these photons. The transmission of the photons’ energy to an atom of the he
semiconducting material in the p-n junction is established each time light of the appropriate
wavelength is incident on photovoltaic cells. This allows the jumping of the electrons to a
superior energy level termed as the conduction band. This leads to the creation of hole in the

valence band that allows electrons to jump up from. The added energy that generates this



Chapter 2: Photovoltaic System

movement of electrons triggers two different charge carries or an electron-hole pair as shown
in Figure 2.2.[5]

Sunlight

n-type Material

p-n Junction

-type Material
Solar Panel P-typ

‘s
S

o

Photons

Figure 2.2 Photovoltaic device working process.

The unexcited electrons block whenever these electrons keep the semiconductor
material. This is associated with the formation of bonds with the surrounding atoms. Though,
these excited electrons move freely through the material in the conduction band. The electric
field that emerges from the p-n junction introduces the expected movements of electrons and
holes in opposite directions .The free electrons have tendency to travel to the n-side rather
than attracting to the p-side. In the PV cell, an electric current is generated due to the
movements of the electrons. Whenever the movement of electrons occurs, a hole is left.
However, the movement of these holes is possible only in the opposite direction to the p-side.

Therefore, this operation produces a difference in potential in the cell. [5]

2.2.4 Main PV Cell Types

The silicon is considered as the material that is largely utilized in the photovoltaic cells
manufacturing .There is many types of PV cells, however; the most important ones are the

following:
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2.2.4.1 Single-Crystalline Silicon

The primary substance is mono-crystalline silicon. The process of making it includes
the silicon’s purification, melting, and its crystallization into ingots. In order to make
separated cells, these ingots are divided into thin wafers. This sunlight conversion technology
can be the most ancient and more high-priced production technology, but, it stills the most
effective and widely adopted attainable technology. The efficiency of the cells varies between
17% and 22%. [6]

2.2.4.2 Polycrystalline or Multi-crystalline Silicon

One of the main characteristics of this kind of cells is its large size and its easy
formation into the shape of square. These qualities allow the elimination of passive areas
between the cells. However, it is characterized by insignificantly less conversion efficiency in
comparison with single crystalline. Besides, the charges of the fabrication are lower. The
efficiency of the cells is between 11% and 17%. [6]

2.2.4.3 Thin Film

The most crucial difference between Amorphous or thin film silicon and crystalline
form cells is the solidity. The arrangement of the silicon atoms in these cells is more chaotic

than the other form. The cells’ efficiency occurs between 6% and 11%. [6]

Mono Poly Thin Film

Figure 2.3 Solar Panels.
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2.3 PV module and PV array

The solar cell which is a main element of a PV module cannot be implemented alone due
to its limited voltage and power supply. A connection of many photovoltaic cells in parallel or
series leads to generate more power with high voltage. The connection of cells in series
realizes more voltage, while the connection of cells in parallel achieves more generation of
current. A solar array or panel can be defined as the assemblage of multiple modules that are
linked electrically in series-parallel configuration as shown in figure 2.4.This configuration
leads to the generation of the necessary power. [7]

} ; - ¢
b - - -
i L R
+ 4
"
L L L
L |
L L L
M - ot s 3 f
L L \ |
| $ . L -
| 1 1
: E | 3 L : L ;
I - - - -
( L L L b L
L L) Ji
] L L L
Cell Array

Figure 2.4 Photovoltaic configuration.

2.4 PV cell modeling:

For a deeper understanding the operation of a solar cell, it is necessary to construct an
electrically equivalent model. Researchers use a variety of electrical models to describe the
physical behaviors of PV cells. Single diode (SD) and double diode (DD) models are the most

common used models.
2.4.1 Single Diode Model:

Single Diode Model is an equivalent circuit of a practical PV cell. In many literatures, it
is termed as a five parameter model (Rg,Rp, I ,Ipn.m). It takes into account different

properties of solar cell as:
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» R is introduced to consider the voltage drops and internal losses due to flow of
current.
> R, takes into account the leakage current to the ground when diode is in reverse
biased.
» But this model has neglected recombination effect of diode, which is why it is still not
the most accurate model [8].

—

AAAY O

Rs g

Id|

Iph e
P Diode! RP§ V

<)

Figure 2.5 single diode model.
According to the schematic of a solar cell equivalent circuit illustrated in Fig.2.5, the
output current of a photovoltaic cell is given in equation (2.1)
I=1p g -1, (2.1)
Where | represents the output current, I, the photo-generated current, I the diode current,
and I, the current through the parallel resistor.
From Shockley the diode current is presented as Eq. (2.2), meanwhile the current flows

through parallel resistance is written as Eq. (2.3).

V+Rs.I

lg = Is(e 2V —1) (2.2)
_ V+Rsl
I,= Rp (2.3)

Where I is the reverse saturation current of the diode. V denotes the terminal voltage, R and

R, series and parallel resistors respectively, a is the diode ideal factor. V, is the junction

thermal voltage and is defined by Eq. (2.4).

Tk
Vt:T (2.4)

Where T indicates the cell temperature in Kelvin, k is the Boltzmann constant
(1.381x10723J/k), and q is the electron charge (1.602x1071°C).

By substituting these values in equation (2.1)
V+Rs.1

I=Ip- Ig(e @V —1)— V;—‘;‘ (2.5)

10
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2.4.2 Double Diode Model:

—]—
AN ——0
a1 | 12 B ow
Iph <> Dl! DZ! Rp V
0

Figure 2.6 Double diode model.

Double Diode Model shown in figure 2.6 is the modified form of single diode model
which takes into account the effect of recombination by introducing another diode in parallel.

V+Rs.I V+Rs.1

I=Iph_ Im(ea.—vt -1 - Ip, (ea._vt ~1)- V+Rs.1

R, (2.6)

Taking into account mathematical computation and number of iterations, the
advantages of single diode model and two diode models are as follows. The privilege of
single diode model is its speed in giving the results due to simplicity in its equation and its
accuracy. While, the two diode model provides sharper and more exact characteristics in
different weather circumstances along with the calculation of parameters and more extended

iterations. [8]
2.5 1-V Characteristics of a Solar Cell

The (I-V) curve of a solar cell is obtained from the voltage, current, and power
characteristics of a particular PV cell, array, or module .These features provide data
concerning the electrical behavior and its capability to produce power. Bearing in mind that
manufacturers provide parameters of PV modules and the (I-V) characteristics in the standard
test conditions. These conditions are represented by STC: 1000W/m? of irradiance, 25°C cell

temperature and air mass 1.5. [9]

11
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Figure 2.7 1-V characteristic curve.
2.5.1 A PV Cell Parameters

The main parameters that characterize a photovoltaic cell are: [10]

e Open-Circuit VoltageV,.: The open circuit voltage of the solar cell is the maximum
voltage; its value can be achieved when there is no load and current passing through
the cell.

e Short-Circuit Currentlg.: The short circuit current of the solar cell is the maximum

current; its value can be achieved when there is no load and voltage.

e Maximum power point: The maximum power point of the solar cell is the maximum
power that the solar cell is able to produce in the operating conditions. It is the area of
the product of the maximum current I, and Voltage V,,, as shown in the equation
2.7).

Pop =Vinp * Imp (2.7)
e Fill Factor FF: FF can be defined as the ratio of the maximum power (MP) generated

by the solar cell to the product of the voltage open circuit Voc and the short circuit

currently..

12
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Power at m Vimp.l
FF = — — = e mp (2.8)
Theoritical maximum power VocIsc

e Conversion efficiency of the device (n): The connection of solar cell to an electrical
circuit leads to the conversion and the collection a percentage of power .This is
referred to as Conversion efficiency of the device (). Besides, the calculation of this
term is executed through the use of a ratio of the maximum power point, Py,,., divided
by the input light irradiance (G, in W/m?) in the standard test conditions (STC) and the
surface area of the solar cell (Ac in m?).

2.6 Effect of irradiance and temperature on 1-V Characteristic of a Solar Panel

The solar irradiance on earth ground varies. However, the highest level that can be
reached is 1000 W/mz. The cloud, the earth movements and many other factors can lead to the
decrease of the solar irradiance will automatically cause a reduction in the output current of
the solar panel. This is due to the fact that the solar panels are directly proportional to the sun
irradiance with insignificant variation on the voltage as illustrated in figure 2.8.

The temperature change provokes a variation in the solar cells performance. This
alteration in temperature will impact on the power output produced by the cells. The voltage
and the temperature are interrelated .In other words, any rise of temperature will induce the

decrease in the voltage as shown in Fig.2.9. [11]

4 T T
36 b e, G=1000W/m?
25 ; G=800W/m?
L : :
§ 2 R [ o L ————T ¥
3 i G=600W/m?
i G=400W/m?
(1 ETT TSRS, SRS RS S . v
5 1 E : :
0 5 10 15 20 25
Voltage (V)

Figure 2.8 Effect of irradiance on 1-V characteristics.
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Figure 2.9 Effect of temperature on |-V characteristics.
2.6 Conclusion
To conclude with, this chapter has tackled the PV panels in details .This is to bring to

light the concerned project .However, the next chapter will present keystone that will promote

a better understanding of the current research. .
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Chapter3: Software and Hardware Components

3.1 Introduction

LabVIEW has been chosen as software development tool to implement this platform.
An effort to dig deeper, the chapter will introduce the main Software and Hardware
Components needed for Platform Implementation. Starting by an overview of the different
components that may be used in the hardware part will be presented. Thus, the embedded
system by the integration of both the software and hardware is attended to the most
advantageous execution of the project.

3.2 Software
3.2.1 Labview

LabVIEW (short for Laboratory Virtual Instrumentation Engineering Workbench) is a
platform and development environment for a visual programming language from National
Instruments. The graphical language is named "G".. LabVIEW graphical programs are called
virtual instruments (VIs). LabVIEW is commonly used for data acquisition, instrument
control, and industrial automation on a variety of platforms including Microsoft Windows,
various flavors of UNIX, Linux, and Mac OS X...[12].

3.2.2 The LabVIEW Environment

Another expression for LabVIEW programs is Virtual Instruments, or VIs. VIs is the
critical part of LabVIEW. In other words, the VIs is what makes LabVIEW distinguishable
from the rest text-dependent development environment .Additionally, its main two elements
are a Front Panel (FP), and a Block Diagram (BD) [13].

3.2.2.1 Front Panel

The front panel is recognized as the interface that the user interact through .Additionally,
it contains the indicators and their controls .These two elements are regarded as the
interactional input and output terminals of the VI. On one hand, graphs, LEDs, and other
displays present the indicators .On the other hand, knobs, push, buttons, dials, and other input
devices introduce make known the controls. The prominent functions of the controls are the

stimulation of instrument input device together with the supplying of data to block diagram of
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the VI. Still, the role of indicators is unlike .The indicators trigger the instrument output
devices and exhibit data acquired or produced by the block diagram [13].

Figure 3.1 Front panel window.

3.2.2.2 Block Digram

The crucial task of the block diagram is to create a link or connection between the
input and the output, along with multiple functional components. After the construction of the
front panel, the code is implemented through graphical representations of functions objects.
As an effort of taking control over the front panel objects, the code addition is prominent.
Also, it is apparent that the block diagram comprises the code of the graphical source. On the
block diagram, the objects of the front panels display as terminals. Meanwhile, terminals,
subVls, functions, constants, structures, and wires are considered to be the objects of the
block diagram .The crucial objective is the data transmission in accordance with the rest of
the block diagram objects [13].
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Figure 3.2 Block diagram window.

3.2.3 Tools
Toolbars provide access to program’s execution and presentation of tools.
Status Toolbar
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Figure 3.3 Toolbar front panel. Figure 3.4 Toolbar block diagram.
3.2.4 Pallets

LabVIEW palettes offer a variety of tools .These tools permit the creation and the
edition of both the front and the back face of the diagram .There are three types of palettes:
[14]
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3.2.4.1 Tool Palette

The particularity of the tools palettes is its availability on the block diagram and the front
panel simultaneously. The specific operating mode of the mouse cursor is seen as the suitable
definition of a tool. In the Tools palette, the cursor refers to the icon of the chosen tool.
Moreover, tools are integrated for the operation and the modification of both the block
diagram objects and the front panels

Automatic Tool Selection

Position/Size/Select

|~ Text Edit
Operate Value
Scroll Window

Connect Wire "

Set/Clear Breakpoint — Get Color

Probe Data Object Shortcut Menu

Set Color

Figure 3.5 Tool palette.

3.2.4.2 Control Palette

The Controls palette has only one access on the front panel. A click on the sub palette
icon changes the whole palette into the selected sub palette. The only way to access an object
on the palettes is to click on the object and move it whether to the front panel or the block
diagram. The Controls palette embodies both the indicators and the controls used for the

building of the front panel.

19



Chapter3: Software and Hardware Components
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Figure 3.6 Controls palette.

The Controls palettes include sub palettes of objects that are used for the purpose of creating a

VI. The most prevalent Sub Palettes are:

» Numeric Sub Palette: “Numerical Control” and “Numerical Indicator” are considered

as the most popular objects in the numeric sub palette.
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Figure 3.7 Numeric sub palette.

» Boolean Sub Palette: This palette has various buttons that can be used.
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Figure 3.8 Boolean sub palette.

» String & Path Sub Palette: This palette contains a plenty of distinctive buttons that

can be utilized.
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Figure 3.9 String and Path sub palette.
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3.2.4.2 Function Palatte

The Functions palette contains function VIs and blocks. However, it can only be

accessed through the block diagram

Functions
=4, Search | <%, Customize~ |
-  Programming
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== | S
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> > —
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3 S === P
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P Vision and Motion
» MMathematics
» signal Processing
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>  Connectivity
» Control Dresign & Simulation
»  Express
> Addons
> Fawvorites
» User Libraries
Select a VI...
Change Visible Palettes...

Figure 3.10 Function palette.

Sub palettes of objects are found in the Functions palettes . These sub palettes of objects such

as Structures sub palette are used for the creation of a VI. The various Loops are accessible in

it. However, this project has adopted the following:

> For loop

A For Loop structure is implemented for the execution of repetitions .In Figure 3.11,

a For Loop structure is denoted in the displayed border. More precisely,

the number of the

repetitions the loop executed is introduced as the count terminal while the number of the

completed iterations is presented as the iteration terminal [, Though, the iteration terminal

[ begins with zero.

[

Figure 3.11 For loop.
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> While loop

A While Loop structure is dependent on a condition in providing repetitions .In Figure
3.12, the true condition allows the conditional terminal to initiate a stop. In an identical

manner to a For Loop, the number of the completed iterations is supplied by the iterations

terminal [ .

Figure 3.12 While loop.

3.2.5 LabVIEW Interface for Arduino:

In an effort to create an interfacing between LabVIEW with Arduino board,
LabVIEW Interface for Arduino (LIFA) is regarded as a LabVIEW toolkit package. All the
way back to the beginnings, it is one of National Instrumnet engineer, Sam Kristoff, who
brought LIFA toolkit into light. The LIFA toolkit guarantees an easy access to interface for
the sake of the Arduino microcontroller platform. Moreover, the LabVIEW Interface for
Arduino provides an easy and quick creation of the graphical user interfaces for virtually any
elements that is suitable to the Arduino microcontroller. The customization is the end goal of
this open source toolkit .This promotes the creation of the custom drivers for the users’
sensors. However, the access to the intended open-source toolKit is supported by VIPM. The
VIPM stands for VI package manager. Then, the browsing LabVIEW Interface for Arduino is
executed and the installation of the package is done .Thus, the availability of the Arduino

palette is attained as shown in Figure 3.13 [15].
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3.2 Hardware
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Figure 3.13 Arduino palette in LabVIEW.

3.3.1 PV module STP050D-12/MEA

The electrical characteristics implemented in the experiment of testing PV panel is

presented in the table below: [16]

Open- | Optimum | Short- | Optimum | Maximum Maximum | Maximum

Circuit | Operating | Circuit | Operating | Power at | Operating System Series Power

Voltage | Voltage | Current | Current STC Temperature | Voltage Fuse Toleran-

(Voc) (Vmp) (Isc) (Imp) (Pmax) Rating ce

21.8V | 17.4V 3.13A [ 2.93A 50 Wp -40°C to | 715V DC | 10A 5%
+85°C

Table 1 The electrical characteristics of STP050D-12/MEA.
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Figure 3.14 STP0O50D-12/MEA.

3.3.2 Microcontroller Arduino

In this project, Adruino UNO has been adopted for multiple reasons. First, it is easy to
wire. Second, it can be programmed without difficulty. Finally, it integrates a very complex
process of microcontroller chips and electronic circuit design into a cheap, easy-to-program,
user-friendly microcontroller package. The Arduino Uno is an open-source microcontroller
board based on the ATmega3284. It has 14 digital input/output pins (of which 6 can be used
as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, a power
jack, an ICSP header, and a reset button. [17] For the purpose of coding, Adruino has
developed special software termed integrated development environment (IDE).Further; this

software aims at providing a full backup to C and C++ programming languages [15].
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Figure 3.15 Arduino Uno Pins.

3.3.3 MOSFET

MOSFET stands for Metal Oxide Semiconductor Field Effect Transistor. It is a type of
FET (Field Effect Transistor). MOSFET has three terminals gate, source and drain. This type
of transistor is further classified as p-channel and n-channel. MOSFETS can be seen either as
‘enhancement’ devices, or ‘depletion’ devices. Both enhancement and depletion types are
available in N- and P-channel devices [18].

In this project, the MOSFET IRF740 N-channel is used. Where the ‘drain’ and ‘source’
terminals are connected to the load, and the ‘gate’ terminal is the controlling. When the gate
signal is high, current can flow from the drain and the source. However, when the gate signal
is low, current cannot flow. This MOSFET switch loads up to 400V and could switch the
consumption of loads up to 10A. Finally, it can be turned on by providing a gate threshold

voltage of 10V across the Gate and Source pin [19].

Figure 3.16 MOSFET IRF740.
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3.3.4 Temperature sensor

LM35 gains a large popularity in electronic components due to its inexpensiveness, its
precise, its reliability as well as its simple manipulation. One of its significant properties is its
capacity to function in a range of -55 ° C to + 150 ° C. The voltage provided by LM35 is
linearly approximated to the measured temperature that can be expressed in the degree
Celsius. More precisely, the increase of temperature by 1 ° C leads to an increase of the
output voltage by 10 mV. [20]

Figure 3.17 shows the pin out of the LM-35 Temperature Sensor:

1
2//'; Pin 1 -VCC(4-30v)
4 Pin 2 -OUT
Pin 3-GND

Figure 3.17 LM35 temperature sensor.

For interpreting and exhibiting the sensor’s outcome to any display unit, the output
variable is supplied to any analog pin of the Arduino microcontroller .On one hand, the
applying supply voltage that enables the working of the sensor (4 - 30 V) is V.. pin .On the
other hand, V,,; pin is used to obtain analog output value from the sensor. Finally, the

connection of GND pin to the ground is crucial.

3.3.5 Current sensor

Acs712 can be defined as Hall Effect -Based Linear Current Sensor. The Acs712
feature is its capacity to measure both the Direct and the Altering currents .It is also
significant to mention that it exits three types of ASC712 .These three types are relying on the
readable current range, = 5A, £ 20A, and £ 30A. However, this project has adopted the
ACS712-05B-T current sensor extending from - 5A to + 5A .The researcher has identified
that to obtain a sensitivity of 185mV / A. More importantly, this module takes the
measurements of the positive as well as the negative current in the scope of 0-5A.similarly,

the input voltage at an Arduino analog pin is considered the same as The output voltage of the
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ACS712-05B-T module which varies between 0 and 1023..In the accordance of the remaining
circumstances ( without any load on the sensor), the V... is linked to the Arduino, OUT pin on
the Sensor outputs 2.5V.Once the addition of the voltage to the load is established ,the voltage

increase or decrease is occurred through its sensitivity value. [21]

Figure 3.18 ACS712-05BT Hall Effect current sensor.

3.3.6 Voltage measurement

The use of a voltage divider circuit is required to measure the PV panel's output
voltage. This particular circuit construction is based on the use of both of 30 KQ and 7.5 KQ
resistances. This is clearly demonstrated in figure 5 Moreover, its use is recognized to be the
reduction of input voltage up to 5 times in comparison with the initial voltage. This is due to

the fact that 5V is considered as the highest input voltage of the Arduino microcontroller.

Iy
VDLIt

o

Figure 3.19 Circuit for voltage measurement.

3.3.7 Further Components

e Resistor
10kQ used for filter
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Figure 3.20 Resistor.
e Capacitor
4.7 pf used for filter

@

Figure 3.21 capacitor.

e Operational Amplifier(K1A234P)

&

N

ARAAARARA

e EEEE

Figure 3.22 KIA234P.
This operation amplifier is used in this project as a voltage follower to make the signal
conditioning circuit for the current, voltage and temperature sensors for a protection purposes.

e Power resistor (0.3Q)

Figure 3.22 Power resistor.

29



Chapter3: Software and Hardware Components

3.3 Conclusion

This chapter has addressed software with LabVIEW as the working environment.

Moreover, the indication of hardware with the implementation of various components cannot
be ignored.

In the next chapter, a detailed presentation of the 1-V characteristics of the PV panel will be
discussed.
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4.1 Introduction

This chapter discusses the integration of experimental aspects concerning the recorded data
about | -V characteristics of the PV panel. The change in these characteristics are determined

by the inconstancy of the sun’s irradiance and temperature.

4.2 General block diagram

Ardwing

MosFet H Load ]

|~ Signal 1—[ Sensors l
J

conifioning

Figure 4.1 General block diagram of I-V characterization platform.

Figure 4.1 represents the general block diagram of the I-V characterization platform. It is
mainly composed of a PV panel (STP050D-12 MEA) under test and a host PC for monitoring
and processing data, an Arduino UNO card is used for data acquisition and PWM signal
generation. Since Arduino can only generate a digital signal, a first-order low pass filter is
used to convert the PWM signal with a variable duty cycle to an analog signal to feed the gate
terminal of the MOSFET, this latter controls the current and voltage of the PV panel. Using

the sensor's data, both 1-V and P-V curves can be plotted with their corresponding parameters.
4.3 Implementation
4.3.1 Software Part

To obtain the I-V and P-V curves of the PV panel, LabVIEW software and the Arduino
interface toolkit have been used to develop and implement this project. The LabView
software programme consists of two main parts, the block diagram which contains the

algorithm of this task and the front panel which is the user interface.
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Figure 4.2 The Block Diagram.
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Figure 4.2 represent the block diagram of this project, the program is divided into three parts:

e PWM signal generator

.g-mn

Figure 4.3 PWM Write Pin.

A PWM write pin is used for generating PWM signal, and for this task to take a place
the Arduino pin is selected to be pin 3. The second step is to specify the duty cycle that must
be between 60% and 80% which means that the specification of the PWM write pin must be
between 153 and 204. It is done by using the variation of the iteration of the for loop by
adding 153 to the first iteration to get the lower limit, and using the number of iteration to get
the upper limit which is in this case 51 iteration.

e Read data

Three data sets have to be analysed (current, voltage and temperature), these data can be
obtained using analogue read pin. First, the temperature data set is read through Arduino pin

A5 using the following equation:
T = 100 * Viys (4.1)
Where T is the PV panel temperature and Vin5 is the temperature sensor output.

Temp

Figure 4.4 LabView Temp Measurement Block.
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Furthermore, the voltage data set read through Arduino pin A3 based on the equation (4.2).
V="5%Vi; (4.2)

Where V is the PV panel voltage and Vin3 is the voltage sensor output.

|

Figure 4.5 LabView Voltage Measurement Bloc.

Finally, the current data set goes through Arduino pin A4 using the following equation:

_ Ving—2.5
T 0185

I (4.3)

Where | is the PV panel current and Vin4 is current sensor output.

1 lﬂaﬁesed Time| T“

f\wt‘ rent
MEAN

Figure 4.6 LabView Current Measurement Block.

Multiple measurements of PV current are averaged using a while loop and elapsed time to

reduce current sensor errors.
e Calculation and display

All the values of current, voltage and power that measured before in the for loop should be
indexed in arrays and then, the I-V and P-V graphs can be plotted by using " build XY graph"
After that the other parameters such as I, , Voc and Py, Can be calculated by taking the
maximum value of the current, voltage and power arrays respectively through the use of
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Array Max & Min and display it. Calculate V,, and I,,, using "display from array" by taking

the index of P, and display from voltage and current arrays respectively.

ii) Front Panel

stop
E ¥ Graph Plot 0 .
VIS4 resource
i - '
Voc
0
lse
0
voltage
0 Pra
0
current
: Vm
Voltage 0
rrop————————— %
povier e

S 6 7 8 9 0 o0 OB WK koMWW
Voltage
Figure 4.7 The Front Panel

Figure 4.3 shows the front panel of the LabVIEW program. It contains the IV and PV curves.

It displays also the parameters of the PV panel which are: Vy¢, Isc, Prnax: Vin, Im, and Tepp,.
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iii) Flow Chart
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4.3.2 Hardware Part

i) Schematic Diagram

PV panel

Temp. Sensor

= =

Arduino

Low Pass Filter

9 Pover Resistor

M 030

Voltage Sensor
IRF 740

L

Signal Conditioning
KIA324

Figure 4.8 Schematic diagram.

i) Components

As described in chapter3, the components used in this project are:

PV panel (STPO50D-12/MEA)

Arduino

Voltage Sensor

Current Sensor (ACS712)

Temperature Sensor (LM35)

Signal Conditioning Circuit

Power Resistance (0.2€2)

MOSFET IRF740: It is used to control the PV panel current and voltage which has
a threshold and saturation voltage of 3 and 4 respectively. The MOSFET had a
threshold voltage of 3V, this value allows the current to go through from source to

the drain and reaches a maximum value at saturation voltage which is 4V.
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e RC Filter: Resistor and Capacitor used to build up a first order low-pass filter. This
low pass-filter is made with a resistor of 10KQ and capacitor of 4.7uF that results
a time constant of 47ms which is greater than the PWM period (2ms), to ensure
that the capacitor will never charge up and always taking the average value
according to the duty cycle. As this latter changes from 60% to 82%, the analog
voltage ranging from 3V to 4V.

4.3.3 Principle of Operation

Figure 4.9 Circuit Implementation.

The PWM signal generated by the Arduino with a duty cycle variation between 60% and 82%
is taken as the input for the low pass filter. This latter converts the signal to an analog voltage
in a range of 3V- 4V. The output of the low pass filter is connected to the gate of the
MOSFET, as the gate voltage increases the drain current also increases. A power resistor is
connected between the positive terminal of the PV panel and the drain, the negative terminal
of the PV panel is connected to the source of the MOSFET. When the gate voltage increases
from 3V to 4V, the PV current increases from 0 to its maximum value (I,.) dissimilar to the
voltage that decreases from V. to its minimum value. The voltage sensor is connected in
parallel with the drain and source of the MOSFET, and the current sensor is connected in
series with the power resistor. These two sensors provide current and voltage data to Arduino
through its pins 3 and 4 respectively, by using these data I-V and P-V curves can be plotted
and the other parameters can be calculated.
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4.4 Test Results and Discussion

4.4.1 First Test

|-V Graph Pot0 [
25-x
Cu Voc
i 21,1435
en 154
t lsc
(A
) 1,04817
Prnax
31,1052
00-f | ] | [ " ] | ] | " v
0,0 25 50 75 100 12,5 150 175 200 225 250 i
17,591
P Graph Voltage (V) Plot 0 “ !
m
1,76824
Temp
45,57

[ o
4 5 6 7T & 9 10 M 12 13 14 15 16 17 1B B 20 A 2

Voltage (V)

Figure 4.10 Test under conditions Temp. 45.57° and G 700 W/m2.

This test was done under conditions with a temperature degree of 45.57° and an average
irradiance (700 W/m2). The obtained results show that the parameters of this test are satisfied
as shown in the real-time parameters display. In figure 4.10, it can be noticed that V,. =
21.14V and it is close to the value of 21.8V which is the manufacture’s value V.. However,
the test current which is 1.9A that is different from that of the short circuit current 3.13A
mentioned in the data sheet given in appendix A that is due to the existing the internal
resistance of the MOSFET in series with a power resistance of 0.3 Q connected to the
MOSFET, which means that the tested current is not a solid short-circuit without power

resistance. The maximum power of 31 W can occur at voltage of 17.6 V.
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For validation of the developed platform, experimental Data of the STP050D-
12/MEA module that has been obtained in this test may be compared with the simulation
results using the GWO based ODM Simulator developed in our research laboratory [22]. This

demonstration and the accuracy can be seen in Figures 4.11.

| & 4. PV GRAPH - O X
XY Plot XY Plot
3 40
25
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/T 15 P 20
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0 5 10 15 20 25 0 3 10 15 20 25
Voltage (V) Voltage (V)

Figure 4.11 Simulation 1-V and P-V characteristics

It can be noticed that the measured data obtained in our laboratory have small divergence
compared to the simulation. Because, the irradiance value during the experiment is not well
known due to the lack of irradiance sensor. Thus, the obtained 1-V and P-V characteristics for
the STPO50D-12/MEA module based only on the datasheet information using the 10B-PSO
simulation gives little bit good results due to the mentioned problem.

Thus, the results obtained by comparing the experimental and the simulation values are given

in Table 4.1 with quit high relative error in Impp due the previous mentioned problem.

Table 2 Comparison of Experimental and simulation model values

Parameters Experimental Parameters from the simulation  Relative error (%)
Parameters of the model

Vinpp V] 17.6 17 3.53

ImpplAl 1.77 1.89 6.35

Prax[W] 31 32 3.25
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4.4.2 Second Test (high temperature and high irradiance)

The second test is carried out under condition with high temperature and high irradiance as
shown in Figure 4.12. A temperature of 50.96° which is higher than the first test, this resulted
in a decrease of V. from 21.14V to 19.6V, because the open circuit voltage is the most
affected parameter by the temperature. It can be noted that the current increases slightly to
2.25A, that’s not only due to the increase of the temperature, but also due to the higher
irradiance (sunny day). The maximum power of 34.2 W can occur at voltage of 15.5 V.
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Figure 4.12 High temperature test (sunny day).
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4.4.3 Effect of irradiance

The last test was carried out in a cloudy day which means the irradiance was very low, the
PV panel short circuit current that is the most affected parameter, decreased significantly to
0.62A. Due to this weather condition, there was also a decrease in temperature yielding in a
slight increase in the open circuit voltage to 23.39V. The maximum power of 12.5 W can
occur at voltage of 20.3 V.
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Figure 4.13 Low irradiance test (cloudy day).
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4.5 Conclusion

This chapter presents the implementation of the project, besides the principles of
operation of software and hardware parts in details. Moreover, three tests have been carried
out under different conditions. The first test was performed under weather condition
(Temp.45.57°, Average Irradiance), and the obtained results show data that are similar to
expected value. In the second test, the maximum power that is higher than the first test can be
obtained at a voltage lower than fist test, because both the temperature and irradiance are
high. However, in the last test, the maximum power that can be obtained is the smallest one
compared to the first and second test, besides, a maximum voltage can be obtained. These
obtained data in the last test due to the weather condition, because both the temperature and

irradiance are high.

All tests show how voltage and current can be affected by a change in irradiance and

temperature.
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Chapter 5

General Conclusion
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General Conclusion

This report has presented the implementation of the new platform frame work using Labview,
Ardouino and MOSFET for characterizing PV panel by plotting and saving the current-

voltage 1-V and P-V curves automatically.

This may open a door for further research to achieve the unachievable; a solar energy for

producing electricity will be significantly developed.

The principles of operation of software and hardware parts have been also presented in
details. For testing and validating this project, three tests have been carried out under different
conditions. The first test was performed under weather condition (Temp.45.57°, Average
Irradiance), and the obtained results show a good agreement with the expected ones. In the
second test, the maximum power that is higher than the first test has been obtained at a
voltage with the value lower than fist test, because both the temperature and irradiance are
high. However in the last test, the maximum power that has been obtained is the smallest one
compared to the first and second test, besides, a maximum voltage can be obtained. These
obtained data in the last test are low due to the weather condition, because both the

temperature and irradiance are low.

All tests show how voltage and current can be affected by a change in irradiance and

temperature.

Furthermore, this project can be considered as a simple low cost system that can provide the I-
V and P-V characteristics of any PV panels by using LabVIEW, Arduino, and simple
MOSFET.

Moreover, the aforementioned system can be used for extracting any needed parameters under
various environmental conditions. The combination of LabVIEW software program and open
source Arduino Uno in leads to develop a program that is used for acquiring, displaying and
saving the measured data on one hand. On the other hand, this developed program is used to
control MOSFET using PWM technique.

Finally, this project has gone through many difficulties in its way to see light. The

favorable obtained results during the tests are the hard evidence of the success of the
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developed system. Thus, the system can help to characterize and analyze any PV panels and
give the opportunity to fully enhance their generated power.
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Data Sheet of PV Panel (STP0S0D-12/MEA)
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fAllegro- ACS712

i
.-'l MicroSystems, Inc.

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 kVRMS VWoltage Isolation and a Low-Resistance Current Conductor

Features and Benefits Description
= Low-noise analog signal path The Allegro® ACS712 provides economical and precise
* Device bandwidth is set via the new FILTER pin solutions for AC or DC current sensing in industrial, automotive,

= 5 us output rise time in response to step input current

= 50 kHz bandwidth

= Total output error 1.5% at Ty=25°C, and 4% at —40°C to 85°C
= Small footprint, low-profile SOIC8 package

= 1.2 mQ internal conductor resistance ;
= 2.1 kVRys minimum isolation voltage from pins 1-4 to pins 5-8 fault protection.
= 5.0V, single supply operation

= 66 to 185 mV/A output sensitivity

= Output voltage proportional to AC or DC currents
= Factory-trimmed for accuracy

commercial, and communications systems. The device
package allows for easy implementation by the customer.
Typical applications include motor control, load detection and
management, switched-mode power supplies, and overcurrent

The device consists of a precise, low-offset, linear Hall
sensor circuit with a copper conduction path located near the
surface of the die. Applied current flowing through this copper

« Extremely stable output offset voltage conduction path generates a magnetic field which is sensed
= Nearly zero magnetic hysteresis by the integrated Hall IC and converted into a proportional
= Ratiometric output from supply voltage voltage. Device accuracy is optimized through the close

proximity of the magnetic signal to the Hall transducer. A
precise, proportional voltage is provided by the low-offset,

Package: 8 pin SOIC (suffix LC) chopper-stabilized BiCMQS Hall IC, which is programmed
for accuracy after packaging.

The output of the device has a positive slope (>Vioyt(Q))
when an increasing current flows through the primary copper
conduction path (from pins 1 and 2, to pins 3 and 4), which
is the path used for current sensing. The internal resistance of
this conductive path is 1.2 mQ typical, providing low power

Continued on the next page...

Approximate Scale 1:1 E

Typical Application

+5V
1 8
s VCC y
2 7 out
1P+ VIOUT}——o0 C
0

P
1 uF
Ip ACS712 —
3 6
p— FILTER

4
IP- GND 5

Application 1. The ACS712 outputs an analog signal, Vqyr-
that varies linearly with the uni- or bi-directional AC or DC
primary sensed current, I, within the range specified. Cg
is recommended for noise management, with values that
depend on the application.

ACS712-DS, Rev.1



ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Description (continued)

loss. The thickness of the copper conductor allows survival of ~ The ACS712isprovided inasmall, surface mount SOIC8 package.
the device at up to 5% overcurrent conditions. The terminals of ~ The leadframe is plated with 100% matte tin, which is compatible
the conductive path are electrically isolated from the sensor leads ~ Withstandard lead (Pb) free printed circuit board assembly processes.
(pins 5 through 8). This allows the ACS712 current sensor to be  Internally, the device is Pb-free, except for flip-chip high-temperature
used in applications requiring electrical isolation without the use ~ Pb-based solder balls, currently exempt from RoHS. The device is

of opto-isolators or other costly isolation techniques.

Selection Guide

fully calibrated prior to shipment from the factory.

. T Optimized Range, | Sensitivity, Sens
Part Number Packing* (O%F; P A) ge. lp (Typ) (n¥VIA)
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40to 85 +5 185
ACS712ELCTR-20A-T | Tape and reel, 3000 pieces/reel —40 to 85 +20 100
ACS712ELCTR-30A-T | Tape and reel, 3000 pieces/reel —40to 85 +30 66
*Contact Allegro for additional packing options.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Vee 8 \
Reverse Supply Voltage Vgkee -0.1 Vv
Output Voltage Viout 8 \
Reverse Output Voltage Vriout -0.1 \%
Output Current Source louT(Source) 3 mA
Output Current Sink liouT(sink) 10 mA
Overcurrent Transient Tolerance Ip ;?2 :Zizl gfulszjiszesgvr:rsy1%?222::;:.' applied 60 A
Maximum Transient Sensed Current Ir(max) Junction Temperature, T; < T j(max) 60 A
Nominal Operating Ambient Temperature Ta Range E —40 to 85 °C
Maximum Junction T,(max) 165 °C
Storage Temperature Tstg —65to 170 °C
A% & "'Zf?o,,« . Parameter Specification
< %, TUV America

TUV Certificate Number:

FRODUCT SERVICE U8V 06 05 54214 010 Fire and Electric Shock UL 60950-1:2003

C us

CAN/CSA-C22.2 No. 60950-1-03

EN 60950-1:2001

Allegro MicroSystems, Inc. 2

= lle m@; - 115 Northeast Cutoff, Box 15036
1] [7 Worcester, Massachusetts 01615-0036 (508) 853-5000

i L] .
MicroSystems, Inc. www.allegromicro.com



ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

BV
VCi
(Pin'8)
L e 1
i |
! i
1 Hall Current 1
H Drive 1
i |
1
1
(Pirﬁ+ Sense Temperature :
H Coefficient Trim 1
P+ | . WW !
(Pin2) L c 1
! £5 YV B |
: 23 Signal A i viour
E o ecovery 1 (Pin
| S & + ReanT) OI
1 >0 |
P o I |
! Trim = L 01pF
(Pirl 4) 0 Ampere ! T
: Offset Adjust I
1
: — :
1 - 1
! 1
: 1
g O U
FILTER
(Pin 6)

Pin-out Diagram

1P+ [1] [8] vee
1P+ [2] [7] viouT
IP- [3] [6] FILTER
IP- [4] [5] GND
Terminal List Table
Number Name Description
1and 2 1P+ Terminals for current being sensed; fused internally
3and 4 IP— Terminals for current being sensed; fused internally
5 GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 VIOUT Analog output signal
8 VCC Device power supply terminal

_ammn Allegro MicroSystems, Inc. 3
jam lle m@; - 115 Northeast Cutoff, Box 15036
[ - Worcester, Massachusetts 01615-0036 (508) 853-5000
A [ ] J
S

MicroSystems, Inc. www.allegromicro.com




ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS over full range of Top, Cg = 1 nF, and Ve = 5 V, unless otherwise specified

Characteristic | Symbol Test Conditions | Min. | Typ. | Max. | Units

ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 4.5 5.0 5.5 \Y
Supply Current lcc Ve = 5.0V, output open 6 8 1 mA
Output Zener Clamp Voltage V5 lcc= 11 mA, Ty =25°C 6 8.3 - \%
Output Resistance Riout lloutr = 1.2 mA, Tp=25°C - 1 2 Q
Output Capacitance Load Ciloap | VIOUT to GND - - 10 nF
Output Resistive Load Rioap [VIOUT to GND 4.7 - - kQ
Primary Conductor Resistance | Rprmary |Ta=25°C - 1.2 - mQ
RMS Isolation Voltage Visorms |Pins 1-4 and 5-8; 60 Hz, 1 minute, Ty=25°C 2100 - - \
DC Isolation Voltage Visopc |Pins 1-4 and 5-8; 1 minute, Ty=25°C - 5000 - \
Propagation Time tproP Ip = Ip(max), Tp = 25°C, Coyt = open - 3 - us
Response Time tresponse | lp = Ip(max), Ty = 25°C, Coyt = open - 7 - us
Rise Time tr Ip = Ip(max), Tp = 25°C, Coyr = open - 5 - us
Frequency Bandwidth f -3 dB, Ty =25°C; Ip is 10 A peak-to-peak 50 - - kHz
Nonlinearity Elin Over full range of Ip - +1 1.5 %
Symmetry Esym Over full range of Ip 98 100 102 %
Zero Current Output Voltage Viout(q) |Bidirectional; Ip = 0 A, T, = 25°C - Vg%x - \%
Magnetic Offset Error Verrom | lp = 0 A, after excursion of 5 A - 0 - mV

_ Ven Typ.—10] (S8 |Typ.+110] mv
Clamping Voltage Vx

Voo Typ.—110 0.8825 Typ.+110| mV

Power-On Time too OO#:Z:L ;faa:]r;es 90% of steady-state level, T;=25°C, 20 A present _ 35 _ us
Magnetic Coupling? - 12 - G/IA
Internal Filter Resistance3 Re(nT) 1.7 kQ

Device may be operated at higher primary current levels, I, and ambient, Ta, and internal leadframe temperatures, Top, provided that the Maximum
Junction Temperature, T j(max), is not exceeded.

21G=0.1mT.
3Re(n) forms an RC circuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS'

Min. Typ. Max. Units
Operating Internal Leadframe Temperature | Top |E range -40 - 85 °C

Value Units
Junction-to-Lead Thermal Resistance? Rgy. | Mounted on the Allegro ASEK 712 evaluation board 5 °C/IW
Mounted on the Allegro 85-0322 evaluation board, includes the power con-
sumed by the board

1Additional thermal information is available on the Allegro website.

2The Allegro evaluation board has 1500 mm?2 of 2 oz. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the Frequently Asked
Questions document on our website. Further information about board design and thermal performance also can be found in the Applications Informa-
tion section of this datasheet.

Junction-to-Ambient Thermal Resistance Reua 23 °C/wW

P o N Allegro MicroSystems, Inc. 4
e m = 115 Northeast Cutoff, Box 15036
o - Worcester, Massachusetts 01615-0036 (508) 853-5000
A [ ] J
e

MicroSystems, Inc. www.allegromicro.com




ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

x05A PERFORMANCE CHARACTERISTICS T, =—40°C to 85°C!, Cg = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -5 - 5 A
Sens Over full range of Ip Ty =25°C - 185 - mV/A
Sensitivity? L ge ol e '
Senstop | Over full range of Ip 178 - 193 mV/A

Peak-to-peak, Tp= 25°C, 185 mV/A programmed Sensitivity,
Cg=4.7 nF, Coyr = open, 20 kHz bandwidth

. Peak-to-peak, T = 25°C, 185 mV/A programmed Sensitivity, _ _
Noise VNOISE(PP) | G, = 47 nF, Coyyyy = open, 2 kHz bandwidth 20 mv

Peak-to-peak, T = 25°C, 185 mV/A programmed Sensitivity,

- 45 - mV

Cr = 1nF, Coyr = open, 50 kHz bandwidth - 75 - mv
Electrical Offset Voltage Voe lb=0A —40 - 40 mV
Total Output Error3 Eror lp=t5A, Ty =25°C - +1.5 - %

"Device may be operated at higher primary current levels, I, and ambient temperatures, Top, provided that the Maximum Junction Temperature,
T j(max): is Not exceeded.

2At —40°C Sensitivity may shift as much 9% outside of the datasheet limits.
3Percentage of Ip, with Ip = 5 A. Output filtered.

x20A PERFORMANCE CHARACTERISTICS T, =—40°C to 85°C", Cg = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -20 - 20 A
Sens Over full range of Ip Ty = 25°C - 100 - mV/A
Sensitivity2 L ge ol e ‘A
Senstop | Over full range of Ip 97 - 103 mV/A
Peak-to-peak, Tp= 25°C, 100 mV/A programmed Sensitivity, _ 24 _ mv
Cg=4.7 nF, Coyr = open, 20 kHz bandwidth
. Peak-to-peak, T = 25°C, 100 mV/A programmed Sensitivity, _ _
Noise VNOISEP) | C, = 47 nF, Coyy = open, 2 kHz bandwidth 10 mv
Peak-to-peak, T = 25°C, 100 mV/A programmed Sensitivity, _ 40 _ mv
Cg =1 nF, Coyt = open, 50 kHz bandwidth
Electrical Offset Voltage Voe lb=0A -30 - 30 mV
Total Output Error3 Eror lp=%20 A, Ty = 25°C - +1.5 - %

Device may be operated at higher primary current levels, Ip, and ambient temperatures, Top, provided that the Maximum Junction Temperature,
T,(max), is not exceeded.

2At —40°C Sensitivity may shift as much 9% outside of the datasheet limits.
3Percentage of Ip, with Ip = 20 A. Output filtered.

x30A PERFORMANCE CHARACTERISTICS T, =—40°C to 85°C1, C¢ = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -30 - 30 A
Sens Over full range of Ip, Ty = 25°C - 66 - mV/A
Sensitivity? A 9e ol p: A
Senstop | Over full range of Ip 64 - 68 mV/A

Peak-to-peak, Ty= 25°C, 66 mV/A programmed Sensitivity,
Cg=4.7 nF, Coy = open, 20 kHz bandwidth

. Peak-to-peak, Ty = 25°C, 66 mV/A programmed Sensitivity, _ _
Noise VNOISE(PP) | G, = 47 nF, Coyyyy = open, 2 kHz bandwidth / mv

Peak-to-peak, T = 25°C, 66 mV/A programmed Sensitivity,

- 20 - mV

Ce = 11nF, Coyr = open, 50 kHz bandwidth - 35 - mv
Electrical Offset Voltage Voe lb=0A -30 - 30 mV
Total Output Error3 Eror Ip=%30A, Ty, =25°C - +1.5 - %

Device may be operated at higher primary current levels, I, and ambient temperatures, Top, provided that the Maximum Junction Temperature,
T,(max), is not exceeded.

2At —40°C Sensitivity may shift as much 9% outside of the datasheet limits.

3Percentage of Ip, with I = 30 A. Output filtered.
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip=5A, Sens = 185 mV/A unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip=30A, Sens = 66 mV/A unless otherwise specified

Mean Supply Current versus Ambient Temperature

Supply Current versus Supply Voltage
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in sensor output in response to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vyoisg)- The product of the linear IC amplifier gain
(mV/G) and the noise floor for the Allegro Hall effect linear IC
(=1 G). The noise floor is derived from the thermal and shot
noise observed in Hall elements. Dividing the noise (mV) by the
sensitivity (mV/A) provides the smallest current that the device is
able to resolve.

Linearity (E ). The degree to which the voltage output from
the sensor varies in direct proportion to the primary current
through its full-scale amplitude. Nonlinearity in the output can be
attributed to the saturation of the flux concentrator approaching
the full-scale current. The following equation is used to derive the

linearity:

Symmetry (Egyy). The degree to which the absolute voltage
output from the sensor varies in proportion to either a positive
or negative full-scale primary current. The following formula is
used to derive symmetry:

A gain x % sat (Viout_full-scale amperes — ViouT(Q))

2 (VIOUT_half—scale amperes — VIOUT(Q))

100 {1—

where Viout fyil-scale amperes = the output voltage (V) when the
sensed current approximates full-scale £Ip .

100 VIOUT_+ full-scale amperes — ViouT(Q)

VoutQ) — VIOUT_fﬁlll-Scale amperes

Quiescent output voltage (Vioyr(g))- The output of the sensor
when the primary current is zero. For a unipolar supply voltage,
itnominally remains at Vc/2. Thus, Vcc =5 V translates into
Viout(q) = 2-5 V. Variation in Vigyr(q) can be attributed to the
resolution of the Allegro linear IC quiescent voltage trim and
thermal drift.

Electrical offset voltage (Vo). The deviation of the device out-
put from its ideal quiescent value of V¢/ 2 due to nonmagnetic
causes. To convert this voltage to amperes, divide by the device
sensitivity, Sens.

Accuracy (Eyor). The accuracy represents the maximum devia-
tion of the actual output from its ideal value. This is also known
as the total ouput error. The accuracy is illustrated graphically in
the output voltage versus current chart at right.

Accuracy is divided into four areas:
e 0 A at 25°C. Accuracy of sensing zero current flow at 25°C,
without the effects of temperature.

e 0 A over A temperature. Accuracy of sensing zero current
flow including temperature effects.

o Full-scale current at 25°C. Accuracy of sensing the full-scale
current at 25°C, without the effects of temperature.

o Full-scale current over A temperature. Accuracy of sensing full-
scale current flow including temperature effects.

Ratiometry. The ratiometric feature means that its 0 A output,

Viour() (nominally equal to Vi/2) and sensitivity, Sens, are

proportional to its supply voltage, V. The following formula is

used to derive the ratiometric change in 0 A output voltage,

AViout(Qrat (%)

100 ( Vout@vee/ VIOUT(Q)SV)
Vee!5V

The ratiometric change in sensitivity, ASensg ot (%), is defined as:

Sensycc / Senssy
10| ———888 ™

Vee/5V

Output Voltage versus Sensed Current
Accuracy at 0 A and at Full-Scale Current

Accuracy
Over ATemp erature

Increasing Vg, (V)

Accuracy
25°C Only

Average
Viour

Accuracy
Over ATemp erature ’t

Accuracy.

25°C Only

Ip(min)
.

A

1o (A) +p (A)

Full Scale
Ip(max)

Accuracy
25°C Only

Accuracy
Over ATemp erature

Decreasing Vg, ,(V)
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics

1 (%) Primary Current

Propagation delay (tprop)- The time required for the sensor
output to reflect a change in the primary current signal. Propaga-
tion delay is attributed to inductive loading within the linear IC
package, as well as in the inductive loop formed by the primary |
conductor geometry. Propagation delay can be considered as a — s
fixed time offset and may be compensated. Propagaton Time:for

920

Transducer Output

1 (%) Primary Current

Response time (tgrgpsponsg)- The time interval between

a) when the primary current signal reaches 90% of its final
value, and b) when the sensor reaches 90% of its output
corresponding to the applied current.

Transducer Output

I Response Time, tRESPONSE

Rise time (t,). The time interval between a) when the sensor 1 (%) Primary Current
reaches 10% of its full scale value, and b) when it reaches 90%
of its full scale value. The rise time to a step response is used to
derive the bandwidth of the current sensor, in which f(-3 dB) =
0.35/t,. Both t, and tyggponsg are detrimentally affected by eddy

current losses observed in the conductive IC ground plane. ! —
‘<—> | Rise Time, tr

Transducer Output

Power on Time versus External Filter Capacitance Step Response
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Chopper Stabilization Technique

Chopper Stabilization is an innovative circuit technique that is
used to minimize the offset voltage of a Hall element and an asso-
ciated on-chip amplifier. Allegro patented a Chopper Stabiliza-
tion technique that nearly eliminates Hall IC output drift induced
by temperature or package stress effects. This offset reduction
technique is based on a signal modulation-demodulation process.
Modulation is used to separate the undesired dc offset signal from

This technique is made possible through the use of a BICMOS
process that allows the use of low-offset and low-noise amplifiers
in combination with high-density logic integration and sample
and hold circuits.

Regulator

-
|
the magnetically induced signal in the frequency domain. Then, : \ I
. ) . T34 I A
using a low-pass filter, the modulated dc offset is suppressed Hall Blement! A8 A9 . Low-Pass
while the magnetically induced signal passes through the filter. ,—:—5 | 1 T Fiter
As a result of this chopper stabilization approach, the output >< : Amp %ié e —
voltage from the Hall IC is desensitized to the effects of tempera- | | § 1 >
ture and mechanical stress. This technique produces devices that _ L I
have an extremely stable Electrical Offset Voltage, are immune to | QI—T_"% :
thermal stress, and have precise recoverability after temperature ro— |
cycling. /77
Concept of Chopper Stabilization Technique
Typical Applications
5V +5V
0T OVPEAK +
C —T— g’l?]YPF _T_
BYP AT
0.1 uF I VRESET 1
2N7002
1 veef 8
" IP+ ; 1 p+ VCC
1P+ VIOUT 2 7
IP+ VIOUT
Ip ACST712
} 3 Ip ACST712
|p_ FILTER s
4 \p_ FILTER
"= e 4
P= N
Application 3. This configuration increases gain to 610 mV/A
(tested using the ACS712ELC-05A).
Application 2. Peak Detecting Circuit iy
+5V + * *
Cayp _L R1
0.1 uF —|— 33 kQ
Cgyp —_
01pF T - 2 Rey
= R2 100 kQ
o | 100K0
U+ VCC D1 py VCC =
2 pe viouTl Vour INdsW AtoD b, viouT Your A5 ] it
onverter o
B ACS712 B ACST712 ] 35,
3| o FILTER 3 p_ FLTEREE— L cwvrass
' L 4|\ 5 1nF
P~ D GND g
- D1
= 1N914

Application 4. Rectified Output. 3.3 V scaling and rectification application
for A-to-D converters. Replaces current transformer solutions with simpler
ACS circuit. C1 is a function of the load resistance and filtering desired.
R1 can be omitted if the full range is desired.

Application 5. 10 A Overcurrent Fault Latch. Fault threshold set by R1 and
R2. This circuit latches an overcurrent fault and holds it until the 5 V rail is
powered down.

Sllegro-
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Improving Sensing System Accuracy Using the FILTER Pin

In low-frequency sensing applications, it is often advantageous
to add a simple RC filter to the output of the sensor. Such a low-
pass filter improves the signal-to-noise ratio, and therefore the
resolution, of the sensor output signal. However, the addition of
an RC filter to the output of a sensor IC can result in undesirable
sensor output attenuation — even for dc signals.

Signal attenuation, AV yrr, is a result of the resistive divider
effect between the resistance of the external filter, Ry (see
Application 6), and the input impedance and resistance of the
customer interface circuit, Ryyrgc. The transfer function of this
resistive divider is given by:

RinTFC

AVprt = Viout Re+ Rpvrec
F INTF

Even if Rg and Ryyrrc are designed to match, the two individual
resistance values will most likely drift by different amounts over

By

temperature. Therefore, signal attenuation will vary as a function
of temperature. Note that, in many cases, the input impedance,
Rintre» of a typical analog-to-digital converter (ADC) can be as
low as 10 kQ.

The ACS712 contains an internal resistor, a FILTER pin connec-
tion to the printed circuit board, and an internal buffer amplifier.
With this circuit architecture, users can implement a simple

RC filter via the addition of a capacitor, Cy (see Application 7)
from the FILTER pin to ground. The buffer amplifier inside of
the ACS712 (located after the internal resistor and FILTER pin
connection) eliminates the attenuation caused by the resistive
divider effect described in the equation for AV 1. Therefore, the
ACS712 device is ideal for use in high-accuracy applications
that cannot afford the signal attenuation associated with the use
of an external RC low-pass filter.

Pin3 Pin4
P-" 1P

Application 6. When a low pass filter is constructed
externally to a standard Hall effect device, a resistive
divider may exist between the filter resistor, Rg and
the resistance of the customer interface circuit, Riytrc-
This resistive divider will cause excessive attenuation,
as given by the transfer function for AVprt.

0.1 uF

Resistive Divider
Y, Input

Application
Interface
Circuit

Dynamic Offset
Cancellation

Low Pass Filter

2
2 Rintrc

VA

cr —
1nF T

Application 7. Using the FILTER pin
provided on the ACS712 eliminates the
attenuation effects of the resistor divider
between R and Rytgc, shown in Appli-
cation 6.

Dynamic Offset
Cancellation

Allegro ACS712

Buffer Amplifier
and Resistor

Signal
Recovery

Input

Application
Interface
Circuit

<
5, Rintrc

GND FILTER
Pin5 in 6
e
T 1nF
Allegro MicroSystems, Inc. 1 1
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS \oltage Isolation and a Low-Resistance Current Conductor

Package LC, 8-pin SOIC oo Lo
-~ 0| o | —= A - :

g ggdao [

~—_ 025[.010
017 | 007

Preliminary dimensions, for reference only

Dimensions in millimeters

U.S. Customary dimensions (in.) in brackets, for reference only
(reference JEDEC MS-012 AA) T
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown
Terminal #1 mark area

‘ 4.00[ 157
T 3.80[ .150}
2l

1.27 | .050
0.40 | .016

i
~ o]

I : \
8X ‘ l SEATING e SEATING PLANE
o004 Y PLANE GAUGE PLANE

051020 ] |
& a1 {012 ] < 1.75 [069}

o]
_, 0.10 [‘004}
Package Branding % §73
Two alternative patterns are used PR
El [6]
[4]
ACS Allegro Current Sensor ACS Allegro Current Sensor
712 Device family number 712 Device family number
T Indicator of 100% matte tin leadframe plating ACS712T T Indicator of 100% matte tin leadframe plating
ACS712T R Operating ambient temperature range code RLCPPP R Operating ambient temperature range code
RLCPPP LC Package type designator Ll LC Package type designator
YYWWA PPP Primary sensed current PPP Primary sensed current
YY Date code: Calendar year (last two digits) YYWw L..L Lot code
ww Date code: Calendar week YY Date code: Calendar year (last two digits)
A Date code: Shift code WW Date code: Calendar week

The products described herein are manufactured under one or more  or manufacturability of its products. Before placing an order,

of the following U.S. patents: 5,045,920; 5,264,783; 5,442,283; the user is cautioned to verify that the information being relied
5,389,889; 5,581,179; 5,517,112; 5,619,137; 5,621,319; 5,650,719;  upon is current. The information included herein is believed to
5,686,894; 5,694,038; 5,729,130; 5,917,320; and other patents be accurate and reliable. However, Allegro MicroSystems, Inc.
pending. assumes no responsibility for its use; nor for any infringement of

Allegro MicroSystems, Inc. reserves the right to make, from time  patents or other rights of third parties which may result from its
to time, such departures from the detail specifications as may be  use.
required to permit improvements in the performance, reliability, Copyright ©2006, Allegro MicroSystems, Inc.

For the latest version of this document, go to our website at:
www.allegromicro.com
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VISHIAY. | IRF740
www.vishay.com Vishay Siliconix

Power MOSFET

FEATURES
¢ Dynamic dV/dt rating

TO-220AB

Available

¢ Repetitive avalanche rated

RoHS*
I ¢ Fast switching Available
G e Ease of paralleling
e Simple drive requirements
-
_;Ds e Material categorization: for definitions of compliance
G S please see www.vishay.com/doc?99912
N-Channel MOSFET Note
* This datasheet provides information about parts that are
RoHS-compliant and / or parts that are non RoHS-compliant. For
example, parts with lead (Pb) terminations are not RoHS-compliant.
PRODUCT SUMMARY Please see the information / tables in this datasheet for details
Yos 1) s DESCRIPTION
Rbson) () Vgs=10V 0.55 . . ‘ )
Qg max. (nC) 63 Third generation power MOSFETs from Vishay provide the
designer with the best combination of fast switching,
Qgs (NC) 9.0 - : ; e
ruggedized device design, low on-resistance and
Qg4 (nC) 32 cost-effectiveness.
Configuration Single The TO-220AB package is universally preferred for all

commercial-industrial applications at power dissipation
levels to approximately 50 W. The low thermal resistance
and low package cost of the TO-220AB contribute to its
wide acceptance throughout the industry.

ORDERING INFORMATION
Package TO-220AB
Lead (Pb)-free IRF740PbF
Lead (Pb)-free and halogen-free IRF740PbF-BE3
ABSOLUTE MAXIMUM RATINGS (T¢ = 25 °C, unless otherwise noted)
PARAMETER SYMBOL LIMIT UNIT
Drain-source voltage Vps 400 y
Gate-source voltage Vas +20
. ) Tc=25°C 10

Continuous drain current Vgsat 10V Ip

Tc=100°C 6.3 A
Pulsed drain current 2 Iom 40
Linear derating factor 1.0 W/°C
Single pulse avalanche energy P Eas 520 mJ
Repetitive avalanche current 2 AR 10 A
Repetitive avalanche energy 2 Ear 13 mJ
Maximum power dissipation | Tc=25°C Pp 125 W
Peak diode recovery dV/dt ¢ dv/dt 4.0 V/ns
Operating junction and storage temperature range Tus Tetg -55 to +150 oc
Soldering recommendations (peak temperature) 9 For10s 300
Mounting torque 6-32 or M3 screw 10 Ibf - in

1.1 N-m
Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11)
b. Vpp =50V, starting Ty =25 °C, L = 9.1 mH, Rg = 25 Q, Ias = 10 A (see fig. 12)

c. lsp<10A, dI/dt <120 A/us, Vpp < Vps, Ty <150 °C

d. 1.6 mm from case

S21-0853-Rev. D, 16-Aug-2021 1 Document Number: 91054
For technical questions, contact: hvm@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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THERMAL RESISTANCE RATINGS

PARAMETER SYMBOL TYP. MAX. UNIT
Maximum junction-to-ambient Riha - 62
Case-to-sink, flat, greased surface Rihcs 0.50 - °C/W
Maximum junction-to-case (drain) Ringc - 1.0
SPECIFICATIONS (T, = 25 °C, unless otherwise noted)
PARAMETER symBoL | TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Static
Drain-source breakdown voltage Vps Vgs =0V, Ip =250 pA 400 - - \
Vps temperature coefficient AVps/Ty Reference to 25 °C, Ip =1 mA - 0.49 - V/°C
Gate-source threshold voltage Vasith) Vps = Vgs, Ip = 250 pA 2.0 - 4.0 \Y
Gate-source leakage lgss Vgs=+20V - - +100 nA
. Vps =400V, Vgs=0V - - 25
Zero gate voltage drain current Ipss pA
Vps=320V,Vgs=0V, Ty=125°C - - 250
Drain-source on-state resistance Rps(on) Vgs=10V Ip=6.0AP - - 0.55 Q
Forward transconductance Ofs Vps=50V, Ip=6.0AP 5.8 - - S
Dynamic
Input capacitance Ciss Vas =0V, - 1400 -
Output capacitance Coss Vps =25V, - 330 - pF
Reverse transfer capacitance Crss f=1.0 MHz, see fig. 5 - 120 -
Total gate charge Qq - - 63
. _ lp=10A Vps=320V, -
Gate-source charge Qgs Vgs=10V see fig. 6 and 13 9.0 nC
Gate-drain charge Qqd - - 32
Turn-on delay time td(on) - 14 -
Rise time t Vpp=200V, Ip=10A - 27 - ns
Turn-off delay time ta(oft Rg=9.1Q, Rp=20Q, see fig. 10° - 50 -
Fall time 1 - 24 -
Gate input resistance Ryg f =1 MHz, open drain 0.8 - 5.9 Q
. Between lead, o
Internal drain inductance Lp 6 mm (0.25") from - 4.5 -
package and center of nH
Internal source inductance Ls die contact - 7.5 -
Drain-Source Body Diode Characteristics
Continuous source-drain diode current Is MOSFE_T symbol ° - - 10
showing the A
integral reverse a
Pulsed diode forward current 2 Ism p - n junction diode g - - 40
Body diode voltage Vsp T;=25°C,Is=10A,Vgg=0VP - - 2.0 Vv
Body diode reverse recovery time iy - 370 790 ns
- Ty=25°C, I =10 A, dI/dt = 100 A/us ®
Body diode reverse recovery charge Qrr - 3.8 8.2 uC
Forward turn-on time ton Intrinsic turn-on time is negligible (turn-on is dominated by Lg and Lp)

Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11)

b. Pulse width <300 ps; duty cycle <2 %
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TYPICAL CHARACTERISTICS (25 °C, unless otherwise noted)

VGS |
Top 15V
10V '
z w| o0
g 6.0V —
= 55V
S 5.0V
(@]
c Bottom 4.5V
©
o 100 ' i 45V
_é 1
20 ps Pulse Width
| T;=25°C
101 100 10!
91054_01 Vps, Drain-to-Source Voltage (V)
Fig. 1 - Typical Output Characteristics, T¢ = 25 °C
VGS
Top 15V y.
101 0V
— 8.0V:
< 7.0V
c 6.0V.
2 55V / 45V
35
3 50V
- Bottom 4.5V
I
(=) 100
el
20 ps Pulse Width
. To=150°C
10 100 10'
91054_02 Vps, Drain-to-Source Voltage (V)
Fig. 2 - Typical Output Characteristics, T¢ = 150 °C
T
”
150 °C /
— 10 A
< 77—
-— II |
E 7 25°C
3 /[ /
(@]
= / |/
o 100 /
a
- y
o i
II
20 us Pulse Width
Vpg =50V
101
4 5 6 7 8 9 10
91054_03 Vgs, Gate-to-Source Voltage (V)

Fig. 3 - Typical Transfer Characteristics

g
=}

Ip=10A
Vgg =10V

25

2.0

(Normalized)
A\

Rps(on) Drain-to-Source On Resistance

0.0
-60-40-20 0 20 40 60 80 100 120 140 160

91054_04 T,, Junction Temperature (°C)

Fig. 4 - Normalized On-Resistance vs. Temperature

2500
Vgg=0V, f=1MHz
Cigs = Cgs + Cqq, Cys Shorted
2000 [N\ Crss = Cgo
. \ \\ oss = Cds + ng
LIQ_. ™~
< 1500 \\ ™~ Cie
&} ™.
C \
S N
.g 1000
N
§ \‘ N .
N\ “oss
500 \\ — N
N C,
~—— ]
0
100 101
91054_05 Vps. Drain-to-Source Voltage (V)

Fig. 5 - Typical Capacitance vs. Drain-to-Source Voltage

20

Ip=10 A
2 Vpg =320V
SR : \
= Vpg =200 V.
Q |
>
° 12 Vpg =80V
g N
>
o
@
) 8
ol
©
© 4
3 /
>(5 For test circuit
o see figure 13
0 15 30 45 60 75
91054_06 Qg, Total Gate Charge (nC)

Fig. 6 - Typical Gate Charge vs. Drain-to-Source Voltage
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B /
/ Ves =0V
101 = 0
0.50 0.70 0.90 1.10 1.30 1.50 25 50 75 100 125 150
91054_07 Vgsp, Source-to-Drain Voltage (V) 91054_09 T¢, Case Temperature (°C)
Flg 7- Typical Source-Drain Diode Forward voltage Fig. 9 - Maximum Drain Current vs. Case Temperature
R,
108 Vs D
5 T 17 1T T 1T
Operation in this area limited
—_ L\ D.U.T
< N
~ 4+
c T-Voo
e
3 FIRIRY
= Pulse width <1 ps
© Duty factor < 0.1 %
Qe =
el
Fig. 10a - Switching Time Test Circuit
5 Te=25°C
2 B2 T,=150"°C
Single Pulse v
0.1 = DS
2 2 2
0.1 ° * 0% 2?0 90 % \./ \I /[
) I I
91054_08 Vps, Drain-to-Source Voltage (V) / : :
I I I
Fig. 8 - Maximum Safe Operating Area i i i
10 % : i i
(4 I
v 1N A\
taomy & taorm
Fig. 10b - Switching Time Waveforms
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o)
2
N
© 1
2 0-05 !
§ -0.
o : LT
— et
© 0.1 E91 t
g 005. 1 1Tt 1 1 1T 1 t |
2 - = T t F——HHHH >
— 0.02 T L™ Single Pulse Notes:
L0.017 - (Thermal Response) 1. Duty Factor, D = t//t,
e = T 2. PoakT = Py 2y +Tc
105 104 103 102 0.1 1 10
91054_11 t;, Rectangular Pulse Duration (S)
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Fig. 11 - Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig. 12a - Unclamped Inductive Test Circuit Fig. 12b - Unclamped Inductive Waveforms
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91054_12¢ Starting T, Junction Temperature (°C)
Fig. 12c - Maximum Avalanche Energy vs. Drain Current
Current regulator -
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OV p-=---=---------- !
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Current sampling resistors
Fig. 13a - Basic Gate Charge Waveform Fig. 13b - Gate Charge Test Circuit
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Peak Diode Recovery dV/dt Test Circuit

—<+ Circuit layout considerations
D.U.T. )
I—- - Low stray inductance

A ® « Ground plane
- Low leakage inductance

current transformer

%_

@

- &

A
Ry + dV/dt controlled by R, |+
r_ Voo

~— - Driver same type as D.U.T. -
« Igp controlled by duty factor “D”
+ D.U.T. - device under test

@ Driver gate drive

i P.W.
Period =
P.Wr—— ene D Period
t
Vgg=10V2
(C v
))
@ |p.uT. Isp waveform ((
))
Reverse
recovery | \ Body diode forward
current
current dl/dt/
@ |p.ur. Vps Waveform )
Diode recovery \ -
4/7 dV/dt !
DD
v
Re-applied {—~ (C
voltage Body diod 2) 4d
@ |Inductor current ody dlode forward drop
e
Ripple <5 % Isp
)

Note
a. Vgg =5V for logic level devices

Fig. 14 - For N-Channel

Vishay Siliconix maintains worldwide manufacturing capability. Products may be manufactured at one of several qualified locations. Reliability data for Silicon
Technology and Package Reliability represent a composite of all qualified locations. For related documents such as package/tape drawings, part marking, and

reliability data, see www.vishay.com/ppg?91054.
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TO-220-1
I MILLIMETERS INCHES
E DIM.
lF MIN. MAX. MIN. MAX.
A 4.24 4.65 0.167 0.183
t f | —@P ] b 0.69 1.02 0.027 0.040
A ? W b(1) 1.14 1.78 0.045 0.070
T c 0.36 0.61 0.014 0.024
l \\IJ D 14.33 15.85 0.564 0.624
— E 9.96 10.52 0.392 0.414
n - o 2.41 267 0.095 0.105
e(1) 4.88 5.28 0.192 0.208
F 1.14 1.40 0.045 0.055
H(1) 6.10 6.71 0.240 0.264
12 3 1 J() 2.41 2.92 0.095 0.115
} L 13.36 14.40 0.526 0.567
= B L(1) 3.33 4.04 0.131 0.159
i et i oP 353 3.94 0.139 0.155
| |" | Fbﬁ) Q 2.54 3.00 0.100 0.118
2 ECN: X15-0364-Rev. C, 14-Dec-15
DWG: 6031
Note
e M* = 0.052 inches to 0.064 inches (dimension including
|| protrusion), heatsink hole for HVYM
0o c——| o
o
e
— J(1) |—

Package Picture
ASE Xi’an

Revison: 14-Dec-15 1 Document Number: 66542
For technical questions, contact: hvm@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000




VISHAY. Legal Disclaimer Notice
www.vishay.com Vishay

Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer's responsibility to validate that a particular product
with the properties described in the product specification is suitable for use in a particular application. Parameters provided in
datasheets and / or specifications may vary in different applications and performance may vary over time. All operating
parameters, including typical parameters, must be validated for each customer application by the customer's technical experts.
Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase, including but not limited
to the warranty expressed therein.

Hyperlinks included in this datasheet may direct users to third-party websites. These links are provided as a convenience and
for informational purposes only. Inclusion of these hyperlinks does not constitute an endorsement or an approval by Vishay of
any of the products, services or opinions of the corporation, organization or individual associated with the third-party website.
Vishay disclaims any and all liability and bears no responsibility for the accuracy, legality or content of the third-party website
or for that of subsequent links.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please
contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED
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