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Abstract

This internship report mainly focuses on Investigating the IV characteristic curve of diode and
resistor using Keihley 2450 source meter operated by lab view programming. Using the Lab
view programming such configuration was made where voltage is supplied and the
corresponding current had been calculated for several points for both diode and resistor. A
voltage versus Current graph was plotted using Origin lab according to the data from the setup
and was investigated and compared with the theoretical properties of the diode and resistor with
authentic reference. The measured data followed the theory and almost gave the same
characteristic curves which proves that the programming in Labview and the setup in Keithley

2450 source meter was accurate for the measurement.
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Introduction

Investigating the characteristic curve for both diode and resistor by Keithly 2450 and then
comparing it with the theoretical results was the main purpose of this internship. Theoretically
every semiconductor diode has a knee voltage up to which it resist current flow and every
resistor gives a straight line following Ohm’s law when voltage is supplied. In this work we
measured these characteristic by Keithley 2450 and operated it with Labview programming. In
Labview a program was made so that it can increase voltage up to a limit and measure the
currenponding current and then show the characteristic curve for several points. later on the
experimental result was compared with the theoretical result.

Keithley 2450 source meter

The 2450 is Keithley’s next-generation Source Meter source measure unit (SMU) instrument that
truly brings Ohm’s law (current, voltage, and resistance) testing right to your fingertips. Its
innovative graphical user interface (GUI) and advanced, capacitive touchscreen technology
allow intuitive usage and minimize the learning curve to enable engineers and scientists to learn
faster, works marter, and invent easier. The 2450 is the SMU for everyone: a versatile
instrument, particularly well-suited for characterizing modern scaled semiconductors, nano-scale
devices and materials, organic semiconductors, printed electronics, and other small-geometry
and low-power devices. All this combined with Keithley SMU precision and accuracy allows
users to Touch, Test, Invent with the new favorite go-to instrument in the lab for years to come

[1].

Keithley SourceMeter SMU Instrument Model 2450 is a four-quadrant flexible IV source and
IVR measure solution for DC characterization of electronic components, modules,
semiconductor devices, and advanced materials. Using the Touch, Test, Invent™ design
philosophy this device seeks to meet today’s emerging trends in test instrumentation use and
design. With an intuitive Graphical User Interface with 5-inch touchscreen, icon-based control,
and context sensitive help the Model 2450 allows engineers, researchers, and scientists to
configure and run tests easily and quickly.



With a proven record in quality this Keithley product provides proven precision, accuracy, and
low noise performance guaranteeing reliable test results including with low current and voltage
ranges being useful in nanotechnology and low voltage semiconductor applications .

With embedded Test Script Processor Technology the Model 2450 provides unmatched
throughput in automated test applications. GPIB, USB, and LAN/LXI interfaces enable the
SourceMeter SMU instrument to be controlled via a PC.

Users of the popular and established SourceMeter SMU Model 2400 benefit from the model
2450’s new features and functionalities and its full software compatibility with model 2400 for
an easy drop in and run tests [2]

Reliable test results speeding your time to market with flexible four-quadrant IV source and IVR
measure with any [-V characterization of electronic components.

5-inch touchscreen with icon-based control

Proven precision, accuracy & low noise

Embedded Test Script Processor Technology (TSP)

Flexible test device adaptation with front and rear connections

GPIB, USB, and LAN/LXI PC interfaces and TSP-Link for I-V system setup [2]

LabView

Labview means Laboratory Virtual Instrument Engineering Workbench. It is mainly a
programming software which creates interface with hardware and regulate many parameters such
as voltage, current and temperature. It is a system-design platform and development environment
for a visual programming language [4].

LabVIEW offers a graphical programming approach that helps to visualize every aspect of
practical applications, including hardware configuration, measurement data, and debugging.
This visualization makes it simple to integrate measurement hardware from any vendor,



represent complex logic on the diagram, develop data analysis algorithms, and design custom
engineering user interfaces [3].

LabVIEW was first launched 1986 as a tool for scientists and engineers to facilitate automated
measurements - the aim was that it would be a tool that would be as productive for scientists and
engineers as spreadsheets were for financial analysts. Says Jeff Kodowsky of National
Instruments who came up with the initial idea and developed it: ”We weren’t seeking to create a
language but that’s what we ended up doing because we needed that level of flexibility and
control in order to deal with the kinds of IO and processing required.” In addition to this,
Kodowsky had been using an early Apple Mac which utilised graphics more than any other
computing system. Kodowsky wanted to be able to utilise this capability to enable quicker
programming of the control for instruments [5].

LabVIEW integrates the creation of user interfaces (termed front panels) into the development
cycle. LabVIEW programs-subroutines are termed virtual instruments (VIs). Each VI has three
components: a block diagram, a front panel, and a connector panel. The last is used to represent
the VI in the block diagrams of other, calling VIs. The front panel is built using controls and
indicators. Controls are inputs: they allow a user to supply information to the VI. Indicators are
outputs: they indicate, or display, the results based on the inputs given to the VI. The back panel,
which is a block diagram, contains the graphical source code. All of the objects placed on the
front panel will appear on the back panel as terminals. The back panel also contains structures
and functions which perform operations on controls and supply data to indicators. The structures
and functions are found on the Functions palette and can be placed on the back panel.
Collectively controls, indicators, structures, and functions are referred to as nodes. Nodes are
connected to one another using wires, e.g., two controls and an indicator can be wired to the
addition function so that the indicator displays the sum of the two controls. Thus a virtual
instrument can be run as either a program, with the front panel serving as a user interface, or,
when dropped as a node onto the block diagram, the front panel defines the inputs and outputs
for the node through the connector panel. This implies each VI can be easily tested before being
embedded as a subroutine into a larger program [4].

LabVIEW provides a powerful platform for undertaking a wide variety of different applications.
It started as an environment for managing test programming, but since its inception, the
applications for which it can be used have considerably expanded. It has expanded from being a
graphical test management language to become a graphical system design environment.

This means that it can be used for an enormous variety of interesting and diverse applications.
Not only can it be used for equipment control (including the control of the large Hadron Collider
at CERN) and a variety of data acquisition applications (including car development simulation
where Big Data monitoring is undertaken) to the system design arena where it has been used for
development of projects from RF circuitry to biomedical equipment, green technology and much
more [5].



Procedure

Physical configuration of Keithley 2450 sourcemeter

First of all Keithley 2450 source meter was connected to a power source and the power button
was pressed to on, shown in Fig 2.1

Rotary
navigation/control knob

GPIB 'SRQ  defbuffert C—— NoScript

MEASURE CURRENT 2-WIRE

+0 00'1 4 Ir\ "A\ - Power button
Yoo ,
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Online help

USB port

Figure 2.1 Keithley 2450 sourcemeter



The Diode and Resistor were connected with the wire maintaining the positive and negative side
shown in Fig 2.2

Positive wire

Negative wire

(b)

(©)
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Figure 2.3. (a) IN4007 Diode (b) IN5408 Diode (c) 10M Ohm Resistor
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Figure 2.4. LabVIEW block diagram for I-V characteristic measurement

A LabVIEW program was made for the measurement of I-V characteristic , Fig 2.4. later on
some parameter was set on the LabVIEW VI interface according to the measurement. The

parameters are source mode, voltage limit, starting point, ending point and the number of points.
Shown in Fig 2.5.
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Figure 2.5. Parameters of measurement

After connecting the device properly and running the LabVIEW program the I-V characteristic
for different diodes and a 10 M Ohm resistor were measured.

Result and Discussion

For diode the I-V graph was plotted in Origin lab from the out put result of LabVIEW program,
for both diode 1N4007 and 1N5408 the result matched with the theory. Up to knee voltage both
the diode was resistant to current , after knee voltage current increased exponentially. Fig.3.1 (a),
and 3.2.
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Voltage (V) Volt

B (Current (I) Amp)

For the 10M Ohm resistor the grapgh followed Ohm’s law at room temparature the current
increased proportionally with the voltage, and the graph appears a straight line as expected. Fig
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Figure 3.1. I-V characteristic of Diode 1N4007
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Figure 3.3 I-V characteristic of 10M Ohm resistor.

It was also found that the knee voltage for both the diode was around 0.7 Volt, as these were
silicon diodes, their theoretical knee voltage is 0.7 So it fitted with the theory. Knee voltage for
IN4007 and 1N5408 was 0.59233 and 0.59627 respectively where the current started to increase
exponentially. Shown in Fig 3.4.(a) and 3.4.(b)

(a) 1N5408 (b) 1N4007
Volts - Plot 0 Amps - Plot 0 Volts -Plot 0  Amps - Plot 0
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Figure 3.4. Excel data collected from the experiment (a) Diode1N5408 (b) Diode 1N4007
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Conclusion

The internship was a practical experience for comparing the characteristic of circuit elements
with their theoretical data using Keithley 2450 device and LabVIEW programming. The device
can calculate efficiently and calculate data for many points in less amount of time. Also it can
provide graphical data with less error and more accuracy. Using this device we found the knee
voltage for diodes and it almost fitted with the theoretical data. I have learned the basic of
measuring [-V characteristic for other circuit element and also the graphical programming of
LabVIEW with this set up and configuration.
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