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Purpose

This lab activity introduces you to the basic theory and operation of a lab oscilloscope.  The lab is focused on using the oscilloscope as a tool to measure voltage, time, and frequency.  Oscilloscope measurement theory, terminology, and operation are stressed.  Since most all system tests require a oscilloscope for complex signal measurement, a technician needs to understand the basic theory of operation, the common terminology used with all oscilloscopes, and, ultimately, their efficient use.  Technicians setup and use oscilloscopes in virtually all job classifications.  Therefore, oscilloscope operation becomes a required skill of the job.

Systems Rationale

The advantage of the oscilloscope over all other types of measurement equipment used in electronics technology is that the user has an opportunity to see a visual representation of a signal voltage or current.  This is a vital feature to have available because many times the shape and/or duration of a signal voltage or current reveals important information about system functionality.  When an electronic system receives or produces a complex signal voltage or current, the instrument of first choice is the oscilloscope and the technician that can operate the unit and interpret waveform display posses an important troubleshooting tool.   

System Concepts

This system covers the following system concepts (signified by an X):

_  _ 
S1. A system can be defined in terms of its functional blocks i.e., a “structured functional unit.”

_X_ 
S2. A system has a purpose, transforms inputs into outputs to achieve a goal.

_  _ 
S3. A system is defined by the flow of materials, energy and information, between its functional units.

_X_ 
S4. A system may be open or closed. In an open system additional inputs are accepted from the environment.

_  _ 
S5. A system is more than the sum of its parts. Individual components can never constitute a system.

_X_ 
S6. A system provides feedback to the operator and services to the user. Some system functions may involve operator action.

_X_ 
S7. Systems have unique problems.

Student Learning Outcomes

Appropriate SLOs for the lab activity are below.  For a complete list of course SLOs visit:   http://www.esyst.org/Courses/Acquisition_Measurement/_delivery/index.php 

1.
Draw a block diagram of a modern digital oscilloscope and explain how it works.

2.
Make measurements on analog and digital signals using a digital oscilloscope.   

4.
Define synthetic instrumentation. 

Prerequisite Knowledge and Skills

In order to complete this oscilloscope lab activity, you will need to know the basic concepts of voltage, current, and resistance.  Additionally, some basic understanding of AC signals, including peak and average, time, frequency, and rate.  

Learning Objectives*
Relevant knowledge (K), skill (S), and attitude (A) outcomes include:

K1.  Name and define the major sections of an oscilloscope. 

K2.  Name and define the major controls of an oscilloscope.


K3.  Describe how to initialize an oscilloscope for amplitude and frequency measurement.

K4.  Define the function of the trigger controls.

S1. Demonstrate how to initialize an oscilloscope for amplitude and frequency measurement.

S2.  Demonstrate how to measure analog and digital signals with the oscilloscope.

S3.  Demonstrate how to trigger the oscilloscope on a complex signal.
Process Overview

This lab involves four sequential activities:  
1. You will read a CD-ROM based technical presentation covering lab oscilloscopes.  
2. You will answer a set of questions based upon the reading assignment.  
3. You will setup and complete a lab activity that contains three parts.  
4. You will complete a CD-ROM based technical evaluation covering use and operational theory of a lab oscilloscope.  

Performance Overview

· A standard hands-on lab environment is used for this activity.

· Group work and/or individual work is permitted.

· The lab results are due at the start of the next lab session.

Your results will include:

· Answer to the pre-lab questions.

· Lab results data sheets and conclusions as printed from the Agilent CD-ROM.

· Oscilloscope Lab Assessment Worksheet from the Agilent CD-ROM.

Length

This lab will require about six hours of time.

Equipment and Supplies

· Digital or analog oscilloscope

· 10:1 oscilloscope probes

· DC power supply (plus and minus 15 volts)

· PC with CD-ROM capability

· Agilent U3000 Electronic Instrumentation Training Board


Special Safety Requirements

There are no special safety requirements for this lab.

Lab Preparation

1.  Mount and launch the Product Reference CD-ROM supplied with the Agilent U3000A Electronic Instrumentation Training Board.

2.  When the CD-ROM menu appears, under Documentation, double click on Digital Oscilloscope just to the right of U3000A Teaching Materials (ENG).

3.  Open the .pdf file

4. Read the text information and then answer the following theory questions.

U3000 Oscilloscope Questions

· An oscilloscope display normally traces out __________ on the X-axis, ____________ on the y-axis, and ___________ on the Z-axis.

· What is the difference between an analog vs. a digital oscilloscope?

· Define oscilloscope bandwidth.

· If an oscilloscope has insufficient bandwidth for a desired measurement, what two signal characteristics are seriously distorted?

· Define the equation used to determine a signal's bandwidth.

· For a signal error of approximately 2%, what oscilloscope bandwidth is necessary to measure a signal with a 2.26 nS. maximum rise time?

· Oscilloscope real-time sample rate is usually _________ times the oscilloscope bandwidth.

· For the signal that has a maximum rise time of 2.26 nS., what oscilloscope sample rate is necessary?

· When should real-time sampling be used?

· What is the apparent difference between sine x/x interpolation vs. linear interpolation?

· When should equivalent-time sampling be used?

· Name the four types of scope triggering and explain with what type signal each should be used.

· What is the basic function of the vertical oscilloscope controls?

· Describe the use and function of the following:

Vertical position

Vertical sensitivity

Input coupling

BW limit

Channel invert

Math operations

· What is the basic function of the horizontal controls?

· Describe the use and function of the following:

Horizontal position

Horizontal scale factor

Delayed time base

Zoom

Time base mode

· What is the basic function of the trigger controls?

· Define the following three common trigger modes:

Automatic

Normal

Single

· Each of the five common trigger types is listed.  Match the trigger type you would select in order to stabilize the described signals. 

Rising edge or positive slope

Falling edge of negative slope

Pulse width

Pattern

Video

Composite TV signal

A 440 Hz. sine wave


A 22.6 nS. random clock pulse

Looking for the binary equivalent of the ASCII code for the letter B 


Looking for a clock signal applied to a binary counter.

· Name four sources of the trigger signal.

· Define trigger holdoff and state when it is used.

· What is the difference between the following oscilloscope operation modes?

Normal acquisition mode

Peak detect mode

Average mode

Hi resolution mode

· Define the function of each of the following display controls:

Vector vs. dot display

Contrast

Graticule selection

Persistence

· What is the difference between a time-based display vs. a frequency-based displayed?

· There are three specific FFT functions.  Name them and describe the differences between each.

· Name four types of oscilloscope probes and identify the significant uses of each type.

Introduction

The activities put forth in this lab will prepare you to use one of the most common tools available to the electronics technician--the digital or analog oscilloscope.  All circuits and equipment need and or produce complex AC and/or DC voltages as they function.  If you have mastered the skilled involved in setting up, connecting, and properly using an oscilloscope to voltage, time, and frequency, you will have accomplished one of the major tasks that must occur when a technician validates that an electronics circuit or system is set up to function properly.  Almost every troubleshooting guide published with a piece of equipment will require that you set up and test the system for proper input signal, correct signal processing, and accurate output signal.  These tests are typically done with a digital or analog oscilloscope.  Such setup and testing is task one as a system is initialized from the factory, evaluated during a preventive maintenance inspection, or investigated for an operational failure.  The information and skills that you will learn and exercise in this lab activity will enhance your skills and prepare you for additional testing and troubleshooting.

Task

A basic technician skill is setting up and using a lab digital or analog oscilloscope.  Troubleshooting every electronic circuit and/or system requires voltage, time, and frequency measure be done with an oscilloscope.  Being able to properly set up such a unit, connect it correctly, adjust it for proper voltage, time, or frequency, and regularly monitoring the oscilloscope's display is an ongoing technician requirement.  Being able to accurately measure the "big three" in a circuit or an electronic system is a basic technician skill without which troubleshooting is impossible.

Process

Agilent Technologies has prepared a series of three Lab Exercises dealing the basic lab oscilloscope.  These exercises include lab directions and data tables.  All three exercises are found on the Product Reference CD-ROM supplied with the Agilent U3000A Electronic Instrumentation Training Board.

1. Mount and load the Agilent U3000 Product Reference CD-ROM.

2. Select the U3000A Lab Sheet (ENG):  Digital Oscilloscope .pdf file.  When the file is load into the reader print the file.

3. Starting with Lab Exercise 1, complete all three lab exercises.  Be sure to complete the Results and Discussion section at the end of each exercise.

Conclusion

In your lab report, include the answers to all of the pre-lab questions.  Also include your completed lab results data sheets and measurement conclusions on the forms printed from the Agilent CD-ROM.  Finally, load and print the Digital Oscilloscope Lab Assessment Worksheet from the Agilent CD-ROM.  Complete questions 1 through 12.
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