
Part I

Oscilloscope Measurement
1 Objectives

This experiment deals with basic and advanced time domain measurement.
The purpose of the laboratory is to develop a skill needed to
use basic laboratory equipment. By using special measurement, the stu-

dent will learn the capability, and limitation of time domain measurements,
by oscilloscope. Upon completion of the experiment the student will:

� Understand the function of each main block of the oscilloscope.

� Acquires a skill to perform advanced measurements with an oscillo-
scope.

� Possess the necessary tools to evaluate signals in time domain.

2 Prelab Exercise

1. Find the DC value (average value) and rms value of sawtooth signal as
indicated in
�gure -1
2. Using Matlab, draw a graph of trianglewave, frequency 100k Hz, am-

plitude 1Vp,in time domain and frequency domain (magnitude only), using
the data

3 Background Theory- Digital Oscilloscope

Digital Oscilloscopes uses the same system as those in analog oscilloscopes;
however, digital oscilloscopes contain additional data processing capability
systems. (See Figure 1.) Digital oscilloscope collects data for the entire
waveform and then displays the incoming signal.
When you attach a probe to a circuit, the vertical system coupled to the

signal and adjusts the amplitude of the signal using attenuator or ampli�er
as necessary. Coupling means the way used to connect an electrical signal
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from one circuit to the another. in our case the coupling can be set to DC,
AC or ground. DC coupling connect the signal directly to the vertical system
and shows all of an input signal

ATTEN1
AMP1

Input section

A/D Acquisition
memory uP Display

memory Display

Fig. 1 The serial-processing architecture of a digital oscilloscope

components. AC coupling connect the input signal through capacitor,
therefore capacitor blocks the DC component of a signal, so that you
see the waveform centered at zero volts. Next, the analog-to-digital con-

verter (ADC) in the acquisition system samples the signal at discrete points
in time and converts the signal�s voltage at these points to digital values
called sample points, and store the data at channel memory. The horizontal
system�s time base clock determines the rate of the A/D converter sample.
The rate at which the clock �ticks�is called the sample rate, and is measured
in samples per second. Sampling methods used usually fall into two types:

� Real-time sampling.

� Equivalent time sampling.

The sample points from the A/D converter are stored in memory as wave-
form points. More than one sample point may make up one waveform point.
Together, all the stored waveform points make up one waveform record. The
number of waveform
points used to make a waveform record is called the record length. The

trigger system determines the start and stop points of the record. The display
receives these record points after being stored in memory. With a digital
oscilloscope, you need to adjust these main control settings to
take a measurement.

� The time base. This sets the amount of time represented by the width of
the screen. The horizontal scale control (Time/Div) on the oscilloscope
lets you adjust the time base.
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� The attenuation or ampli�cation of the input signal. The vertical scale
control (Volt/Div) lets you adjust the amplitude of the signal before
sending it to the Analog to Digital Converter.

� The triggering. This control (Trigger) mark the system, the process of
the acquisition signal, stabilize a repeating signal, capture a single-shot
signal,

� The acquisition mode and sampling method. These settings depend on
the frequency and complexity of the signal you are trying to measure.
Front panel controls let you adjust these settings.

4 XY Display Mode

The normal display of the oscilloscope is volts versus time. The XY mode
convert the display to a volt versus volts display. You can use various applica-
tion such as volts versus current or another two physical relating phenomena
using transducers.

5 Advanced Measurement-Timing Jitter

What Is Jitter? one de�nition of jitter is "The slight movement of a trans-
mission signal in time or phase that can introduce errors and loss of syn-
chronization. More jitter will be encountered with longer cables, cables with
higher attenuation, and signals at higher data rates. Jitter lead to, timing
distortion,or inter symbol interference.
Jitter has a random component, so it must be speci�ed using statistical

terms. Metrics such as mean value, standard deviation, and other quali�ers
such as con�dence interval, must be used to establish meaningful, repeatable
measurements.
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Part II

EXPERIMENT PROCEDURE
6 Required Equipment

1. Oscilloscope -Agilent 54621A

2. Function generator- Agilent 33120A

3. Signal generator -Agilent 8647B or equivalent.

4. 50 Ohm feedthrough .

7 Oscilloscope Bandwidth

7.1 Oscilloscope Bandwidth-Simulation

Oscilloscope could be seen as a baseband LPF followed by a display. The
nominal bandwidth of your oscilloscope is 60 or 100MHz. Frequency response
of a traditional oscilloscope, is similar to a Butterworth LPF.

1. Simulate a bandwidth of oscilloscope, assume that the oscilloscope,
response like a Butterworth 3th order LPF.
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Fig. 2 Frequency response of oscilloscope

2. According to the simulation result, What is the displayed value, of 1v
sinusoid, at 100 and 120MHz,

7.2 Oscilloscope Bandwidth-Measurement

In this part of the experiment you will understand the meaning of the os-
cilloscope bandwidth, (60 MHz or 100 MHz depend on your oscilloscope)
by measuring the oscilloscope bandwidth using signal generator which have
constant amplitude across all the frequency range, and 50 ohm feedthrough
termination to achieve correct termination.

1. Connect the signal generator using 50 ohm feedthrough termination to
the oscilloscope, as indicated in Figure-3.

2. Set the frequency of the signal generator to 250 kHz, amplitude 800mV.
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OscilloscopeSignal generator
Agilent-8647A

55.000, MHz

50 ohm feedthrouth
termination

Fig. 3 Bandwidth measurement system

3. Set the amplitude Press bottom to 200 mv/div, adjust the output of
the signal generator for exactly 8 vertical division (record the value).

4. Observe the display of the oscilloscope, while changing the frequency
of the signal generator, and the time base by steps to 60 MHz (100
MHz), and 5 ns/div respectively.

5. By changing the frequency of the signal generator, �nd the -3dB point
of the oscilloscope.save data on magnetic media.

8 Input Impedance and Signal Integrity

8.1 Input Impedance-Simulation

Input section of our oscilloscope, consist of a 1M
 resistor parallel with
13pF capacitor. In some cases such an impedance could be insu¢ cient,and
generate, a signi�cant measurement error.

1. Simulate a 100k
 resistors divider, as indicated in Fig. 4
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Fig. 4 Simulation of resistive divider.

2. Draw a time domain graph of Vdisplay ,and explain why Vdisplay 6=
V in=2:

3. Signal integrity- Simulate an oscilloscope driven by a 4MHz squarewave,
see Fig.-5. Explain why the output signal, distorted and look like a
trianglewave, increase and decrease the frequency of the squarewave to
prove your answer.
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Fig. 5 Distorted squarewave, by an input section of oscilloscope.

8.2 Input Impedance-Measurement

1. Connect the function generator using voltage divider to the oscillo-
scope, as indicated in Fig. 6

Oscilloscope

20.000,000 kHz

Freq Amp Offset

Voltage
divider

Vin Vout

VtSine
SRC1

R
R3
R=100 kOhm

R
R4
R=100 kOhm

Fig. 6 Input Impedance measurement system

2. Set the function generator to sinewave 1 kHz Amplitude 1 Vpp.

3. According to the measurement output voltage is about 1Vpp(why the
sum of is twice the source voltage).

4. Signal integrity- set the function generator to square wave, amplitude
5 Vpp;frequency 4MHz and show that the signal is change to triangle
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wave, what happen to the amplitude of the signal? Store the voltage
of one resistor on magnetic media.

9 Input Coupling

9.1 Input Coupling Simulation

Sometimes you have to measure a small AC signal in the presence of a large
dc signal, e.g. power supply ripple and noise measurement. In such a case,
AC coupling enable a reliable measurement.

1. Simulate a power supply ripple measurement, as indicated in Fig. 7
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Fig. 7 AC and DC coupling

2. Draw a graph of Vdisplay In dc coupling, set the minimum voltage of a
graph to 0V (similar to oscilloscope display 1v=div),

3. Draw a graph of Vdisplay In AC coupling, and see the e¤ect of coupling.
Store the output voltage on magnetic media.
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9.2 Input Coupling- Measurement

1. Connect the function generators to the oscilloscope, as indicated in
Fig.-8.

Oscilloscope

20.000,000 kHz

Freq Amp Offset

20.000,000 kHz

Freq Amp Offset +

Fig. 8 Input coupling and phase shift measurement system

2. Set one of the function generator to 5 v DC.

3. Set the second function generator to sinewave frequency 1 kHz Ampli-
tude 50 mV.

4. Press AUTOSCALE (DC Coupling) explain why the DC signal �dis-
appears�.

5. Measure VRMS of the signal record your measurement, replace the os-
cilloscope with digital a multimeter, set the multimeter to VAC, why
the two result are so di¤erent? if you set the multimeter to V DC the
result will be approximately the same explain?

6. Reconnect the oscilloscope and change the coupling of the oscilloscope
to AC and measure the amplitude (Vpp) of the sinewave signal.

10 Instantaneous and average Power.

10.1 Instantaneous and average Power.-Simulation

Oscilloscope can display the amplitude of one or more signals versus time.
User allows to add subtract or multiply one channel by the another. If one
channel represent the voltage, and other the current of a signal, multiplication
of the channels, represent the power of the signal versus time.
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1. Simulate a power measurement in an electric circuit, were sources 1
and 2, represent a voltage source, and measured current respectively,
seeFig. 9.
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Phase= 0
Damping= 0
Delay= 0 nsec
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Fig. 9 measuring average and instantaneous power.

2. according to simulation, �nd the peak and average power.

3. Change the phase di¤erence between the sources, to 45� and 90�; what
is the average power at 90�; what is the physical meaning?

10.2 Instantaneous and average Power.-Measurement

In this section you multiply two sinusoid signal e.g. multiplication of voltage
and current,which is the power of the system.

1. Connect two function generators to the oscilloscope, as indicated in
Fig. 10.

Oscilloscope

20.000,000 kHz

Freq Amp Offset

20.000,000 kHz

Freq Amp Offset
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Fig. 10 Instantaneous and average power measurement

2. Set the two function generators to sinewave 1Vpp, frequency 10kHz.

3. Lock the two function generators to the same phase, at the output
connector of coaxial cable according to Appendix-1.

4. Multiply the two channels, by pressing Math button. Operate the
average function if necessary to stabilize the multiplication signal (in-
stantaneous power).

5. Turn o¤ the Math button and measure the amplitude of each sig-
nal.(two function generators).

6. Turn on the Math button and measure the amplitude peak to peak,
and the frequency of the third signal (use cursors)compare the result
to the theory.

7. Set the Y cursor at the minimum point of the signal (assume that is
the point of the ground). Change the phase of one signal continuously,
what happen to

the signal? explain.

11 Jitter

11.1 Jitter Simulation

Jitter is the undesired deviation from true periodicity of an assumed periodic
signal. Analyzing a jittered signal (clock) In time reveal a statistical behavior
of signal transition..

1. Simulate a 1GHz clock with 300psec jitter, drive a system, as indicated
in Fig. 11
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Fig. 11 E¤ect of jitter on a clock signal.

2. Draw a graph of a clock with jitter, and explain the e¤ect of jitter on
timing circuit.

11.2 Jitter Measurement

In this part of the experiment, we measure the jitter (time domain instability)
of a 1MHz squarewave signal.

1. Connect the function generator directly to the oscilloscope.

2. Set the function generator to squarewave, frequency 1MHz, amplitude
100mv.

3. Set the oscilloscope to in�nite persistence by pressingDisplay Persist
1,and set the trigger to Slope Falling, by pressing the proper keys of
the trigger.

4. Set the rising edge of the signal at the center of the oscilloscope, and
change the time base to 50 ns/div, the jitter of the squarewave will be
displayed.

5. Measure peak to peak jitter using proper cursor (see Fig.-5) Save the
data on magnetic media.

13



Fig. 12 Jitter measurement of 1kHz squarewave, timebase
set to 50ns/div

12 Appendix-1

13 To phase lock two function generator.

1. Connect rear- panel Ref Out 10MHz output terminal of the master
Arbitrary Waveform Generator HP-33120A to Ref in on the rear panel
of the slave HP-33120A as indicated in Fig-12.
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Fig. 12 Setting zero phase using Lissajous method

2. Connect the two function generators to the oscilloscope.

3. Turn on the menu of the function generator by pressing shift Menu
On/O¤ the display then looks like A: MOD MENU .

4. Move across to G: PHASE MENU by pressing the < button.

5. Move down one level to the ADJUST command, by pressing _, the
display looks like 1: ADJUST

6. Press _ one level and set the phase o¤set, Change the phase contin-
uously between the two AWG�s until one trace cover completely the
other trace (zero phase). you see then a display like ^120.000DEG.

7. Turn o¤ the menu by pressing ENTER .You have then exited the
menu.
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14 Setting a zero phase reference at the end
of the cable.

1. Turn on the menu by pressing shift Menu On/O¤ the display looks
like A: MOD MENU.

2. Move across to the PHASE MENU choice on this level, by pressing <,
the display looks like G: PHASE MENU

3. Move down one level and then across to the SET ZERO by pressing
_ and > bottoms, the display shows the message 2: SET ZERO.

4. Move down a level to set the zero phase reference, by pressing _ the
displayed message indicates PHASE = 0.

5. Press ENTER , save the phase reference and turn o¤ the menu.

Important
1. At this point, the function generator HP-33120A is phase locked to

another HP-33120A with the speci�ed phase relationship. The two signals
remain locked unless you change the output frequency.
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