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This handout is intended to provide abrief technical overview of the lab instruments which
we will be using in 6.002 the oscilloscope, multimeter, and function generator. It incorporates much
of the material found in the individual instrument manuals, while including some background
information as to how ead of the instruments work. The goal of this handout isto serve s a
reference of common lab procedures and terminology, while trying to build technical intuition about
each instrument'’s functionality and familiarizing students with their use. Students with previous lab
experience might find it helpful to simply skim over the handout and focus only on unfamiliar
sedions and terminology.

THE OSCILLOSCOPE

The oscilloscope is an eledronic instrument based on the cahode ray tube (CRT) — not unlike
the picture tube of atelevision set —which is cgpable of generating a graph of an inpu signal versus a
seoond variable. In most applications the vertical (YY) axis represents voltage and the horizontal (X)
axis represents time (although other configurations are possble). Essentially, the oscilloscope
consists of four main parts. an eledron gun, atime-base generator (that serves as a clock), two sets of
defledion plates used to stee the eledron beam, and a phosphorescent screen which lights up when
struck by electrons. The eledron gun, defledion plates, and the phosphorescent screen are all
enclosed by a glass envelope which hes been seded and evaauated.

The visible part of the CRT tube, the "screen”, is the outside of the glass wall on whose inner



surface lies the phosphorescent film. The screen isinscribed with a set of axes enclosed by agrid. As
the oscilloscope operates, the electron beam traces a graph of the input voltage versus time on the
phosphorescent film behind these axes. The horizontal axis is the time axis, and the vertical axisis
the voltage axis.

PRINCIPLES OF OPERATION
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Figure 1 The internal parts of an oscilloscope

The main component of an oscilloscope is an electron gun which gjects a constant beam of
electrons into the surrounding vacuum (see Figure 1). As the beam emerges from the gun, it passes
through a set of parallel plates (the Vertical deflection plates) oriented horizontally. The voltage to
be displayed is amplified and applied across these plates producing an electric field which deflects
the path of the electrons vertically. The polarity of the signal of interest determines whether the
deflections will be up or down and the magnitude of the signal determines the amount of vertical
displacement of the electrons.

Figure 2 Deflection of an electron in a uniform electric field
After the beam has passed through the Vertical deflection plates, it passes through a second
set of similar platesthat are oriented vertically. A potential difference applied to these plates
produces an electric field which deflects the electrons left or right. Under most configurations (one



common exception is XY mode to be discussed later), these Horizontal deflection plates make the
beam move sideways at a mnstant speed. By adjusting this peeal with the Sweep knob, the resulting
traceon the screen can be spreal out or compressed.

If the two defleding voltages were held constant, the eledron beam would strike afixed point
on the phosphorescent film and a stationary point would be visible on the screen. However, most
voltages of interest are time-varying and so the voltage goplied to the Horizontal deflection platesis
varied with time in such away that the spot moves from left to right on the screen as time passes.
Since the phosphorescent material has the property of emitting light for several mill iseconds after the
eledrons have passed, the total effed is for the eledronsto leave behind avisible trail —atime-
varying waveform.

The horizontal defledion voltage (or "sweep" voltage) is also varied in such away that when
the beam reaches the right-hand edge of the screen, it starts over at the left-hand side. If the signal to
be displayed varies periodicaly in time, it is possible to synchronize the sweep voltage with the
signal so that the aurve gopeas motionlesson the screen. Thisis done with the Trigger Level control
which sets the oscilloscope to begin atracewhen the voltage it measures reaches a cetain value. The
(+) or (-) button lets you choose whether you want the oscilloscope to trigger on a positive or
negative voltage. A tracethat isrunnngaaossthe screen can usually be stabilized by adjusting the
trigger level (as long as the waveform is periodic!).

USING THE SCOPE

Now that we have aquired a basic understanding of how the oscilloscope works, we can
proceel to explore some of the most common tasks which can be acomplished with it. The
oscilloscope which we will be using in 6.002 is the Tektronix 2445- afour channel (input) scope.
Since the oscilloscope has four channels, we could simultaneously graph four distinct input voltages
on the CRT (although we wont get that complicated in 6.002). Aside from the display itself, the
oscilloscope mnsists of various control panels which give the user complete control of how the scope
processes and displays its inpus. In the sedion that follows we will describe e&h of the cntrol
panels and outline the functionality of each of the settings found therein.

THE DISPLAY



The oscilloscope's display can ke ajusted in various ways in order to make the displayed
signals brighter and more defined on the screen. Under the display screen you will find a series of
controls which will allow you to adjust the waveform brightnessand focus, etc. The following are the
labels of the cntrols along with a description of their function.

INTENSITY:
Controls the brightness of the displayed waveform. As you increase the sweep
spedal of an analog oscilloscope, you need to increase the intensity level.

FOCUS:
Controls the sharpnessof the displayed waveform on the screen.

READOUT INTENSITY:
Controls the intensity of the oscilloscope's on-screen measurement readouts
such as frequency, period, SEC/DIV, and VOLTS/DIV.

FOCUS:
Controls the sharpness of the on-screen measurement readouts on the display.

SCALE ILLUMINATION:
Adjusts the brightnessof the screen grid.

INPUT CHANNELS

Figure 3 Control Panel for the Tektronix 24450scilloscope



As mentioned previously, the Tektronix 2445 fas four analog input ports for conneding to the
outside world. These ae labeled CH 1 - CH 4 (only CH 1 and CH 2 are full-featured) and are locaed
horizontally along the bottom of the control panel. It is here that we will conned our probes and
interface with the function generator and the circuits we build. Each channel has a variety of
individual controls which affed how the dhannel'sinpu will be processed and displayed on the
screen. These aeinput coupling, vertical position, and volts per division (these switches are found
above their corresponding input channel).

The input coupling setting aff ects how the input signal in processed by the oscilloscope. In
the cae of the Tektronix 2445 the input coupling can be set to DC, AC, or GND. The simplest of
these is the GND setting which disconneds the input signal from the vertica system, letting you see
where zeo volts is on the screen. Switching from DC to GND and back again is a handy way of
measuring signal voltage levels with resped to ground.

Before mntinuing with how the DC and AC settings affed the displayed signal, it isworth
noting the that al signals can be broken down into two basic components. a constant component
(DC) defined as the time-average of the signal, and atime-varying component (AC) defined asthe
original signal minus the average value. With this in mind, the DC coupling setting displays the
entire input signal (time-varying plus constant components), while the AC coupling setting blocks the
DC component of asignal so that only the time-varying waveform appeas centered at zero volts. The
AC coupling is handy when the entire signal is istoo large for the VOLTS/DIV setting or the AC
component is very small compared to the DC component.

Oncewe have selected the proper type of input coupling for the signal we will be viewing, we
can seled where it will be placel on the screen viathe vertical position control. The vertical
positioning knob is located at the top left of the control panel for CH 1-2 and at the bottom right for
CH 3-4. These vertical controls are all independent, so that eat channel's input can be positioned
fredy on the display. It isimportant to remember that the range of these knobs is greder than the size
of the screen, so the waveform can be moved off the screen altogether!

The volts per division setting varies the size of the waveform on the screen. Think of the
VOLTS/DIV setting as a scale fador (thisisthe fador by which the input waveform is amplified
receives before it is applied to the Vertical Deflection plates). For example, if the VOLTS/DIV
setting is 5 volts, then each of the eight vertical divisions represents 5 volts and the entire screen can



show 40 volts from bottom to top. If the setting is 0.5 VOLTS/DIV, the screen can display 4 volts
from bottom to top, and so on. In general, the maximum voltage that can be displayed is the
VOLTS/DIV setting times the number of vertical divisions. The small knob, called a vernier knob,
labeled VAR located onthe VOLTS/DIV knob controls a variable gain used for scaling a displayed
signal to a certain number of divisions. Note: The vernier knob should be set full clock-wise in order
for the scale settings on the VOLTS/DIV knob to be accurate.

In a manner identical to the VOLT/DIV setting, the scale of the time axis (X-axis) can also be
controlled using the SEC/DIV knob. For example, if the SEC/DIV setting is 1 second, then each of
the 10 horizontal divisions represents 1 second and the entire screen can display 10 seconds. In
essence, this setting is letting you adjust the rate at which the waveform is drawn across the screen
(also known as the time-base setting or sweep speed). Aswith the vertical VOLTS/DIV setting, there
is also avariable timing control which allows the user to set the horizontal time scale between
discrete settings.

MODE MENU

Located at the top left corner of the control panel, under the M ODE section we find four
channel select buttons along with four other buttons: ADD, INVERT, CHOP, and 20MHz BW
(Bandwidth) LIMIT. Not surprisingly, the four channel select buttons labeled CH 1-CH 4 are used
to select the channels which will be displayed on the screen. The function of the four remaining
buttons are described below:

ADD:
Displays the sum of the signals on CH1 and CH2 on the display. The individual
signals are no longer displayed separately.

INVERT:
Displays the negative of the signal present on CH2.

CHOP:
Causes the oscilloscope to draw small parts of each signal by switching back and forth
between them. The switching rate is too fast for you to notice, so the waveform looks
whole. This mode is typically used with slow signals requiring sweep speeds of 1ms
per division or less.

20MHzBW LIMIT:



Limits the input bandwidth of the oscilloscope. By limiting the bandwidth, you reduce
the noise that sometimes appears on the displayed waveform yielding a more precise
signal display.

TRIGGERING

Thetrigger controls, found at the top right of the scope, give you the ability to stabilize
repeating waveforms and capture single-shot waveforms by adjusting the sweep speed in such a way
that the waveform is redrawn in the same exact location during each pass. The trigger circuit actsas a
comparator. You select the slope and the voltage level of one side of the comparator. When the
trigger signal matches your settings, the oscilloscope generates atrigger. The slope control
determines whether the trigger point is on the rising (positive slope) or falling (negative slope) edge
of asignal. The level control determines where on the edge the trigger point occurs.

The oscilloscope does not necessarily have to trigger on the signal being measured. Several
sources can trigger the sweep: any input channel, an external source (other than the signal applied to
an input channel), or asignal internally generated by the oscilloscope. Most of the time you can leave
the oscilloscope set to trigger on the channel being displayed. Note: The oscilloscope can use an
alternate trigger source whether it is being displayed or not. Be careful not to unwittingly trigger on,
for example, channel 1 while displaying channel 2.

The trigger mode determines whether or not the oscilloscope draws a waveform if it does not
detect atrigger. Common trigger modes include normal and auto. In normal mode the oscilloscope
only sweeps if the input signal reaches the set trigger point; otherwise the screen is left blank. Normal
mode can be disorienting since you may not see the signal at first if the level control is not adjusted
correctly.

Auto mode causes the oscilloscope to sweep without manual adjustment. If no signal is
present, atimer inside the oscilloscope triggers the sweep. This ensures that the display will not
disappear if the signal dropsto small voltages. It is also the best mode to use if you are looking at
many signals and do not want to bother setting the trigger each time.

In practice, you will probably use both modes: normal mode because it is more versatile and
auto mode because it requires less adjustment.

The same way the AC or DC coupling can be selected for the vertical system, you can choose



different types of coupling for the trigger signal. Besides AC and DC coupling, we can have high
frequency rejedion, low frequency rejedion, and noise reduction trigger coupling. These special

settings are useful for eliminating noise from the trigger signal in order to prevent false triggering.

HIGH Z (1MEGOHM) VS. 50 OHM M ODE

Ideally, we would like the oscilloscopeto perfedly reaede its input signals on the display.
However, oncewe mnned the probes, the oscilloscope adually becomes part of the circuit we want
to explore (possibly altering the voltages and currents we wanted to measure). This interadion
between the oscilloscope and an external circuit istermed circuit loading. In an effort to minimizethe
amount of circuit loading for a given application, the oscilloscope provides two input impedance
configurations. High Z mode and the 50 Ohm nmode.

The High Z or 1 Megohm mode makes the oscilloscope's input impedance very high so that
negligible arrent is drawn from the circuit being tested. The term High Impedanceisrelative
however, and in the Gase that the drcuit being observed has an output impedance greaer than 1
Megohm, more aurrent will flow through the probes and into the oscilloscope (through the path of
least resistance), than through the circuit itself.

The 50 Ohm inpu impedance mode is used to match the 50 ohm output impedance of fast
amplifiers and other devices. In such applications, failing to properly match the device's output
impedance leals to signals being refleded oncethey reach the oscilloscope. These refledions cause
the signal being viewed to be distorted by containing time-delayed versions of itself. We will not be
using the 50 Ohm input impedance mode in 6.002

XY MODE
The oscilloscope also lets you dsplay an inpu signal rather than the time base on the
horizontal axis. This stupis called XY mode because both the X and Y axis are tradng input
voltages. As anote of interest, the waveform resulting from the XY arrangement of two periodic
signals of different periods is called a Lissgjous pattern. From the shape of the Lissgjous pattern, you
can determine information about the relative phases of the signals, as well as their frequency ratio.
For example, if you were to input the signal sin(=>»t) into both channel 1 and 2. Using the XY



mode you would see a straight line of unit slope displayed on the screen (because at every instant the
voltages on channel 1 and 2 are identical, ie. X=Y). Now imagine that you input the function sin(=>t)
in channel 1, but this time you decide to input sin(=>t + =/2) = cog(=>t) into channel 2. In this case
y=sin(=>»t) and x=cos(=>»t), which as you might remember from trigonometry correspond to the
parametrization of the points on acircle.

BASIC MEASUREMENTS & PROCEDURES

Grounding:

Proper grounding (connecting an electrical device to an electrically neutral reference point
such as earth ground) is an important step when setting up to take measurements or work on a circuit.
Properly ground the oscilloscope by plugging its three-pronged power cord into an outlet protects
you from a hazardous shock, while grounding yourself protects your circuits (especially small
integrated circuits with memory) from damage.

Grounding the oscilloscope is necessary for safety. If a high voltage contacts the case of an
ungrounded oscilloscope, any part of the case, including knobs that appear insulated, you can receive
a shock. However, with a properly grounded oscilloscope, the current travels through the grounding
path to earth ground rather than through you to earth ground.

Grounding is also necessary for taking accurate measurements with your oscilloscope.
Measuring a signal requires two connections: the probe tip connection and a ground connection.
Probes come with an alligator-clip attachment for grounding the probe to the circuit under test. In
practice, you clip the grounding clip to aknown ground in the circuit, such as the metal chassis of a

stereo you arerepairing, and touch the probe tip to atest point in the circuit.

MEASURING SIGNAL FREQUENCY, PERIOD AND AMPLITUDE
Measuring signal amplitude:

1)Making sure that the channel of interest is the one being displayed, adjust the
SEC/DIV and VOLTS/DIV settings until the waveform is clearly visible on the
display.

2)Press <& v button (located above the SEC/DIV knob).

3)Use the % REF knob in order to select the point which will serve as your
measurement reference.



1.For pegk amplitude measurements (V, )placethe <REF line along the
waveform's zero crossing line.
2.For pedk-to-peek measurements (V.p) placethe <REF line along the

waveform's minima.
4)Using the <& knob move the second line until it reades the top of the waveform.

5)The measured amplitude will be displayed at the top right of the display.

Measuring Signal Period:
1)With the waveform properly centered on the display, pressthe <t switch (located
above the SEC/DIV knaob).
2) Placethe <<REF line & the wave's point of reference minima, maximaor zero.
3) Use the delta knob to locae the corresponding point one cycle further down the

wave.
4) The signal period will be displayed at the top right of the display.

Measuring Signal Frequency:
1)Follow the steps outlined for measuring the signal's period.
2)Once one period of the signal has been seleded, simultaneously press v and <t.
Therealing at the top right of the display is the frequency of the waveform.
Note: Make sure that the x10 button at the top of the control panel is not selected or

the waveform might be too large to fit properly on the screen.

Note: Pressing the tracking button holds the distance between the &REF and ¢ linesfixed.
This might be helpful to make comparisons of signal period, frequency, or amplitude with a

waveform present on another channel.

BASIC TROUBLESHOOTING
Working with noisy signals:
If noise is present in the signal being observed using one of the following options

might be appropriate depending on the type of noise present:
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1) Enable the 20MHz Bandwidth limit option located in the MODE MENU. This
option should be selected when using the oscilloscopes in lab because FM radio
signals broadcast from nearby manifest themselves as high frequency noise on the
scope.

2) Make surethat your circuit iswired neatly. Although this should not be a critical
issue for the circuits we build in 6.002, it is something to keep in mind while
debugging (especially for more complicated circuits). Also, try to avoid using long
pieces of wire on your circuit.

3)Check that the appropriate point in the circuit is properly grounded (usually
accomplished through the power supply ground).

Calibrating the Scope Probes:
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Figure 4 Oscilloscope Probe Compensation
[Image courtesy of: XYZs of Analog and Digital Oscilloscopes -Tektronix, pg. 26]
1)Connect an input probe to the calibration signal provided by the oscilloscope itself.
Thisis located in-between the CH3 and CH4 input ports. Note: If no signal is
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available at this port or if the oscilloscope you are using does not have this
calibration signal available, a square wave generated by the function generator
will suffice.
2)Adjust the scope settings until the waveform can be clealy seen.
3)Adjust the knob on the probe until the square wave is almost perfed.
(Note: This procedure works by changing changes the capacitance of the probe and hence RC time
constant of the probe-oscilloscope circuit. It does this by varying the capacitance of the probe and
hence its RC time constant.)

THE MULTIMETER

The multimeter is capable of measuring voltages, currents, resistance, waveform frequency
(or period), and even short circuits (continuity). Given the wide range of measurements that are
possible with this device, it is easy to seewhy it has become such an indispensable tool in lab. Due to
the complexity of the internal circuitry which makes up the multimeter, however, we will focus
mainly on learning how to perform some cmmon measurements which will be useful throughout
6.002 (although after this course, you should hopefully have some intuition as to how some of these
circuitry works). Before jumping straight into the measurement procedures, let ustake abrief look at

the multimeter control panel.
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Figure 5 The HP 3312(A Multimeter Control Panel

FUNCTION MENU
The function menu is the main interface for controlli ng the operation of the HP 3312(A

Multimeter. Locaed along the top row of the multimeter's control panel, this menu allows usto seled
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the type of measurement which we will be performing with the device. The following is a description
of the various functional configurations possible along with a description of how to select them.

Voltmeter
Configures the multimeter to measure voltages viaits input ports. This configuration
is selected by either pressing the DC V or the AC V buttons. See the measurement
procedures at the end of this section for a description of how the input probes must be
connected.

Ammeter
Configures the multimeter to measure currents viaits input ports. This configuration is
selected by pressing either the DC | (SHIFT, DC V) or AC 1 (SHIFT, AC V)
buttons.

Ohmmeter
Configures the multimeter to measure the resistance seen looking into a circuit from
its input ports. This configuration is selected by pressing the 002W button. For
applications which require the measurement of small resistances (say a few Ohms),
select theO04W (SHIFT, O02W) setting.

Frequency/ Period
Configures the multimeter to measure the frequency (or period) of the signal presents
at itsinput port. This setting uses the same probe configuration as the Voltmeter. See
BAS C MEASUREMENTS & PROCEDURESfor information on this configuration.

Continuity/ Diode Checking
Configures the multimeter to check for circuit continuity. That is it checksto seeif the
loop formed by the positive and negative probe leads and the circuit being tested is
closed. This mode is useful for detecting broken wires in circuits (open circuits), etc.
If the path is closed the multimeter will produce a beep.

Why are there different probe configurations for the different types of measurements? The
reason lies in how the multimeter must interact with the circuit being tested while measuring either
voltage or current. To measure voltage without loading the circuit being examined, the voltmeter

must be placed in parallel with the circuit and must present avery large input impedance so that
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negligible current flows through the probes. However, in order to measure current, the ammeter must
be placed in series with the circuit and must present a very small impedance so that the flow of
current through that branch is not disturbed. In order to ensure that the circuit sees a very small input

impedance a different port on the multimeter is used for the ammeter configuration.

BASIC MEASUREMENTS & PROCEDURES
Multimeter self diagnostic:

The HP 34401A multimeter has a complete self routine which performs an extensive
series of tests on the multimeter in order to detect if all of the internal components are
working properly.

1) Turn off the multimeter.

2) Hold down SHIFT as you press the Power switch to turn on the multimeter. Hold down

the key for more than 5 seconds.

3) The self-test will begin when you release the key.

4)If the self-test is successful, PASS is displayed on the front panel, otherwise FAIL is
displayed and the ERROR annunciator turns on. Consult alab assistant for further

assistance.

Measuring Signal Voltage:

1) Connect the positive signal probe into the top right input port labeled HI, and the
negative signal probe in to the terminal directly below labeled L O.

2) Once the probes have been connected, press either the DC V or AC V button
depending on the type of voltage being measured. Note: The value measured under
the AC V configuration isthe RMS (root-mean square) value of the signal. The
RMS value is defined to be the square root of the average value (over a period) of
the square of the signal (for a sinewave Vrus = 1/ sgrt(2) * Vy).

3)Connect the probes to the circuit being examined.

4) The magnitude of the voltage measured will be displayed on the screen.



Measuring resistance:

The multimeter measures the resistance seen at the terminals by injecting a test
current, |, Oof know magnitude into the circuit being probed and measuring the voltage seen
a theterminals. Theratio Vierm/ et €Quals the resistance seen at the terminals, Rierm - The
following steps outline how to perform this measurement:

1) Connect the positive lead to the port labeled HI located at the top right of the

control panel.

2) Connect the negative lead to the port labeled L O located immediately below the top

right input port.

3) Pressthe button labeled OO02W (or O04W for smaller resistance values) on the

control panel in order to enable the Ohmmeter mode.

4)Connect the probes to the resistor being measured. Note: The resistor must be

isolated from the rest of the circuit.

5)The magnitude of the resistance measured will be displayed on the screen.

Measuring Current:

1)Make sure the the circuit being tested is powered off before proceeding with this
section.

2)Connect the positive lead into the port labeled 3A RM S (fused on rear panel)
located at the bottom right of the input panel.

3) Connect the negative lead to the port labeled L O located second from the bottom on
the right side of the input panel.

4) Select either to measure DC | or AC | in order to place the multimeter in Ammeter
configuration. Note: The value measured under the AC V configuration isthe RMS
(root-mean square) value of the signal. The RMSvalue is defined to be the square
root of the average value (over a period) of the square of the signal (for asine
wave lrus = 1/sgrt(2) * 1p).

5) Bresk the circuit where is the current is to be measured and connect the probes. Be
careful about polarity!

6)Power on the circuit being tested.
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7)The magnitude of the current measured will be displayed on the screen.
Note: If the ammeter is not working even though it has been setup properly, the
current-limiting fuse located on the back of the multimeter should be checked. If the

fuse has burned out, no current will flow into the ammeter.

THE FUNCTION GENERATOR

In 6.002 we will be using the HP 33120A Function Generator in order to generate most of the
waveforms that we will be using to test the circuits we build. Although the circuitry which actually
generates the waveforms inside the function generator is quite comple, its use should be quite
intuitive. In the same manner that we require a variety of waveforms in order to analyze and
understand circuits analytically, we need a way to recreate those mathematical waveformsin lab to
verify that our analytical design actually works as we had anticipated. As done previously for the
oscilloscope and multimeter, we will review all of the main features of the HP 33120A and then
proceed to describe some basic procedures for its use.
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Flgure 6 The HP33120A Function Generator Contr' Panel

The function generator provides various methods for entering numerical values to the device.
The greater than and less than keys (>, <) are used to select the digit which will be modified, and the
knob and up-down arrow keys are used to increment or decrement the value of the selected digit. Use
the Enter Number mode to enter the number with the appropriate units. The type of units to be used
are also selected with the arrow keys.

FUNCTION/MODULATION MENU
The FUNCTION/M ODULATION control panel on the function generator presents the main
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interface for controlli ng wave shape, frequency, amplitude, and off set. By combining all of these
feduresit is possible to reaeae almost any necessary test waveform. The sine wave, square wave,
triangle wave, and ramp buttons generate the respedive waveforms at the output of the function
generator. The frequency (default is 1kHz) and amplitude (default is 200mV) values for these
waveforms will be those aurrently seleded by the user. The MODULATION settings which can be
seleded with the SHIFT key will not be used in 6.002 These allow the user to generate an output
using one of the following signal modulation schemes: Amplitude, Frequency, Frequency-Skip
Keying, Burst, and Frequency Shift.

The function generator also includes a set of predefined waveforms which might be
interesting to play around with. These range from an exponential rise waveform to atest cardiac
signal. They can be seleded by seleding the Arb List (SHIFT, Arb) setting. Once one of these
waveforms has been selected, it will be assgned to the ARB key and can beretrieved at any time by
pressing this key. Aswith all other waveforms, the amplitude and frequency can be modified as
described at the end of this sction.

FUNCTION GENERATOR OUTPUTS

At its output terminals, the function generator presents an impedance of 50 Ohms to any
circuit which is being examined. When the function generator interads with an outside circuit, it can
be set to operate ather one of two modes: 50 Ohm (the 50 Ohm node will not be used in 6.002) and
High-Z mode. Seleding these options does not change to the output impedance of the function
generator, rather it informs the generator of the type of impedanceto exped from the circuit being
measured. Knowing the type of circuit with which it is interfacing allows the generator to modify its
output so that the user-seleded waveform properties are those seen at the input terminals of the
circuit.

The necessty of these controls can be seen from the following expresson for the input
voltage of the ay circuit being interfaced with the function generator: V greuit = V generator * Raircuit/
(Rgenerator + Raircuit)- If the input impedance of the circuit, Rarait, i1s 50 Ohms we seethat the voltage
seen at the input terminals of the deviceis just half the voltage being provided by the function
generator, Varait = Vgenerator/ 2 . Conversely, if the circuit's input impedance is very large (Rgenevator
<< Rgirait ) » then we seethat the voltage seen at the input terminals of the deviceis exadly that
which is being output from the function generator, V girait = Varait - Knowing the goproximate input
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impedance of the circuit of interest therefore allows the function generator to compensate for these
differences.
Note: If the function generator is operating in 50 Ohm mode and a high impedance circuit is

connected to it, the voltage present at its terminals will be two times larger than expected.

BASIC MEASUREMENTS & PROCEDURES

Function Generator self diagnostic:
The HP 33120A has a complete self routine which performs an extensive series of
tests on the function generator in order to detect if all of the internal components are working
properly.
1)Turn off the function generator.
2)Hold down SHIFT as you press the Power switch to turn on the function generator. Hold
down the key for more than 5 seconds.
3)The self-test will begin when you release the key.
4)If the self-test is successful, PASS is displayed on the front panel, otherwise FAIL is
displayed and the ERROR annunciator turns on. Consult a lab assistant for further
assistance.

To set the function generator to High-Z mode:

1)Press SHIFT and then ENTER in order to access the MODE MENU.

2)Scroll through the menu until the D: SYSMENU item appears on the screen.

3)Press the down arrow twice in order to enter the input impedance mode selection submenu.

4)Press the left or right arrow keys (<, >) until the words HIGH-Z appear on the display.

5)Once HIGH-Z has been selected pressthe RETURN key to accept the selection and return
to the measurement display.
Note: If the function generator isin 50 Ohm Mode the voltages generated will be 2 times
larger than expected for the circuits we will be using. See the previous section on the

function generator outputs for more details.

To set the output frequency of a selected waveform:
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1)Enable the frequency modify mode by pressing the FREQ key.

2) Enter the magnitude of the desired frequency using either the dial, arrow keys, or
the Enter Number function. Notice that the Num annunciator turnson and "ENTER
NUM" flashed on the display, indicating that the number mode is enabled. To
cancel the number mode, press SHIFT and CANCEL.

3) Set the unitsto the desired value. As soon as you select the units, the function
generator outputs the waveform with the displayed frequency. To turn off the
flashing digit, move the cursor to the left of the display using the arrow keys.

To set the output amplitude:
1) Enable the amplitude modify mode by pressing the AMPL key.
2) Enter the magnitude of the desired amplitude.
3)Set the units of the desired value.

To set a DC Offset Voltage:
1)Enable the offset modify mode by pressing the OFFSET key.
2)Enter the magnitude of the desired offset.
3)Set the unitsto the desired value.
Note: Notice that the Offset annunciator turns on, indicating that the waveform has
an added offset. The annunciator will turn on when the offset is any value other than

0 volts.

Outputting a DC Voltage:

In addition to generating waveforms, you can also output a dc voltage in the range of
+/- 5Volts DC.

1)Pressthe OFFSET key and hold it down for more than 2 seconds.

2)Enter the magnitude of the desired voltage.

3)Set the units of the desired value.
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Note: Notice that the Offset annunciator turnson (all other annunciators are off),
indicating that a dc voltage is being output.

THE PROTOBOARD

In 6.002 we will be making use a protoboard for constructing our lab circuits. The layout of
the protoboard allows us to quickly construct and test circuits without the need for complicated
wiring or soldering. Figure 7 illustrates the internal wiring of the protoboard. Note: The dark center
strip indicates that the five columns to the left are electrically isolated from the five columns two the

right. That is, no physical connection exists between them.
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Figure 7 Internal connections of a protoboard.

Asshown in Figure 7, there are 4 columns which are connected vertically. That is, avoltage
applied to any point in that column will be available at any other point along the same column. These
columns are typically used to supply V.. and GND to the circuit being constructed. The remaining
sockets of the protoboard are connected horizontally, so that a voltage applied to any point inarow is
availble at all other points of the row. Since rows on different sides of the center isolator are
unconnected, the center region is most commonly used to place integrated circuits (such as op-amps,
etc.) so that each pin of the IC has an entire row for possible connections.

Thiswiring configuration applies, not only to the protoboards which we will use in 6.002, but
in general to most protoboards.

REFERENCES
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OSCILLOSCOPE REFERENCES
1)XY Z of Analog and Digital Oscilloscopes; Tektronix, Inc., Copyright 1992 19%.
Web Reference http://www.tektronix.com/M easurement/App Notes/ XY Zs/scope.html

2)Oscilloscope web references:
http://progdev.sait.ab.calcmph20Q'oscillos.htm#Objedive%204?7?
http://iet.jjc.cc.il .us/oscopes.htm??
http://www3.ncsu.edW ECE48Q/'scopel.htm??
http://www4.ncsu.edw/~mowat/H& M _WebSite/Oscilloscope/Oscilloscope.html??
http://www.lecroy.conVAppli cations/ProbesProbing/default.asp

MULTIMETER REFERENCES
1)HP 34401A Multimeter: User's Guide; Hewlett-Padkard Company, Copyright 1991-19%.

FUNCTION GENERATOR REFERENCES
1)HP 33120A / Arbitrary Waveform Generator: User's Guide; Hewlett-Padkard Company, Copyright

19941996 1997

NOTE: The manualsfor the Tektronix 2445 Oscilloscope, HP 34401A Multimeter, and the HP
33120A Function Generator are available at the front desk of the 5" floor |ab.

GLOSSARY

AC - (Alternating Current) Used to refer to any waveform that varies in arepeding pettern over time.

ADC - (Analog-to-Digital-Converter) A digital eledronic component that converts an eledric signal
into discrete binary values.

AM - Modulation in which the amplitude of a carier wave is varied in acmrdance with some
charaderistic of the modulating signal.

Bandwidth - A range of frequencies.

Circuit Loading - The unintentional interadion of the probe and oscilloscope with the circuit being
tested, distorting the signal.
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Coupling -The method of conneding two circuits together. Circuits conneded with awire ae
diredly coupled; circuits conneded through a caacitor or atransformer are indiredly (or AC)
coupled.

CRT (Cathode-Ray Tube) - An eledron-beam tube in which the beam can be focused on a
luminescent screen and varied in both position and intensity to produce avisible pattern. A television
picturetubeisa CRT.

DC (Direct Current) - A signal with a mnstant voltage or current.

FM (Frequency M odulation) - Modulation in which the instantaneous frequency of a sine wave
carier is caused to depart from the center frequency by an amount proportional to the instantaneous
value of the modulating signal.

Ground - 1. The voltage reference point in acircuit. 2. A conducting connedion by which an eledric
circuit or equipment is conneded to the eath to establish and maintain a reference voltage level.
Hertz (Hz) - One cycle per second; the unit of frequency. The waveforms frequency equals 1/Period.
Impedance (Z) - Theratio of voltage to current at the terminals of an element or circuit under
sinusoidal stealy state conditions.

M odulation - The process or result of the process of varying a dharaderistic of a carier, in
acordance with an information-beaing signal.

Peak (Vp) - The maximum voltage measured from a ze&o reference point (ie. Ground).
Peak-to-Peak (Vp-p) - The voltage measured from the maximum point of asignal to its minimum
point. For symmetric waveforms, usually equal to 2times Vp.

Period - The amount of time it takes a waveform to complete one cycle. The period equals
1/Frequency.

Rise Time -The time taken for the leading edge of a pulse to rise from its minimum to its maximum
value.

Root M ean Square (RMS) - the RMS value of a periodic signal is defined to be the square roct of
the average value (over one period) of the square of the signal. For a sine wave of unit amplitude, the
RMS voltage is 1/ sgrt(2) O .707 of the pe&k value; for a square wave it is equal to the pes value; for
atriangle wave it islessthat .707.

Signal Generator - A test device for injeding asignal into a drcuit input; the circuit’s output can

then be real by an oscilloscope.
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Sweep - One passof an oscilloscope’s eledron beam from left to right acossthe CRT screen.
Transducer - A device that converts a specific physicd quantity such as ound, presaure, strain, or
light intensity into an eledric signal or vice versa.

Transent - A signal typicdly generated when a circuit is powered on and before it settlesinto its
stealy state behavior.

Trigger - The circuit that initiates a horizontal sweep on an oscilloscope and determines the
beginning of awaveform.

Trigger Holdoff - A control that inhibits the trigger circuit from looking for atrigger level for some
specified time.

Trigger Level - The voltage level that atrigger source signal must reat before the trigger circuit
initiates a sweep.

Z-Axis- The signal in an oscilloscope that controls eledron-beam brightness as the traceis formed.
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