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We will look at these pictures in more detail, but two observations are:

The peak-to-peak voltage of the waveform can be measured along the vertical axis. It is five
main divisions and the vertical gain is set to 200 mV/division (see the yellow arrow), which gives
a signal amplitude of 1 volt peak-to-peak.

The horizontal axis is time and the scope is set to 200 ps/division (see the white arrow). One
period of the sine wave spans five main divisions, so the period is 1 ms, which means the
frequency is 1 kHz. (This particular oscilloscope has a counter that is displaying the signal's
frequency in the upper right-hand corner.)

Some of the uses of an oscilloscope are:

Measure voltages, voltage differences, and time intervals.

Measure the frequency of a repetitive signal.

Compare two or more signals varying in time and see their relationships (for example, whether a
particular feature on one waveform occurs before or after a feature on the other waveform).
See the effect of adding or removing a component on a circuit.

Capture transients, glitches, or surprising behavior, even when no one is around.

Verify correct operation of a test point in a circuit when troubleshooting or performing a
manufacturing test.

Measure the DC and AC parts of a waveform.

Measure various characteristics of a waveform, such as peak-to-peak voltage, RMS voltage,
period, rise time, fall time, etc.

Examine the noise on a signal is and how maodifications to the circuit or cabling can change the
noise.

Plot one voltage versus another voltage. This is called XY mode and is an exception to the
statement that the scope displays a voltage as a function of time.

Some scopes have the ability to allow the intensity of the trace to be varied by an external signal
(z-axis modulation). This gives another "dimension" to the ability of the scope to display
information.

Look for distortion in a circuit by visually comparing its input and output waveforms -- or using
the scope to subtract them and look at the mathematical difference.

Make physical measurements using a transducer that converts a physical behavior into a
voltage.
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Notation

References to sections and figures can be clicked as hyperlinks. The bookmarks contain links to all of
the chapters and subsections. The following fonts and colors are used to identify various things:

Notation Explanation
CH1 Denotes a control on the front panel of an oscilloscope.
Coupling Denotes a menu selection in a digital oscilloscope.

The following symbols are used in the text:

Symbol  Meaning

A amperes
B bandwidth, Hz
f frequency in Hz
G giga-, the Sl prefix of 10°
Hz hertz, the Sl unit of frequency, equal to reciprocal seconds
k kilo-, the SI prefix of 10°
m milli-, the Sl prefix of 107
M mega-, the Sl prefix of 10°
n nano-, the S prefix of 10
p pico-, the Sl prefix of 10"
S seconds
s/div seconds per division, timebase setting (i.e., sweep speed) of an oscilloscope
Vv volts
V/div volts per division, vertical gain of an oscilloscope's vertical amplifier
Vpp peak-to-peak voltage, V
Vrms RMS (root mean square) voltage, V
Q ohms
H micro-, the S| prefix of 10®
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While the amplitude A shown in Figure 2 is used in the mathematical expression of the sine wave, it's
rarely used in practical measurements. Instead, two other measures are used. We've already discussed
the peak-to-peak amplitude and can thus provide the relationship:

V,p = 24 (1)

where V,,, is the peak-to-peak amplitude. The amplitude A is sometimes called the zero-to-peak
amplitude.

Another amplitude measure is RMS, which stands for "root mean square". If you have a sequence of n
discrete voltage measurements V; (like you would in the above digital oscilloscope measurement) over
one period of the waveform, you can calculate the RMS value of this sequence by a formula hinted at
by the name:

In other words, square each voltage, add them all together, and divide by n to get their mean. Then
take the square root. For continuous functions, there's a corresponding definition of the RMS value in
terms of an integral.

In this document, we'll often use the units of Vpp and Vrms to denote a peak-to-peak voltage
measurement and an RMS voltage measurement. These are read "volts peak-to-peak” and "volts
RMS".

One can derive for a sine wave that:
A =2V (2)

From equations (1) and (2), one can derive the often-used relationship:
Vop = 2V2Vpms = 2.82Vs (3)

Remember, this is only true for a sine wave.

In the use of oscilloscopes, the peak-to-peak voltage is often used because it is usually the easiest type
of amplitude to measure for a waveform (we're assuming the user has to measure it manually from the
screen). The RMS voltage is important because it is used to quantify the electrical power in time-
varying waveforms. For a DC circuit, the power dissipated in a resistor is defined as:

P=Vi
where V is the voltage across the resistor in volts, i is the current through the resistor in amperes, and P

is the power being dissipated (i.e., turned into heat) in watts. The RMS measures of the current and
voltage are used in the analogous relationship for a time-varying waveform:

Boms = Vimslrms


https://www.manualsplus.com/



https://www.manualsplus.com/



https://www.manualsplus.com/

7 _ This switch chooses the display type. The choices are Main, Mix, Delay,
and X-Y. We'll discuss each in more detail below.
8 Position Controls the horizontal position of the trace(s) on the screen.
9 llum Turns power on to the scope and controls the illumination of the
graticule, the scale printed on the CRT.
10 Position Adjusts the vertical position of the trace of channel 1's signal.
11 Position Adjusts the vertical position of the trace of channel 2's signal.
This is a dual control. The inner (larger diameter control) sets the delay
12 Dly. Time Pos. | time of the delayed sweep. The outer (smaller diameter control) is used
to vary the main timebase sweep speed.
13 Delay time/div Adjusts the sweep time of the delayed timebase.
14 -- Selects the coupling of channel 1. The choices are DC, AC, and ground.
The large (inner) control adjusts the calibrated vertical gain of channel 1.
The smaller (outer) control continuously varies the vertical gain (this
control is sometimes incorrectly called a vernier). Turn the outer control
. fully clockwise to have it click and be in the calibrated position. The
15 Volt/div . e ) :
uncalibrated position is useful for e.g. setting a signal to full screen
height, then noting the change in signal amplitude for some physical
change in the circuit. It is also used for rise time measurements using
the 10%-90% marks on the screen.
16 Vert mode Chooses which channels of the scope are displayed and how they're
displayed. The choices are CH1, CH2, DUAL, X-Y, and Add.
17 Volt/div Same behavior as 15, except for channel 2.
18 -- Selects the coupling of channel 2. The choices are DC, AC, and ground.
19 Comp. test A pushbutton switch that turns on component test. We'll discuss this
more below.
20 Beam find A pushbutton swﬁgh that helps you figure out which controls need to be
adjusted to get a trace onto the screen.
21 Main time/div Adjusts the sweep time of the main timebase.
. This is an adjustment that rotates the trace on the screen so that the
22 Trace rotation : .
trace is parallel to the graticule.

The letters identify the connectors for inputs and outputs from the scope:

ID Label Function
A -- Channel 1 input
B -- Component test signal output (see discussion below)

Chassis ground connection. The chassis is connected to the power line
C GND .

ground conductor via the power plug.
D CAL Probe calibration signal (2 Vpp, 1 kHz square wave). It is used to adjust
the compensation of oscilloscope probes.

E -- Channel 2 input
F Ext trig External trigger input

12
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The 2125A's measurement capabilities are:

Quantity

Useful measurement range

If outside range,
looks like

Resistance

10 Q to about 10 kQ

< 10 Q— short
> 10 kQ — open

Capacitance

0.33 pF to 330 uF

< 0.33 uF — open
> 330 uF — short

Inductance

50mHto5H

<50 mH — short
>5H — open

As an example, a 1 H inductor might look like the ellipse in Figure 14 and a 10 H inductor would look

like an open circuit.

The component tester limits the current through the device. The short circuit current will be on the order
of 10 mA, so it will be difficult to damage a component. However, since the peak-to-peak voltage is

around 18 volts, you may not want to use the component tester on sensitive low voltage

semiconductors.

The component tester can test combinations of components too. This is valuable when troubleshooting,
especially if you have a known-good circuit to compare the behavior to. If the suspect circuit matches
the signature of the known-good circuit, the tested subcircuit of the suspect circuit is probably good.
Conversely, if they don't match, that section of the circuit may deserve more in-depth troubleshooting

examination.

22
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Number Button label Function
= None Soft keys. Their function is shown at the right side of the screen. The
button 27 (MENU ON/OFF) can be used to turn the menu on and off.
When pressed, the displayed waveforms are saved into a file in external
. memory (e.g., a USB thumb drive). You can choose to either save the
1 Print .
waveforms as either a CSV (comma-separated values) or four types of
bitmap images (8 bit BMP, 24 bit BMP, GIF, or PNG).
CH1 Input male BNC terminal for channel 1's vertical amplifier.
CH2 Input male BNC terminal for channel 2's vertical amplifier.
EXT TRIG/MOD Extern_al trigger input for scope operation or, if the function generator is
4 ouT supplying a modulated waveform, this terminal outputs the modulation
waveform.
GEN OUT Output terminal for the function generator.
VOLTS/DIV | Adjusts the vertical sensitivity (gain) of channel 1.
VOLTS/DIV | Adjusts the vertical sensitivity (gain) of channel 2.
8 TIME/DIV Adju_sts the horizontal time base in seconds per division (or SI
multiples).
9 ON/OFF Turns the output of the function generator on and off.
Accesses channel 1's menu and turns channel 1 on. Pressed again, it
10 CH1
turns channel 1 off.
11 REF Turns the reference waveform menu on and off.
Turns the math menu on and off. This menu allows you to perform
12 MATH mathematical functions with two waveforms: add, subtract, or multiply. It
also lets you calculate the FFT (fast Fourier transform) of channel 1 or 2.
Accesses channel 2's menu and turns channel 2 on. Pressed again, it
13 CH2
turns channel 2 off.
14 MENU Access the horizontal menu.
15 AMPL Adjust the amplitude of the function generator.
16 FREQ Adjust the frequency of the function generator.
17 POSITION Channel 1's vertical position on the screen.
18 POSITION Channel 2's vertical position on the screen.
19 POSITION Horizontal position of the trace(s) on the screen.
20 MENU Function generator menu.
When the knob 28 is used for some adjustments, these two buttons are
21 <> used to select which digit is to be adjusted. Also used when displaying
help screens.
Initiates an automated measurement sequence (this is called the
22 AUTO Autoset function). This will automatically set the controls to display the
signals on channel 1 or channel 2 or both.
Immediately forces the oscilloscope to trigger. This is useful when the
23 FORCE trigger mode is set to NORMAL in the absence of a trigger signal, as

you can see where the trace is on the screen.

25



https://www.manualsplus.com/

24

50%

Sets the trigger level to 50% of the amplitude of the waveform being
used to trigger the scope. This is useful when NORMAL trigger mode is
selected and the scope is not triggering because the trigger level isn't
set correctly.

25

MENU

Turns on trigger menu.

26

LEVEL

Adjusts trigger voltage level. Press the knob to set it to 0 volts.

27

MENU ON/OFF

For any displayed menu, turns the menu on and off.

28

None

This knob is the general-purpose adjustment knobs for numerical
settings and menu choices in menus. When you've turned the knob to
choose a selection in the menu, press the knob to select that menu item
(it will click). When this knob is active, a green arrow in a circular pattern
is illuminated above the knob, alerting you that the knob will adjust
something. If the arrow is not visible, then the knob will adjust the
scope's intensity.

29

SAVE/LOAD

Toggles the SAVE/LOAD menu. Save or load setups and traces
(waveforms) from internal or external memory.

30

CURSOR

Toggles the CURSOR menu. Can turn cursors on, select their type, and
select what they measure.

31

DISPLAY

Toggles the DISPLAY menu. Sets various display features such as
vector or single points, persistence, trace intensity, grid (graticule) type,
grid brightness, color scheme, and how long menus are displayed.

32

SINGLE

Arms the scope to capture a single waveform after a trigger has
occurred.

33

RUN/STOP

Turns waveform acquisition on and off. A common use is that you see
something unusual on the screen and you press this button to stop the
scope from updating the displayed waveform so you can examine things
more carefully.

34

UTILITY

Toggles the UTILITY menu. Lets you set up which input/output interface
to use (serial, LAN, or USB), set up how the PRINT button (#1) works,
system setup features, language to use, various service functions, set
up PASS/FAIL testing, and perform calibrations.

35

MEASURE

Toggles the MEASURE menu. This menu lets you choose to display
various voltage and time metrics, such as RMS amplitude, peak-to-peak
amplitude, frequency, rise time, etc.

36

ACQUIRE

Toggles the ACQUIRE menu. Lets you set normal, averaging, or peak-
detect acquisition modes and select between real-time and equivalent
sampling.

26
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The next plot shows the waveform reconstructions using linear interpolation (i.e., drawing a straight line
between each point):

Adequate sampling frequency

4 : 8 10
Inadequate sampling ?‘req uency

Figure 20

The "Adequate sampling” samples reproduce the waveform adequately. With some suitable low pass
filtering, this could be an excellent reconstruction of the original waveform. However, the "Inadequate
sampling” reconstruction misses important details in the waveform. With some low pass filtering to
remove the sharp corners, you'd probably conclude the original waveform was about one-third the
frequency of the actual waveform. Other waveform measurements would be in error too.

Exactly this situation can occur when you're using a digital oscilloscope -- and you won't be aware of it
unless you're careful, worry about these things, and look for clues that such things are happening. In
reality, accurate reconstruction of a signal depends on both the sample rate and the interpolation
method used to fill in the spaces between the samples. Some oscilloscopes may let you select either
sin (X)/x interpolation for measuring sinusoidal signals, or linear interpolation for square waves, pulses
and other signal types.

Note a particular behavior in the inadequate sampling reconstruction in Figure 20. If you squint your
eyes at the waveform the connected points make, you might estimate that it was approximately a sine
wave with a period of about 6.5 units on the horizontal axis. This is a behavior called aliasing, where a
signal "appears" that isn't really in the actual signal -- it's an artifact of the sampling, caused by
frequency components in the signal higher than the sampling frequency. If you were using a digital
oscilloscope, the red curve suitably smoothed is what you'd see on the screen and you would be hard-
pressed to know from that picture alone whether what you were looking at was the real waveform or
not. The aliased signal is at a frequency that is the difference between the sampling frequency and the
relevant frequency component in the signal.

31


https://www.manualsplus.com/

In order to accurately reconstruct a signal and avoid aliasing, Nyquist theorem says that the signal must
be sampled at least twice as fast as its highest frequency component. This theorem, however, assumes
an infinite record length and a continuous signal. Since no oscilloscope offers infinite record length and
by definition, glitches are not continuous, sampling at only twice the rate of highest frequency
component is usually insufficient.

Many people have seen the effects of aliasing, although they may not be aware of it. If you've watched
a western movie and seen the stagecoach's wheels go backwards while the horses are galloping,
you're seeing an artifact of aliasing: the stagecoach wheels' spokes are turning too fast for the 25 to 30
frame-per-second camera to accurately record their position.

There are two popular types of sampling used with digital oscilloscopes: real-time sampling and
equivalent-time sampling.

Real-time sampling is the sampling method shown above -- the method is best used for signals with
bandwidths less than half the sampling frequency of the oscilloscope. It is the method that must be
used when you have "one shot" at capturing a waveform and its characteristics are illustrated by the
above figures.

Equivalent-time sampling is used when the waveform being measured is periodic. Fortunately, many of
the signals measured in the real world are periodic, so equivalent-time sampling is often used. The
concept is to take many "snapshots” of a waveform over many periods and "piece" them together to

create a picture of the waveform. The benefit is that the method can recreate periodic signals with
frequencies higher than the scope's sampling frequency. Here's how it works.

Trigger Waveform Trigger
' period '\

h)

Sampling Vo Scope's sampling period '
window 1 Bk P
Sampling ' Scope's sampling period
window 2 . !
Sampling I Scope's sampling period '
window 3

Figure 21

Suppose the waveform to be measured has a period that is roughly one-third of the shortest sampling
period of the scope. Further suppose the scope's electronics triggers at the indicated positions on the
waveform. The scope's first sampling window samples the waveform at the points labeled 1, the second
window at the points labeled 2, etc. The sampling points are asynchronous with the waveform so the
sampled points are not at the same place in each waveform cycle. Thus, over many sampling periods,
a substantial number of sample points of the waveform's period are constructed in the oscilloscope's
memory.

32
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1MQ o1
O+1DM2
This is why the probe is called a 10X probe as it attenuates the signal by 10 times. You'll also see them
called X10 probes. The cable's distributed capacitance and the scope's input capacitance will shunt the
signal around Rs at higher frequencies -- this leads to the basic fact that a passive probe's impedance
at its rated bandwidth can be more than four orders of magnitude smaller than its DC
resistance. Keep this in mind when measuring signals with high frequencies as your probe will likely be
loading your circuit significantly. A common technique to see if a probe is loading a circuit is to connect
another identical probe to the scope, then connect this second probe to where the first is probing. If the
signal from the first probe changes, then circuit loading is a significant issue.

For example, a 150 MHz probe was measured to have a distributed cable capacitance of 58 pF. With a
20 pF typical scope input capacitance, this means a capacitance of about 80 pF. At 150 MHz, the
capacitive reactance of this capacitor is 13 Q, so you can see that this effectively shorts out the 1 MQ
input resistance of the scope. Though the capacitive reactances are low, the capacitances still behave
as a capacitive divider and attenuate the signals appropriately. To see this is approximately true, the
adjustable capacitor is on the order of 10 pF and C. + Cs is 80 pF -- almost 90 pF. If it was 90 pF, the
reactances as impedances would have a voltage divider ratio exactly the same as the resistances (the
2nf terms for the reactances are factored out and we're ignoring the much larger resistances which are
effectively open circuits).
1
~ 90 __ o1

1 1

30t 10
You may wonder what the adjustable capacitor C, is for. This capacitance is used to compensate the
probe. Compensation means to adjust the capacitance so that the probe has the correct amplitude
response for different signal frequencies. The compensation capacitor C, is adjusted to make the time
constant R,C, equal to the time constant of the distributed cable capacitance and scope's capacitance
of Rs(C, + Cy). This yields a circuit with minimal distortion of the signal. A typical passive probe has an
adjustment between 10 to 30 pF.

For higher frequency passive probes, the equivalent circuit may be more complex -- and compensation
may be more complicated than simply adjusting a single capacitor. In fact, probes and their circuits
need to be analyzed as transmission lines -- and such analysis will show that probe design is not a
trivial task.

You can measure your probe's DC attenuation with a digital multimeter, but you'll have to calculate the
probe's voltage drop from knowing the digital multimeter's input resistance. For example, with a 10X
probe and a digital multimeter with a measured 10.05 MQ input resistance, an 11.44 volt DC signal was
measured with a probe. The digital multimeter read 6.05 volts using the probe. The relevant voltage
divider is the 10 MQ input resistance of the digital multimeter in series with the 9 MQ of the probe.
Thus, the calculated voltage that the digital multimeter should have measured is:

10.05

m 11.44 = 6.035 volts

This probe's measured attenuation was within 0.24% of its expected value.

A probe's rise time t,, can be measured with a fast-rising pulse. Since the oscilloscope also has a rise
time t,, the measured rise time t needs to be corrected:

49
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The device at a is called a bayonet-mount spring tip. It is used on high frequency circuits because it
eliminates the long ground lead inductance and reduces ringing.

The tip at b allows the user to probe IC pins. The tip at c is for general-purpose probing and insulates
the tested circuit from the grounded band of metal. The adapter at d allows the probe to be plugged into
a BNC female connector. This makes for a convenient connection to test equipment and to BNC test
ports on circuits.

A common tip not shown in the picture is a sprung hook. This has a spring-loaded hook that can be
clipped over a wire. The spring helps hold the probe tip onto the wire.

Here's a picture of the end of the probe with the BNC male connector that plugs into the scope:

i l-;rllul;jji_;-ll_-}:]il_'t.[_j.‘I_i-j'Iﬂ'l'ﬂ'l f‘_lfl-{l |11 lll-l T \i [ l}.‘l}ﬁ
T ' 90 100 110

60 70 80 1o
' i 1 i 1 1 1 I
Figure 39

The hole in the plastic body is where you insert the small plastic screwdriver (supplied with the probe)
to adjust the probe's compensation.

Note the yellow band around the probe and the probe's end in Figure 37 and Figure 39. These are used
to help identify the probe when you have a number of probe connections (i.e., you don't have to trace
the wire from the scope to the probe tip). The probe comes with four pairs of colored rings.

The specifications for this probe are:

Position 10X:
Attenuation ratio 10X (10:1)
Bandwidth DC to 150 MHz (-3 dB)
Rise time 2.3 ns
Input resistance 10 MQ (when used with oscilloscope with 1 MQ input)
Input capacitance 13 pF
Compensation range 10-30 pF
Max. input voltage 600 V CAT |, 30(_) V CAT Il (DC + pc_—:ak AC) derated with
frequency (see figure below) Pollution Degree 2

Position REF:
Probe tip opened, oscilloscope input grounded.
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Position 1X:

Attenuation ratio 1X (1:1)
Bandwidth DC to 6 MHz (-3 dB)
Rise time 58 ns

Input resistance

1 MQ (oscilloscope input resistance)

Input capacitance

56 pF (plus oscilloscope capacitance)

Max. input voltage

300 V CAT I, 150 V CAT Il (DC + peak AC) derated with
frequency (see figure below) Pollution Degree 2

Max. operating temperature 0°Cto50°C
Humidity 85% RH or less (at 35 °C)
Cable length 1.2 m (48"

Max. float voltage

30 Vrms (between reference lead and earth ground)

Some definitions are also given:

Measurement Category Il

CAT Il is for measurements performed on circuits directly
connected to the low voltage installation. Examples are
measurements on household appliances, portable tools,
and similar equipment.

Pollution Degree 2

Refers to an operation environment where normally only
dry non-conductive pollution occurs. Occasionally, a
temporary conductivity caused by condensation must be
expected.

The probe's operating voltage is derated as the frequency is increased:

700V e
I ' |
I il |
600V T 1I_f.+ N i _ A1
| |
500V L }L | - 1
400 V et | - |
\~\ |I | !
00V “‘\ - i
™~ | |
200V | | 1
""'1-..“. i | i |
100 V 11 S ~ 4} |
"“"-rl;-_._____h i
ov — L I I ——
10 KHz 100 KHz 1 MHz 10 MHz» 100 MHz
Figure 40
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bandwidth

In the context of oscilloscopes, this is the upper frequency rating of the
oscilloscope's vertical amplifier(s) (the scope's lower frequency rating is 0 Hz,
as it can measure DC voltages). The rating is usually the 3 dB point, which
means the measured amplitude of a constant-amplitude sine wave is 3 dB
below that of a lower frequency sine wave of the same amplitude at, say, half
of the bandwidth.

blanking

In an analog scope with a CRT, this is the process of turning off the electron
beam immediately after the trace reaches the end of the screen. The beam
current is off while the horizontal deflection plate control signals are set to
return the beam to the start of the trace and the trigger circuit is waiting for a
trigger.

blind time

Same as dead time.

BNC

Type of coaxial connector commonly used on measuring equipment. The
initials stand for Bayonet Neill-Concelman (the last two names of the
inventors).

CAT I, CAT II, CAT
I, CAT IV

These are "installation category" ratings and indicate the type of hazards a
user of test equipment is exposed to and that the test equipment can
withstand safely. Refer to the IEC 1010 and related standard for more details.
Informally, CAT | means equipment connected to AC power, but where the
user is isolated by e.g. a transformer. CAT Il can mean environments like on
an engineer's bench. CAT IIl can mean the voltages found inside a building's
circuit breaker panel. CAT IV can mean connections to primary incoming
power from the power company's equipment. The differences in ratings come
from the types and severity of voltage and current transients the user can be
exposed to from the circuit being worked on. For example, a user working in a
CAT IV environment might be exposed to transients of many kilovolts and
kiloamperes (due to lightning strikes or inductive spikes from power interrupts).
Test equipment needs to be able to protect the user from the effects of these
transients. For example, you'll find sophisticated and expensive fuses in digital
multimeters to contain the dangerous plasma that can result from a multi-
kiloampere transient, thus protecting the user from shocks and burns.

channel

One of the vertical amplifiers on an oscilloscope used to display one trace.

chopped sweep

In analog oscilloscopes, a method of generating a dual-trace display at lower
sweep speeds. One trace is drawn for a fraction of the screen, then the other
trace is drawn for another short fraction. You can see the chopping by
decreasing the time base setting.

CMRR

Common mode rejection ratio, a measure of the ability of a differential
amplifier to ignore a signal common to both inputs.

compensation

In the context of an oscilloscope probe, it's the adjustment of a small variable
capacitor so that the scope has no overshoot or undershoot when looking at
fast rise time edges (e.g., square waves). This is a critical adjustment to be
made for each probe, as it also ensures that correct voltage measurements
can be made with the probe, especially at higher frequencies.

component test

A feature on the B&K 2125A scope that allows a user to display a voltage
versus current waveform for a component. It is capable of identifying and
testing capacitors, inductors, resistors, and semiconductors.

In the use of an oscilloscope, this describes the electrical coupling between

coupling the input signal and the scope's circuit. It is typically used in context with the
vertical amplifiers and the trigger circuit. See AC coupling and DC coupling.
Sometimes referred to as channel isolation or channel separation. The

cross talk undesired effect that a signal present on one channel has on another channel.

Less crosstalk means that the channels are better electrically isolated from
one another. Usually expressed in dB.
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Cathode ray tube. It is the vacuum tube with a thermionic emitter and
electrostatic deflection plates (some may also contain deflection coils) that

CRT accelerates electrons that impact on the phosphor screen, producing light. A
CRT is used with virtually all analog oscilloscopes.
A marker (usually a horizontal or vertical dotted line) on a scope that can be
cursor L .
used to make measurements by lining up the marker with a waveform feature.
DC Direct current. The general use means a voltage or current whose value is
constant.
DDS Stands for direct digital synthesis, a digital architecture used in many modern
function generators.
, The time that the scope is not capturing the signal. This applies to both analog
dead time L . o
and digital scopes and is not usually specified.
A dimensionless number used to represent a ratio between two quantities of
the same type. If the two quantities are a and b, then their ratio in decibels is
decibel defined to be 10log;, %. It is often used to represent the ratio of two powers.
ecibe

When used to represent the ratio of two voltages or currents, the expression
2010g10% is usually used because the power is proportional to the squares of

these quantities.

delayed time base

A secondary time base in an oscilloscope that is used to display a smaller
section of the trace shown with the main time base. Its trigger position and
time width are adjustable to allow inspection of different portions of the main
trace at various horizontal magnifications.

The process of converting an analog signal to a sequence of digital values by

digitize .
an analog to digital converter.
division A major mark in the graticule (grid) of a scope's display screen. Common
numbers of divisions are 10 or 12 horizontal by 8 vertical.
DSO Digital storage oscilloscope. An oscilloscope that acquires signals with digital
sampling.
A scope with two vertical channels that is capable of displaying the voltage
dual trace . .
versus time of two waveforms at the same time.
In a pulse train waveform, the fraction of the pulse train's period that is the
duty cycle :
width of the pulse.
A curve joining the peaks of an oscillating signal. This term is often used in the
envelope context of amplitude modulation, where the envelope is usually easy to see

with an oscilloscope.

equivalent time
sampling

A sampling method of a digital oscilloscope that can only be used on periodic
signals. It allows the scope to digitize waveforms with frequencies higher than
the sampling frequency by sampling one or a few points in many periods of the
waveform and combining the sampled data.

extrinsic noise

Noise in an electrical circuit that is caused by physical processes outside of (or
extrinsic to) the circuit. An example is an AC voltage induced in the circuit's
wiring by an external changing magnetic field.

The time it takes for a signal to fall from a higher level to a lower level in value.

fall time . T
Opposite of rise time.

focus An adju_stmgnt on an gnalpg oscilloscope that allows the trace to be adjusted
from a fine line to a wide line.

frequency The number of pe.riods per unit. time of.a waveform. Usua_llly expresseql in
hertz, Hz, often with an SI multiplier. It is equal to the reciprocal of period.

gain The amount of gain in the vertical amplifier of an oscilloscope.
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An unexpected signal or portion of a repetitive waveform that is unlike the
other parts of the waveform. Glitches tend to be of short duration compared to

glitch the signal of interest. Other terms that can indicate unexpected signals are
spike, runt pulse, or ringing.
. The marked grid on an oscilloscope's screen that is used to make quantitative
graticule , . s
measurements of a waveform's voltage and time characteristics.
grid A synonym for graticule.
A voltage reference in a circuit. The term derives from being connected to the
ground S . . ;
Earth, which is usually taken as a point of zero electrical potential.
intensity An adjustment on an oscilloscope that controls how bright the trace is to the

user's eye.

interpolation

The method used to connect the points in a sampled waveform for display.

intrinsic noise

Noise that is caused by fundamental physical causes internal to a circuit.
Examples are the thermal (Johnson) noise of a resistor or the shot noise of
current flow.

linearity

A measure of how closely a relationship between two variables falls on a
straight line. In an analog scope, you want the sweep to be very linear so that
the time is directly proportional to the distance from the beginning of the trace.

Lissajous figure

A figure displayed on an oscilloscope in XY display mode. The horizontal and
vertical signals are typically sine waves. If their frequency ratio is a rational
number, then the display is stable.

loading

A measure of how much a signal is changed by connecting another circuit to it.
In the context of oscilloscopes, it refers to either the scope's effect on being
connected to the circuit or the effect of connecting a scope probe to a circuit.

main time base

The primary time base in an oscilloscope.

mixed signal
oscilloscope

A scope that combines the features of a digital oscilloscope and a logic
analyzer.

noise

A variation in a signal that is (usually) unwanted and conveys essentially no
useful information.

oversampling

A sampling scheme where the sampling frequency is higher than the Nyquist
limit of 2B, where B is the bandwidth of the signal to be sampled.
Oversampling can reduce aliasing.

peak detection

An acquisition mode of a digital oscilloscope that lets you see the peak values
of a signal. This is useful for getting an idea of the true peak-to-peak voltage of
a waveform over many sweeps.

peak-to-peak

The maximum voltage minus the minimum voltage of a waveform displayed on
an oscilloscope.

period

The time for a periodic signal to repeat itself. It is equal to the reciprocal of
frequency.

persistence

The time it takes for an analog oscilloscope's phosphor to stop emitting light
after being excited by the electron beam. The longer the persistence, the
easier it is to view slow waveforms. However, a long persistence can be an
annoyance when one needs to view rapid changes in a waveform, so a
compromise needs to be struck when picking the phosphor and its
persistence.

phase

In an oscilloscope display of periodic signal, it measures the time offset of a
waveform from a reference point. If two signals have the same period, then
these signals can be shifted in time between reference points in a period. This
is referred to as phase shift or phase difference and is often measured in
degrees with 360 degrees representing a phase shift of one period.
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phosphor

A chemical used to coat the inside of a CRT. When struck by fast-moving
electrons, the orbital electrons of the phosphor are excited to higher energy
levels using the kinetic energy of the incoming electrons. When the atoms
decay back to their lower energy states (usually, the ground state), they
release a photon. This photon escapes the glass CRT and registers as an
oscilloscope trace on a human's eye.

post-trigger

The time period after the trigger event.

post-trigger data

The digitized waveform data collected after the trigger event.

pre-trigger

The time period before the trigger event.

pre-trigger data

The digitized waveform data collected before the trigger event.

probe

An oscilloscope accessory device used to couple the oscilloscope's input
channel to a circuit to be measured.

pulse

Arapid, transient change in the amplitude of a signal from a baseline value to
a higher or lower value, followed by a rapid return to the baseline value.

pulse period

The time that a periodic pulse train repeats itself.

pulse train

A sequence of one or more pulses.

pulse width

The width of a pulse, measured while the pulse's value is at the non-baseline
value.

ramp

A voltage that linearly increases or decreases from a starting value, then
quickly returns to the starting value. The horizontal (time axis) deflection
voltage in an analog oscilloscope's CRT is a ramp voltage.

raster

The representation of a two-dimensional image by turning small sections of
the display screen (pixels or picture elements) on and off. In the analog world,
it refers to the rapid scanning back and forth of an electron beam, each line
displaced vertically a small amount from the last line, and resulting in a
displayed image. This is the way analog televisions and older computer
displays worked.

real time sampling

A sampling method of digital scopes where the signal is directly sampled. It is
used to measure and display transient, non-repeating signals. Contrast to
equivalent-time sampling.

record length

The number of data points representing a trace on a digital oscilloscope.

rise time

The time required for a signal to rise from 10% to 90% of its maximum
amplitude (other percentages can be specified, such as 20% to 80%). With a
fast rise time pulse, the rise time specification of the oscilloscope can be
measured. An oscilloscope's rise time specification is directly related to its
bandwidth:

350

bandwidth in MHz

risetime in a scope in ns =

RMS

Root mean square. It is a positive measure of the amplitude of a periodic
waveform and used to predict the power dissipation in a resistive element. The
analog definition involves an integral. For a sampled waveform, the RMS value
is the square root of the mean of the squares of the data values (i.e., square
each value, take their sum, divide by the number of values, and then take the
square root).

sampling

The process of taking samples of a waveform at regular intervals. This
converts a continuous analog signal into a sequence of numbers. The term
can also refer to equivalent time sampling methods.

sampling rate

A fundamental measure of the digitizing abilities of a digital scope, as in the
context of the sampling theorem. It is the frequency in Hz (or it can be
expressed in samples per second Sa/s) of the samples being taken.

sampling scope

An oscilloscope that uses equivalent time sampling methods to display high
frequency signals that lie beyond the sampling rate of the oscilloscope.
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screen

The visual display area of an oscilloscope. It can be a CRT (a phosphor-
coated electron beam tube), an LCD (liquid crystal display), or an LED (light
emitting diode) display.

single sweep

A mode of operation of a digital scope where the scope is "armed" to wait for a
trigger event. When the trigger event occurs, the post-trigger data is collected,
the waveform is displayed, and the trigger is "disarmed".

Used to describe the nature of capturing a transient (one time) event on an

single-shot .

oscilloscope.

The rise over the run of a waveform. A positive sloping waveform goes up and
slope to the right. A negative sloping waveform goes down and to the right

(assuming the normal sweep direction is from left to right on the screen).
sweep An older term describing the movement of the electron beam across the

screen, caused by electrostatic and magnetic fields inside of the CRT.

sweep magnifier

An analog oscilloscope feature that magnifies the trace in the horizontal (time)
direction. The magnification is usually 10 times.

sweep speed

The amount of time it takes for an electron beam to "sweep" across the screen
on an analog scope. It is given in units of time per division on the graticule.
More modern usage is to refer to the horizontal sweep circuit as the time base.

TCO

Total cost of ownership. The concept of accounting for all the costs involved in
using an instrument like an oscilloscope over the useful life of that instrument.

thermionic
emission

When certain materials are heated to a hot enough temperature, electrons can
be freed from the material and will flow in a circuit with an accelerating
potential to overcome the material's work function (the energy required to
break the electrons free of the surface). The current increases essentially as
the square of the absolute temperature of the material. This is how all
thermionic vacuum tubes like television and oscilloscope CRTs work.

time base

The circuitry used to generate the sweep of the oscilloscope (this is in the
context of an analog scope). For digital scopes, the time base controls the
sampling rate. Both circuits change the time per division setting of the scope
(i.e., how much time a unit horizontal distance on the screen represents).

trace

The display of a single waveform on an oscilloscope's screen.

transient

A signal that only occurs once or infrequently.

trigger

In an analog oscilloscope, the event or signal that causes the CRT beam to
begin its sweep across the display. In a digital oscilloscope, it's the event
around which the storage process is referenced. Some digital oscilloscopes
place the trigger in the center of the storage memory, so that there are equal
amounts of pre-trigger and post-trigger data. In both analog and digital scopes,
versatile triggering is provided by setting the trigger type, source, level, and
slope.

trigger holdoff

An adjustable time between the end of a sweep and the moment that the
trigger circuit is armed for the next sweep. This can be valuable to get stable
displays of complex signals. The usual method is to set the holdoff to slightly
longer than the signal's period.

trigger level

The voltage level that the trigger is set to. If the trigger slope is positive, a
trigger event is generated when the trigger signal goes from less than to
greater than the trigger level. If the trigger slope is negative, a trigger event is
generated when the trigger signal goes from greater than to less than the
trigger level.

trigger mode

The mode used to trigger the scope. Two common modes are auto and
normal. Auto trigger is the same as normal triggering except when no trigger
signal is present, the scope automatically triggers itself.

trigger slope

Determines whether the scope triggers on a rising edge (positive slope) or a
falling edge (negative slope).
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TV sync

See video sync.

unarmed

In referring to an oscilloscope's trigger section, an unarmed trigger is when the
trigger is not armed. The scope will not trigger in the unarmed state.

vertical attenuator

The attenuator used on a vertical channel of a scope.

vertical gain

The gain setting of the vertical amplifier. Usually given in volts per graticule
division. Changing the vertical gain determines the vertical extent of a
waveform on the screen.

vertical sensitivity

The signal level required to cause a single division of vertical deflection. For
example, for a vertical gain (attenuator) setting of 1 V/div, a 1 V peak-to-peak
signal will be one division high on the oscilloscope's screen.

video sync

A triggering method to synchronize with television signals to allow the scope to
view and measure signal characteristics.

Sometimes referred to as TV sync. This feature allows vertical (TV V) or
horizontal (TV H) video sync pulses to be selected for triggering. Vertical sync
pulses are selected to view vertical fields or frames of video and horizontal
sync pulses are selected for viewing horizontal lines of video.

WaveXpress®

A B&K Precision software tool that can create and modify waveforms. The
software can communicate with B&K scopes and arbitrary waveform
generators to upload and download waveforms for experimentation. The tool
can be downloaded from http://www.bkprecision.com/wavexpress.html.

X-axis

The horizontal (time) axis of the oscilloscope. It is also called the x-axis in XY
display mode.

XY display

An oscilloscope display mode where two voltage signals are displayed
simultaneously. One voltage signal drives the horizontal position (x-axis) and
the other signal drives the vertical position (y-axis).

y-axis

The vertical (voltage) axis of the oscilloscope.

Z-axis

In some scopes (predominantly analog scopes), the z-axis input can be used
to control the intensity of the electron beam. This allows specialized display
capabilities. For example, a third parameter can be used to modulate the
intensity of a trace, transmitting more information to the user. In XY display
mode, the z-axis input can be used to cause dots to appear on the screen as
the beam sweeps across the screen. This is essentially the mechanism of how
an analog television works.
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