BX PRECISION OSCILLOSCOPE GUIDE

OPERATING AN OSCILLOSCOPE

This chapter provides a complete step-by-step
procedure on oscilloscope operation. It begins
with basic scope operation and proceeds to
more advanced features.

Initial Startup Procedur e

The first step in using any oscilloscope, from a

simple dual-trace unit to the most sophisticated

DSO, is turning it on and obtaining a trace.

1. The following basic controls should be
present in some form on any scope. Set
them as follows:

a. Channel 1 input coupling switch
(AC-GND-DC switch): GND.

b. Channel 1 vertical position control:
centered.

¢. Horizontal position control: centered.

d. Auto trigger control: auto triggering on.
e. Vertical mode control: channel 1
(single trace).

f.  Intensity control: minimum intensity.
g. TIMEJDIV control: 0.5 mS/Div.

These settings prepare the unit for a single-
trace display of a zero-volt base line, centered
vertically and horizontally. At this point, no signal
needs to be connected.

Fig. 1 shows these control settings on a typical

unit, a B+K Precision Model 2120B.

2. Plug the scope into ac power and turn the
Power switch on. Allow the unit a few
seconds to warm up.

3. Slowly bring the Intensity control up. You
should see a horizontal trace somewhere
near the center of the screen.

4. You can adjust the trace sharpness with the

Focus control, and, if necessary, adjust the
trace tilt with the Trace Rotation control.

Displaying a Signal

This procedure displays a waveform on
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channel 1. The exact same process can be
used for a single-trace display on channel 2.

1. Connect a signal to the channel 1 input jack.
This can be a point in a test circuit
connected via a scope probe, or the output
of a function generator, via a BNC-to-BNC
cable. If probing in a test circuit, first connect
the probe’s ground clip to the chassis or
common of the equipment under test. Then
connect the probe tip to the point of interest.

Tips:

Always use the probe ground clips attached to a
circuit ground point near the point of measure-
ment. Do not rely solely on an external ground
wire in lieu of the probe ground clips, as
undesired signals may be induced.

The probes should be compensated.
Compensation matches the probe to the input of
the scope. It should be adjusted initially, and
then the same probe always used with the same
channel. The chapter on "Oscilloscope Probes"
discusses compensation.

When using a signal generator whose output
has fast edges such as square waves or pulses,
terminate the output into its characteristic
impedance to minimize ringing. For example, a
50-ohm generator output should be terminated
into an external 50-ohm resistor and connected
to the scope with 50-ohm coaxial cable.

2. Set the channel 1 input coupling switch
to AC.

3. If no waveforms appear, increase the
sensitivity by turning the channel 1 vertical
attenuator (Volts/Div.) clockwise to a position
that gives 2 to 6 divisions vertical deflection.

4. The display on the screen may be
unsynchronized, that is, not locked in place.
You should be able to steady it using the
Trigger Level control. Use the sweep time
control (Time/Div.) to display the desired
number of cycles. The "Triggering" and
"Time Base" sections of this chapter discuss
these controls in more detail.

Dual-Trace Displa y

The capability of an oscilloscope to display two
simultaneous waveforms, dual-trace mode, is a
very useful feature. In observing simultaneous
waveforms on channels 1 and 2, the waveforms
are usually related in frequency, or one of the
waveforms is synchronized to the other,
although the basic frequencies are different. For
example, Fig. 5 depicts the waveforms
associated with a simple flip-flop circuit, wherein
the first trace shows the clock waveform and the
second the output waveform. The scope clearly
shows that the output is a divide-by-two of the
clock, and that output changes always take
place on the negative-going edge of the clock.

To obtain a dual-trace display:
1. Connect probes to both the channel 1 and
channel 2 input jacks of the oscilloscope.

2. Connect the ground clips of the probes to
the chassis or common of the circuit under
observation. Connect the tips of the probes
to the two circuit points of interest.

3. Locate the control that activates dual-trace
mode on your oscilloscope. Some scopes
simply have a position in the "Vertical Mode"
switch labeled "Dual". However, many units
have two distinct positions called "Alt" and
"Chop". These activate two different kinds of
dual-trace sweep, as follows:

a. "Alt" stands for "alternate" sweep. The
oscilloscope first draws the complete
sweep of the channel 1 signal, then
draws the complete sweep of the channel
2 signal, then repeats in an alternating
manner. When fast sweep speeds are
selected, the two traces appear to the
human eye as simultaneous. The fact
that they really aren’t becomes more and
more evident as sweep rate is
decreased.

b. "Chop" stands for "chopped" sweep. The
scope draws a small part of the channel
1 signal, then a small part of the channel 2
signal, and so on, continually switching
back and forth until both sweeps are
complete. When slow sweep speeds are
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selected, lhe chopping & much faster
than the sweap and Is unnaticeable. i
chap mode s used al very high swesp
rates, this chap rate bacomes a
significant portion of the swesp and may
beacoma vsibia in tha displayed
wanedorm. Chapping may alss becaime
noticasble il the Input signal requancy s
ehose Io, of & sub.mulliple of, the chop
Tracquency.

oiter

Altamate and chop sweap lechniques are
cbually usesd in all mul-lrcs osellsoapes,
Howerwar, many unks sutomatically choosa st or
thap depending on (he fime base selfing you
selacl, Thesa ara the unis that have ona single
*Dosdl™ wwilech insdead of Separale Al and
*Chop” faclities.

4, Adust the charned 1 and 2 wartical position
conirols o posiion the byo races as

dasined. Channal 1 |8 usualy postioned
afwover channel 2, &= in Fig. 5.

B Sal the channed 1 and charnel 2 veical
aiterustons. (Voka/Din. ) o thed the wewva
famrne are e desired height.

6. Sl the fime base (TimeDiv. ) coninol for the
dasinad numbar of Cycles of the wavedammes,
If the display is unsynchonized {“rolling”),
aftempd b ook i with the Trgoear Lenal
conlrel. Conaull the sedicn on "Triggering”
Iskar in this chaptar for mona irdormation on
ablaiing & stable wavelorm,

The Wertical Attematar

(Wolts/Div) Controls

On dusl-trace scopes, thare are we of thase,
e essoh kor channed 1 and channed 2. Tihesss
conirols adus! the vertical haight of the wayve-
farrm an he seresn. They dao this by attenisating
the input signed by a salectad amount bslora i 1S
applied bo the scopes verlical amplifier. The
smoun of attenuation |s akeays rendaned on the
dial in & 1-2-5 sequence, and i calibrated in
wokssdiviskon. Here, "dhsion”™ means tha
soquares on lhe seope graliculs, generally 1 am
In arga, (It does nol redar 1o the smalkar sulkii-
uitns on the cenler grafieoks lives ) Thamforn,
for exxsmgda, i the chanmal 1 vertical sitenusior
i el o 2 vollsidiision, and & sine wive s

Chanmal 1 Chanmal 2
proba probe
¥, . S

1 J ol r
Clk
K d—

Dulpust (@)
wavelorm

=

e il i il B sl et et ket (i

Fig. 5 A simple duaktrace display

displayed which covers 4 divesons from top i
boltom, then thal sine wave has a peak-io-peak
amgliuda of B volls.

Two things showld B noted In this regerd. First,
there usually is a Variable conlrol associated
with the wartical altenustor, This must ba sat to
the “Calibraled® posilion in onder far measune-
ments ke be accursie. The Yerlabla conirol
aillerass you b srmealbily vary Bhe waveloom
haeigit betwaen calbrated sattings of tha
allsnualor. Some units have a Buill-in LED
which lights b iriormn you Bhal messuremsls
are nol calibrasted becaise of IMs coninls
satting.

Sacond, the use of & 10;1 probe multiplies tha
werttical attenualor dial seiling by 10, For éxam-
plka, i the attanuator 1B 3ad B 0,2 vodtstdivisom,
and & 1011 probe is being used, e achual value
bedng oibbained from the screan B 2 yoltsidivl-
sion. A defailed discussion of probes i givan in
the chagter on “Oscllcecops Probes”,

The chagtar on “Applications” ghwas mane Indor-
riislicin abaul on-soreen wollage measinemens,
sae “instantanesus DU Yoltags Messuramaenis”
and "Peak-lo-Peaak Vollage Maeasirements”, in

thalt chaphar.

The Time Basa [Tme/Div) Contral

This conirol adjusks the swaen speed of tha
aseiloseops. (18 sellings are calibrabed in g 1.2,
5 sequanca, In units of tme par dvisien, Thesa
inclicabe hiow lang 1he dol akes o irasel
hortpontally ecross one squers division on the
pralicule. For example, if (he fime base control

I= 56t 10 Z mSidiviskon, and an avent on tha
seresn, say lhe posilive hall of @ squans wive,
axtenids for 3 divisions, than that avent 6
milisecands long. This is an example of
datanmining a "ime intareal” with tha scope.
Frequency can also be detenmined. Balh are
discussed In mome dedsll in the "Applcations"

chapler.

A wilh (e vertical atlenusions, ihee s usually
a Vanae conirs which must be set to
“Calibrated” for horizonial measyrements 1o be
SOCUTERE,

Lise the tma base coning i displey the desined
rurmber of oyckes of & wavedorm. | ihene are loo
meny cycies dsplayed for good resolution,
swilch 1o @ Faster sweep lime. [F only a ine i
displewed, Iy & slower seaep ime. When the
e lime i Fasber (har e wavslom being
absaread, cnly pan of it wil be displayad, which
rdy appear a% & alraighl ine Tor a squarns wave
of pukss wesalorm,

Some mona advanced soopes have & second
Birnes base corlmal; this is discussed in e
saction on "Telayed Sweap Oparation”, aler in
this chaper,

Triggering

The tigger i lhe evenl of sighal thal causes (he
aeclicecops CRT basm to bagin is sweap
erass he display . Without an sdequese ingper,
the dispday starts &l unrelated poinks on the
wirveformn, and the resull s o display that is
unsymichronized, or “rolls”, For the displey 1o b
synichroniesd, or stable, the Igger event shodld
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b et i soene way o the displayed
wawalorm, Meny times it s ihe wensalorm itsel,
Madam oscll ceoopes provide versalilily in
selaciion of mgoer signal. mathod of couping
e riggesr sigral indo the scope, and posiianing
ol the actusl ingger pont on the noger sional
waElorm.

Mormal ve. Aubo Triggering

Virsally all ossillosoapes provide these two
rigoarng modias, o works as 1 lws;

Mormal; Tha sweap ramains at rast unkl tha
Iriggper ooours. Thent trigoer couses
one s&aep i be genarsied, aftar
wihich lhe swesp sgain remains o
rast urll the ngsd: Ingpar. | an edeguata
irigoer signal is nol present, no race s
chspia e,

Autg: The sweep ganarator conbinually gen
eriles a Sweep aven il no ligger signal is
presant, Howensar, (L aubamalicedly resams 1o
riggered swesp cperation in the pressnce of
& sullalie kngger signal.

Allto triganng B handy whan first sefting up thia
seope o observe & wavelasmm: il provides a
sweap for wavalomn cbearvation unil ather
pofinols can be propedy sl (Once he conbrals
ara s&l, the scope 18 often switchad 1o nommal
Irigigering maode because lhal mode is generally
more sansbva, ) AURE nggering must be used

b o measurements and signals of such law

magniiude that thery will not trigger the sweep.

Typlzally, in the nomal inggering mode, signaks
that prodisce even 152 division of verlical

deflection sre sdequate 1o produce & dsplay

Level and Slope Confrols

A e Irigger is developed when the Irigger
souree signal cresses & presal threshold lewal,
Every oacillosoape has o Trigger Levsl conral
which shifts the threshold lewal “up™ or “dossT”
fi.e. pasilive or negalive) on the irigger
wewalorm, Refer ko Fig, & The Lewval conirol
adjusts the start of the sweep (o aimost any
desired point on the wavedomm. Yhen he
conlral is cerlerad, (he threshold level = seld ol
the approedmata evarage of the rigger signal.
Om sirewave signals, the phase al which Swesp
beging is warkable in this tashion Moba thet If tha
Trigiger Level eontrel i rolated loward its
eEirgme (+) or () satting, N swoan will ba
desmlaped in the nonmeal ingger mods becalss
e trig@anng threshold exceeds he paak
ampitude of the brigger signal

The Trigger Skepe swilch, alse presen on every
scapa, sakects tha slope of tha tigger signal 6
the Ihreshokl. Reler again 4o Fig. 8. I Trigger
Slopa |5 sat i ha (+) poskion, sweap is deval-
aped fram he bigger sigral as il cresses the
tirashald laval In & posihve-gong dirgchan. In
thes (-] posilion, swesp is deveskoped s the
glgnad croeses tha thresholkd N a negative-poing
dirsclion.

On rany unils the Slope and Level unctions
are coymiined o cng Soningl, usualy 8 puesh-
pull ction (Slops) an a rolary knok (Level),
Trigger Source Selection

il loacopes generally pemil you lo chooss
which signed s 1o ba usad &5 the ingger sigal,

Slope “-" Range

Slope “+" Range

*

Lawal

Fig. 8 Function of SLOPE and LEVEL controls

Ofenlimes a scope's seemirg inabiily b iigger
Iz actually due to the oparators having forgottan
by el Ihe appropriale signal as ligger.

The Trigiger Sauree sslecdor is usually a

Mmust-poeskion switch, Smong moodam scopes
coirnan alfenngs ans:

Channel 1: The chamnel 1 sgnal & oonmscied
o Ehea rigganng crculs, In many uniks this
cann B S0 even il the channed 1 signal is nod
displayed. Thus, you could usa chanmel 1 1o
trigger a channel 2 display. |1 ihey are relabed
o aach other in frequency, this will probably
resull in a stable display. Ak, charned 1
el b uisad to ngger & dual-irecs deplay
ol Bolh channel 1 and shannel 2. Again, if
ey pre mlabed, bath treces will ba stable,

Chennel Z; Channal 2 15 usad for tigger, with
the same considerations as channsl 1
aboneg,

Alternate; In dug-lrace mode, Tha channal 1
brace is iiggered by channe 1 and ihe chan
nel 2 traca by chennal 2. In this siuation,
youi shoukd realize thal, allbough bath
wavalonms ang shown &5 stable fraces, you
caanrol dedermine thair phase o Gming
redationship ko aech ofher. This is because
ey are ol Briggening fram a oomman
SOUTTE.

Externad; An sotemal signal can be wsed as the
brigger signal. This is usually applied Lo e
"External Trigger” |pck. This is usatul when
you wish lo e a sigial olfer han Bhoss
displeyyed a5 tha ingger, possibly becausa it
ey ber & moee suilable souees {Bg. mane
amplkuds, sharpsar adgal.

Lima; & signal inkemally desvalopad from tha
ingit line voltage (BOVED Hz) becomes the
trigger signal. This s usedal whan you ara
Erying Bo obearve power ine "hum® ana
signal with athear componants presant, The
“Fum® cormpanenl becomes mane stabile and
hence, mona cleary visiblia,

Trigger Coupling Salacton

Beashiies baing slble fo select which signal is fo
bses iy Solifcm, you ares also able b choase
thia marmer in which that signal |s couplad to the
tripger crowils. Modes aammonly &l sk an:

10
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AC: This is used for viewing most types of
waveforms. The trigger signal is capacitively
coupled (dc component blocked) and may be
used for all signals from below 30 Hz
(depending on the unit) to the top frequency
of the particular scope.

DC: Couples both the ac and dc component of
the trigger signal. This is useful for viewing
signals with frequency lower than the cutoff
of the "AC" position above, or when you
need to include the dc component for proper
stabilization of the signal.

TV-H: Used for viewing horizontal sync pulses in
composite video waveforms. A high-pass
filter is employed, which couples through
only higher-frequency components such as
horizontal sync pulses. This position can also
be used as a general high-pass (low-fre
quency reject) position, and as such is
sometimes labeled "HF".

TV-V: Used for viewing vertical sync pulses in
composite video waveforms. A low-pass filter
is employed, which couples through only
lower-frequency components such as vertical
sync pulses. This position can also be used
as a general low-pass (high-frequency reject)
position, and as such is sometimes labeled
"LF".

Video: On some scopes, this general setting is
provided instead of the two previous ones.
Coupling is automatically switched between
horizontal or vertical sync pulses depending
on the setting of the main time base.

Vertical and Horizontal Magnifiers

Most scopes permit magnification of the
on-screen waveform in both the vertical and
horizontal direction.

Vertical magnifiers are usually implemented as a
push-pull action on the Variable control for each
vertical attenuator. Generally a factor of X5, this
magnification can also be thought of as
extending the sensitivity of the unit by one or
two ranges. For example, if a scope has a
minimum vertical attenuator setting of

5 mV/division, the X5 multiplier can provide two
extra ranges: 2 mV/division (on the regular 10
mV/division setting) and 1 mV/division (on the

regular 5 mV/division setting).

With this increase in ranges, however, come two
performance degradations. First, the bandwidth
of the scope is reduced when the magnifier is
active. The reduction may he drastic; a 60 MHz
unit may be limited to 10 MHz in this mode. (For
a discussion of the bandwidth concept, see the
"Bandwidth" section of this chapter. ) Secondly,
using the magnifier on the most sensitive
settings results in increased noise on the
waveform. The trace appears thicker and
out-of-focus.

Horizontal magnification is usually achieved
through a push-pull action on either the Variable
Time Base control or the Horizontal Position
control. Magnification factor is usually X 10. This
feature is helpful in viewing a portion of a
waveform that might disappear off the right of
the screen if the Time Base setting is increased.
Even though the waveform is magnified, rotating
the Horizontal Position control can still enable
you to observe every portion of it.

The Add and In vert Functions

A very common feature on modern
oscilloscopes is the Add mode, which permits
the channel 1 and channel 2 signals to be
algebraically combined and displayed as one
trace. This feature is particularly useful when
used in conjunction with the “Invert" function.
Invert takes one of the input channels and
reverses its polarity on the display. For example,
the highs of a sine wave are shown as lows,
and vice versa. Any dc offset is also inverted
(i.e. a positive dc offset becomes a negative
one), assuming that the scope is set for dc
coupling.

In effect, when an uninverted channel is added
to an inverted one, the result is the algebraic
difference. This is handy for differential
measurements (when you wish to observe a
signal not referenced to ground) and elimination
of undesired signal components. Both uses are
discussed in the "Applications" chapter of this
manual.

The Add function is usually implemented on the
same control that selects single-trace or
dual-trace mode, i.e. the Vertical Mode control.
The Invert function may be implemented on
channel 1 or channel 2, depending on the

particular scope, and may be a Vertical Mode
control, a secondary function of the Variable
attenuator, or a separate switch.

X-Y Operation

X-Y operation permits the oscilloscope to
perform many measurements not possible with
conventional sweep operation. The CRT display
becomes an electronic graph of two instanta-
neous voltages. One voltage deflects the beam
vertically (Y), and the other deflects it horizontal-
ly (X). The sweep aspects of the scope are
disabled. Thus, with no signals connected, the
display is merely a dot.

The signals being applied may be two voltages,
such as stereoscope display of stereo signal
outputs. However, the X-Y mode can be used to
graph almost any dynamic characteristic if a
transducer is used to change the characteristic
(frequency, temperature, velocity, etc.) into a
voltage. One common application is frequency
response measurements, where the Y axis
corresponds to signal amplitude and the X axis
to frequency.

The controls used to implement X-Y mode vary
among different scopes. However, the general
procedure for using it is as follows:

1. Locate the switch that enables X-Y mode.
This may be a separate switch, or the last
position of the Time Base selector. On
scopes with delayed sweep capability, it
is usually one of the Sweep Mode
selections. Turn on the X-Y mode. Make
sure the trace intensity is not set too high;
a bright stationary dot in one spot on the
screen can be damaging if left there for a
long time.

2. The channel 1 and channel 2 inputs now
become X and Y inputs, though not
necessarily in that order. Apply the
desired signals to these channels.

3. The vertical attenuators now become the
X and Y attenuators, i.e. one controls the
height of the waveform, and the other its
width. The Variable attenuator controls
function similarly.

4. Positioning of the X-Y waveform is as follows:

11
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a. Generally, the Vertical Position control of

whichever channel is the Y-axis becomes
the vertical positioning control for X-Y

displays.

b. Horizontal positioning is accomplished
by either the vertical control for the other
channel, or the Horizontal Position control
for the scope.

The "Applications" chapter discusses two
common uses of X-Y mode, phase
measurements and frequency response
measurements.

Bandwidth

Bandwidth, or frequency response, is one of the
most important characteristics of an oscillo-
scope. It is often the determining factor in pre-
ferring one unit over another.

By convention, bandwidth, which is measured in
MHz, is the frequency at which signal amplitude
"rolls off" by 3 dB from its value at 1 kHz. For
example, assume that a 1 kHz signal produces
a waveform six divisions high on a given
Volts/Div setting. If that signal is increased in
frequency (but input amplitude is kept constant),
the frequency at which the display is reduced to
4.24 divisions (-3 dB, or 70.7%) is the
bandwidth of the scope.

Bandwidth is important because it dictates the
highest frequency at which accurate
measurements can be made with a given
oscilloscope. As might be expected, the scope
buyer pays more for higher bandwidth. The

This section discusses advanced features
generally found on higher-bandwidth
oscilloscopes, such as delayed sweep, variable
holdoff, etc. However, B+K Precision offers a
deluxe 30 MHz oscilloscope with many of the
advanced features described here, including
delayed sweep, component test, Y-axis output,
and Z-axis input. This scope is Model 2125A.

Dela yed Sweep

The delayed sweep feature permits the operator
to magnify a portion of the trace for closer
examination. While this can be done by using
the horizontal magnifier as mentioned

range of applications and measurements goes
up as the bandwidth does, and the availability of
advanced features also increases. Basic
oscilloscopes such as those discussed so far
are generally 20 MHz or 30 MHz units. Higher
bandwidths include 40 MHz, 60 MHz, 100 MHz,
and beyond. The features discussed in the next
section usually imply a minimum bandwidth of
40 MHz.

Using an Oscilloscope with 1 millivolt
Sensitivity

Many oscilloscopes have a X5 MAG (5 times
maghnification of the vertical input signal) feature.
With X5 magnification, the 10 mV/div attenuator
setting becomes 2 mV/div sensitivity, and the 5
mV/div attenuator setting becomes 1 mV/div
sensitivity. At these high sensitivity settings,
special care must be taken for reliable low level
measurements. Keep the following points in
mind when measuring very low level signals.

* Placement of the ground clip may become
critical if the signal ground circuitry carries
appreciable current. Voltage differences of
several millivolts are common from one side
of a chassis to another. Attach the ground
clip to a ground point nearest the point of
signal measurement (the probe tip). This
usually gives the smallest error. You may
need to move the ground clip as you move
the probe to other points of measurement.

* It may be difficult to eliminate the pickup of
stray 60 Hz signals, especially in high
impedance circuits. Be sure to use shielded

ADVANCED ANALOG OSCILLOSCOPES

previously, delayed sweep provides higher
orders of magnification, many more degrees of
magnification, and the means to observe both
the magnified and original waveforms
simultaneously.

The feature is called "delayed sweep" because
the magnification is achieved by delaying the
beginning of the trace for a period determined
by the operator. After this delay, the sweep then
runs at a speed which the operator sets via a
second Time Base control, separate from the
main Time Base. By adjusting both the delay
time and the sweep speed, the operator varies
the position and the width of the magnified

test cables. If necessary, shield the area
around the probe tip.Wideband
measurements become more difficult at 1
mV/div and 2 mV/div because of the inherent
thermal noise of electronic

components. The trace may appear "fuzzy"
or wide and out of focus.

« Noise that appears as peaks or spikes may
be caused by electromagnetic pickup of
external interference, such as automotive
ignition, computer clock pulses, etc. Such
noise may also cause erratic triggering. If
possible, shield the unit under test from
external interference.

» Radio interference may be picked up in
strong RF signal areas, such as a nearby
AM broadcast station, CB radios, or other
transmitting devices. Unshielded probes and
test cables can act as antennas to magnify
this type of interference.

* Use the lowest sensitivity possible for the
measurement. Do not use 1 mV/div
sensitivity if the measurement can be made
at 5 mV/div sensitivity. Perhaps the probe
can be switched to X1 instead of using X5
MAG, however, be aware that the probe’s
bandwidth is sharply reduced at X1 and its
input impedance is much lower.

« Thermal drift may be apparent at high
sensitivity if the test connections are across
a semi-conductor junction or two dissimilar
metals. The trace may drift as the junction
temperature changes.

portion.

The delayed sweep (often referred to as the B
sweep) begins immediately after the delay
period selected by the operator is over.
Adjustment range of the delay time is
"continuous".

Note:

To obtain meaningful results with delayed
sweep, the delayed sweep must be set to a
faster sweep speed than the main sweep. This
makes sense, since we are magnifying a portion
of the original waveform.

12
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1. lnitially s=i the unil for nommal swesp
oparation. Cn most units this will be called
i, and is mesd likely laund a8 a pesilion
of a “Sweap” moda saiich,

2, Connact a signal to one of tha input
channels. You may want to stay in single
chanmal mode, 1o svokd cutter of oo many
el on e soreen. Sl lhe
gelknscopa as usual far & nommal, steble
display.

3. Tum on defayed sweep operalion. On moasl
units this ks & poskion labakad “MEET ontha
"Swesp® mode awilch.

4. The display will show the main sweep on the
laft porticn of tha race and the delayed
wweasn on the right partion of the (race,
shown im Fig. . The main ssaep portion |s
ususally brighter than the delaysd swesp
|porticin.

5, Tha beginning point of the dalayed swesp
can be adjusbed usirg the "Delay Time"
oninal,

6, Tha delayed sweep only may ba vewad by
wailching (b "Sweep” mode swilch b the
“Dieday” position.

Variable Hobdoff

& “hokdof™ perod cccurs Immedishaly after tha
complelion of sach sweap and s a pericd
during which nggering of tha maxt seeen is
inhilitesd. The normal holdoll peniod vanes will
swaap rate, but kB adequets o assure complata
refrace and stabilizalion bedon: the nexd Swveep
trigger |s permitied, Some scopes provida a
Fleldall comrel that allows This period b be
exfended by a vanablie amount, I desired,

_-‘-l!-l

Fig. 7 Delayed sweap display.

The Holdodf controd s used when a complo
gafias of pUlsas appaars perodicaly, such a8 in
Fig. Ba, improper sync may produce & double
image, as in Fig. 8. Such a display could be
synchronized by adjusiing the Vanable Time
Basga comnirad, bul this is impraciical bacause
fime mersurements woukd fhen be uncalibrabed,
Hewever, aynichronization can be achievad with
the Holdaff control, The sweep speed remains
the aame, bt the iiggening of thi nest sweep i
“hakd off* for the duration selected by thi Holdaff
el

Component  Test

Some gacilkoacopes ncluda a componen teal
funcion. In this mode, normal sweep is disabled
and a componant best patiamm i desplayed, A
sine wener st signal is available at a pair of test
jack= on fhe cedlloacope. Using test leads, this
sine weve signal is applied to tho componant
undar test. The componsnt may be oUt-of-cincui

A Holdedf wsed

UL

B, HoldoH mol msed

Fig. 8b Use of HOLDOFF control.

or in-pircull on a non-powered chassis. The
clizplayed patlerm [sgnature] is & dyramis plol
of the impedance of the component with a sine
wiane signal applied. This: tesl tachnigue is vany
effective ai lccating defeciive componenis, The
prrafermed method of ealing i o uss paltems
from & kncren-good chasses for refemence,
Shorted, open, and leaky components produce
patiems vary dssimiar from rederence patiems.
oo componants prodiuce patteims Kanbical or
wary similar to ihe reference patterns. Fig. %
ghoig. 2oames Typical patlermes uaing oomponent
tast.

Other Advanced Feastures

-Axis Output

Thiez Teabura alows @ aampha of the vertical
signal {usualy channel 2, but may be channed 1
o some oacilloscopes) o be umad extemally.
The cutput signal is buffered from a low
impedance solnoa, uaiEally 50 ohims, The
amplituche of the Y-avis cuiput is usually 50
milivolts par dision of the varical defiaction
span on the screen of the CRT when berminaied
i 50 chims. Whan unterminatad

{or terminated into & high im pedance), the
oltpl &= 100 madiv. The Y-axis outpul alkows
the: pscillescope o be used &5 & wideband
pragmplilier. Qs bypical appication & to amplity
a low leved signal adequately ko dive a
frequency countar. A 10 m\y peak-to-peak signal
{sbout 3.6 my rms) is not adeguate bo drive
inced requancy couriters, howevar, it i ancugh
b give fepn warfical divisions amplitude an an
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oscilloscope set at 5 mV/div sensitivity. With two
divisions deflection on the CRT, the output of
the Y-axis output (terminated into 1 megohm
input impedance of most counters) is 200
millivolts peak-to-peak or 71 millivolts rms. This
is plenty to drive the frequency counter solidly.

Z-Axis Input

This feature is sometimes called intensity
modulation. When a signal is applied to the
rear-panel Z-Axis input jack, the electron beam
(which produces the scope display) varies in
intensity according to the amplitude of that input.
Thus, the display can be intensity modulated in
a manner similar to a video or television display.
Usually, the front panel Intensity control can be
adjusted so that TTLlevels at the Z-Axis jack
turn the beam on and off completely. The
polarity of the modulation depends on the
particular model of scope. Some displays grow
brighter with a more positive voltage; others
require a more negative voltage for a brighter
display.

Beam Finder

This convenience feature helps you to find a
trace that may be off the area of the screen.
Beam Finder compresses the trace and "pulls" it
into the CRT area, so that you may know in
which direction the trace is off screen, Don’t
keep this momentary function on for too long,
however; it also puts the trace at full intensity to
help you locate it..

Bandwidth Limiter

On higher-frequency scopes, this switch allows
the bandwidth to be scaled down. For example,
a 100 MHz unit might offer a limiter that reduces
it to 20 MHz. This feature is useful for filtering
out higher-frequency noise, such as radio
frequency interference, when using the scope
for lower-frequency measurements.

Scale Illlumination

This is a control, placed near the scope display,
which causes the graticule to be illuminated for
visibility in dark environments. This is usually
done with small light bulbs placed around the
perimeter of the display. The control varies the
intensity of the illumination. The graticule is
composed of a reflective substance that evens
out the illumination over the total area of the
grid

DIGITAL STORAGE OSCILLOSCORPES (DSO)

Description

The digital storage oscilloscope, or DSO, is a
recent major development in the oscilloscope
field. Instead of merely displaying a waveform
on the CRT as it occurs, as does a standard
analog oscilloscope, the DSO digitizes the
incoming signal, stores it in memory, then
continuously displays the contents of the
memory on the screen. This enables the
operator to capture and view one-time events,
including activity immediately before the event
itself (pre-trigger capture). DSOs are also
excellent for displaying slow events that are
difficult or impossible to view on standard
analog oscilloscopes. DSOs can also store
repetitive waveforms in memory, as well as one-
time or slow waveforms, and transfer them to a
plotter for future reference.

Although DSOs vary widely in features and
operation, most DSOs include the basic features
described in the following discussion, which is
based on B+K Precision Model 2522B. The
Model 2522B is a "hybrid" unit that can operate
in conventional analog mode or in digital storage
mode. The hybrid approach is often an
advantage over full digital models in simplifying
setup. The hybrid models can be adjusted in the
familiar analog mode, then switched to digital
storage operation for the actual waveform
capture.

Digitizing One-time Events

One of the most powerful features of a digital
storage oscilloscope is its ability to capture one-
time events. To do this, single-sweep operation
is employed, using the Single and Reset (or
Arm) button. When the Reset button is pressed,
it readies the digital storage circuit to receive a
trigger signal—presumably the event to be
captured or some other time-related occurrence.
When the event arrives, it is stored in memory
and displayed.

Capture of one-time events is an ideal use for a
hybrid DSO. The triggering adjustments can be
made in analog mode, and then the actual cap-
ture done in digital. The procedure is as follows:

1. Set the scope to analog mode. Set the
Trigger Level control for normal (not auto)
triggering, and adjust the level so that the unit

triggers on the event to be captured. This
usually involves making the event occur a
few times with the scope in analog mode.
Using normal triggering is important because
even though the event may be too brief to
readily observe in analog mode, it will cause
one sweep to cross the screen in normal
triggering mode. This is helpful in getting the
Trigger Level set correctly.

2. Press the Storage switch to enter the storage
mode.

3. Press the Single button, then the Reset
(or Arm) button. The Ready indicator (or
Armed indicator) lights while waiting for the
trigger signal and goes off when the trigger of
the one-time event occurs.

4. The one-time event that has been captured in
memory is displayed continuously until Reset
is pressed again to capture another one-time
event or until the mode is changed.

Pre-trigger and Post-trigger Vie w

One of the big advantages of a DSO is its ability
to view occurrences before the trigger, or
pre-trigger view, as well as occurrences after the
trigger, or post-trigger view. For example, not
only can a voltage spike be observed, but
perhaps the activity that caused it. In a
conventional analog oscilloscope, the sweep
begins at the trigger. Thus, only post-trigger
events can be viewed. In DSOs, waveform
recording does not begin with the occurrence of
a trigger, it is continuous. Rather, the trigger
determines where the waveform recording
stops. The operator can set the trigger to occur
at the beginning of the memory (0% pre-trigger),
at the middle of the memory (50% pre-trigger),
or at other points in the memory (25% and 75%
pre-trigger with Model 2522B). Fig. 10a shows a
waveform with 0% pre-trigger, and Fig. 10b
shows the same waveform with 50% pre-trigger.
Note that in Fig. 10b, observance of the time
period immediately before the trigger is
possible.

Digitizing Repetitive Events

Though the capture of one-time events is
probably the most powerful aspect of a DSO,
many units can also digitize conventional
repetitive waveforms, such as those observed
on a standard analog scope. To do this, a DSO
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| Pigy 3V 20m3 | Pagg 2V 20m3
a. normeal h. Showing pre-irigger dotn.
Fig. 10 Caplure of a cone-time event,
uses what |5 commonty refened o as a Roll Mode Other DSO Modes

"Refresh” mode, whensn the wasslorm is slamed
BNesw B85 asch ngger signal armives,

Mibeiigh analog seapes are Usually adedqiae bo
wiew rapetiive avents, soma such signals can
b sierwvesd and measuresd mosh mors effectively
on a D50, For exampla, 8 siow skgnal balow 60
Hz may appear as a Nickering wavalonmm or jusl
& mosing dot on sn analog seope. This sama
signal would be rerdered as a Bright, ron-licks
&Fing, assily-viewad wavalorm on a D50, Or
aain, @ signal with & kow repeifion rale relatie
o the swaep rete may be oo et for Wesing
o @i analeg Unil Of a DS0, ihe display s
equivalant 1o a CRT with infinks persistence; tha
wasElonm may be easily vewed.

Typical use of Refresh mode i o foll eas:

1. Sal up ihe osoclliooope o vew & paniodia
waeioem i anakig opershing moda,
fudjust the conlrols Tor a stable wavelom.

2. Press e Slorge bultan. The waveform
gppears on the display, relatively unchengad
froes thes prenvioissly displayed analog
wersion.In this moda the dsplay is cortinually
il s long as & suilable iigger signal
remedns presant.

3, Pressing the Save All button at any ima
*“Tneemes” the curmenl wavelom an (e soresn
fow further chsenmtion.

In this mode of operation, the wavefomn ols
acnoss the screen from right io lefl (as opposad
toy the standard left io right irace} in e same
manner 8 mosl 2iip chan recsders. i most
cammanly used for viewing very slow seanis,
Typical aparation i e Tollows:

1. Sat up the osciloscops in analog modea 80
that the event o be cbsereed is properdy
peasitioned on e display. Yoo may wish to
use Auto Iriggering 5o that the scope
continues lo desw a frace even il the avent is
especialy siow.

2. Prass the Storage button to enber the storage
e,

3. Press the Roll butien.

4. Salact a Time'DNy satting that produces & noll
a the desired speed, As the sweep spead &
cecreased, the wavetom will move acioss
the screen mone skowly and the Rol festure
will becaome mone appanent. bn the Roll mode,
the: Timum'Div seting is typically siowed by a
factor of 100 by using the =how X100 buthan.

. Thee roling display can b fro@an ab sy ime
by pressing the Save All button.

COther feahaes which may be found on digital
shorage osciloscopes are brially discusaed here.

Save Operslion

Whean wavedonmes ame acouined, they are siomd
in memory, which is resvigad al asch ripger
oooumancs in Refesh mode, or at each anming
in Singke moce.

Prassing the Save Al Dution will Save the wave-
farm in memeey. | remains there, mgardess of

oparating made, until e soapa is shut off or iha
user purpasely ovenwrites it with another wawe-

fonm.

The Sawd CHE Button cam be usad to caphiie a
wereafomm for reference. For example, 8 wave-
fonm Traim & Known-goad piace of aquipment San
be applied fo channel 2 and caplured in e
Redrash moda. Then, he Sawe CHE button can
b pressed bo freege the waeliorm on the
pefean. Mext, & wasalorm rom the same point
in the equipment under test can b captured on
charmal 1. The wasalomns can be sompanad to
detarmine whether e waselorm on charnel 1
ig normal,

Plat ouwtpul

The captured wawaforms from a DED can be
permananily recordad for fulune raference by
transfrwing the memany oulput o an analag
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plotter. First, the waveforms are frozen by
pressing the Save All button. Then, an analog
plotter can be connected to the channel 1
output, channel 2 output, and Pen Down output
jacks on the rear panel of the DSO. When
interconnected, plotting can begin by pressing
the Plot button. The plot cycle is one screenful
on (pen down) and the next screenful off

(pen up). The Pen Down indicator lights for the
entire pen-down period of the plot cycle.

Unique Characteristics of DSOs

Digital storage oscilloscopes use a digital
sampling technique to convert analog signals to
a series of digital words that can be stored in
memory. Digital sampling has disadvantages as
well as advantages, and it is important to be
aware of these unique characteristics of DSOs.
Real Time Sampling and Aliasing

The DSO uses a technique called Real Time
Sampling at sweep speeds slower than about
20 ms/div. Real Time Sampling simply means
that samples of the input signal are taken at
equal spaces (e.g., every 0.25 mS when the 50
mS/div range is selected). With Real Time
Sampling, a phenomenon called "aliasing” can
occur when the input signal is not sampled often
enough. This causes the digitized signal to

appear to be of a lower frequency than that of
the input signal. Unless you have an idea what
the input signal is supposed to look like, you will
usually be unaware that aliasing is occurring.

To see an example of aliasing, connect a 10
kHz signal to a DSO, set the Time/Div setting to
50 mS/div, and put the scope in Refresh mode.
You should see about five divisions displayed.
Now change the Time/Div setting to 20 mS/div,
and slightly alter the frequency of the input
signal. If you do this carefully, you should be
able to obtain a display that shows just a few
cycles at this low sweep speed. If you calculate
the frequency now, it appears to be something
like 50 Hz or below, which is obviously incorrect.

This occurs because the DSO is taking samples
too slowly to accurately render the waveform on
the CRT, possibly one sample per cycle of the
input signal. If the input frequency is set just
right, the samples come at a slightly different
point on each cycle, resulting in a waveform that
appears to be valid but in fact is not.

Aliasing can occur whenever at least two
samples per cycle are not taken (whenever the
Time/Div setting is much too slow for the input
signal). Whenever the frequency of the input
signal is unknown, always begin with the fastest

sweep speed, or view the waveform in analog
mode first.

Viewing of one-time events poses no problem
with aliasing because aliasing can occur only
with repetitive waveforms.

Equivalent Time Sampling

On sweep speeds of 10 mS/div or greater, many
DSOs use a sampling method known as
Equivalent Time Sampling. This method permits
viewing of repetitive waveforms of frequencies
higher than the scope’s sampling rate. When
Equivalent Time Sampling is active, one sample
is taken during each cycle. Of course, if that one
sample is taken right at the trigger point on each
cycle, a flat trace would be produced. Therefore,
it is necessary to take each sample further (in
time) from the trigger point than the last sample.
This incremental delay is determined by the
sweep Time/Div setting. To construct a complete
waveform on the screen, the scope must sam-
ple as many cycles of the input signal as there
are bytes in its memory.

Only repetitive waveforms should be observed
in this mode. Irregularities that are present on
an otherwise repetitive waveform are not likely
to show up; with only one sample per cycle,
glitches and other irregularities will most likely
be skipped over.
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