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PART |. SCOPES, CONTROLS, & PROBES

You can measure almost any-
thing with the two-dimensional
graph drawn by an oscillo-
scope. In most applications the
scope shows you a graph of
voltage (on the vertical axis)
versus time {on the harizontal
axis). This general-purpose
display presents far more infor-
mation than is available from
other test and measurement in-
struments like frequency coun-
ters ar multimeters. For exam-
pie, with a scope you can find
out how rmuch of a signal is di-
rect, how much is alternating,
how much is noise (and whather
or not the noise is changing with
time), and what the frequency of
the signal is as well. Using a
scope lets you see everything at
once rather than requinng you to
make many separate tests.

Most electrical signals can be
easily connecled 1o the scope
with either probes or cables
And then for measuring non-
electrical phenomena, trans-
ducers are available. Transduc-
ers change one kind of energy
into another. Speakers and
microphones are two examples.
the first changes eleclrical en-
ergy to sound waves and the
second converts sound into
electricity. Other typical trans-
ducers can transform mechan-
ical stress, pressure, light, or
heat into efectrical signals. You
¢an see that given the proper
transducer, your test and mea-
surement capabilities are al-
maost endless with an ascillo-
scope.

Making measurements is
easier if you understand the
basics of how a scope works.
You can think of the instrument in
terms of the funchional blocks il-
lustrated in Figure 1: vertical sys-
tem, trigger system, horizontal
System. and display system.
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THE BASIC OSCHLOSCOPE mists most general form has anly feur luncticnal Blocks.
varhcal horizorta, dagger and Zisplay sysiems (and sometmes sectcns) The
display system is also someumes calied the TRT {for cathode-ray kel section.

Each is named forits function.
The vertical system controls the
vertical axis of the graph; any-
time: the electron beam that
araws the graph maoves up or
down. it does so under control of
the vertical system. The honzon-
tal system controls the left to
right moverment of the beam.
The trigger system determines
when the oscilloscope draws, it
triggers the beginning of the
horizantal sweep across the
screen. And the display system
containg the cathode-ray tube,
where the graph is drawn.

This part of the primer is di-
vided into chapters for each of
those functional blocks. The
controls for each block are
named first. and you can use a

two-page. fold-out Hlustraton of
a Tektronix 22134 front panel at
the back of the primer 1o locate
thern on your scope. Next the
controls and ther functions are
described, andg at the end of
each chapter there are hands-
Gn exercises using those con-
trols.

The lastchapterin this section
describes probes. When you
finish reading these five chap-
ters, you'll be ready to make fast
and accurate osculoscope
measurements.

But before you turn on your
scope. remember that you
should always be careful when
you work with electrical equip-
ment. Observe alf safely pre-
cautions in your test and mea-
surement operations. Always

plug the power cord of the
scope into a properly-wired re-
ceplacie before connecting
your probes or turning on the
scope; use the proper power
cord for your scope, and use
only the carrect fuse. Don't re-
move the covers and panels of
your sCope.

Now fold out the front panel
itustration at the back of the
primer, sothatitis visible as you
read. Use the foldout and follow
Exercise 110 initialize (set in
standard positions) the scope
comtrols. These slandaro set-
tings are necessary so that as
you follow the directions on
these pages, you'll see the
same thing onyour scope's CRT
as is pictured or described hera.
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Exercise 1. INITIALIZING THE SCOPE

Use the foldout figure and cail-
outs tofocate the controls men-
Honed here.

1. DISPLAY SYSTEM CON-
TROLS: Set the INTENSITY con-
trof at midrange (about haffway
from either stop). Turn the
FOCUS knob completely
clockwise,

2. VERTICAL SYSTEM CON-
TROLS: Turn the channef 1 PO-
SITION control completely
counterciockwse, Make sure
the fefthand VERTICAL MODE
switch is set to CH 1. Move both
channel VOLTS DIV switches to
the least sensitive setting by
rotating them completely coun-
terclockwise. And make sure
the center, rect CAL controls are
focked in their detents at the cx-
tfreme clockwise position. input
coupling switches shoufd be set
to GND.

3. HORIZONTAL SYSTEM
CONTROLS: Make sure the
HORIZONTAL MODE switch /s
set to NO DLY for no delay. (I
you're using a 2215A, move the
switch ta the A sweep position. )
Rotate the SEC/DIV switch to 0.5
mulilsecond (0.5 ms) Make sure
the red CAL {variahie) switch in
the center of the knob s 1n s
detent position by moving
completely clockwise. And push
mon the CAL switch to make
sure the scope 1s notin a magni-
fied mode.

4. TRIGGER SYSTEM CON-
TROLS: Make sure the CAL

HOL DOFF controf is set (o its full
counterclockwise poston Sel
the tngger MODE button (22154
ATRIGGER MODE) on P-P
AUTO And move the tngger
SOURCE switch (A SOURCE on
a 2215A) to INT (interrial) and the
INT selaction switch (A&B INT
ona 22154 to CH1.

Alter following the steps i
Exercise T, you should plug your
scope into a properly-grounded
outlet and turn it on. With a Tek-
tronix 2200 scope, there's no
need to change the scope's
poOwer supply settings 1o match
the local power fine; the scopes
operate on main power from 80
to 250 Vac at 48 to 62 Hz.



CHAPTER 1. THE DISPLAY SYSTEM

The oscilloscope draws a graph
by moving an electran beam
across a phosphor coating on
the inside of the CRT {cathode-
ray tube). The resultis a glow for
a short time afterward tracing

the path of the beam. A grid of
lines etched on the inside of the
taceplate serves as the refer-
ence for your measurements;
this is the graticufe shown in
Figure 2,
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Figure 2.

THF GRATICULE w5 a gnd of hngs lypeally

elched or silk-soreenenr on the insice of

the CRT faceplate Putling the graticule inside . — or the same prang as the race
drawr by the gleciion bearm ard not onthe cutsice of the glass - - eliminates
Medsueme inacouracies cailes paralias errors Parallax errors ocoud when the

frace and the gratcule ase ondifferert planes andthe observer s shiftad shghtly frarm

the direct hre of sight, Theugh different sized CRT's may be used graticules dre

usuaily laid cutinan 8x 10 pattern Each of

she eight vertical and tenhanzontzl ines

block off major divisions (o just dvisionsh of the screen The labelng on scope
contrnls always sefers (o major devisions The sk marks onthe center graticule lines
represe~l aor Jivisions or subdivisicns Since rise Hme Measuemenis anm very
comman 2200 Series scope graticu’es include »se ime measarement markings
dashed hnes for 0 ard 100% poicts. and labelec graticule ines for 10 and 90%

Commaon contrals for display
systems include intensity and
focus; less often, you will also
find beam finder and frace rota-
tion controls. On a Tektronix
2200 Series instrument they are
all present, grouped next to and
or the nght of the CRT. At the top
of the greup is the intensity con-
trol. The TRACE ROTATICN
adjustment s under that, and
then the beam finder {BEAM
FIND}. Under the probe adjust-
ment jack is the focus control.
The functions of these controls
are described below and their
positions on the Tektronix 22134
Portable Qscilloscope are illus-
trated by the foldout illustration
at the rear of the booklet.

Beam Finder

The beam finder is a conven-
ience control that altows you to
locate the electron beam any-
time it's off-screen. When you
push the BEAM FIND button,
you reduce the vertical and
horizontal deflection voltages
{more about deflection voltages
latery and aver-ride the intensity
control so that tha beam always
appears within the 8 x 10-
centimeter screen. When you
see which quadrant of the
screen the beam appears in,
you'll know which directions to
turn the honzontat and vertical
POSITION controls to reposition
the trace on the screen for nor-
mal aperations.

Intensity

Anintensity control adjusts the
brightness of the trace. It's
necessary because you use a
scope in different ambient light
conditions and with many kinds
of signals. Forinstance, on
square waves you might want to
change the trace brightness to
look at different parts of the
waveform because the slower
horizontal components will al-
ways appear brighter than the
faster vertical components.

Intensity controls are also use-
ful because the intensity of a2
trace is a function of both how
bright the beamis and how long
it's on-screen. As you select dif-
ferant sweep speeds (a sweep
is one movement of the electron
beam across the scope screen)
with the SEC/DIV switch, the
tbeam ON and OFF times
change and the beam has more
ar less time to excite the phos-
phor,

On most scopes, you have to
turn the intensity up or down to
restore the initial brightness. On
the 2200 Series scopes, how-
ever, the aulomalic intensity cir-
cuil compensates for changes
in sweep speed from 0.5 milli-
seconds (0.5 ms) to 0.5 micro-
seconds (0.5 ps). Within this
range. the automalic circuit
maintaing the same trace inten-
sity you initially set with the
INTENSITY control.

Focus

The scope’s eiectron beam is
tocused on the CRT faceplate
by an electnical grid within the
tube. The focus control adjusts
that grid for optimum trace
focus. Ona 2200 scope, the
AUTO FOCUS circuit maintains
yvour focus sethings over most
mtensity settings (0.5 ms to
0.5 us).



Trace Rotation

Another disptay contral you'il
find on the front panel of a 2200
Series instrument is TRACE RO-
TATION. The trace rotation ad-
justment allows you to electri-
cally align the horizontal deflec-
tion of the trace with the fixed
graticule. To avoid accidental
misalignments when the scope
isin use, the control is recessed
and must be adjusted with a
small screwdriver.

If this seems like a calibration
itemn that should be adjusted
once and then forgotten, you're
right; that's true for most oscillo-
scope applications. But the
earth's magnetic field affects
the trace alignment and when a
scope is used in many different
positions — as a service scope
will be — it's very handy to have
a frant pane! trace rotation ad-
justment.

Using the Display Controls
The display system and its con-
frots are shown as functional
blocks in Figure 3. Use Exercise
2 to review the display controls,

Figure 3.

THE DISPLAY 5¥STEM of your scope
consists of the cathade-ray ube and its
controls. To draw the graph of your mea-
surements. 1he vertical system of the
scope suppliesthe Y, or vertical. coordi-
rates and the horizontal system
suppiesthe X coordinates. There s alsoc
aZ dimensian in a scope, it determines
whether grnol the electren beamis
turned on and how kright it is whenit's
on.
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Exercise 2. THE DISPLAY SYSTEM CONTROLS

in Exercise 1 you initiafized your
scope and turned on the power,
Now you can find the display
System controfs fabefed on the
foldout front panel ifustration
and usé them as you folfow
these instructions.

1. BEAM FIND: Locate the posi-
tion of the efectron beam by
pushing and holding in the
BEAM FIND button; then use the
channel 1 vertical POSITION
knob to position the frace on the
center horizontal graticule line.
Keep BEAM FIND depressed
and use the horizortal POSI-
TION controf to center the trace.
Aefease the beam finder

2. FOCUS: The trace you have
on the screen now should be out
of focus. Make it as sharp as
possibie with the FOCUS
controd.

3. INTENSITY: Set the brightness
at a fevel you fike.

4. Vertical POSITION. Now you
can use the vertical POSITION
controf io line up the trace with
the first major division fine above
the center of the graticule.

8. TRACE ROTATION: Use a
small screwdriver and the
TRACE ROTATION control to ro-
tate the trace in both directions.
When you finish, align the trace
paraltetto the horizontal division
line closest to it. (After setting
the trace rotation, you may have

to use the vertical POSITION
controf again to align the trace
on the graticule line.)

You have used aff the scope’s
display systemcontrols. ifatthe
end of one of these chapters
you're not going (0 go on imme-
diately, be sure to turn your
scope off.



CHAPTER 2. THE VERTICAL SYSTEM

The vertical system of your
scope supplies the display sys-
tem with the Y axis — or vertical
— information for the graph on
the CRT screen. To do this, the
vertical system takes the input
signals and develops deffection
voltages. The display system
then uses the deftection volt-
ages to control — deflect —the
glectron beam.

The vertical system also gives
you achoice of how you connect
the input signals {called cou-
pling and described below).
And the vertical system pro-
vides internal signals for the
trigger circuit {described in
Chagpter 4}. Figure 4 illustrates
the verlical system schemati-
catly.

Some of he vertical system
controls — see the foldout front
panelillustration for their loca-
tions — are: vertical position,
sensitivity, and input coupling.

Because all 2200s are two-
channel scopes, you will have
one set of these switches for
each channel. There are also
two switches for choosing the
scope's vertical display mode
and one control that aliows you
toinvert the polarity of the chan-
nel 2 signal.

For the exercises in this chap-
ter, you'll need a 10X probe like
the Tektronix P6122 10X Probes
supplied with every 2200 Series
sCope.

Vertical Position

Your scope's POSITION controls
let you place the trace exactly
where you want it on the screen.
The two vertical POSITION con-
trols (there's one for each chan-
net) change the vertical place-
ment of the traces from each
verticat channgt the horizontal
POSITION control changes the
horizontal position of both
channels at ocnce.

Input Coupling

The input coupling switch for
each vertical channel lets you
control how the input signal is
coupfed to the vertical channel.
DC (the abbreviation normally
stands for direct current) input
coupling lets you see all of an
inputsignal. AC {afternating cur-
rent) coupling blocks the con-
stant signal components and
permits only the alternating
components of the input signal
toreach the channel Anillustra-
tion of the differences is shown
in Figure 5.

The middle position of the
coupling switches is marked
GNO for ground. Choosing this
position disconnects the input
signal from the vertical system
and makes a triggered display
show the scope's chassis
ground. The position of the trace
onthe screen inthismodeisthe
ground reference level. Switch-
ing from AC or DC to GND and

backis a handy way to measure
signal voltage levels with re-
spect to chassis ground. (Using
the GND position does not
ground the signal in the circuit
you're probing.)

Vertical Sensitivity
Avolts!/division rotary switch
controls the sensitivity of each
vertical channel. Having differ-
ent sensitivities extends the
range of the scope’s applica-
tions; with a VOLTS/DIV switch,
a mullipurpose scope is capa-
ble of accurately displaying sig-
nal levels from millivolts to many
volts.

Using the valis/division
swilch to change sensithvity also
changes the scale factor, the
value of each major division on
the screen, Each setting of the
control knoby is marked with a
number that represents the
scale factor for that channel For
example, with a settingof 5V,
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Figure 4.

THE WERTICAL SYSTEM of a Textromix 2200 Series scope consists of two identical

channels thaugh cnly one is shownin the

drawing. Each ¢hannet has circuils to

coupie an inpul signas 16 that channel. attenyate (reduce) the input signal when

necessary preamglify it delayit. and finally amplfy the signal for use by the display

systerm The delay line lets you see the beginming of a waveform even when the

sSCOPE s nggenng on i,



each of the eight vertical major
devisions represents 5 volts and
the entire screen can show 40
volts from bottom to top. With a
VOLTS/DIV setting of 2 milli-
volts, the screen can display 16
mY from top [0 bottom.

If you pronounce the "/ in
VOLTS/BIV as "per” when you
read the setting. then you'lt re-
member the seiting is a scale
factor; for example, read a 20
mV setting as “20 millivolts per
division.”

The prabe you use influences
the scale factor. Note that there
are two unshaded areas under
the skirts of the VOLTS/ DIV
switches. The right-hand area
shows the scale factor when you
use the standard 10X probe. The
left area shows the factorfora X
probe,

Variable VOLTS/DIV
The red CAL control in the cen-
ter of the VOLTS/DIV switch pro-
vides a continuously variable
change in the scale factor to a
maxirmum greater than 2.5times
the VOLTS/DIV setting.
Avanable sensitivity controlis
useful when you want to make
quick amplitude compansons
on a series of signals. You could,
for example. take a known sig-
nal of aimost any amplitude and
use the CAL control to make
sure the waveform fits exactly on
major division graticuie lines,
Then as you used the same ver-
tical channel to look at other sig-
nals, you could quickly see
whether or not the later signals
had the same ampilitude,

Channel 2 Inversion

To make differential measure-
ments (described in Part 1), you
have to invert the polarity of one
of your input channels. The IN-
VERT control on the vertical
amplifier for channel 2 provides
thus facility. When you push it in,
the signal on channel 2 is in-
verted. When the switch is out,
both channels have the sarme
polarity.
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Figure 5.

VERTICAL CHAMMNEL INPUT COLUPLING CONTROLS let you choose AC and JC
input coupling and ground OC coupling connects the entirs inpu? signal to the
ver:calchannel AC caupling blocks constant signal compaonents and only con-

necls alternating componerts tothe vertizal channe! The GHND positicn disconnects

the input signal and shows you the scope’s chagsis ground level AC coupling s
handy when the entire signal (alternahing plus canstant components) might be tos
large dor the VOLTS/DIV swiatch settings you want 10 a case like this. you might see

somethung lika the first phato, But eliminating the ¢irect companent allows you to laok

al the alternatng signal with a VOLT S DIY setting that is more convenient as in the

second photo

Vertical Operating Modes
Scopes are more useful if they

have more than ona vertical dis-

play mode, and with your Tek-
tronix 2200, you have several
controlled by two VERTICAL
MODE switches: channel 1
alone; channel 2 alone: both
channels in either the alternate
or chopped mode; and both
channels algebraically
summed.

To make the scope display
only channel1, use the CH1 po-
sition on the left-hand switch.

Todisplay only channel 2, use
the CH 2 position on the |eft-
hand switch.

To see both channels in the
alternate vertical mode. move
the iefi-hand switch to BOTH
{which enables the right-hand
switch) and then move the
right-hand switch to ALT Now
you can see both channels
since the signais are drawn al-
ternately. The scope compietes

a sweep on channel t.then a
sweep on channgl 2, and so on.
To display both channels in

the chop mode. you move the
left-hand switch to BOTH and
the right-hand one to CHOP In
the chop mode, the scope
draws small parts of both sig-
nals by switching back and forth
at afast fixed rate while your
eves fillinthe gaps.



THE VERTICAL SYSTEM conr

Both chop and alternate are
provided so that you can ook at
two signals at any sweep speed.
The alternate mode draws first
one trace and then the other, but
not both at the same time., This
works great at the faster sweep
speeds when your eyes can't
see the alternaling. To see two
signals at the slower sweeps,
you need the chop mode.

If you want to see the two input
sighals combined into one
waveform on the screen, use
BOTHon the left-hand and ADD
on the right-hand switch. This
gives you an algebraically-
combined signal: either channel
1 and 2 added, (CH 1) + (CH 2);
or channel T minus channe! 2
when channel 2 is inverted,
(+CH1U +(-CH2).

Alternate Sweep Separation
On the 2215A dual time base
scope, there 15 also a sweep
separation control: A/B SWP
SEPR Its used to change the
position of the scope’s B sweep
Iraces with respect to the A
sweeps. Using the A/B sweep
separation in conjunction with
ihe vertical POSITION controts
lets you place all four traces (two
channels and two time bases)
on the screen so that they don't
overlap. (Dual ime base scope
measurerments are described n
Chapter 9)

Figure 6.

THE TEKTRONIX PB122 10X PHOBE connects 1o the BNC connector of erther char-
nel 1 {shownj or 2, unlike the photo, the probe s grourd strap is usually connecigd 1o
the ground af the circuit you are working on The grabe adjustment jack is labeled
FROBE ADJUST and is located near the CRT conteals on The front panel

Using the Vertical Controls
Before using the vertical system
controls, make sure all the con-
trols are positioned where you
left them at the end of the last
chapter:

« INTENSITY and FOCUS set far
a bright, crisp trace,

+ trigger SOURCE {A SOURCE
on the 2215A) switch on INT
and the INT (2215A; A&B INT)
switchon CH 1,

» trigger MODE (22154A; A
TRIGGER MODE) button on
PP AUTO,

» trigger VAR HOLDOFF controi
in its extreme counterclockwise
positian;

« SEC/DIV (2215A: Aand B
SEC/DW) switch to 0.5 ms;

+ both channel VOLTS/DIV
switches on 50V (10X probe
reading);

+ both CAL VOLTS/DIV switches
in their detents at the extreme
clockwise position;

= input couphng levers in GND;
= VERTICAL MODE is CH 1,

» and HORIZONTAL MODE is

NQ DLY (2215A mode is A).

Now connect your 10X probe
onthe charnnel 1 BNC connector
on the front panel of your scope
(BNC means "bayonet Neill-
Concelman”: named for Paul
Neill, who developed the M
Series connector at Bell Labs,
and Carl Conceiman. who
developed the C Series con-
nector.)

Put the tip of the probe into the
PROBE ADJ jack. Probes come
with an ailigator-clip ground
strap that's used to ground the
probe to the circuit-under-test,
Clip the ground lead onto the

collar of the channel 2 BNC
connectar as shown in Figure 8.

LUse the callouts on the foldout
figure to remind yourself of the
control locations and follow the
diractions in Exercises 3 1o re-
view the vertical system con-
trols,
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Exercise 3. VERTICAL SYSTEM CONTROLS

Compensating Your Probe

1. Turn on the scope and move
the CH TVOLTSIDIV switch
clockwise to 0.5V remember
the PE122 /s a 10X probe, so use
the VOLTS/DIV readout o the
rrght.

2. Switch the channel Tinput
coupling to AC.

3. i the signal on the screen ismn't
steady, hurn the trigger LEVEL (A
TRIGGER LEVEL on the 2215A)
controf untif the signal stops
moving and the TRIG'D light is
on. {Use the FOCUS contral if
you think you can get the signal
sharper, and INTENSITY ta
adiust the brightness. )

4. Next, compensate yous
probe. There's a screwdriver ad-
justment on the cormpensation
box at the base of the probe,
furn it until the tops and bottoms
of the square wave on the
screen are flat. (There's more in-
formation about probes and
compensation in Chapter 5.}

Controlling Vertical Sensitivity
1. The probe adjustrment signal
18 & square wave of approxi-
mately 0.5 volts, and the scale
factor for channet 1 is now a
half-volt per division. Al this set-
ting every major division on the
screen represents half a voit.
Use the channel 1 vertical POSI-
TION control fo tine up the bot-
tom edge of the waveform with
the center graticule line. The
tops of the square wave should
be just touching the next magor
division line, proving the probe
adjustment signal is approxi-
mately Q.5 volts. (Note that the
probe adjustment signalis not a
critical circuit in the scope; this
is why the square wave is ap-
proximately 0.5 volts )

2. Turn the YOLTS/DIY switch
two rmore click stops to the right.
The channel 1 scale factor is
now 0.1 volts!division, and the
signal - stifl haff a volt —is now
about five major divisions in
ampfitude.

3. Turn the CALVOLTS/DIV con-
trofto the feft. That will take it out
of jts calibrated defent position
andlefyou see its effect. Since it
reduces the scale factor =2
times, the signal should be less
than two major divisions in
amplitude with this controf all the
way to the feft. Ifil fsi't exactly
that, don’'t worry. The variable
voltsidivision controls are used
to compare signals. not make
amplitude measurements, and
consequently the exactrange of
variation isn't critical. Return the
variable controf to its detent.

Coupling The Signal

1. Switch your channel 1 input
coupiing to GND and position
the trace on the center graticuie.
Switch hack to the AC coupfing
position. Nole that the waveform
is centered on the screen. Move
the CH 1 VOLTS!DIV switch
back to 0.5 voits and note that
the waveform is st centered
around the zero reference line.

2. Switch to DC coupling. The
top of the prabe adjustmen! sig-
nal should be on the center
graticute fine and the signal
should reach to the next lower
major division. Now you can see
the difference between AC and
DC coupling. AC coupling
blacked the constant part of the
signat and just showed you a
half-volf, peak-to-peak, square
wave centered on the zero ref-
erence you set at the center of
the screen. But the DC coupling
showed you that the constant
component of the square wave

was all negative-going with re-
spectio ground, because in DC,
all signal components are con-
nected to the vartical channel.

The Vertical Mode Controls

1. So far you've been using your
scope o see what channel 1 can
tell you, but that's only one of
many possitie vertical modes,
Look at the trace for channel 2
by moving the scope’s left-most
VERTICAL MODE switchto CH
2. The input coupling for chan-
nel 2 shoutd stilt be GND at this
point, so what you'll see 15 the
ground reference line. Line up
this trace with the graticule line
second from the top of the
screen with the channel 2
POSITION control.

2. Mow mave the lever on the
left-hand vertical mode switch (o
BOTH. That fets you pick one of
the vertical modes controffed by
the right-hand side vertical
mode switch, move it to ALT.
You've just sefected the alter-
nate vertical mode. In this mode,
your scope alternates between
the signals an channel 1 and 2,
drawing one complete sweep
on channal 1 first, and then
drawing a complete sweep on
channel 2. You can see this
happening when you siow down
the sweep speed, so move the
SECIDIYV swiich left to 0.1 sec-
onds per division. Now you can
see the two dots from the AC-
coupled channel 1 move across
the screen for one sweep, Then
the single dot frorm channe/ 2 witl
move actoss the screen. The
paintis that in the alternate
made each channel is drawn
completely before the scope
swilches to the other channel.

3. Turri the SEC/DIV switch back
to 0.5 ms and switch to CHOP as
your vertical mode. The display
fooks a lot ke the alternate
mode, but the way its achieved
is entirely different. In alternate,
you saw that one channel’s sig-
nal was completely written
before the other started. When
you're locking at slow signals
withi your scope, that can be a
bother because only one trace at
a time will be on-screen. in the
chop mode, however, the scope
switches back and forth very
quickly between the two traces
50 that a fittle part of each s
drawn before going on (o the
next. When you look at the
screen, both signals seem con-
tinuous because the scope s
“chopping" back and forth at a
very fas!t rate —approximately
500 kHz in the 2200 Series. You
can see the chopping if you pick
a very fast sweep speed. Move
the SECIDN switch to 10 ps.
Now the display shows broken
tines bacause of the chopping.
CHOF is most useful far slow
sweep speeds, and ALT for
faster sweeps.

4. Move the SECIDIV switch
back to 0.5 ms. There's one
rmore vertical mode: ADD. In the
add rmode, the two signals are
algebrafcally summed (either
CH! ~CH2 orCH1 —-CHZ2
when channel 2 is inverted). To
see it in operation, move the
right-hand VERTICAL MODE
switch to ADD. Now you can see
the combined signal roughly
hatfway between where the two
separate sighals were.



CHAPTER 3. THE HORIZONTAL SYSTEM

To draw a graph, your scope
needs horizontal as well as ver-
tical data. The horizontal system
of your scope supplies the sec-
ond dimension by providing the
deflection voltages to move the
electron beam horizontally. And
the horizontal system contains a
sweep generator which pro-
duces a sawtocoth waveform, or
ramp (seeFigure 7}, thatis used
to control the scope's sweep
rates.

it's the sweep generator that
makes {he unigue functions of
the modern oscilloscope possi-
ble. The circuit that made the
rate of rise inthe ramp linear —a
refinement pioneered by Tek-
tronix — was one of the most
important advances in oscil-
lography. It meant that the hori-
zontal beam movement could
be calibrated directly in units of
time. That advance made it pos-
sibte for you to measure time be-
tween evenls much mare accu-
rately on the scope screen.

Because it is calibrated in
time, the sweep generator is
often called thetime base. Itlets
you pick the time units, obsery-
ing the signal for either very
shart times measured in
nanoseconds or microseconds.
or relatively long times of several
seconds.
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THE SAWTCOTH WAVEFORM 15 a woltage ramp produced by the swesp genaralor

The rising portian of the waveform s catled the ramp, the falling edge isthe retrace:

#nd ihe time etween ramps s the hindoff time The sweep of the electron beam

across the screenof a seope s controlled by the ramp ara the eture of the Geam to

the 1eft side of the screen takes place during the retraze

}

PEFLECTION
VOLUTAGE

The horizontal system con-
trols of a Tektronix 22134 scope
are shown in the foldout figure;
the honizontal POSITION control
is near the top of the panel, and
the HORIZONTAL MODE con-
trol is below it; the magnification
ancl variable sweep speed con-
troi is a red knob in the center of
the SEC/DIV switch; at the bot-
torn of the column of horizontal
system controls are the DELAY
TIME switch and the delay time
MULTIPLIER. The dual time
base 2215A has two concentric
SEC/DIV controls, and a B
DELAY TIME POSITION control
instead of the delay time switch
and multiplier. (The scope con-
trols that you use to position the
starl of a detayed sweep are
also often called delay time mul-
tiptiers or DTMs.}

Horizontal Position

Like the vertical POSITION con-
trals, you use the horizontal
POSITION control to change lhe
location of the wavetorms on

the screen.

Horizontal Operating Modes

Single time base scopes usu-
ally have only one horizontal
operaling mode, but the 2213A
offers normal, intensitied. or
delayed-sweep operating
modes. Dual time base scopes
like the 2215A usually let you
select either of two sweeps. The
A sweep is undelayed (like the
sweop of a single lime base
instrument), while the B sweep is
started after a delay time. Addi-
tionally, some scopes with lwo
time bases—and the 2215A s
an exarmple again ---let you see
the two sweeps at once: the A
sweep intensified by the B
sweep, and the B sweep itself.
This is called an alternate hori-
zontal operating moge.

Onty the normat horizontal
operating mode ts used In these
first few chapters, sc leave your
scope’s HORIZONTAL OPERAT-
ING MODE switch in NO DLY
{no delay) on the 2213A and A
{for A sweep only) on the 2215A,
Chapter 9, in the second section
of this primer, describes how to
make delayed sweep
measurements.

Sweep Speeds

The seconds/division switch
lets you select the rate at which
the beam sweeps across the
screen; changing SEC/DIV
swilch setlings allows you 1o
look at langer or shorter time
intervals of the input signal. Like
the vertical system VOLTS/DIV
switch, the controls markings
refer to the screen's scale fac-
tors. If the SEC/DIV setting is 1
ms, that means that each hori-
zontal major division represents
1 ms and the total screen will
show you 10 ms.

On the 22154 which has two
tme bases, there are two SEC/
DIV cortrols. The A sweep offers
all the settings described below:
the SEC/DIV switch for the
delayed B sweep has settings
for 0 05 ps/div to 50 ms:div.



Altthe instruments of the Tek-
tronix 2200 Series offer sweep
speeds from a half-second for
each division 10 0.05 us!
division. The markings appear-
ing on the scopes are:

55  halasecand
s {1 2 second
1s Q.1 second
50ms SGmilhseconds
10.05 second;
20ms 20 milhseconds
[0 32 second}
10 milksecands
{03 {1 second}
£ relliseconds
({1 005 secand]
2 rmiili seconds
(30032 second}
1 milsgzond
10001 second)
half a milsecord
(00005 secand)
2my I 2millisesnrd
(0 0002 second)
1 1 millsecend
[0 0001 second)

10 ms

Hrry

2ms

1z

g

EQuu  BO-ucroseconds
[0 00005 secand)
20us  20-nicioseconcs
(0 GRO0Z srcond)
10ps 13microseconds

1006001 second)
Sus Smicrogeconds

[0 BODO0S second)
2ps 2microseconds

10 0003602 second)
Tes  1micrasecand

0 DOHNM socond)
Sus  hail a micrasecond

{0 Q0OG005 second)
2us 0.2 microsecand

(G O03I002 secand)
Tws 01 mecrasecand

(7 Q000001 second)
N5ps 005 microsecands

{0.00000005 second)

Scopes also have an XY set-
ting on the SEC/DIV switch far
making the X-¥ measurements
described in Chapter 8.

Variable SEC/DIV

Besides the calibrated speeds,
you can change any sweep
speed by turning the red CAL
controlin the center of the
SEC/DIV switch counterclock-
wise. This control slows the
sweep speed by al least 2.5:1,
rmaking the slowest sweep you
have 0.5 seconds x 2.5, or 1.25
seconds/division. Remember
that the detent in the extreme
clockwise direction is the cali-
brated position.

Horizontal Magnification
Most scopes offer some means
of horizontally magnifying the
wavetorms on the screen. The
effect of magnification is to mul-
tiply the sweep speed by the
amount of magnification. On
2200 Series scopesthergis a
10X heorizontal magnification
thal you engage by pulling out
on the red CAL switch. The 10X
horizontal magnification gives
you & sweep speed ten times
faster than the SEC/ DIV switch
setting; far exampte, 0.05 us!
division magnified is a very fast
5-nanosecond!division sweep.

The 10X magnification is use-
ful when you want to logk at sig-
nals and see details that occur
vary closely together in fime.

The DELAY TIME and
MULTIPLIER Controls

This switch and dial are used in
conjunction with gither the in-
tensified or delayed-swoep
horizontal operating modes in
the 2213A. These fealures are
described later under "Delayed
Sweep Measurement” in
Chapter 9

The B DELAY TIME POSITION
Control

Thig calibrated 10-turn dials
used to position the baginmng
of the B sweep relative to the A
sweep in a 2215A. Its uses are
described under “Delayed
Sweep Measurements” in
Chapter 8.

Using the Horizontal Controls
As you can see in Figure 8. the
horizontal system can be di-
vided into two functional blocks:
the harizontal amplifier and the
sweep generator.

VERTICAL

SECTION

Z-pXIS

SIGNAL

™ 10
CRT

J-\ RiGaer| | sweer
SYSTEM GENERATOR
e-Ec/ Dwv

Figure 8.

TRIGGER HOLDOFF

MOPE

HORIZONTAL SYSTEM comiponents include the sweep generator and the harizestal amplhfier. The sweep gencratar produces a
sawtooth wavelorr that is processed by the ampltier and appied 1o the harizontal deflection plates of the CHT The hanzonlal
syslemalso provides the Z axis ol the scope: the Z axis determines whether or vl the evsctior bearnis furned on — and how bright

itis when it's on

1"



THE HORIZONTAL SYSTEM conr

To famitiarize yourself with the
horizontal systerm controls, fol-
low the directions in Exercise 4
and refer to the foldout for con-
tral locations. First, make sure
the front panel controls have
these settings:

« the SEC/DIV switch ison 0.5
ms;

« the trigger SOURCE (A TRIG-
GER SOURCE on the 2215A} is
INT, INT (22154 ARB INT) is
onCH 1,

« the trigger MODE (2215A; A
TRIGGER MQODE} is P-P AUTO;

= the channel 2 INVERT switch is
out {ng signal inverting);

« and HORIZONTAL MODE is
MO DLY (A on the 221540

Exercise 4. THE HORIZONTAL SYSTEM CONTROLS

1. Switch the VERTICAL MODE
to CH1andthe CHTVOLTS/DIV
setting to 0.5 voll. Be sure your
probeis connectedto channel |
and the PROBE ADJ jack Turn
On your scope and move the
channe! T input coupling lever to
GND and center the signal on
the screen with the POSITION
control. Switch 1o AC coupling.
2. Mow you can use the horizon-
tal system of youwr scope to fook
at the probe adjusirnent signal.
Move fthe waveform with the
horizontal POSITION control
until one rising edge of the
wavelorm is lined up with the
center vertical graticule.
Examine the screen to see
where the feading edge of the
next pufse crosses the horizon-
tal center line of the graticule.
Count major and minor graticule
markings along the cenler hori-
Zontal graticule and remember
the number.

3. Change sweeps to 0.2 ms,
line up a rising edge with the
vertical graticule on the left
edge of the screen and count to
the next rising edge. Because
the switch was changed from
0.510 0.2 ms, the waveform wilf
took 2.5 times as long as before.
Of course, the signal hasn't
changed, only the scale factor,
4. In the middle of the SEC!DIV
switch is the red variable con-
trol; in its counterclockwise de-
tent, the settings of the SECOHV
switch are calibrated. Move the
controf from its detent to see ils
effect on the sweep speed. Note
that now the cycles of the wave-
form are approximately two-
and-a-half times smalter. Return
the CAL controf to its detent.

5. Move the SEC DIV switch to
0 5ms and then pulf out the red
CAL controf. This gives you a
10X magnification of the sweep
speed. Inother words, every

setting on the SEC/DHV switch
will result i a sweep that's ten
times faster: for example, the
sweep now s .05 ms/division,
not 0.5 ms.

6. While your scope is magnify-
ing the probe adjustment signal,
use the horizontal POSITION
conlrol. 5 range is now mag-
mified as well, and the combina-
tion of magnified signal and
POSITION control gives you the
ability to exarmine small parts of
awaveform in great detail. Re-
turm your scope fo is nomal
sweep speed range by pushing
the CAL switch in.

CHAPTER 4. THE TRIGGER SYSTEM

Se far you've found that the dis-
play syslem draws the wave-
torms on the screen, the vertical
system supplies the vertical in-
tormation for the drawing, and
the horizontal syslem provides
thetime axis Inother words. you
know how the oscilloscope
draws a graph; the only thing
missing is the "when": when
should the other circuits of your
scope start drawing the signal.
and when shouldn't they?

12

The whenisthe triggerand it's
important far a number of rea-
sons. First. because getting
time-refated information is one
of Ihe reasons you Use a scope.
Equally important is that each
drawing start with the same
“when”

Obviously the graph drawn an
the screen isn't the same one all
the time you're watching. If
you're using the 0.05 ps SEC!
DIV setting. the scope is draw-

ing 1 graph every 0.5 us (0.05
psidivision times ten screen di-
visions). That's 2.000,000
graphs every minute (not count-
ing retrace and holdoff times,
whichwe’llgetta shortly). Imag-
ine the jumble on the screen if
each sweep starled at a differ-
ent place on the signal.

But each sweep does start at
the right time — if you make the
right trigger systern control set-
tings. Here's how it's done You
telt the trigger circuit which trig-

ger signal to select with the
source switches. With an exter-
nal signal. you connect the trig-
ger signal to the trigger syslem
circuit with the external coupling
controls. Mextyou set the trigger
circuit to recognize a particuiar
voltage level on the trigger sig-
nal with the slope and levei con-
trols. Then everytime that level
occurs, the sweep generator is
turned on. The process is dia-
grammed in Figure 9.



THE TRIGGER SYSTEM

PART |

Figure 9,

TRIGGERING GIWYESYOU A STABLE DISPLAY because the same lrigger point starls
the swaepeachtime Stope and level controis dafing the trigger points on the trigger
signal. When you look ¢ @ waveform an the screen. you're seeing all those sweeps
overlad ird o what appears to be one picture

tnstruments like those in the
Tektranix 2200 Portable Oscillo-
scope family offer a variety of
trigger controls. Besides those
already mentioned. you also
have controls that determine
how the trigger system operates
(trigger operating mode) and
how long the scope waits be-
tween triggers (holdoff).

The controt positions are illus-
trated by the foldoul at the end
of the primer. All are located on
the far right of the front panel. On
the 2213A, the variable trigger
holdoff (VAR HOLDOFF) 1s at the
top. and immediately below it 15
the rigger MODE switch. Below
that the trigger SLOPE and
LEVEL controls are grouped.
Then a set of three switches con-

trals the trigger sources and the
external trigger coupling. At the
botlom of the column of trigger
controls is the external trigger
input BNC connector.

On duai time base 22154
scopes, there is a slightly differ-
ent control panet fayout be-
cause you can have a separate
trigger for the B sweep.

Trigger Level and Slope
These controis define the trigger
point. The SLOPE control de-
termines whether the trigger
pointis found on the rising ar the
falling edge of a signal. The
LEVEL control determines
where on that edge the trigger
paoint occurs. See Figure 10

SLOPE (ONTROV
ATIVE

LEVEL

QgL BTV

Flgure 10,

SLQOPE AND LEVEL CONTROLS determine where an the tngger signal the trigger
actually nccurs. The SLOPE contral specifies either a positive (also called the rising
o positive-gomng) edge or on anegative {falling or negative-going) edge. The LEVEL
control allows you o pick where on the selected adge the trigger event wilitake
place.




THE TRIGGER SYSTEM con

Variable Trigger Holdoff

Not every trigger event can be
accepted as a trigger. The trig-
ger system will not recognize a
trigger during the sweep or the
retrace, and for a short time af-
terward called the holdoff
period. The retrace, as you re-
member from the last chapter, is
the time it takes the electron
beam o return to the left side of
the screento start another
sweep. The holdoff period pro-
vides additional tirme beyond
the retrace that is used to ensure
that your display is stable, as
iliustrated by Figure 11.

Sometimes the normal holdoff
period isn't long enough to en-
sure that you get a stable dis-
play; this possibility exists when
the trigger signal is a complex
waveform with many possible
trigger points onit. Though the
waveform is repetitive, a simpie
trigger might get you a series of
patterns on the screen instead
of the same pattern each time.
Digital pulse trains are a good
example; each pulse is very
muchlike any other, sothere are
many possible trigger points,
not all of which resultin the same
display

What you need now is some
way to control when a trigger
point is accepted. The variable
trigger holdoff control provides
the capability {The controlis ac-
tually part of the horizontal sys-
term — because it adjusts the
holdoff time of the sweep
generator — but its function
interacts with the trigger con-
trals ) Figure 12 diagrams a sttu-
ation where the variable holdoff
is useful.

Trigger Sources

Trigger sources are grouped
into two categories that depend
on whether the trigger signal is
provided internally or externally.
The source makes no difference
in how the trigger circuit oper-
ates, but internali triggering usu-
ally means your scope is trigger-
ing on the same signal that it is
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TRIGGER HOLDOFF TIME ensures valid triggering. In the drawing only the labeled
poirs starl the display because no tngger can be recognized duiing the sweep ar
the retrace and holdoff period. The retrace and haldeft Umes are necessary because
the electron beam must be returned (o the left side ot the screen afted the sweep. and
because 1he sweep generator needs reset ime. The CRT 2 axisis bfanked between
sweeps and unblanked during sweeps.
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Figure 12,

THE VARIABLE HOLDOFF CONTROL
lets you make the scope ignore some
potential frigger points Inthe example.
allthe possible trigger points in the input
signal would result:n anunstable dis-
ptay. Changing the holdoff time to make
sure that the tngger point apprears on
the same pulse in each repetition of the
inpui signal is the only way o ensure a
stable waveform.




displaying. That has the obvious
advantage of letting you see
where you're triggering.

Two switches on the front
panel (labeled SOURCE and
INT) determine the trigger
source. The internal triggering
sources are enabled when you
move the SOURCE lever to INT
In this position, you can trigger
the scope on the signal from
gither channel, or you ¢an
switch to VERT MODE.

Triggering on one of the
channels works just fike it
sounds: you've set the scope to
trigger on some part of the
waveform present on that
channel.

Using the VERTICAL MODE
setting on the internal source
switch means that the scope's
VERTICAL MOOE switches de-
termine what signal is used for
triggering. If the VERTICAL
MQODE switches are setat CH 1,
then the signal on channet 1
triggers the scope. If you're look-
ing at channel 2, then that chan-
nel triggers it. If you switch to the
alternate vertical mode. then the
scope looks for triggers alter-
nately on the two channels. lf the
vertical mode is ADD, then CH 1
+ CH 2 is the triggering signal.
And in the CHOP vertical mode,
the scope triggers the same as
in ADD, which prevents the in-
strument from triggering on the
chop frequency instead of your
signals.

You can see that vertical
mode triggering is a kind of au-
tomatic source selection that
you can use when you must
switch back and forth between
vertical mades to look at differ-
ent signals,

But triggering on the dis-
played signal isn't always what
you need, so external triggering
i5 also available. It often gives
you more control over the dis-
play. To use an external trigger,
yau set the SOURCE switch to
its EXT position and cornnect the
triggering signal to the BNC
connector marked EXT INPUT

on the front panel. Occasions
when external triggering is use-
ful often occur in digital design
and repair; there you mightwant
to look at a long train of very
similar pulses while triggering
with an external clock or with a
signal from another part of the
circuit.

The LINE position on the
SOURCE switch gives you
another triggering possibility:
the power line. Line triggering is
useful anytime you're looking at
circuits that are dependent on
the power line frequency.
Examples include devices like
light dimmers and power
supplies.

These are all the trigger
source possibilities on a 2200
Series scope:

Swilch Positicns

Tngger Saurce SOURCE INT
chanmet 1 onky IMNT CH1
channal 2 only INT CH2
external EXT disabled
line LINE disabled
vettical mode INT YERT MQDE
{either channel

tor 2 or bathy

Trigger Operating Modes
The 2200 Series trigger circuits
can operate in four modes: nor-

. mal, autornatic, television, and

vertical mode.

One of the most useful is the
normal trigger mode {marked
NORM on the MODE switch)
because it can handle a wider
range of trigger signals than any
other triggering mode. The nor-
mali mode does not permit a
trace to be drawn on the screen
if there's no trigger. The normal
mode gives you the widest
range of triggering signals: from
DC to 60 MHz.

in the automatic mode
{labeled P-P AUTO on the front
panel}. a trigger starts a sweep.
the sweep ends and the holdoft
period expires. At that point a
timer begins to run; if ancther
trigger isn't found before the
tirer runs out, a trigger is gener-
ated anyway causing the bright
baseline to appear even when
there 1s no waveform on the

channel. In the 2200 Series, the
peak-to-peak automatic mode 1s
a signal-seeking auto mode.
This means that for most of the
signals you'll be measuring, the
auto mode witl match the trigger
level control to the trigger signal.
That makes it most unlikely that
you will set the trigger level con-
trol outside of the signal range.
The P-P AUTO mode lets you
trigger on signats with changing
voltage amplitudes or wave-
shapes without making an
adjustment of the LEVEL control.

Another useful operating
mode is television triggering.
Most scopes with this mode let
you trigger on tv fields at
sweeps of 100 ps/division and
slower, and tv lines of 50 ps/div
or faster With a 2200 Series
scope, you can trigger on either
fields or lines at any sweep
speed; for tv field riggering, use
the TV FIELD switch position,
and for television fine triggering.
use the TV-LINE or P-P AUTO
setting.

You'll probably use the normal
and automatic modes the most
often. The P-P AUTO because it's
essentially totally automalic.
and normal because it's the
most versatile. For example. it's
possibie to have a low fre-
guency signal with a repetition
rate that is mismalched to the
run-out of an automatic mode
timer; when that happens the
signal will not be steady in the
auto mode. Moreover, the auto-
matic signal-seeking mode
can't trigger on very low fre-
quency trigger signals. The
normal mode, however, will give
you a steady signal at any rep
rate.

The last 2200 Series trigger
operating mode, the vertical
mode, is unigue in its advan-
tages. Selecting the VERT
MODE position on the INT

switch automatically selects the

trigger source as you read in
“Trigger Source” above. It also

makes alternate triggering pos-

sible. In this operating mode,

the scope triggers aiternately on
the two vertical channels. That
means you can look attwo com-
pletely unrelated signals. Most
scopes only trigger on ong
channel or the cther when the
two signals are not synchro-
nous.

Here's a review of the 2200
trigger modes:

Tngyert
Cperating Made  Swich Setings

NOPM on the MODE switch
PF AUTC on the MOOE
swilch

Ty FIELD on the MOOE
swilch

TWLINE an the MGOE swich
WERT MCGOE onthe INT
switch

normal
aulormanc

1elevision field

telgvision 'ing
verbcal mode

1!
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Triggering Coupling

Just as you may pick either al-
ternating or direct coupling
when you connect an input sig-
nal to your scope’s vertical sys-
tem, you can select the kind of
coupling you need when you
connect a trigger signal to the
trigger system's circuits. For
internal triggers, the vertical
input coupling selects the trig-
ger coupling. For external trig-
ger gignals. however, you must
select the coupling you want:;

Apphoabiong

Coupling

e OC couples al efements of thg
trigqgering signal {both AL and
CC) tz Ine tnigger circuil

[0 with It you want [3C coupling and

alienuahtn the external trgoer is too large
for Ihe trigger system, move
the TRIGGER COUPLING
switch to s DG+ 10 seting.

AL This coupkng Blocks DC

camponents ol the Ingoer
signas and couples orly the AC
camponents

Using the Trigger Controls
To review what you've lgarned

about the trigger circuit and its
controls (shown schematically
in Figure 13), first make sure all
your controls are in these posi-
fions:

» 0.5 VOLTS/DIV on channel 1
and CAL inits detent position;

= AC vartical coupling;

= CH 1 on the VERTICAL MODE
switch;

+ 0.5 ms sweep speed and no
magnification or vanable
SEC/DIV,

* your frigger settings should be
P-P AUTO for MODE, INT for
SOURCE, and CH 1 for INT

Turn your scope on with the
probe connected to the channel
1 BNC connector and the probe
adjustment jack. Use the toldout
figure to remind yourseif of the
control locations and follow the
directions in Exercise 5.

1R

Figure 13.

THE THIGGER CIRCUIT AND IT5 CON-
TROLS are shown inthe diagram above
Trigger source describes whether or not
the trigger signalis internal or éxternalto
the scope Coupling cantrals the cor-
nection of an external frigger to the frig-
ger circuit. The level and slope controls
deterrmine where the tngger peent will be
anthe igger signal And the rmode con-
trol determines the aperations af the
trigger circuit

L] vorizonaL

w —
VERTICAL
SECTION
INTE
Toashs
EXTERNAL
TROGERS TRIGGEER.
COUPUNG SOURCE F LEvEL.
SLOPE
Mope

CECTVOM

Exercise 5. TRIGGER CONTROLS

1. Move the trace to the right
with the horizontal POSITION
control until you can see the
beginning of the signal {you'lf
probably have to increase the
intensity to see the faster vertical
partof the waveform). Watch the
signal while you operate the
SLOPE control, i you pick +, the
signal on the screen starts with a
rising edge; the other SLOPE
control position makes the
scope trigger on afalling edge.

2. Now move the LEVEL control
back and forth through aff its
fravel, you'll see the leading
edge chimb: up and down the
signal. The scope remains
nggered because you arg
using the P-P AUTO selting.

3. Turn the MODE switch to
NORM. Now when you use the
LEVEL control to maove the trig-
ger point, you'll find places
where the scope is untriggered.
This is an itustration of the es-
sential difference between nor-
mal and avtornatic friggering.

4. You can also see the differ-
ence between the two tnggering
modes by using channel 2, even
with that channel coupled to
GNO for ground. Change both
the vertical display mode and
the INT (2215A: A&GB INT)
switches to CH 2. With NORM
triggering, theres no signal.

with P-P AUTO youlf see the
baselne. Try it.

5. Without a trigger signal
applied to the EXT INPUT BNC
connector, it's impossible o
shaw you the use of this trigger
source. but the trigger MODE,
SLOPE, and LEVEL controls will
ait operate the same for either
thternal or external triggers. One
difference between internal and
external sources, however, is
the sensitivity of the trigger cir
cutt. All external sources are
measured in voltage (say, 150
millivaits) white the internal
sources are ratedin divisions. In
ather words, for internal signals,
the displayed amplitude makes

a difference. Now change the
VERTICAL MODE and INT
switches back to CH1. and
switch to the NORM mode. Use
the LEVEL controf and notice
how much control range there
is. Now change the CH 1
VOLTSIDIV switch to 0.1 V and
use the LEVEL control. There's
more controf range now.

6. The alternate-channelitrigger
ing with vertical mode triggering
can't be demonstrated without
two unrelated signals on the
channels, but youtt find it

useful the first time such an
gccasion comes up You can
take anather look at the dif-
ference between the normaf and
auto trigger aperating modes.
Move the LEVEL control stowfy in
the NORM mode untit the scope
1s untnggered. Now switch the
trigger operating mode to P-P
AUTO and note that the wave-
form s aufornatically triggered.

e S



CHAPTER 5. ALL ABOUT PROBES

PART |

Connecting all the measure-
ment test points you'll need to
the inputs of your ascilloscope is
best done with a probe like the
ong iflustrated in Figure 14.
Though you could connect the
scope and circuit-under-test
with jusl a wire, this simplest of
all possible connections would
not let you realize the full
capacities of your scope. The
connection would probabily load
the circuit and the wire wouid
act as an antenna and pick up
stray signals — 60 Hz power,
CBers, radio and tv stations —-
and these would be displayed
on the screen along with the
signal ofinterest,

Circuit Loading

Using a probe instead of a bare
wite minimizes stray signals, but
there's still an effect from putting
a probe in a circuit called circudt
foading. Circuit loading modi-
fies the environment of the sig-
nals in the circuit you want to
measure; it changes the signals
in the circuit-under-test, either a
tittle or fot, depending on how
great the loading is,

Circuit loading is resistive,
capacitive, and inductive. For
signal frequencies under 5 kHz,
the most important component
ofloading isresistance. To avoid
significant circuit loading here,
all you needis a probe with a
resistance at least two orders of
magnitude greater than the cir-
cuitimpedance (100 M{} probes
for 1 MG sources; 1 MIL probes
for 10 k) sources, and so on).

When you are making mea-
surements on a circuit that con-
tains high frequency signals, in-
ductance and capacitance be-
comeimportant. You can't avoid
adding capacitance when you
make connections, but you can
avoid adding more capacitance
than necessary.

Onewaytodothatis to use an
attenuator probe; its design
greatly reduces loading. In-
stead of loading the circuit with
capacitance from the probe tip

plus the cable plus the scope's
own input, the 10X attenuator
probe introduces about ten
times less capacitance, as little
as 10-14 picofarads {pF). The
penalty is the reduction in signal
amplitude from the 10:1
attenuation.

These probes are adjustable
to compensate for variations in
oscitlpscope input capacitance
and your scope has a reference
signal avaifable at the front
panel. Making this adjustment is
calledprobe compensation and
you did it as the first step in
Exercise 3 of Chapter 2.

Rermember when you are
measuring high frequencies,
that the probe's impedance {re-
sistance and reactance)
changes with frequency. The
probe’s specification sheet or
manual will contain a chart like
that in Figure 15 that shows this
change. Ancther paint to re-
member when making high fre-
guency measurements is to be
sure to securely ground your
probe with as short a ground
clip as possible. As a matter of
fact, in some very high fre-
quency applications a special
socketl is provided in the circuit
and the probe is plugged into
that.

Measurement System
Bandwidth

Then there is cng more probe
characteristic to consider:
bandwidth. Like scopes, probes
have bandwidth limitations;
each has a specified range
within which it does not at-
tenuate the signal’s amplitude
maore than —3 dB (0.707 of the
ariginal value). But don't as-
sume thata 60 MHz probeand a
60 MHz scope give you a 60
MHz measurement capability.
The combination will approxi-
mately equal the square root of
the sum of the squares of the
risetimes (also see Chapter 10).

Figure 14,

FROSES COMMNECT THE SCOPE &AND THE CIRCUIT-UNDER-TEST Takimni« probes
consisl of a patented resishve cabe and a grounded shield Two PE172 probes a-d
"¢ accessanes piciured above are supplied with every 2200 Senes scope The
probe s ahighimpedance, mewmum ‘gading 10 X passive prebe The accessories
tar each probe (lameft te ngrti are a grabbarip for ICs and small dameter leads, a
relractable rook tip, and G 1ester bz cover. an insulating graund cover. marke-
trands: and (0 the center) the g-ound ea

For example, if both probe and
scope have rise times of 5.83
nanoseconds;

you use the particutar probe de-
signed for that instrument. For
example. in the case of the 2200
Series scopes and the PG122
10X Passive Prabe, the probe
and the scope have been de-
signed to function together and
you have the tull 60 MHz band-
width at the probe tip.

Tr tsystem — Y Trztscnuel + T!z{mobe:
T, =V34134

That works out 10 8.25
nancseconds, the equivalent {o
a bandwidth of 42.43 MHz be-
cause:

350

¢ lnanosecands;

BW, meganertss =

To get the full bandwidth from
your scope, you nead more
bandwidth from the probe. Or

17



ABOUT PROBES cox

Probe Types

Generally you can divide probes
by function, into voitage-
sensing and current-sensing
types. Then voltage probes can
be further divided into passive
and active types. One of these
should meet your measurement
requirements,

18

PROBE TYPES CHARACTERISTICS

1X passive,
voltage-sensing

Mo signal reduction, which allows the maxmuom sensibvity
al the proke tip; limited bandwidths: 4-34 MMz, high capacnance:

32-112 pF; signal handhng to 500 V

FOAA00 K 1O00K
passive.
vollage-sensmng.
allenuator or 20 kY {1000X)
active,
vollage-sensing
FET B bandwidths to 900

Current-sensing

Atlenuates signails; bandwdihs to 300
MHz; adjustable capacitance; signal
handlirg to 500 W (10%). + 5 kY (100X}

Switchable atteruation. capacitance as low as 1.5 pF, more
expensive. less rugged than other types; imited dynamic range; bu!
Hz; mirimum circuit lcading

Measure currents bom 1 o810 1000 A, DC 10 50 MHz, very low loading

‘highvollage Signal handkng 1o 40 k¥ -
™ \\
100K N \
) 10K
p3
6 1K \\
1 0 10
FreQUENCY (MAz)
Figure 15.

FPROBE IMPEDANCE IS RELATED TO FRECIVENCY as shownn the tatle atove.
The curves plot both resistance (R and reactance (X)inohms aganst requanay in
megahertz The plol shown is far the Tektrorix PE122 probe on & 1-meter catle

Picking A Probe

For most applications, the
probes that were supplied with
your scope are the ones you
should use. These will usually
be attenuator probes. Then, to
make sure that the probe can
faithfully reproduce the signal
for your scope, the compensa-
tion of the probe should be ad-
justable. If you're not going to
use the probes that came with
your scope, pick your probe

based on the voitage you intend
to measure. For example, if
you're going to be looking at a
50 volt signal and your largest
vertical sensitivity is § volts, that
signalwill take up tervmajor divi-
sions of the screen. Thisis a
situation where you need at-
tenuation; a 10X probe would
reduce the amplitude of your
signa!l to reasonatile propor-
tions.

Proper termination is impor-
tant to avoid unwanted reflec-
tions of the signal you want to
measure within the cable,
Probe/cable combinations de-
signed to drive 1 megohm
(1 M1} inputs are engineered to
suppress these reflections. But
for 50 (Y scopes, 50 £} probes
should be used. The proper
termination is also necessary
when you use a coaxial cable
nstead of a probe. lf youuse a
50 {} cable and a 1 M(} scope,
be sure you also use a 50 (3
terminator at the scope input.

The probe's ruggedness, its
flexibility, and the length of the
cable canalso be important (but
remember, the more cable
length, the more capacitance at
the probe tip). And check the
specifications to see if the
bandwidth of the probe is suffi-
cient, and make sure you have
the adapters and tips you'll
need. Most modern probes fea-
ture interchangeable tips and
adaptors for many applications.
Retractable hook tips let you at-
tach the probe o most circuit
components. Other adaptors
connect probe leads to coaxial
connectors or slip over square
pins. Alligator cfips for contact-
ing large diameter test points
are another possibility.

But for the reasons already
mentioned (probe bandwidth,
loading, termination), the best
way to ensure that your scope
and probe measurement sys-
tern has the least effect on your
measurements is to use the
probe recommended for your
scope. And always make sure
it's compensated.



PART IlI. MAKING MEASUREMENTS

The first five chapters described
how 1o select the exact oscillo-
scope functions you need to
make the measurements you
want. Now you can put what
you've learned into practice with
this section of the primer.

It begins with a review of
waveform shapes and charac-
teristics in Chapter 6. Then the

discussions in Chapter 7 start
with safety because you should
always observe safety precau-
tions when working on electrical
equipment.

The first step in ensuring ac-
curate measurements is making
sure your scope is set up prop-
erly, and this subject is dis-
cussed in Chapter 8.

Chapter 9 discusses mea-
surement techniques, begin-
ning with fundamental time and
amplitude measurements and
ending with deiayed sweep
measurements.

The last chapter in the primer
describes oscilloscope per-
formance and how it affects your
measurements.

CHAPTER 6. WAVEFORMS

The definition of a wave is "a
disturbance traveling through a
medium” while the definition of a
waveform is “a graphic repre-
sentation of a wave.”

Like a wave, awaveform is
dependent on two things:
movement and time. The ripple
on the surface of a pond exists
as a movement of water in time.
The waveform on your scope's
screen is the movement of an
electron beam during time.

The changes in the wavetorm
with time form the waveshape,
the most readily identifiable
characteristic of a waveform.
Figure 16 illustrates some com-
mon waveshapes.

Figure 16,

BASIC WAVE SHAPES inctude sine
waves, and various non-sinusoidal
waves such as angie waves, square
waves, and sawlonth waves A sguare
wave has equal amounis of tirme lod s
two states. Triangle and sawtooth waves
are usually the resull of circuits de-
signed to control voltage with respect to
lime hkethe sweep of ar ascilloscope
and some televisian circuits In thoesa
waveforms, one {or bath} transitions
from state to state are made with a
steady variation at a constant rate, a
rarmg {Changes from one state lo
angther on all waveforms excepl sine
waves are catled fransitions. } The last
two drawings represent apenodic,
single-shot wavelorms. The firstis a
puise; alt putses are marked Dy a rise, a
finite duration, and a decay The second
oneisastep. which is aclually a single
transition.

SINE WAVE SQUARE WAVE
fELTIVE
AN AT
o o REFERENCE
ARV

TME ——

TIME

TRIANGLE WAVE SAWTOOTH WAVE

RANT
/XN A
o ¥ © REFERENCE

TME———

TME ———

RULSE STEP

REFERENCE

TME ————

NME ——
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MAKING MEASUREMENT con:

Waveshapes telf you a great
deal about the signal. Anytime
you see a change in the vertical
dimension of a signal, you know
that this amplitude change rep-
resents a change in voltage.
Anytime there's a flat horizontal
line, there was no change for
that fength of time. Straight
diagonal lines mean a linear
change, equal rise (or fail) of
voltage for equal amounts of
time. Sharp angles on a
wavelorm mean a sudden
change. But waveshapes alone
are not the whole story When
you want to completely describe
a waveform, you'll want to find
the parameters of that particular
waveform. Depending on the
signal, these parameters might
be amplitude, period, fre-
quency. width, rise time, or
phase. You can review these
signal parameters with Figures
17 through 22.
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0 AM?LITU?ED

AMPLWUDE\
oAAMIr

PEAK OR
rPMAXIMUM
AMPLITUDE

PEAK-TO-PEAK
AMPLITUDE

Figure 17.

AMPLITUDE 15 4 CHARACTERISTIC OF
ALL WAVEFORMS Itis the amount of
displacement from equilipriurm at & par-
ticular poant i tirme Mote that wathout a
modifier. the word means the maximum
changs irom a <elerence withaut regard
tathe ditection cf the change Inthe first
w0 deawings above (Sine wave and
snuare wava). the amplitudeis the same
ey though the sine wave is larger from
peak to peak. In the third daawing, an
alternating current waveform is shown
with peak (oomaximum} amplitude and
peak-to-peak armplitude parameters
arinclated Inoscilloscope measure-
merts, amplitude usually maans peak-
to-peak amplitude

—PERIOD —
| ‘7&“7“‘72;}’52“
0 Tﬁ;‘;ﬁa@é“‘ o v
SINE WAVE STEP
TIME
— FERIOD —i
-
I f
PEAK-TO-
o FENCTOpERK m}*‘u-?ué?“
SQUARE WAVE NOISE
TME
FERIOD PERIOD
J———] )
I‘ r] 7 .
PEAK-TO-FEAK,
AMPLITLDE
o —
Canse)
RECTANGULAR DAMPE
WA WAVE SINE
Filgure 18.

PERIOD 1S THE TIME REQUIRED FOR OME CYCLE OF A SIGNAL o the signal
repeals itself Period is a parameter whether the signal is symmetrically shaped like
the sine and square waves above, or whelher it has a mare complex and asymmetn-
cal shape like the rectangular wave and damped sine wave. Period is always
expressed in units of time. Naturally. one-time signals like 1he step or uncorralated
signals {without a time relation) like noise have na pericd.




[ 1 SECOND i

i
PERIOD

PERICD = O.143 SEC
FREQUENCY = THz

Figure 1%,

IF A& SIGNAL IS PERIODIIC ITHASAFREQUENCY. Fregue~cy s the number of times
asignal repeats tselfina second; frequenoy s measured in Hertz. 1Hz = 1cyele per
second 1kidz (kiloheriz} = 1000 oyveles second; and 1 MHz (megahertz) =

1,200 000 cycles: second. Peried and frequency are reciprocal 1'penod = fre-
guency. and 1:frefuency, = period For examgle. a 7 Hz signal has a perios of 0143
seconds: 107 Hz = 0143 s and 1701435 - T Hz

100 % — T
507\
RISE
TIME GO% AMPLITUDE
RAJLSE
WIDTH

0%
—~J— oz —\

e R ————+|

Figure 20.

THE PARAMETERS OF & PULSE can be irmpartan; ina numker of difterent applica-
uons. Digital circuitry X-ray equipment, and data communications are examples
Pulse specifications inctude transition times measured on the leading edge of a
DOSIII\fe-going fransition; this is the rise time. Fall tirme is 1he laansition time on a
negalive-going trailing edge. Puise width is measured at the 50% points and
amplitude from 010 100%. Any displacement from Q volts far the base of the pulse is
the baseling offse.

R

- WIoTH
[

k]
\FERIDP
DUTY CYCLE = SO%
WIDTH/FERIOD X100 =N %

WIDTH
s

~—FERIOD —
7 SR —

DUTY RACTOR = .5

Uty Oyt = 20%

FEFETITION RATE =
L/ SECOND

W

Figure 21.

DUTY CYCLE, DUTY FACTOR AND
REPETITION RATE are parameterss of ali
rectangular waves. They are particularly
mportant in digital circuitry. Outy cycie
is1he ratioof pulse width 1o signal period
anpressad a5 a percentage. For square
waves, i's always 50% as you Can see.
for the puise wave in the seconc draw-
ing. at's 30% Duty factor s the same
thing as duty cycle exceplilis ex-
pressed asadecimal notaperceniage.
Arepetition rate describes how often a
pulsetrainoocurs andisused inslead of
frequency to describe waveforms like
that in the secoed drawing.

0° 90" w0 270t 60T
+
o
-1

VOLTAGE
CURRENT

6%
o
Figure 22,

PHASE is best explained wilh a sine
wave. Bemember that this wavelorm is
pased onthe sine of all the angles from 0
through 360 The resultis a plot that
changes liom Jto 0°. 1 at 907, 0 again at
1807, —-1at 270 and finally 0 againat
360 Conseguently. tisusetulio reler 1o
the phase angle (or simpty phase, when
there is no ambiquily} of a sine wave
whenyouwant to desgribe how much of
the period has elapsed Anothar use of
phase is lound when you want to de-
scribe a relationship between two sig-
nals Figture two clacks with their sec-
ond hands sweeping the dial every 60
seconds |fthe second hands touch the
twelve at 1he same time, the clocks arein
phase if they dont, then they're au! of
phase To express how lar out of phase
they are, you use phase shifl indegrees.
Toillustrate, the wavelorm labeled
CURRENT in the drawing above is sad
10 be 90° aut of phase with the vollage
waveform. Giher ways of reporling the
same informalion are “the cucrant
wavelorm has a 90 degree phase angle
with respect to the vollage waveform” or
"the current waveform lags the voltape
waveform by 90° 7 Note that there is ai-
ways 4 reference to another wavefarm;
inthis case. between the voltage and
current waveforms of aninductor.

S
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CHAPTER 7. SAFETY

Before you make any oscillo-
scope measurement, remember
that you must be careful when
you work with electncal equip-
ment. Always observe afl safety
precautions described in the
operators of service manual for
the equipment you're working
on.

Some general rules about
servicing electrical equipment
are worth repeating here. Don't

service electrical devices alone.
Know the symbols for danger-
ous circuits and observe the
safety instructions for the
equipment you're working on.
Don’t operate an electrical de-
vice in an explosive atmos-
phere. Always ground the scope
to the circyit, and ground both
your scope and the circuit-

under-test. Remember thal if
you lose the ground, all ac-
cessible conductive parts — in-
cluding knobs that appear to be
insulated — can give you a
shock. To avoid personal injury,
don't touch exposed connec-
tions and components in the
circuit-under-test when the
power is on. And remember to
consult the service manual for
the equipment you're working
on.

Then there are few rules about
the scope itself: Toavoid a
shock, plug the power cord of
the scope into a properly-wired
receptacte before connecling
your probes; only use the power
cord for your scope, and don't
use one that isn't in good condi-
tion {cracked, broken, missing
ground pin, etc.}. Use the right
fuse to avoid fire hazards. Don't
remove covers and panels on
YOLI scope.

CHAPTER 8. GETTING STARTED

Accurate oscilloscope mea-
suremernts require that you
make sure your system is prop-
erly setup each time you begin
to use your scope.

Compensating the Probe
Most measurements you make
with an oscilloscope require an
attenuator probe, which is any
probe that reduces voliage, The
most common are 10X ("times
ten”) passive probes which re-
duce the amplitude of the signal
and the circuit loading by 10:1.

But before you make any
measurement with an attenuator
probe, you should make sureit's
compensated. Figure 23 illus-
trates what can happen to the
waveforms you'll see when the
probe is not properly compen-
sated.

MNote that you should ¢om-
pensate your prabe as itwill be
used when you make the mea-
surement. Compensate it with
the accessory tip you'll be using
and don't compensate the
probe in one vertical channel
and then use it on another,

Checking the Controls

The most common mistake in
making oscilloscope measure-
ments is forgetting to compen-
sale the probe. The second
maost frequent source of inac-
curacies is forgetting to check
the controls to make sure they're
where you think they are. Here
are some things 1o check on
your Tekironix 2200 Series
scope {arranged according to
the functional blocks of your
scope):

» Check all the vertical system
controls: variable controls {CH
1.and CH 2 VOLTS/DIV CAL)
should be intheir calibrated de-
tent positions; make sure CH 2
isn'tinverted {unless you want it
to be); check the vertical mode
switches to make sure the sig-
nal from the proper channel{s)
will be displayed; check the twa
vertical system VOLTS/DIV
switches to see if their settings
are right fand don'tforgettouse
the VOLTS! DIV readout that
matches the probe. either 1X or
10X); check the input coupling
levers too.

» Check the horizontal system
control settings; magnitication
is off (push in the red CAL
swilch in the middie of the
SEC/DIV switch); variable
SEC/DIV is in its calibrated de-
tent position. Make sure the
horizontal mode switch is
where you need it. NO DLY
when you're not making de-
layed sweep measurements,
INTENS for making measure-
ments with an intensified zone,
or DLY'D if you want a delayed
sweep (A, ALT orBona
2215A}.

Then check your trigger sys-
tem controls to make sure your
scope will pick the right slope
on the trigger signal, that the
right coupling is selecled, and
that the correct operating
mode wilt be used. Also make
sure that the trigger variable
holdoff control is at its mini-
mum position,

Handling a Probe

Before you probe a circult, you
should make sure you have the
right probe tips and adaptors for
the circuits you will be working
an. (Tips availlable for the
Tektronix PE122 10X probes were
shown in Figure 14, Chapter 5.)

Then make sure that the
ground in the cireuit-under-test
isthe same as the scope ground
—don't just assume itis. The
scope ground will always be
earth ground as fong as you're
using the proper power cord
and plug. Check the circuit
ground by touching the probe
tip to the paint you think is
ground before you make a hard
ground by attaching the ground
strap of your probe.

If you're going to be probing a
lot of different points in the same
circuit and measurning frequen-
cies less than 5 MHz, you can
ground that circuitto your scope
ance instead of each time you
move the probe. Cornect the
circuit ground to the jack
marked GND on the front panel.
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A%NT SGUARE

SKENAL WAVE
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Figure 23.

IMPROPERLY COMPENSATED PROBES can distor! the wavelorms you see on the
screenaf vour scope. In the photographs 1he probe adjusiment signal and a 1 MHz
square wave are shown 35 they will appear with proper and improper compenss-
tions. Matice the amplitude and ringing changes on the sguare wave with the
differences in compensation.

]
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CHAPTER 9. MEASUREMENT TECHNIQUES

Rather than attempt to describe
how to make every possible
measurement, this chapter de-
sciibes common measurement
technigues you can use inmany
applications.

The Foundations: Amplitude
and Time Measurements
The two most basic measure-
ments you can make are
amplitude and time; almost
every other measurement you'lt
make is based on one of these
two fundamentat technigues.
Since the oscilloscope is a
voltage-measuring device, voit-
age is shown as amplitude on
your scope screen. Of course,
voltage, current, resistance, and
power are related:

vieltage
cumant o Y0lEGE
reEnIslanGe
Vi lage
resslance = 220
CUrrRnt
powel = current x yaltage

Amplitude measurements are
trest made with a signal that
covers most of the screen verti-
cally Use Exercise 6 to practice
making amplitude measure-
ments,

Time measurements are also
more accurate when the signal
covers a large area of the
screen. Continue with the sel-up
you had for the amplitude mea-
surement, but now use Exercise
7 to make a period measure-
merit

24

Exercise 6. AMPLITUDE MEASUREMENTS

1. Connect your probe to the
channel1 BNC connector andto
the probye adjustment jack. At-
tach the probe ground sirap to
the collar of the channel 2 BNC.
Make sure your probe is com-
pensated and that all the vari-
able conitrols are set in their de-
tent positions.

2. The tngger MODE switch
should be set to NORM for nor-
mal lriggering. the HORIZON-
TAL MODE shoutd he NODLY (A
on the 2215A). Make sure the
channel 1 coupling switch is set
to AC and that the trigger
SOURCE switch is on internal
and the INT switch on CHT. Sat
the VERTICAL MODE switch to
CH 1 as well.

3. Usethetrigger LEVEL controf
to obtain a stable trace and
move the volts!division switch
until the probe adjust square
wave is about five divisions
high. Now turn the seconds/
division switch untif two cycles
of the waveform are on your

screen. (The seltings shoufd be
0.1V on the VOLTSIDW and 0.2
ms on the SEC!DHV switches.)
4, Now use the CH 1 vertical
POSITION controf to move the
square wave 50 that its top is on
the second horizontal graticufe
line frormn the top edge of the
screen. Use the honzontal posi-
tion controtto move the signal so
that the bottom of one cycilein-
tersects the center vertical
graticule line.

MAKE AMPLITUDE
MEASUREMENTS
ON “THE CENTER

—— VERTICAL

GRATICULE
LINE

5. Mow you can count major and
rwunor divisians down the center
vertical gratrcule line and muiti-
ply by the VOLTS /DIV setting to
rake the measurement. For
exarmple, 5.0 divisions times 0.1
voits equals 0.5 volts. (I the
voltage of the probe adisstment
square wave in your scope fs
different from this example,
that's because tus signal is not
a critical part of vour scope and
tight toferances and exact cali-
bration are not required

Exercise 7. TIME MEASUREMENTS

Time measurements are best
made with the center horizontal
gralicute iine. Use the instru-
rment sethings from Exercise 6
and center the square wave ver-
tically with the vertical POSI-
TON control. Then line up one
rsing edge of the square wave
with the graticule line that's sec-
and frorm the lefthand side of the
screen with the HORIZONTAL
position control. Make sure the
next rising edge intersects the
center horizontal graticule.
Count major and minor divisions
across the center horizontal
graticule line from left to right as
shown in the photo above. Mui-
tiply by the SEC DIV setting; for
example. 5.7 divisions tmes 0.2

MAKE TIME MEASUREMENTS ON THE
CENTER HORIZONTAL GRATICULE LINE

milliseconds equals 1.14 mill-
seconds. (i the period of the
probe adiustment square wave
in your scope is different from

this example. remember that
this signai is not a crittcal part of
the calibration of your scope. )



Frequency and Other Derived
Measurements

The voltage and time measure-
ments you just made are two
examples of direct measure-
ments. Once you've made a di-
rect measurement, there are de-
rived measurements you can
calculate. Freguency is one
example; it's derived from
period measurements, While
period is the length of time re-
guired to complete one cycle of
a periodic waveform, frequency
isthe number of cycles that lake
place in a second. The mea-
suremant unit is a hertz {1
cyclessecond) andit's the recip-
rocal of the period. So a pericd
of 0.00114 second {or 1.14 mil-
liseconds} means a frequency
of 877 Hz.

More exarmples of derived
measurements are the alternat-
ing current measurements itus-
trated by Figure 24.

Pulse Measurements

Puise measurements are impor-
tant when you work with digital
equipment and data communi-
cations devices. Some of the
signal parameters of 4 pulse
were shown in Figure 20, but
that was an illustration of an
ideal pulse, not one that existsin
the real worid. The mast impor-
tant parameters of a real pulse
are shown in Figure 25.

Use Exercise 8 to make de-
rived measurements with the
probe adjustment square wave.

Figure 24,

DERIVED MEASUREMENTS are the re-
sult of calculations made atier dirsct
measurements Farexample. atternat-
NG GUTrent measuremeants requins s
ampliluds measuremeant lirg, The
easiest prace tostart iz wilh a peak-1o-
peak amplitude measurernant of the
wvaltage — in this case 330 volis be-
cause peak-to-peak measurements ig-
nire postive and negative signs The
oean valtage is one-half tnat (when there
isna DC cffset). and s alse called a
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AEAL PULSE MEASUREMENTS nciide a fow more parameters than those feran
ideal pulse Inthe diagram above, severar are shown, Preshooting is a charge of
amplitede i the oppaosite direchion that precedes the pulse Overshoating and
rounding are changes that ocour after the intial ransior. Ringing s a set of
ampitide changes — usually a damped sinusoid — that follows overshooting Al
are expressed as percentages ol amplitude Setfling time axprasses haw long it
takes the pulse to reach it maxirnumr amgltude Droopis a decreasein the maximum
amphtude with time &nd noniseanty ts ary variation from a siraight hne drawn
through the 10 and 90% points of a transhion.

Exercise 8. DERIVED MEASUREMENTS

MU vatise, it's 165 Vin 1his case

The average value 1s the total areaunder
the valtage curves diided by the period
inradiars; inthe case ol asing wave, the
avarage value is Q because the positive

and negatve values are equal The RMS PEAK -TO- PEAK

{reot mean square) voltage lor this sine 0V

wave —- which represents the Ing volt-

age 1n the United Stales — is equal to

the maximum value divided by the TIME = —_— .

squarerpotat 2-165 = t 414 = 117 vaolls
ou gel trom peak-to-peak to AMS volt-
age with peak-to-peak + 2 «xthe square
rooi of 2.

With the period measurement
you justmade in Exercise 7. cal-
culate the frequency of the
probe adjustment square wave.
For example, if the period is 1
millisecond, then the frequency
ig the reciprocal, 1/0.001 or 1000
Hz Other derived measure-
ments you can make are duty
cycle, duty factor, and repetition
rate. Duty cycile is the ratio of
pulse width to signal period ex-
pressed as a percentage: 0.5
ms = 1ms, or 50%. But you
knew that because for square
waves, it's always 50%. Duty
factor is 0.5. And the repetition
rate {describing how often a

in this case because repetition
rate andfrequency are equal for
square waves. Your probe ad-
justment signal might differ
shightly from this example, cal-
culate the derived measure-
ments for il You can also calcu-
late the peak, peak-to-peak,
and average vatues of the probe
adjustment square wave i your
scope. Don't forget that you
need both the alternaling and
direct components of the signal
to make these measurements,
50 be sure lo use direct coupling
{DC) on the vertical channe!
you're using.

puise trafn occurs)is 1000/second

e
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MEASUREMENT TECHNIQUES cow

Use the directions in Exercise
9o make a pulse measurement
on the probe adjustment sguare
wave,

- -]

Exercise 9.
PULSE WIDTH
MEASUREMENTS

To measure the pufse width of
the probe adustment square
wave quickly and easily, set your
scope to trigger on and display
channef 1. Your probe should
stiff be connected to the channel
1 BNC connector and the probe
adjustment jack from the previ-
ous exercises. Use 0.1 ms/
drvision and the no defay hori-
zontal mode (A sweep if you're
using a 2215A). Use P-P AUTO
tngoering on the positive stope
and adjust the trigger LEVEL
controf to get as much of the
feading edge as possible on
your screen. Switch the couping
on channe! 1o ground and cern-
ter the baseline on the center
horizontal graticute. Now use AC
coupling because that witl cen-
ter the signal on the screen and
you make puise width measure-
ments at the 50% paint of the
waveform. Use your horizontal
POSITION controf to fine up the
50% point with the first major
graticule frorm the feft side of the
screen. Now you can count divi-
sions and subdivisions across
the center harizontal and mufti-
piy by the SECIDIV switch set-
ling to find the pulse width.

26

Phase Measurements
You know that a wavelorm has
phase, the amount of time that
has passed since the cycle be-
gan, measured in degraas,
There is also a phase relation-
ship between two or more
waveforms: the phase shift {if
any). There are two ways to
measure the phase shift be-
tween two waveforms. One is by
putting one waveform on each
channel of a dual-channel
scope and viewing them directly
in the chop or alternate vertical
mode; trigger on either channel.
Adjust the trigger LEVEL control
for a stable display and mea-
sure the period of the wave-
forms. Then increase the sweep
speed so that you have a dis-
play something like the second
drawing back in Figure 22 Then
measure the horizontal distance
belween the same points on the
two waveforms. The phase shift
is the difference in time divided
by the period and multiplied by
360 to give you degrees.
Displaying the two waveforms
and measuring when one starts
with respect to another is possi-
ble with any dual trace scope.
but that isn't the only way to
make a phase measurement.
Lock at the front panel and you'll
see that the vertical channel
BNC connectors are labeled X
and Y. The last position on the
SEC/DIV switch is XY, and when
you use it, the scope’s time base
is bypassed. The channel 1
input signal is still the vertical
axis of the scope’s display, but
now the signal on channel 2 be-
comes the horizomtal axis. Inthe
X-Y mode, you can input ong
sinusoidal on each channel and
your screen will display a Lissa-
jous pattern. (They are named
for dules Antoine Lissajous, a
French physicist; say '"LEE-za-
shu™). The shape of the pattem
will indicate the phase differ-
ence between the two signal.
Some examples of Lissajous
patterns are shown in Figure 26.

Note that general purpose
oscilloscope Lissajous pattern
phase maasurements are usu-
ally limited by the frequency re-
sponse of the horizontal ampli-
fier {typically designed with far
less bandwidth than vertical
channels}. Specialized X-Y
scopes or monitors wilt have al-
most identical vertical and hori-
zontal systems.

X-Y Measurements

Finding the phase shift of two
sinusoidal signals with a Lissa-
jous patternis one example of
an X-Y measurement, The X-Y
capability can be used for other
measurements as well. The Lis-
sajous patterns can also be
used to determine the fre-
quency of an unknown signat
when you have a known signal
on the other channel. Thisis a
very accurate frequency mea-

surement as long as your known
signal is accurate and both sig-
nals are sine waves. The pat-
terns you can see are illustrated
inFigure 26, where the effects of
both frequency and phase dif-
ferences are shown.

Component checking in ser-
vice ar production situations is
another X-Y application; it re-
quires only a simple transistor
checker like that shown in Fig-
ure 27.

There are many other applica-
tions for X-Y measurements in
television servicing, in engine
analysis, and in 2-way radio ser-
vicing. for examples. Infact. any
time you have physical phe-
nomena that are interdependent
and not time-dependent, X-Y
measurements are the answer.
Aerodynamic lift and drag.
motor speed and torque, or
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FREGQUFNCY MEASUREMENTS WITH LISSAJCUS PATTERNS require a «nown sine
wave o1 one channe. fthere is ng phase shift the rahic between the kaow and
urknown signals wil correspond to the ralis of honzental and vertical lobes of the

pattesn

Wher the frequencies are the same. only the shifts i phase will aflect the

pattern Inthe drawings abave both phase and frequercy differances are shown
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K- COMPONENT CHECKING requires *he ransisior checker showa above Withit
COnnecied W your scope and the scope in the XY made paterms fike those
Hlastrates indicate the componant’s condiion. The wavelorms shown are fauna
when the components are not in @ circu, in-circuit component patterns wii differ
tecause of fesistors and capacitors associated with *he companent

Now set your volts/division
switches so that the two signals
are about equal in amplitude,
Then you can move the right-
hand VERTICAL MODE switch
to ADD and press the INVERT
bution so that the common
mode signals have opposite
potarities.

If you use the channel 2
VOLTS/DIV switch and CAL con-
trol for raximurn canceliation of
the commion signal, the signal
that rernains on-screen will only
contain the desired part of the
channel 1 input signal. The two
commaon mode signals have
cancetled gut leaving only the
difference belween the two.

pressure and volume of liquids

and gasses are more examples.
With the proper transducer, you
Canuse your scopeato make any
of these measurements.

Differential Measurements
The ADD vertical mode and the
channel 2 INVERT button ot your
2200 Series scope let you make
differential measurements.
Often differential measurements
let you eliminate undesirable
components from a signal that
you're trying to measure, If you
have a signal that's very similar
to the unnecessary noise, the
set up is simple. Put the signal
with the spurious information on
channel 1. Connect the signal
that 15 like unwanted campo-
nents to channel 2. Set both
input coupling swilches to DC
{use AC if the DC compenents of
the signal are too large). and
select the alternate vertical
mode by moving the VERTICAL
MODE switches to BOTH and
ALT

Figure 28.

DIFFERENTIAL MEASUREMENTS allow you to remove unwanted informatior fram a
signal anytime you have ancther sigea! that closely resembles the umwanied com-
panents Forexample the first photo shows a 1 kHz square conaminated by a 60Hz
singwave. Once the carrmen-mode compeneat (the sing wavel isngutiochannel 2
and that channel is inverted the signats can be added with the ADD verhcal mode.
The result is shown in the secand pholo

Using the Z Axis

Remember from Part | that the
CRT in your scope has three
axesofinformation: X is the hori-
zontal component of the graph.
Y is the vertical, and Z is the
brightness or darkness of the
electron beam. The 2200 Series
scopes all have an external
Z-axis input BNC connectar an
the back of the instrument. Thig
input lets you change the
brightness {(modulate the inten-
sity) of the signal on the screen
with an external signal. The

Z-axis input will accept a signal
of up to 30 V through a usable
frequencyrange of DCto 5 MHz.
Fositive voltages decrease the
brightness and negative volt-
ages increase it; 5 volts wiil
cause a noliceable change.
The Z-axis input is an advan-
tage to users that have their in-
strumenis set up for atong
series of tests. One example s
the testing of high fidelity
equiprment illustrated by
Figure 29.
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LUSING THE Z-AXI15 can provice audional intormalion on the scope screen. In the
sal-up drawn ahova. a function generalor sweeps thraugh ihe frequencres of interest
durng the preduct testing - - 2010 20,000 Mz, in thss case. Then an adjustable notch
fiiterig used ‘o generate amarker. al 15 kHz torinstance, and this signals applied o
tre Z-axis inpot to brighten the trace This allows the tester o evaluale the product's

perfarmance with a glance

Using TV Triggering
The compaosite video waveform
consists of two fields, each of
which contains 262 lines. Many
scopes offer television trigger
ing to simplify looking at video
signals. Usually, however, the
scope will anby trigger on fields
at some sweep speeds and
lines at others. The 2200 Series
scopes allow you to trigger on
eitherlings or fields at any
sweep speed.

To look at tv fields with a 2200
Series scope. use the TV FIELD

Lol

mode. This mode allows the
scope to trigger al the field rate
of the composite video signal on
either field one or field two.
Since the trigger system cannot
recognize the difference be-
tween field one and field two. it
will trigger alternately on the two
fields and the display will be
confusing if you look at one fine
atatime.

To prevent this, you add more
holdoff time. and there are two
ways to do that. You can use the
variable holdoff contrel. or you

can simply switch the vertical
operating mode to display both
channels. That makes the total
holdoff time for one channel
greater than one field period.
Then just position the unused
vertical channel off-screen to
avoid confusion.

itis also important to select
the trigger slope that corre-
sponds to the edge of the
waveform where the sync
pulses are logated. Picking a
negative slope for pulses at the
bottomn of the waveform allows
you [0 86 as many sync pulses
as possible.

When you want to observe the
TV tine portion of the composite
video signal, use the TV-LINE
trigger mode and trigger on the
horizontal synchronization
nulses for a slable display ltis
usually best to select the blank-
ing level of the sync wavelorm so
that the vertical Hield rate will nol
cause double tniggering.

Delayed Sweep
Measurements

Delayed sweep is a technigue
that adds a precise amount of
time between the trigger point
and the beginning of a scope
sweep. Often delayed sweep is
used as a convenient way to
make a measurement {the rise
time measurement in Exercise
10 is a good example). To make
arisetime measurement without
detayed sweep. you must trig-
ger on the edge occurring be-
fore the desired transition. With
detayed sweep, you may
chocse to trigger anywhere
along the displayed waveform
and use the delay time control {o
start the sweep exactly where
you want,

Sometirmes, however, de-
layed sweep is the only way to
make a measurement. Suppose
that the part of the waveform you
want to measure is 50 far from
the only available trigger point
that it will not show on the
screen. The problem can be
solved with delayed sweep:
trigger where you have to. and

delay out to where you want the
sweep to start.

But the delayed sweep fea-
ture you'li probably use the most
often is the intensified sweep, it
lets you use the delayed sweep
as a positionable magnifier. You
trigger normally and then use
the scope's intensified horizon-
tai mode. Now the signal on the
screen wilt show a brighter zone
after the delay time. Run the
delay time {and the intensified
zone} out tothe part of the signal
thatinterests you. Then switch to
the delayed mode and increase
the sweep speed o magnify the
selected waveform portion so
that you can examine it in detail.

Since the 2200 Seres has two
types of delayed sweep, read
the paragraphs and use the de-
layed sweep measurement
exercise below that applies to
your scope: "Single Time Base
Scopes' and Exercise 10 for
delayed sweep measurements
with gingle time base scopes tke
the Tektranix 2213A; or "Dual
Time Base Scopes’ and Exer
cise 11 for delayed sweep on
dual ime base scopes like the
2215A.

Single Time Base Scopes
Very few single time base
scopes offer delayed sweep
measurements. Those that do
may have measurement
capabilities similar to those of
the Tektronix 2213A which has
three possible horizontal oper-
ating modes annotated on the
front panet as NO DLY, INTENS,
and DLY'D.

When you set the HORIZON-
TAL MODE switch to NO DLY {no
delay). only the normal sweep
funchions.

When you chogse INTENS (in-
tensitied sweep). your scope
will display the normal sweep
and lhe trace wilt also be nten-
afied after a delay time. The
amount of delay is determined
by both the DELAY TIME switch
{you canuse 1.0 ps, 20 ps, or
0.4 ms) and the DELAY TIME
MULTIPLIER contral. The multi-



plier lets you pick from 110 50
times the switch setting.

The third position, DLY'D {de-
layed). makes the sweep start
alter the delay time you've cho-
sen. After selecting this position
you can move the SEC/DIV ta a
faster sweep speed and
examine the waveformin
greater detail.

This list of horizontal modes
should begin to give ideas of
how useful these delayed
sweep features are. Start by
making the rise time measure-
ment described below. {Note
that when making rise time
measuremeants, you must take
the rise time of the measuring
instrument into account. Be sure
to read Chapter 10.)

Dual Time Base Scopes
Delayed sweep is normalty
found on dual time base scopes
like the 22154 with two totally
separate hornizontal sweep
generators. In dual time base
mnstruments, one sweep I1s
triggered in the normal fashion
and the start of the second
sweep isdelayed. Tokeep these
two sweeps distinct when de-
scribing them, the delaying
sweep iscalled the A sweep; the
delayed sweep is called the B
sweep. The length of time be-
tween the start of the A sweep
and the start of the B sweep is
called the delay lime.

Dual time base scopes offer
you all the measurement
capabilities of single time base
instruments, plus:

* convenient comparisons of
signals at two different sweep
speeds

« jitter-free triggering of delayed
sweeps

* and timing measurement ac-
curacy of 1.0%,.

Mast of this increase in mea-
surement performance is avail-
able because you can
separately control the two sweep
Speeds and use them in three
horizontat operating modes.
These modes —in a 2215A —

1. Connect your probe to the
channel 1 BNC connector and
the probe adjustment jack, Hook
the ground strap onlo the collar
of the channel 2 BNC, and make
sure the probe is compensated.
2. Use these control settings:
CH1 VOLTS/DIV on 0.2 using

the 10X probe VOLTSIDIV read-
out, CH1 input coupfing on AC,
VERTICAL MODE is CH1,
TRIGGER MODE is P-P AUTO:
TRIGGER SLOPE is negative

(- ), trigger SOURCE is INT (for
internal) and INT trigger switch
is efther CHT or VERT MODE;
HORIZONTAL MODE is NODLY,
SECIDIV is 0.5 ms. Check afl the
variable controfs to make sure
they're in their calibrated detent
positions.

3. Set the input coupling to GND
and center the trace. Switch
back to AC and set the trigger
LEVEL control for a stable dis-
play. The waveform should took
like the first photo above.

Exercise 10. 2213 DELAYED SWEEP MEASUREMENTS

4. Because a rise time mea-
surement (s best rnade at faster
sweep speeds, turn the SEC/
DIV controtto 2 ps. Use the tig-
ger LEVEL control to try to gef ali
of the positive transition on the
screen. You can't; you lose your
trigger when you get off the
slope of the signal.

5. Turn back to 0.5 msigiv and
swilch to the intensified dispfay
with the HORIZONTAL MODE
swilch. Switch the DELAY TIME
to 0.4 ms and use the DELAY
TIME MULTIPLIER to move the
intensified zone on the

waveforrn 10 a point before the
first complete positive-going
transition of the square wave.
The intensified zone now shows
you where the defayed sweep
will start, like the second phaolo.
6. Switch the horizontal mode to
DLY'D and the SECIDHV switch
to 5 us. Now you can use the
horizontal POSITION and
DELAY TIME MULTIPLIER con-
trols to get a single transition on
the screen.

v

L . |

7. Change to 0.1 Vidiv and line
up the signal with the 0 and
100% dotted fines of the
graticule. (if you have a signal
that doesn't fit between the 0
and 100% lines of the graticule,
you have to count major and
minor divisions and estimale the
rise time while ignoring the first
and fast 10% of the transition )

8. Use the horizantal POSITION
controf to move the waveform
untitit crosses a vertical
graticule line at the 10% mark-
ing. Adjust the FOCUS control
for a sharp waveform and make
YOour rise time measurernent
from that vertical fine to where
the step crosses the 80% fine.
Mow you can make a rise time
measurement on a wavelorn
like that in the third photograph.
Forexample, for 1 major division
and 4 minor divisions. 1.8 times
the SEC!DHV setting of 5 ps

89 us.

are A sweep only, B sweep only,
or A intensified by B as well as B
delayed. The HORIZONTAL
MODE swilch controls the oper-
ating mode and two SEC/DIV
switches —-concentrically
mounted on a 2215A—contral
the sweep speeds. See Figure
30.

When you use the ALT (for al-
ternate harizontal mode) posi-
tion the HORIZONTAL MODE
swilch, the scope wili display
the A sweep intensified by the B

sweep and the B sweep de-
layed. As you set faster sweeps
with the B SEC/DIV switch, you'll
see the intensified zone onthe A
trace get smaller and the B
sweep expanded by the hew
speed setting. As you move the
B DELAY TIME POSITION dial
and change where the B sweep
starts, you'll see the intensified
zone move across the A trace
and see the B waveform
change.

This sounds more compii-
cated in words than it is in prac-
tice. As you use the scope in
Exercise 11, you'll find that the
procedure is vary easy. You will
always see exactly where the B
sweep starts. And you can use
the size of the intensified zone to
judge which B sweep speed you
rneed 1o make the measurement
you want.
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Measurements at Two Sweep
Speeds

Looking at a signal with two dif-
ferent sweep speeds makes
complicated liming measure-
ments easy The A sweep gives
you a large slice of time on the
signal to examine. The inten-
sified zone will show you where
the B sweep is positioned. And
the taster B sweep speeds
magnify the smaller portions of
the signal in great detail. You'll
find this capability usefulin
many measurement applica-
tions; see Figure 31 for two
illustrations.

Because you canuse the
scope to show A and B sweeps
from both channel 1 and chan-
nel 2. you can display four
traces. Ta prevent overlapping
traces. most dual time base
scopes offer an additional posi-
tion cantrol, On the 2215A 0t
labeled ALT SWP SEP for after-
nate swesp separation. With it
and the two vertical channe!
POSITION controls. you can
place all four traces on-screen
without confusion.

Separate B Trigger

Jitter can prevent an accurate
measurernent anytime you want
to lock at a signal that isn't per-
fectly periodic. Butwith two time
bases and delayed sweep, you
can solve the problem with the
separate trigger available for
the B sweep. You trigger the A
sweep normally and move the
intensified zone out 10 the por-
tion of the wavetorm you want to
measure. Then you sel the
scope up for a tfriggered B
sweeq. rather than letting the B
sweep simply run after the delay
time.

30

On a 22154, the B TRIGGER
LEVEL control does double duty.
In its full clockwise position, it
selects the run-after delay
mode. At any other position, it
functions as a trigger level con-
trol for the B trigger. The B
TRIGGER SLOPE control lets
you pick positive or negative
transitions for the B trigger.

With these two controls you
can trigger a stable B sweep
even when the A sweep has
jitter.

Increased Timing
Measurement Accuracy
Besides examining signals at
two different sweep speeds and
seeing a jitter-free B sweep, you
get increased timing measure-
ment accuracy with a dual time
base scope.

Note that the B DELAY TIME
POSITION dial is a measuring
indicator as weltas a positioning
device. The numbers in the win-
dow at the top of the dial are
calibrated to the major divisions
of the scope screen. The num-
bers around the circumference
divide the major division into
hundreds.

To make timing measure-
ments accurate to 1.0% with the
B DELAY TIME POSITION dial:

» use the B runs-after-delay
mode,

= place the intensified zone {(or
use the B sweep waveform}
where the timing measurement
hegins, and note the B DELAY
TIME POSITION dial setting

» dial back to where the mea-
surement ends and note the
reading there

= subtract the first reading from
the second and multiply by the
A sweep SEC/DIV setting.

You'll find an example of this
accurate — and easy — timing
measurement in Exercise 11.

Figure 30.

THE DELAYED SWEEF CONTROLS of the dual ime bass 2254 are shown o the
ohatograph above They roce: BORIZONTAD MODE (under 11e hanzontal POSI -
TON conlgl). B TR-GGER SLOPE and | EVEL, ALT SWFP SEP [alternate swoen
separalon betwoer the twi vertca POSITION controls -—not stown ), and a
concentric & and 8 SEC:OW contral The B DELAY TIMEC POSITION dialis at the
bettom af the eolumn of rorizantal system cantrols

Figure 31.
ALTERMATE DFL AYED SWEEP MEASUREMENTS are fast and accurate One usa.
exarmnng tirmicg ina digitai circut, is cemonsirated inthe st photogapn Suppose
youneed to check the width af one puize rapulserar ke the one shawn Tomake
SUrE which pulse you are Teasuring, you want tc ook at a -arge portion of a signal.
But tarreasure the one pu.se accurately younesd a faster sweep speed Looking at
Eoth the bug picture and a small éntarged porhion of the signalis easy with alternate
delayed sweep Ancther exarrple s shinwn o the secand phots. Herg ane freld of 2
corrpesite vicea signahis shown in the first waveforr The ictensified portion of that
igld s the lines magaified by the faster B sweep. With & dual hme pase scope, you
canwalk threugh the fisld withthe B DELAY TIME POSITION dial and ook at 2ach ling
incividuaily
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Exercise 11. 2215A DELAYED SWEEP MEASUREMENTS

Rise Time Measurement

1. Connect your probe to the
channel 1 BNC connector and
the prabe adiustment jack, hook
the ground strap onto the collar
of the channel 2 BNC, and rake
sure the probe js compensated.
2. Use these control setlings.
CH1VOLTS!IDIW on 0.2 (re-
member to use the 10X probe
readout); CH 1input coupling on
ACVERTICALMODEisCH 1, A
TRIGGER MODE fs NORM; A
TRIGGER SLOPE is negative
{—); ASOQURCE is INT and the
A&B INT trigger switch is efther
CH 1or VERT MODE; HORI-
ZONTAL MODE is A; Aand B
SECIDIVis 0.2 ms. Check the
variable controls to make sure
they're in their calibrated detent
positions,

3. Setthe A TRIGGER LEVEL
controtfor a stable display and
position the wavelform in the fop
haff of the screen. Switch to the
ALT (for alternate Aand 8
sweeps) display with the HOR!-
ZONTAL MODE switch. Use the
channef T POSITION and ALT
SWP SEP (alternate sweep sep-
aration) contrals to position the
two sweeps so that they don't
overiap,

4. Use the B DELAY TIME POSI-
TION diaito move the beginning
of the intensified zone a point
before the first complete posi-
tive transition. Your screen
shoufd look like the first photo
above.

ot S

8. Pull out on the SEC/!DIV knob
and rotate it clockwise to
change the B sweep speedio 2
usldivision. This wilf make the
intensified zone smalfer; move it
fo the first rising edge of the
waveform as in the second
photograph.

6. Switch the horizontal mode to
B, the channel T vertical sensitiv-
ity to 0.1 voltsidivision, and the
sweep speed to 1 us/division.
Use the horizontal and vertical
POSITION controls and the 8
DELAY TIME POSITION control
to tine up the waveform with the
0 and 100% dotted lines of the
graticule. (if you have a signal
that doesn't fit between the 0
and 100% fines of the graticule,
you frave to count major and
minor divisions and estimate the
rise time while ignoring the first
andfast 10%.)

-+

7. Position the waveform so that
it crosses a vertical graticule e
at the 10% marking. Adiust the
FOCUS and the B INTENSITY

control for a sharp, bright wave-
form and count major and minor
divisions across the screen fo
where the step crosses the 90%
line. If there are 4 major and 8
minor divisions, 4 and 810 times
the SECIDIV setting of T ws is 4.8
rs. The third photo shows how
the screen shouid look now.
(Note: Any jitter you see ini the 8
sweep is from the probe adust-
ment circuit, not the time base.)

8. One last word on rise time
measurements: the accuracy of
the measurement you make de-
pends on both the signal you're
examining and the performance
of your scope. In Chapter 10,
you'll find a description of how
the scope's owr rise lime affects
your measuremnent results,

Pulse Width Measurement

1. Use these control settings:
CHIVOLTS!DIVon 0.1, CH!
input coupling on AC: VERTI-
CALMODE isCHT, ATRIGGER
MODE is NORM, ATRIGGER
SLOPE is negative (- ), A TRIG-

GER SOURCE is INT (for inter-
nal) and INT trigger switch is
gither CH 1 or VERT MODE.
HORIZONTAL MODE is A A
SEC!DV is 0.2 ms while B
SECIDIV is 0.05 ps. Check the
variable controls.

2. Center the first comnplete
putse of the waveform horizon-
tafly. Switch to the ALT display
with the HORIZONTAL MODE
switch and move the B
waveform to the bottorm of the
screen with the ALT SWFP SEP
controd,

3. Center A sweep waveform
vertically. Turn down the inten-
sity so that it's easier o see the
smalf intensified zone.

4. Move the intensified zone to
the 50% point of the rising edge
of the waveform with the DELAY
TIME POSITION control as in the
first photo above. Note the delay
lime reading (the number in the
window first, for example: 3.1).
Move the intensified zone to the
50% point of the trailing edge as
in the second phofo and note
the reading.

5. The time measurement, a
puise width in this case, is equal
o the second diaf reading
minus the first times the A sweep
speed. 577 — 3.13x02ms =
0.528 ms. In other words, the 8
DELAY TIME POSITION dial in-
dicates screen divisions for you,
1 complete turn for every major
division,

b~ - - ]

]



CHAPTER 10. SCOPE PERFORMANCE

There are two aspects to oscillo-
scope performance: the design
parameters of the instrument,
and its confarmance to those
parameters at the time you are
making measurements. Making
the instrument conformto its de-
sign parameters simply means
caltbration — including making
sure the probe is properly com-
pensated as you've done marny
times already. Bul even with
proper calibration, thare will be
some effect of the designed per-
formance on your measure-
meants.

Square Wave Response and
High Frequency Response

in the design of amplifiers like
those in a scope's vertical
channels, thera is always some
compromise between the cir-
cuit's high freqquency response
and its handling of signals with
square transiticns. Extending
the frequency response can be
accomplished with high fre-
quency compensation, but too
much compensation results 1n
overshoot on a step. Too little
extends the measured nise lime.
The best rise times without over-
shoot are achieved when the
fgh frequency respaonse is crit-
ically damped; the frequency
response then falls off smoothly
Figure 32 illustrates the effects
of high frequency compensa-
tion.

instrument Rise Time and
Measured Rise Times

The rige time of an oscilloscope
15 a very important specification
because the measuring instru-
ment’s rise time affects the ac-
curacy of your measured rige
times as expressed by this ap-
proximation:
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HIGH FREGUENIY COMPERSATION In
aseopesverica ampifier has aneffect
o tha rise lirmea of 5CUare waves nea-
sured by ‘he scope Iftoc muchhigh
frenuency compensalior 1§ prasent the
rise mes wll show cvershac! and pos-
sthile ricging as i~ the tep drawi~g Too
hfle as shown n the second draw g
‘ends torallaff the sages of the square
wave Acnt cally damped frequescy e-
spCnse 15 bast asin the thind drawing

In practical terrns this means
thatthe accuracy of ameasured
signal wilt be predictable and
will be dependent on how much
faster your scopeisthantherise
time you're measuring. If the
measuring scope is five times
faster than the observed signal.
the measurement error can be
as tow as 2%. For measurement

accuracies of 1%, ittakes a
scope 7 times faster, as you can
see on the chart in Figure 33.
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Bandwidth and Rise Time

The vertical channels of an oscil-
loscope are designed for a
broad bandpass, generally from
some low frequency (DCYto a
much higher frequency. Thig is
the oscilloscope's bandwidth,
specified by listing the fre-
aquency at which a sinusoidal
input signal has been attenu-
ated to 0.707 of the middle fre-
quencies; thisis called the -3
dB poinl. For older instruments,
specifications cited both a low
and high - 3 dB point. Modern
instruments, however, have a
relatively flat frequency re-
sponse down to 0 Hz (DC}, so
only the upper number is quoted
as the bandwidth.

A bandwidth specification
gives you an idea of instru-
ment's ability to handle high fre-
guency signals within a speci-
fied attenuation. But handwidth
specifications are derived fraom
the instrument's ability to dis-
play sine waves. A 35 MHz
scope will show a 35 MHz sine
wave with only —3 dB attenua-
tion, but the effects on a square
wave at or near the scope’s
upper bandwidth limit will be
much more severe because
high frequency information in
the square wave will not be ac-
curately reproduced by the
scope. See Figure 34 for an
example,

Figure 34,

BANOWIDTH SPECIFICATIONS are
based on the scope’s ability to repro-
duce sine waves. The upper bandwiidth
15 the frequency al which a sine wave is
reduced ta 0 707 olthe amphtude
shown at middle requencies Though
this specification lellg you how well the
instryment reproduces sine wavaes. not
every sigrial you exammna .5 sinuscidal.
Square waves, for example. have a
great deal of high frequency inforrmation
ir their rising and falling edges thal will
ke los1 as you approach the bandwdih
limits of the instrumen?. To illustrate. the
two CAT phoics show a 15 MHz stuare
wave reproduced by 35 MHz (Top)

and 60 MMz [(bottom)oscilloscopes,

The frequency response of
most scopes is designed so that
there is a constant that allows
you! to rejate the bandwidth and
rise time of the instrument. This
constantis 0.35 and the rise
time and bandwidth are related
by this approximation:

_ 035

Tr= BwW

A simpie way 10 apply the for-
muais;

Tr nanasacondsi ™ é-W
[megaher{z}

For the Tektronix 2200 Series

instruments with a bandwidth of

60 MHz, the rise time is 5.8
nanoseconds.

CONCLUSION

This concludes your introduc-
tion to oscilloscopes and the
measurements you can make
with scopes. You've done wellto
progress this far. but this primer
canonly introduce the concepts
and measurement techriques.
With practice and experience,
you'll find yourself making faster
and moreg accurate measure-
ments. Then you too will find that
using an oscilioscope is second
nature to you.
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