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If you plan on investing in a
portable lab scope in the near future,
don’t do a thing

By Jorge Menchu

e’ve certainly become bet-

ter versed in the complex

technology of today’s auto-

motive systems. And as

automotive systems be-
come even more complex, our need for
more detailed and accurate diagnostic infor-
mation becomes even more acute. It should
come as no surprisv. (l]('n‘ that the lab scope
has become such an important weapon in
our fight against pollution and driveability
problems.

Automotive computers use electricity to
communicate with the world around them.
The lab scope offers us a very detailed view
into this “language.” Such information as
scanner serial data and DVOM readings are
very important to diagnosis. too. But this is
interpreted data. The lab scope, for the most
part, displays the actual changes going on in
a circuit. With it we can determine whether
the correct information is being passed
through a system and that a signal is behav-
ing as the design engineer intended. More
importantly, a scope allows us to see quick-
occurring events other tools simply miss. Fi-

nally, a lab scope can also help us to learn
faster, because we now have a tangible ob-
ject—a picture—that represents the actual
goings-on in an electrical circuit.

Purchasing a Scope
There are many things to consider when
purchasing a scope, but probably the first
tlling you should realize is that a scope that's
rigljt for one person is not noo«‘ss;u’ﬂ_\' right
for another. For example, many techs live
and breathe this stuff. They may prefer to
have a scope that’s jam-packed with power
features but with no automotive-specific
I)I'L’.\‘t‘t\i or f‘llll('ﬁ()l].\‘. Th(’.\‘(' S('Ul)('\' can tll‘\'t a
great amount of time to master. A scope that
contains built-in presets for automotive test-
ing, on the other hand, offers a much smaller
lt*;u'ning curve for the ucn])h.\‘t(‘ scope user.
A good way to start your .\'hnpping is to ex-
amine your needs and determine how the
scope fits into your diagnostic approach.
Some questions that you might want to con-
sider are: Do you want the scope for ignition
analysis or r\m}’ll)ing but? Will you connect
it to a computer to create wav eform databas-
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es or a portfolio or customer
printouts? Will you use it every
day? Will other people be using
it? Do you want automatic wave-
form measurement or are you
interested only in seeing a wave-
form? How easy is it to learn to
use? How much does it cost?

etc. Once you evaluate your |y

needs, the next step is to find out
how the various scopes address
those needs.

Specifications

This is where the fun begins.
Scope specs and sales jargon can
be very misleading. Often such
words as bandwidth, sample rate
and A/D converters are thrown
around as if they alone define
what’s good or bad about scopes.
A lab scope that makes you suc-
cessful is based on a balance of
your needs, your understanding
of how it behaves and the fea-
tures it offers. Each scope has
strengths and weaknesses; as you
become familiar with these char-
acteristics, you'll be able to over-
come the weaknesses and take advan-
tage of the strengths.

Most of the scopes offered for auto-
motive use today—and the most pop-
ular—are digital storage oscilloscopes
(DSOs) that utilize a liquid crystal dis-
play (LCD). These characteristics do
present some limitations that can have
a direct effect on a scope’s perfor-
mance.

A digital scope samples a signal by
taking individual voltage measure-
ments. These samples are converted
into numbers and then plotted to the
display in connect-the-dots fashion. In
the middle of a tough battle, we need
to know what our scope is capable of
showing us and what it’s missing. A
scope should answer two important
questions when it takes a picture of a
signal: How detailed is that picture,
and how fast is each new picture being
displayed—in other words, what's the
update rate?

The detail of each picture is based
on screen resolution and the time and
voltage settings. The volts/division set-

ting determines how tall the waveform
will be, while the time/division setting
determines how much of the signal will
be displayed over time. As we continue,
you'll see how screen resolution and
the time/division setting can have a ma-
jor impact on what we actually see.
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Let’s start by defining the
LCD screen. It is essentially a
simple grid of lights. These
lights are called pivels and are
arranged in rows and columns,
the rows indicating a voltage
level, the columns representing
time (see Fig. 1). Sereen resolu-
tion is determined by how many
rows and columns are present.

Most of the scopes evaluated
for this article have about 250
columns of pixels. Remember,
the number of columns repre-

we wish to display 1 second
2 worth of a signal, it will have to
§ be sampled at least 250 times—
5 once for each column. This also
5 halds true if we wish to display
g 10mS worth of that signal. Tt
= would still have to sample 250
7 times. As you'd expect, the
= slower the time/division setting

A scope’s LCD screen is made up of several columns  15¢c the more time that passes
and rows of lights, called pixels. When a pixel is

turned on, the row it’s in indicates a voltage level,
the columns represent time.

between each sample point.
This can create a problem
because it increases the chance
of fast-oceurring signal changes
being missed. This might not be so
critical on a signal from, say, an O,
sensor, where we're more interested in
the trend of the signal. But what about
the time/division setting when testing
an injector? Fig. 2 illustrates what can
happen when the time/division setting

232 ws mecTion puse HOLD
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sent time. So, we can say that if
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] second. This

This is a signal froma |

is important

pulse-modulated
injector. The part of
the signal after the
spike is a very high-
frequency digital
wave. The distorted
pulses are caused by |,
aliasing. Here the
injector appears to be

to know. For
example,
when looking
for an inter-
mittent glitch,
we try to re-
late the oc-
currence of a

High freguancy
digital signal for
current control

bad, but it’s actually
good!

1 mSec/Div 10 Voka/Div

problem to a

Figure 4

change in the
displayed

of the scope is set too slow.
To battle this display problem, in-
stead of spreddind the 75(1 mmples

ACTOSS [lllllil]“( lll\L(Ul\\S ‘Jl L}lt‘ il
tor signal, try speeding up the 250
mmples so the signal will be spread
across only one instance (see Fig, 3).
Another problem that a faster
time/division setting can help alleviate
is aliasing. Aliasing occurs when the
sample rate is not fast enough to
recreate the signal accurately (see Fig,
4). Some scopes offer something that
allows us a little more flexibility when
dealing with aliasing and missed high-

“That .:}:‘.u*‘:hm” is

frequency changes.

called CGlitch Capture (ak.a. Min/Max
or Peak Detect). This feature causes
the scope to sample at a very high
speed regardless of the time/division
setting or screen resolution (see Fig.
5). It will store in memory the highest
tll](l I()\\'('St \'L'llll(’s Prl('()llllt@l‘(‘d. H](“]
display these values when plotting to
the display. I consider this a scope
]J(lllf(’f'ﬁ'(lf”f'[.’.’

Now that we've covered the resolu-
tion question, let’s move on to screen
refresh rate. Most digital scopes with
LCDs update only 2 to 7 times per

waveform.
But what happens if the problem oc-
curs and the display shows no related
changes in the signal? Is the signal

g IE SR B L
gooa, or did the

scope not take the
picture at the right time because of a
slow update rate?

Try to test any scope you plan to
purchase. Some scopes slow down the
update rate when you view more than
one channel at a time. Others anal_we
the waveform and display numeric val-
ues, which can also slow down the up-
date rate. Auto Ranging (not to be
confused with a static auto setup) can
be another culprit. The object is to
make sure the scope is confi m"—m‘. the
best way possible to give the most reli-
able results for any given situation.
Most of the scopes reviewed for this
article offer preset automotive setups.
Although these presets save you lots of
time, they won't always give you the
optimum configuration for each situa-
tion. So, to take advantage of every-
thing a scope has to offer, learn to con-
trol it yourself.

Some manufacturers are battling
the update problem by introducing a
Flight Recorder mode. This feature

Here is an injector test done at
10mS/div with Glitch Capture on.
Notice how even the injector
spikes are, even though the
time/division setting is relatively
slow. Glitch Capture can also
prevent aliasing.
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has in the past been found only on
large computer-based engine analyz-
ers, but now can be found in some
hand-held scopes, as well. In the
record mode, the scope will continu-
ously capture a signal into memory
(length limited to size of the buffer),
which can be scrolled through at a
later time for evaluation. A true flight
record misses no information within
its capture length.

As you can see. most scopes have
some limitations. But their advantages
far outweigh their disadvantages, given
the amount and quality of the informa-
tion they can provide. And fortunately,
most automotive problems are repeti-

e
uve
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nough that even with a s1ow Gis
play up(lute rate, a scope will Llsm‘l]ly
capture a problem and display it.

The Lineup

Unless otherwise noted, all of the
scopes listed below can be connected
to a computer, have some sort of Help
system, are dual-channel units and
have preset automotive setups. I have
tried to focus on the things that make
each scope stand out. I have also in-

cluded one analoo seone and one that's

cmaea on 210 SCope ar

both analog and digital.
Fluke 98

Many techs view the Fluke line of
multimeters as the industry bench-
mark, The 98 seems to continue this
tradition by being a very high-quality
DSO that’s made to last.

Accessories. Boy, does this scope
come equipped! It has one of the best
test lead kits in the industry, which
includes silicone shielded leads, a
low-pass filter, extensions and many
types of test probes and clips. Also in-
cluded is a secondary pickup and trig-

r...all in a nice carrying case. A
handful of dedicated accessories are
available for diesel engine testing and
to perform current and temperature
measurements, all designed specifi-
cally for the 98.

User Interface. The user inter-
face on the 98 has been greatly simpli-
fied over its predecessor, the 97/Auto.
This scope utilizes a simple menu sys-
tem. It has amazingly few selections
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The Fluke 98’s image area measures
a perfectly square 3.6x3.6 inches.
Note how well the screen is laid out.
The vertical line by the initial injec-
tor drop is the trigger horizontal
position.

to cover all of the different sensors,
actuators, and other components
found on a vehicle. It can do this be-
cause of the unique Continuous
Autoset function that automatically
:ts the voltage and
time settings for the signal under test.
Things can’t get much easier! The
Autoset function, by the way, can be
bypassed when screen update rate is
an issue.

Fluke has also included lots of on-
line help for the 98. There’s a dedi-
cated button to call up the context-
sensitive Help function, and there’s
even a setting that displays informa-
tion about instrument-to-vehicle lead
connections for any given test.

Power Features. The Fluke 98
can be set up as a regular single-chan-
nel or dual-channel lab scope or multi-
meter, bypassing the Autoset functions.
It has a single-channel Glitch Capture
capable of nailing a 40n$ glitch. The
scope software includes three record
modes: Plot Readings that chart out
measurements of a signal; a Min/Max
trend plot with time stamp; and, most
importantly, a true Flight Recorder.
The Flight Recorder will operate from
the slowest time/division setting up to
20mS/div via a unique, patented tech-
nique. Ideally, it could be faster, but
this is still fast enough to view ignition
or injector signals when looking for a
major failure. Remember, you don't
miss anything during the length of the

record. The display is well organized
and easy to read.

Miscellaneous. Other things that
make this scope popular are the long-
life rechargeable Ni-Cads and a built-
in RS-232 port, which allows for quick
computer/printer connections.

ET-2020 Series 2/KALScope 575

Both of these scopes are manufac-
tured by Tektronix, a precision test
equipment company that entered the
automotive repair arena several years
ago. The ET-2020 Series 2 is sold by
Mac Tools, the KALScope 575 by in-
dustry stalwart Kal-Equip. Both
scopes are identical in operation and
functionality.

It’s interesting to note that both
companies have sold different flavors
of this tool in the past. The original
Kal-Equip offering did not have pre-
programmed automotive setups. The
Mace Tools version did, but many im-
provements have been made since it
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The ET-2020 Series 2/KALScope 575
has one of the widest LCD screens
available, at 4.72 inches. This wave-
form was captured using the
scope’s PFI/SFI INJ preset.

was first introduced two years ago.
Buyers of the original ET-2020 can
upgrade to the new Series 2.

Accessories. The test lead kit sup-
plied with this scope is very complete.
It even includes two secondary pick-
ups and all the clips and probes you'd
expect to find. The scope also has a
very complete operator’s manual, and
the training video is a must-see!

Other extras include an RS-232
adapter, AC charger and Ni-Cad pow-
er pack. The scope comes standard
with alkaline batteries. And, as with
most scopes, you can connect amp
probes and other transducers.

User Interface. This scope’s user
interface is a bit different from the
others, largely due to its small size and
the fact that the screen takes up most
of the front panel. The controls are
lined up single-file around the bottom
and right side of the display. At first it
can be a bit awkward finding the con-
trol you need but, like anything, you
soon get used to it.

This scope has the most prepro-
grammed automotive setups in the
industry—over 70! These include
dual-signal setups for dual O, or
cam/crank sensors. It also has a spe-
cial ignition test for DIS using dual
RGL‘()n('LLr'\' pic-kups. Anytime a pres
up is used, relevent m nent
values are displayed automatically.
After a presetup is selected. an op-
tional help sereen appears offering
instruction and other options.

Power Features. The LCD of
this scope is the widest of those I test-
ed, yet still has only 256 columns of
pixels. This kind of stretches the wave-
form. The large pixel size makes the
waveform especially easy to see.

This scope sports Glitch Capture,
which can be turned on or off as
needed. Dual A/D converters allow
for a 40nS capture on both channels.
Tektronix also includes its Dynamic
Display, a power feature for use when
viewing signals that do not change
much, such as ignition signals. For
signals that do change., you can use
the scope’s Flight Recorder, which is
set to 200mS all the time. This is
ideal in many situations, but really
not fast enough to view ignition or in-
jector signztls.

Another neat feature of this scope
is that you can mount a camera trip(’)d
right to the back of it. Sure beats lay-
ing it around in the engine compart-
ment.

Miscellaneous. Like most of the
units evaluated for this article, this
scope performs full DVOM func-
tions. It can measure AC/DC voltage,
resistance and continuity, and per-
form a diode check. Each test screen
is filled with as many measurement
values as possible. The scope can be
connected to a computer, but to do so
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you must remove the batteries, con-
nect the RS-232 adapter and plug in-
to an AC outlet.

Sun LS2000
The LS2000 is a rugged piece of
w;uipuwm that has a rubber protec-
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This injector signal was captured by
recalling a known-good pattern
from the LS2000’s on-board library.
Doing this displayed the healthy
pattern along with the live signal.

tive holster similar to the Fluke 98’s. It

should be able to take lots of abuse.
Accessories. This scope comes

with multimeter-type test leads, but it

would be better to have a good set of

shielded leads. If you buy this scope,
make sure you set aside some extra
dough for an upgraded lead set.

User Interface. This scope has a
nice user interface, with a good bal-
ance of menus and buttons, and the
result is a scope that can be adjusted
very quickly. As lab scopes go, the
L.52000 has all the functions and
most of the flexibility you'd expect. It
comes with preloaded waveform ex-
umpl(ﬁs that can easily be viewed on-
screern. Tllt’st’ PI'(’\'i(’\\"S are }.{]S() llsl"(]
to auto-setup the scope for testing.
For example, if you wish to test an in-
jector, simply recall the known-good
example from memory and hit the
Run option. The “known-good” pat-
tern will remain on the display along
with the live signal!

Power Features. The display is
one thing that really makes this scope
stand out. It has the highest resolu-
tion and a 320x512-pixel LCD. Since
the viewing area is not much differ-
ent in size than the other scopes’ dis-

plays. the pixels are smaller, resulting
in very sharp text and gr;tphics. It also
causes the waveform to be thinner.
For those with poorer eyesight, this
could be a drawback.

More important is the display up-
date rate. It’s faster than that of any
of the other scopes tested—up to
about seven times per second! When
set up pr()perl_\-‘. this is ce]‘tilinl}’ a
power feature.

Another unique feature is that this
scope has Glitch Capture on all the
time. This means it’s sampling the
signu[ at its maximum sampl(-,- rate re-
gardless of the time/division settings.
This helps prevent aliasing and en-
sures that high-frequency events such
as spikes are properly displayed. This
is great for most tests but can be too
sensitive for testing O, sensors or al-
ternator AC ripplx’. To control this,
make sure you use a good set of
shielded test leads or, better yet, a

5
low-pass filter,

The 152000 does not automatically
measure the waveform like some of
the other scopes do, but you can in-
voke the cursor function to measure
voltage and time.

Miscellaneous. Another unique
characteristic of this scope is the trigger
level setting. There’s a dedicated button
for this setting, making it very quick
and easy to adjust. The trigger source,
by the way, is also dedicated to channel
1, which actually simplifies scope use—
one less thing to worry about.

0TC Vision/Matco inSight

The Vision and the inSight are identi-
cal scopes designed by Interro Sys-
tems. Unlike the inSight, the Vision
utilizes a positive-action membrane
keypad. When you install the AC
charger and the RS-232 cable to these
scopes, you open up a rubber boot
that also exposes some of the PC
board. Be careful! You don’t want
metal shavings or 1iquids entering
here.

Accessories. These scopes come
with a handful of shielded test leads
and 5-way clips. They also include a
10:1 prnhe for testing O, sensors.
OTC now ships a sec(mdau}' ignition

lead, trigger pickup and AC filter
with the Vision. The AC filter lead is
used to view alternator ripple. Matco
now offers the MPDA 50, which in-
cludes a new program card and igni-
tion test leads, as well as a waveform
library. Matco also offers a full-blown
ignition analyzer kit that upgrades the
50 to the top-of-the-line MPDA100.
User Interface. The first thing
you notice about the scope menus is
the |m‘gt‘. eus_v—l'()—rcu(l text. Navigat-
ing the menus is straightforward as
well. You use the arrow l\‘t,’“ to go
from option to option and hit the En-
ter key to act. For every level of
menu you go into, you simply hit the
Exit key to back out. On certain
screens it can be somewhat confusing
as to which arrow key to push.
There’s access to a Help menu for

INJECTOR METER

max 2.38
imin 2.25

GAIN:100v TIME:3ns per div.

The Vision/inSight provides loads of
diagnostic information. Here is the
Auto Meter’s injector preset. Note
the six different values (live and
min/max) for each parameter. And
yes, those are bar graphs on the left
portion of the scope’s screen.

each screen via a Function key (F1).
These scopes offer five of the most
popular preprogrammed auto set-
ups—injector, O,, analog (MAF/
MAP), digital (MAF/MAP) and TPS.
The AUTO METERS sctups will dis-
play a waveform as well as helpful
measurement values. In some cases,
they'll include a chart recorder display
along with the numeric values.
Power Features. There are
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Choosing a Lab Scope

many things that make these scopes
interesting. The first thing is that
they're actually a PC. They become a
lab scope when you add the appropri-
ate program card and lab scope mod-
ule. This strategy allows for lots of
flexibility. Matco currently offers an
ignition analyzer kit that will work
with both the Vision and the inSight.
It's capable of displaying DIS as well
as conventional ignition patterns. It
wouldn’t be surprising to see these
scopes evolve into a scan tool, 5-gas
display or other dedicated tester in
the future.

These scopes have four input chan-
nels; all others covered in this article
have only two. You can test four indi-
vidual circuits and display all four as
waveforms or, when in the DVOM
mode, six different measurement win-
dows such as voltage, frequency, duty
cycle, ete. Imagine testing all four
wheel speed sensors at the same time!
When viewing the four channels, each
waveform is in time sync with the oth-
ers. Sending these screens to a printer
or computer can cc*rtm'nl_\' pr()dnu'
some impressive handouts for training,

These scopes sport a unique Record
function that automatically records up
to 50 sereens of data that can be
played back. Yes, played back, as if it
were live! Imagine capturing a prob-
lem in the record buffer and playing it
back for the customer to show what
went wrong with his or her car! The
Record funetion is not a continuous
record, however. It’s based on the reg-
ular update of the screen, which is
saved to memory.

Miscellaneous. The OTC and
Matco scopes offer a few different re-
port formats for dumping the screen
to a serial printer. They can be con-
nected to a PC with a low-cost serial
cable. The screen backlight is especial-
ly bright.

Mastertech

The Matertech is made by Vetronix
and sold by Mac Tools. Its a well-
built unit that comes with a protec-
tive holster to handle the rigors of
everyday shop use. An easy-to-use
thumbwheel makes changing screen

8.80U+ah
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Using the Mastertech’s Auto Setup
feature made easy work of captur-
ing this waveform from a magnetic
nickun, Note the Zoom option (lower
left), which allows for closer exam-
ination of the signal.

contrast on this scope a cinch.

Accessories. The Mastertech
comes with basic shielded leads and
test clips. They're enough to get to
work, but your measurements are
limited to signals up to =20 volts DC.
For the more serious scope user, an
Enhanced Diagnostic Lead Set
(EDLS) is available, which includes
everything needed to view injector,
secondary and primary ignition and
other high-voltage signals.

User Interface. You'll find the
user interface especially easy on this
scope. It uses the Exit key to back
out of menus. The text for most
menus is in large, bold letters.
There’s also a special menu when at
the lab scope screen for waveform-
related actions.

Power Features. This tool cur-
rently epitomizes the word multifunc-
tion. At present it’s a scope, DVOM
and, most important, a full-function
scanner. Despite its multifaceted
chores, it still does a good job getting
waveforms on the display.

The Mastertech features an Auto
Setup, measurement cursors, single-
or dual-channel displays. up to a 5X
zoom and a built-in waveform library.
It might not have some of the power
features that other scopes offer, but
it can get you what you need to view
signals. All this from a tool whose

roots are a scanner|

But wait, there’s more, As a DVOM,
it offers a full-screen display of volt-
age, frequency and duty eycie mea-
surements. Displayed along with the
live readings are Min/Max values.
And, according to Vetronix, you can
now view OBD 11 serial data and mul-
timeter data on the same screen (ai-
though I did not test this).

Miscellaneous. The Mastertech’s
scanner data as well as the screens
from the meter and lab scope can be
(';\pinre('l to a PC or printer.

Goldstar 0S-3040
The 0S-3040 is a traditional bench-
style electronics lab scope. It uses a
CRT that updates in microseconds!
This scope is a true analog/digital job
in one package.

Accessories. The scope comes
with 10:1 probes from the electronics
industry. These are not suitable for au-

tomotive work, so if the OS-3040
piques your interest, plun on investing
in a good automotive test lead kit,
such as my AES C-266.

User Interface. The OS-3040
has a traditional analog lab scope
front panel. so it takes some getting
used to. There are no prepro-
grammed automotive setups. Along
with the standard controls is an extra
set of buttons to access the DSO
functions. All controls are laid out
logically.

Power Features. It’s hard to beat
the confidence of an analog scope that
can update in microseconds. And it’s
hard to beat the charting ability of a
digital scope when viewing, say, O,
sensor signals. With this scope you can
do both!
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The 0S-3040 has cursors for mea-
surement in both analog and digital
modes. Even time and voltage settings
can be displayed. At 40mHz, the
sereen is bright, although you'd want
to shade it in high-light situations.
Want to take the 0S-3040 on a road
test? No problem. Tust connect a volt-
age inverter and off you go.

Miscellaneous. This scope can
save waveforms ta memory, which can

vnloaded to a PC. The

il Memory is not 'n‘di'[m"\-
backed, though, so you can’t unplug
the scope until you've saved your
work,

BK 2120

The 2120 is an analog job all the
way—a traditional bench-top electron-
ics lab scope.

Accessories. BK has created an
automotive scope by including a good

automotive test lead kit with ignition
pickup and more, Also included is a
nice operators manual with instric-
tions for automotive work.

User Interface. This scope has a
standard analog scope front panel.
which takes some practice to get
comfortable with, There are no pre-
programmed automotive setups, ei-
ther. But using the operator’s manual
and noting how each control is logi-

cally laid out should shorten the
learning curve.

Power Features. Analog! And
that means a fast screen update.
What’s at the probe tip is what's dis-
plaved on-screen.

idwidth and dual-channel
capabilities. And its low in cost. If you
can't afford a digital scope but want to
get started viewing waveforms, this
scope may be the ticket. [M]

For a free copy of this
article, write to: Fulfillment
Dept., MOTOR Magazine,
5600 Crooks Rd., Troy, MI
48098. Additional copies are
$2 each. Send check or

money order.

WhyThe Easiest Idler Pulley’Io Order
Is AlsoThe Best OneTo Install.

”

Finding a replacement idler pulley can mean calling new car dealers B

AL ®
“ your pulleys, belts, and hose all from the same place. You'll get a better ‘

pulley with premium bearings without paying a premium price. And it's available at a

all over town. At Gates, we're changing this. Now vou can order

Gates jobber near you. For more information call 1-800-788-2358.

THE WORLD’S MOST TRUSTED NAME

IN BELTS,

The Gates Rubber Company, Denver CO 80217 Gates internet home page: hutp:/lwete.gates.comlgates!
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Moreinfor mation
While this article was written in 1996, it is still very relevant. Most

of the scopes and accessories mentioned are still available and
some have even been improved. To see what scopes are available
aswell as find accessories for your existing scope, visit our online
store at www.aeswave.com/products.
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