ou're looking for a used os-

cilloscope at a ham fair and

wonder if that $150 gem is
really as good as the person at the
table says it Is. The frace lights up and
the seller assures you it is “like new.”
What you need is something that will
allow you to do a quick check of am-
plitude accuracy, sweep accuracy,
and bandwidth. The Fast Pulser Scope
Calibrator described here is a small,
portable, battery-powered scope
calibrator that meets those needs
perfectly and costs less than one bad
deal.

Testing a scope. Amplitude
accuracy and calibration are

== CALIBRATOR

signal of a known amplitude” wi
work well, including something as un-
sophisticated as a battery. Just apply
the signal to the scope and count the
number of divisions. If you have a way
to generate one, a squarewave is
even more useful as you get a direct
indication of peak-to-peak ampli-
tude that allows testing of AC-cou-
pled circuits.

Time (or sweep) accuracy is easily
tested by using a signal derived from
a crystal oscillator, which will give bet-
ter than 0.1% resolution and typically
closer to 0.01%, depending on the
crystal.

The most difficult parameter to
measure is bandwidth, If you had a
variable-frequency generator with a
calibrated output, you could measure
bandwidth by sweeping the input fre-
quency until you reached the —3-dB
point. Unfortunately, those instruments
are not very portable. However, there
is an easier way to determine band-
width that is close enough for most
purposes: apply a fast rise time pulse
to the oscilloscope and observe the
rise time of the displayed waveform.

To see how that works, let's say thata
scope under test has the response
curve of Fig. 1-a. Figure 1-b is a simple
resistor-capacitor circuit that models
that response curve.

If V,, is a fast pulse, V,,; can be
found with:

Vou = Vi1~
where e is the exponential function, R
is the resistance in ohms, C is the ca-
pacitance in farads, and t is the time

in seconds after the pulse is applied.
That output looks like the curve shown

BUILD THE

FAST
PULSER
SCOPE

Psst! Wanna buy a used
oscilloscope? Checking
out that bargin before you
buy is now a snap with
this handy, portable
device.

STEVEN D. SWIFT

in Fig. 2. Figures 1-a and 2 were calcu-
lated using values of R and C to simu-
late an oscilloscope with a —3-dB
rolloff at 100 MHz.

Rise time Is the time for a signal to
go from 10% of its final value to 90% of
its final value. Those points are la-
beled as 10% and 90% in Fig. 2, with
the final value of V,, normalized to
one.

We need to find the rise time, so by
using:

01 = (1-e*eRQ)
and 0.9 = (1—e-90RC)
we solve for t,, and to, using:

t,o = 0.1054 RC
and to, = 2303 RC

The final formula for the rise time
becomes:

b = fogto = 2198 RC

Since the — 3-dB bandwidth (BW) of a
simple RC circuit is given by:

BW = 1/( 2rRC)
or RC = 2aBW

With = = 3.1416, we substitute into the
formula for t,:

t, = 0.35BW
or BW = 035/,

That formula can also be used to
approximate other circuits with a
smooth rolloff that are more than just
the simple RC type, as long as they do
not suffer from excess peaking, which
causes ringing. Figure 3 is a plot of the
bandwidth versus rise time using that
formula.

If the rise time of the pulse is not fast
compared to the rise time of the os-
cilloscope being tested, the scope’s
tfrue rise time can be calculated by:

t.(scope) =/ t,(observed)2 -t (pulse)?

For bandwidths up to 250 MHz, a
pulse with a rise time t, of < 640
picoseconds (0.64 nanoseconds) will
cause less than a 10% error In the
scope’s bandwidth prediction. Figure
4 shows observed rise times on the
scope’s display versus actual rise times
of the scope’s circuitry as a function of
the output rise time of the applied
pulse.

Those calculations and figures ap-
ply to oscilloscopes with well-be-
haved responses as in Fig. 1-a. Poorly
designed, misadjusted, or defective
oscilloscopes will have overshoot,
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Fig. 1. The response curve of a typical oscilloscope (a) and a simple R-C circuit that

simulates that response (b).
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Fig. 2. The output of the R-C circuit when a fast pulse is applied to its input. Like
oscilloscopes, a lower bandwidth will take longer for the output to reach 100%.

ringing, or undershoot. If overshoot or
ringing is present and s, for example,
greater than 15% of the final value,
the apparent bandwidth will be incor-
rect. That is generally a sign of a pea-
ked response and indicates an
oscilloscope that may have some
problems or be unsuitable for preci-
sion work.

Circuit design. With that back-
ground information, we can now de-
sign a circuit that will give us the
correct signal to measure the ampli-
tude, frequency, and bandwidth of an
oscilloscope. We also want a unit that
is small, battery-powered, and porta-
ble.
Since the bandwidth specification

is going to be the most challenging,
let's start there. We need to generate
a fast pulse. In the past, the fastest
devices available were tunnel diodes.
Tektronix at one time made many dif-
ferent tunnel-diode pulsers, but those
diodes are almost impossible to find.
Fortunately, the need for high-speed
digital circuitry has forced semicon-
ductor manufacturers to generate
special fast-logic families. One of
those is Motorola’s ECLips (Emitter
Coupled Logic in picoseconds). The
devices specified have a maximum
output rise time of 350 ps (0.35 ns):
more than adequate for our pur-
poses. We'll choose one of those de-
vices for the fast part of the circuit.

A crystal-oscillator circuit ensures
frequency accuracy, while the ampli-
tude Is set by choosing a version of the




device for the fast part of the circuit
whose output levels are both temper-
ature and power-supply stable. The
final overall block diagram is shown in
Fig. 5.

Design details. Figure 6 shows the
complete schematic. Refer to it and
the block diagram during the discus-
sion that follows.

A 74HC4060 HCMOS oscillator/di-
vider integrated circuit (IC1) was
chosen for generating the master
clock because it includes the os-
clllator circuitry and dividers neces-
sary for a precision crystal-controlled
clock with a minimum of external
components. Choosing that part lets
us use an inexpensive 4-MHz crystal
rather than a larger and more costly
low-frequency crystal.

J1—BNC male connector (Kings
KC-79-59 or similar)

L1—100pH, 0.41-amp rated coil,
surface mount (TOKO
636CY-10IM or similar)

31—SPDT miniature switch (Mouser
10SP018 or similar)

XTAL1—4-MHz AT-strip crystal,
surface mount

Bl—Batteries, 3-volts, see text :

Printed-circuit board, case, cover,
battery holder (Digi-Key BH2AA),
4-40 x Va-inch Phillips pan head
SCrews =

Note: The following items are
available from: Novatech
Instruments, Inc., 1530 Eastlake
Avenue East Sume 303, Seattle,
WA 98102; e-mail:
novatech@eskimo.com, URL:
http://www.eskimo.com/~ntsales:
Key Parts kit (includes J1, ICI,
1C2, IC3, printed circuit bnard, -
case, and cover) (order MTS529-

K), $50. Circuit Board only (order

MTS529-B), $10. Completely
assembled and tested Scope
Calibrator (order MTS529), $125.
Please add $5 for USA shipping
and $10 for overseas shipping by
U.S. Postal Service. These are
special prices and are valid only

for six months. Please mention this

article when you mail payment.
WAmmnmmustaddB%ﬂtes'

tax. Please mail a check drawn on

a bank with a branch in the U.S.
or a money order. Sorry, phone
orders and charge cards are not
accepted.

The divide-by-16 output of IC1, at
250 kHz, is applied to a Motorola
MC100EL32 divide-by-2 ECLips flip-
flop (IC2), through level-shift and de-
coupling components C7, C15, and
R6. Resistor R3 sets the input imped-
ance seen by IC2 and divides the am-
plitude of IC1s output down to the
ECLips input levels. The MC100EL32
has transition times of both outputs
specified at less than 350 ps (0.35 ns)
and temperature-compensated out-
put levels. The divide-by-2 action of
the device provides 125 kHz at ap-

proximately 800-mV p-p to the ampli-
tude adjustment circuit and output
stage.

The output of IC2 is terminated with
loads consisting of resistor pairs R1/R4
and R2/RS. The values shown provide
an equivalent load voltage of about
— 2 volts and a load impedance of 50
ohms. The output of IC2 is AC-coupled
by capacitors C12, C13, C14,and C16
to an adjustable T-attenuator net-
work. The various values of the coup-
ling capacitors combine fo fransmit
the fast rise time edges (C12 and C13)

1000
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Fig. 3. The bandwidth of an oscilloscope can be found by observing how quickly the
oscilloscope responds to a fast-rising input pulse. The quicker a scope responds to an

input, the greater its bandwidth.
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Fig. 4. A pulse with its own rise time will introduce additional error when measuring a

scope’s bandwidth. Keeping the pulse’s rise time as short as possible will reduce such

errors to an acceptable level.

MON S2IU0.123(3 ‘966 18q0jo0

8



Electronics Now, October 1996

2

while preventing droop at the 125-kHz
base frequency (C14 and C16).

The output T-aftenuator allows ad-
justment of open-circuit voltage level
(R10) and output impedance (R11).
Levels of 600-mV p-p open circuited
and 300-mV p-p into 50 ochms were
chosen to correspond to 6 divisions
on an oscilloscope with a high-im-
pedance input set o 100-mV-per-di-
vision, or 50-mV-per-division if the
scope’s input impedance is 50 ohms.
That output is applied to a male BNC
connector, which allows direct con-
nection to the oscilloscope under test

L | crysta ECLips
CJ [ OSCILLATOR AND
T | anD DIVIDE-
4-MHz | pviDER BY-2
CRYSTAL

POWER
Bl—s| SUPPLY

(-8V)

without using cables or adapters. The
parasitic inductance of the output
stage is kept small by the use of sur-
face-mounted components. Even
with that precaution, the output stage
degrades the rise time to approxi-
mately 500 ps (0.5 ns). That rise time is
adequate for testing oscilloscopes to
250 MHz with less than 10% error with-
out using the correction formula or
Fig. 4.

A switching power supply (IC3 and
its associated components) was
chosen to generate the required
power for the circuit. The — 5V supply

ampLTUDE [ SUTPYT
ADJUSTMENT

Fig. 5. Here's the block diagram of the Scope Calibrator. A crystal-controlled
oscillator coupled with ECLips-based technology make for an accurate, reliable

needed to supply power to IC1 and
IC2 is generated by IC3, a
MAX777CSA switching regulator,
Using two AA alkaline cells will supply
power for almost 4 hours of continu-
ous operation, and keep the project
compact. Various types and sizes of
batteries were tested with the power
supply and it was found that 2 AA al-
kaline cells provide excellent perfor-
mance without being very expensive.

Construction details. To maintain
the high-speed performance of the
instrument, the circuit board used
consists mostly of a solid copper
ground plane, with just enough area
cleared away for the components.
Other than a few pads and holes, the
whole solder side of the circuit board
is also a ground plane. Please note
that if you plan to make your own
boards from the artwork, the mini-
mum trace width used is 8 mils (0.2
mm) which may cause etching diffi-
culties. Note also that the back side
ground plane is important for correct
operation, so the feedthrough holes
must be connected.

The parts placement diagram for

design. the project is shown in Fig. 7. Since we
ci 3 c15 = I - R $
22pF Vi 22pF L 8250 4 g250 91
r*—l 74HCA060M |16 r“_ MC100EL320 = <o
v v, C16 1000 1000
l L LI '1"* . ‘gr 2ok ol 10/6.3V :
XTALIZ R8s c7 S . +—H— R13 | | R12 2
4%?1 EG:E oz o%Q 1240 ] CLK C14 IR CiEC OUTPUT
0l = W—-HVea v T [E4 10/6.3V AW -?-
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Fig. 6. The complete schematic for the Scope Calibrator is shown here. A Motorola
MCIOOEL32D divide-by-2 ECLips flip-flop produces a signal unaffected by changes in
temperature or supply voltage.
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Fig. 7. Use this parts placement when building the Scope Calibrator. Surface-mount
technology helps keep parasitic inductance to a minimum, as well as maintain a small

physical size to the finished unit.

| «—————1.8-INCHES ——— |

Here's the foil pattern for the component
ide of the Scope Calibrator printed
circuit board. If you decide to etch your
own board, take care that the narrow
traces don't break apart during the
etching process.

Fig. 8. Here we're testing the sweep
speed and amplitude of an oscilloscope.
You should count 8 divisions when the
sweep is set to I-ws/division.

[4———— 1.8-INCHES

Here's the foil pattern for the solder side
of the printed circuit board. Connecting
the ground planes on both sides of the
board to each other is important for
proper operation.

Fig. 9. Here we're testing the rise time
of an oscilloscope. Measure the time it
takes for the signal to rise from 10% to
90%, then use the chart in Fig. 3 to find
the scope’s bandwidth.

want a small sized instrument and the
circuit has very high speed signals
that require RF-design fechniques,
surface-mount components were
chosen for the project. The small parts
allow for optimized circuit specifica-
tions while reducing performance-
degrading parasitic signals. They also
allowed the complete project (less
the batteries) to be enclosed ina 1.8-
by 3-inch metal case.

Unfortunately, those small compo-
nents make the assembly of the proj-
ect rather difficult. If you have never
handled SMT devices, you might want
to look back at "Surface Mount Tech-
nology” in the November, 1987 issue
of Radio-Electronics, or "A Hobbyist's
Guide to Surface-Mount Technology”
in the January, 1995 issue of Popular
Electronics and first try some of the
simple projects there. An assembled
and tested Calibrator is also available
from the source given in the Parts List.

The Scope Calibrator only needs
calibration for amplitude. The basic
accuracy of the crystal and the rise
time are fixed by the design used and
need not be cdlibrated. The easiest
and most accurate way to calibrate
the unit is to use a wideband (>200
kHz) AC rms voltmeter. With just the
voltmeter load, adjust R10 for a read-
ing of 300-mV rms (the rms value of an
AC-coupled square wave is equal to
one-half its peak-to-peak value). Now
apply the squarewave output to the
voltmeter through a 50-ohm
feedthrough termination. Adjust R11
for 150-mV RMS. That sets the output
impedance equal to your load, so the
accuracy of your 50-ohm load deter-
mines the accuracy of your Fast Pulser
calibrator.

Do not use test leads or cables as
the signal will be degraded by over-
shoot and ringing. Use a direct con-
nection to the meter, such asa BNC to
banana-plug adapter. The as-
sembled and tested unit is calibrated
using a 1-MHz bandwidth rms meter
and a +1% 50-ohm load.

Applications. The Scope Calibrator
is easy to use. Simply switch it on and
connect the BNC output to the input
channel of an oscilloscope under test.
If the scope has a high input imped-
ance (1 megohm is typical), set the
vertical scale on the scope to 100-
mV/division. If the scope has a 50-

(Continued on page 79)
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[Continved from poge 45)

ahm input impedance, o if you have
apphed Me signal through a S0-olim
feedthrough termination, set the
scope to 50-mvidivision, You should
80 6 divisions of ampitude s Shawn
inFig. 8 (Fg. & ond 7 are scope pholos
from a 500 MHz Tekironix 7904 os-
clicscope with a 2A19 vertical omgli-
fier]. Usng only the fiat parts of the
wavelomn, ignore any leaaing or fall-
ing edge aberations when measur-
ing amplitude.

To test sweep acouracy, set the hork-
2ontal sweep speed of the scope 1o 1
paidivision You shoulkd see 8 divisions
as shown In the photo of fg. 8. The
best possible acowacy is cbtained by
canferng the signal cn the screen
and meagsuring from the canter point
af e woveform,

To measure the oppradmate cand-
width, sat the sweep speed to ha fast-
est rate and adjust the mggering so
the complete rising edge of the
wavefarm is visible os shown in Fg. 9 if
that Is not possible, it s Wkely that the
scope under test does not hove o ver-
teal-omplifier delay line. which
should be corsidered o serious cafi-
chancy ignore e amplitude of any
inging ar overshod!, and meossura
he rise ime by naling the time 1o go
fram 10% 1o 90% of Fwe waveiorm am-
| plihde Some scopes hoave thal pré
| calibrated on the screan using aither

5 of & divisions far 100%. ¥ yout scope
nas a & division scale for 1005, just use
the variable vertical scaling com.
monly avaliable to ogjust the wave-
form to 5 dwvislions. Otherwise, just
measure from 0.6 divisions 1o 5.4 divi-
sons. That ghes the rse time of the
scopa and the pulser combined. If the
cbserved rse fime Is smal (<15 rs),
than use Fg. 4 or the formula to cor-
rect for achual rise time (use o nominal
0.5 ns for the puse output rse tima)
Remembaer that the bongwidih is
Terard fram:

BW « 0351,

The total ringirg o overshool should
be less than appreximaotey 15% of the
ggnal’s final volue. Ringng Doyond
hat vakse might indicate probalams
with the werical omplifier such o3
peaked response, mscoibration, o
faulty components, 0
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