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PART | The passive voltage probe

Seeing is believing. Or is it? No doubt there have
been times when the signal you viewed on your
oscilloscope didn’t measure up to what you expected.
After thoroughly checking out your circuitry you
turned a suspicious eye on the scope—but did you stop
to consider the probe?

The function of the ideal probe is to couple the signal
of interest to the oscilloscope without affecting the
signal source or the signal waveshape. As is often the
case, the ideal probe for every measurement doesn’t
exist. However, a knowledge of probe characteristics
and how they affect the circuit under test will help you
approach the ideal for your particular application.

The passive probe is, by far, the most common type in
use today and provides the greatest convenience for
general purpose work. It is also the least expensive. The
term “‘passive” is used to distinguish this type of probe
from one that uses active devices, such as FETs, to
achieve high input impedance and low input capaci-
tance, even in a 1X mode.
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Passive probes come in a variety of sizes and shapes,
with differing characteristics. The typical probe con-
sists of a probe assembly, a ground lead and a shielded
cable equipped with a suitable connector for the oscillo-
scope input. Most probes feature interchangeable tips
and ground leads for easy connection to various test
points. A unique feature of most Tektronix probes is
the Tektronix-patented coaxial cable with a resistance-
wire center conductor. This distributed resistance sup-
presses ringing due to the mismatch between the cable
and its terminations, when viewing fast pulses on wide-
band oscilloscopes.

Probes load the circuit

Low and medium frequency oscilloscope inputs are
usually one megohm shunted by 8 to 50 pF of capaci-
tance. Many instruments with bandpass above 200 MHz
have a 50-ohm input impedance and some have both a
50-ohm and one-megohm input.

When the scope is applied to the circuit under test,
the input capacitance and resistance loads the circuit
and may alter the signal to be viewed. Sometimes, the
loading alters the operation of the circuit itself. These
loading effects can be minimized by using an appropri-
ate probe. If the signal amplitude permits, an attenu-
ator probe can be used, reducing both dc loading and
capacitive loading. Figure 1 shows a schematic repre-
sentation of an attenuator probe and oscilloscope input.
The probe and scope input essentially form an RC
divider. Since R, C, must equal R, C, for equal attenu-
ation at all frequencies, we can see that as R, increases,
C, must decrease. Thus, the capacitance at the probe tip
can be reduced by going to higher values of attenuation.
Common probe attenuations are X10 and X100, with
some probes having provision to switch between X1 and
X10. Others have plug-on attenuators covering a wide
range of attenuation from X1 to X100.

Now, just what changes occur when we attach a
probe, how will these changes affect the signal, and can
we determine the desired information from the display?
One of the primary considerations in determining what
the probe will do to the signal and circuit under test, is
the impedance of the signal source. In modern circuitry
source resistance varies from a fraction of an ohm to
greater than hundreds of kQ and source capacitance
from 1 pF to greater than 100 pF. To minimize probe
loading effects, a low impedance test point should be
selected for viewing when possible.

Two types of signals should be considered when deal-
ing with probe loading effects: (1) pulse or step-func-
tion sources dealing with amplitude, risetime (t;) and
transient response; and (2) sine wave sources concerned
with amplitude and phase relationship distortion.



Measuring pulse signals

Let’s consider what happens to a typical pulse signal
source (Figure 2 (a) when we apply a probe. If the
generator had a t, of 0, the output t, would be limited
by the integration network of R, and C; and would be
equal to 2.2 R,C,, or 8.8 ns. If a typical passive probe,
such as the P6053B (10X, 9.5 pF, 10 MQ) is used to meas-
ure this signal, the probes’ input capacitance and resist-
ance are added to the circuit (Figure 2 (b)) . Since R, is
>>R,, R, may be disregarded. Using the risetime for-
mula, 2.2 R, (C+C,), the circuit risetime, t,, becomes
13 ns. The loading effect of the P6053B to this signal

source is the percentage change in risetime:
13 ns — 8.8 ns

X100=—— =48
o 8.8 ns 70

The percentage change that results from adding a pas-
sive probe to this pulse source is directly related to the
capacitance added. The calculation to determine the
amount of change in risetime would be:
(O 9.5 pF
X100=
C 20 pF
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This is a valid approach if the probe resistance, R, is
large when compared to the source resistance.

Now let’s see what happens if we use a probe such as
the P6048 (10X, 1 pF, 1 kQ) to measure this same signal
source. In this instance R, is not ten times greater than
R, and must be considered. R, and R, form a dc di-
vider, reducing the amplitude and modifying the source
impedance. Using Thevenin’s theorem a new generator
source voltage and a new source resistance (Figure 2(c))
is calculated resulting in: t; = 2.2 R, (CH+C,) = 7.7 ns.
Note that in relating this risetime to the risetime of
Figure 2 (a), our original circuit, the P6048 caused a
change from 8.8 ns to 7.7 ns. The percentage of change
is less than that caused by the P6053B.

7.7ns — 8.8 ns
Percent change =
8.8 ns

It is interesting to note that rather than degrading the
signal by slowing the risetime, the probe modified the
source resistance and decreased the risetime making it
faster than it should be. But take a look at the output
amplitude; it has been decreased to 83.39 of the value
without the probe, due to the voltage divider formed by
R, and R,. In the first example, there was no change
in the signal source amplitude when the probe was
applied.

X100 = —129,

And so we see that the choice of probe depends to a
large extent on which signal parameter we desire to
measure. Low capacitance is desirable when measuring
risetime, but high resistance is more important when
measuring amplitude. Choosing a low impedance test
point is desirable for both risetime and amplitude
measurements.
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Fig. 1. Typical 10X attenuator and scope input.
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Fig. 2 (a). Typical pulse signal source.
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Measuring sine wave signals

Now let’s consider the effects of using the same probes
and the same source resistance and capacitance, with
the generator supplying sine waves rather than pulses.
Here we will be concerned with amplitude changes and
phase relationships.

We should keep in mind that the specified probe
input capacitance and resistance, e.g., 10 MQ and 10 pF,
were measured at dc or low frequency (<1 MHz) . How-
ever, as signal frequency increases, the equivalent probe
input impedance changes. Figure 4 shows how the
input X, and R, of the P6053B probe change with
frequency.

Let’s assume a source frequency of 10 MHz and a
generator voltage of one volt, and see what the source
output voltage will be before any probe is applied (Fig-
ure 3 (a) ) . We see that E,; of the source only, is 979, of
the generator voltage. Now let’s apply the P6053B
(10X, 9.5 pF, 10 MQ) probe and see the effect on the
source voltage. (See Figure 3 (b)) . From the graph in
Figure 4 we find that R, is 40 kQ and X, is 1.7 kQ. Since
R, is >>R,, it can be disregarded in the calculations. X,
is in parallel with X, giving us a total reactance, X4, of
545 Q. From Figure 3 (b) we see that with the P6053B
applied, the source output voltage has decreased to 949,
of the generator voltage. This represents a 39, change
from the unloaded source output voltage.

Now let’s see what happens to the source voltage
when we apply the P6048 (10X, 1 pF, 1 kQ) probe. (See
Figure 3 (c) ) . Since R, is 1 kQ and < 10R,, we must con-
sider it in our calculations as in the case of the pulse
signal source. X, is 16 kQ and in parallel with X result-
ing in X, of 760 Q. We find that with the P6048 applied,
the source output voltage is 819, of the generator volt-
age, for a change of 169, from the unloaded source
voltage.

Comparing Figures 2 (b) and (c) with Figures 3 (b)
and (c), we can see that for risetime measurements, the
low-capacitance P6048 yields better accuracy than the
P6053B, while for sine wave amplitude measurements
the dc loading of the P6048 causes a larger error than
the capacitive loading of the P6053B. Note from Figure
2 (c) that the P6048 also causes a substantial amplitude
error.

Phase relationships

Since most attenuator probes have a capacitive element
it is evident that the probe will introduce phase shift in
the signal being viewed. Source impedance is an im-
portant factor in determining the amount of phase shift
that occurs. For example, consider an amplifier driven

from a 10 MHz, 50 Q source and having an output im-
pedance of 2 kQ. (See Figure 5 (a)). Let’s look at the

input and output using two 10 M@, 10 pF probes. Re-

ferring to Figures 5 (b) and (c) we see there is a differ-
ence in phase of about 49° due to the impedance
difference in the points being measured.

Now let’s look at the same two points using two 1 kQ,
1 pF probes. (See Figures 5(d) and (e)). The phase
difference has been reduced to about 2°. However, the
1 kQ probe causes a 679, signal loss due to resistive load-
ing. Depending on the application, it may be desirable
to select a probe which offers a better compromise be-
tween phase shift and signal loss, or we may use a differ-
ent probe for the respective measurements.
Summing it up
From this brief discussion we can see that what seemed
a relatively unimportant part of our measurement sys-
tem, actually determines to a large extent what we see
displayed on our oscilloscope screen. All probes do not
have the same effect on the signal. And one probe is not
the ideal for all measurements.

Here are some general rules we can follow to make
better measurements when using a probe:

1. Always check the probe compensation on the oscil-
loscope being used to make the measurement.

no

. Choose the lowest impedance test point possible
to view the signal.

3. When making risetime measurements:

a. Choose a probe with R and C as low as possible.

b. Scope and probe risetime should be short rela-
tive to the signal risetime.

c. Observed risetime is approximately equal to
the square root of the sum of the squares of all
the risetimes in the system. These risetimes in-
clude the risetime of the signal source, the speci-
fied probe risetime, the specified scope risetime,
and the calculated risetime of the scope/probe
input system, including the effect of the source
impedance.

4. When making amplitude measurements:

a. For sine wave measurements, choose a probe
which has the highest input impedance at the
frequency of interest. Remember, loading error
changes with frequency.

b. For pulse measurements, choose a probe which
has a large input resistance relative to the
source impedance. Input C is of no concern if
pulse duration is about five times longer than
the input RC.

In the second part of this series we will discuss active
probes and current-measuring probes. While not as
widely used as the passive voltage probe, they provide a
valuable extension to the signal measuring capabilities
of your oscilloscope. &
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PART Il Active and Current Probes

Active probes

Two prime advantages of active probes are: the
isolation provided between the measurement

point and the probe cable and scope, allowing high

input resistance and low capacitance to be achieved;

and full bandwidth without input signal attenuation.

Most active probes are compatible with either 1MQ
or 50Q scope inputs without using external adapters.
When working in the 50Q mode, a 50Q cable can be
used to extend the probe length without increasing
capacitive loading. However, longer cables will slow
the risetime.

The typical active probe uses a FET input and con-
tains both ac coupling capability and voltage offset for
observing signals riding on top of a dc level. The active
probe used in this discussion is the TEKTRONIX
P6201 probe. It uses a FET input and has a probe only
bandwidth of dc to 900 MHz with a risetime of 0.4 ns or
less. Other active probes will provide similar advan-
tages within their frequency capability. For example,
the P6045 will handle signals up to 230 MHz.

Measuring pulse signals

To provide for a common basis of comparison with the
passive probe, the same signal source used in Part I
is used for this discussion of active probe performance.
The source consists of an ideal step-function generator
providing a voltage step of infinitely fast risetime. The
source impedance is 2000 shunted by 20 pF, resulting
in a source risetime of 8.8ns (Figure 1(a)).

As we noted in Part I, the capacitive loading caused
by applying a probe to the circuit under test can signi-
ficantly alter the risetime of the signal we desire to
measure. If the probe resistance approaches that of the
signal source (within two orders of magnitude) rise-
time can also be affected.

In Figure 1(b) we see the effect of applying the P6201,
with 10X attenuator head (1.5pF, 1MQ), to our signal
source. The capacitive loading of the P6201 has in-
creased the pulse risetime from 8.8 ns to 9.5 ns. In Part I
of this article we noted that the loading effect of the
probe on the signal source could be stated as the per-
centage change in risetime. In this instance the loading
effect is:

ts — Ly o 1 9588 8
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This is a considerable improvement over the 489, in-
crease in risetime caused by the typical high impedance
10X passive probe, and somewhat better than the 129
decrease in risetime caused by the low-resistance, low-
capacitance P6048 passive probe.

We also noted that loading is directly related to
probe capacitance, assuming the probe resistance (Rp)
to be much larger than the source resistance (R).
When the probe resistance approaches that of the
source, the source impedance is effectively reduced,
causing a decrease in the risetime and a considerable
reduction in signal amplitude.

Measuring low-level signals

One of the prime advantages of an active probe is full
bandwidth at 1X attenuation with minimum circuit
loading. This is essential when viewing fast signals in
the millivolt region. The P6201 (X1) probe has an input
resistance of 100KQ and a capacitance of 3pf. Let’s see
what happens to the risetime and amplitude when we
apply it to our typical signal source.

Figure 1(c) shows the risetime increased from 8.8 ns
to 10 ns for a change of 149,. Though somewhat greater
than the 89, of the P6201 (X10) the error is compar-
able to the 129 error caused by the low-resistance, low-
capacitance P6048 passive probe. And note that the
P6201 (X1) has negligible effect on signal amplitude.

From the graph in Figure 2 we see that the active



probe provides a more accurate risetime measurement
than does the passive probe, over a wide range of source
risetimes. However, at lower values of source impedance
or slower risetimes the small differences in measure-
ment error may not justity the difference in cost be-
tween the passive and active probes.

Rs PULSE SOURCE

(1
__J_: __J__ 10% —
= = th le—

t,, = 2.2 Rg Cg = 8.8ns
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Measurement of sine wave signals

Now let’s see how the active probe performs when mea-
suring sine wave signals. Figure 3(a) shows the same
10 MHz sine wave source used in Part I. Applying the
P6201 (10X) probe we find the source is loaded by a
probe resistance (R;;) of 1 MQ and a capacitive reac-
tance (X,3) of 11 k. This compares with an R, of 40
kQ and X, of 1.7 kQ for the typical high impedance pas-
sive probes (See Figure 4).

Since R,; >> R, it can be disregarded. However, the
shunting effect of X,; in parallel with X, yields a total
reactance, X, of 790Q. The resulting impedance is
Z = yR7Z + X = 815Q. E,,; with the P6201 (10X) ap-

plied becomes;T'gg X 100 = 979, (Figure 3(b)). We see

that at the 10 MHz frequency the P6201 has negligible
effect on the signal output amplitude.

The advantages the active probe offers for measuring
sine wave signals are: a more gradual decrease of R,
with increasing frequency, and a lower input capaci-
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Fig. 2. Relative performance of the P6201 and PG04S when
measuring various risetime signals from a 2000 source and a
25Q source.
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tance providing higher X,. These characteristics be-
come even more important as the signal frequency
increases. For example, if the frequency of our typical
source is increased to 50 MHz, the P6201 (10X) causes
a change in source output voltage of 39, while the
typical passive probe causes a change of 209.

Summing it up for active probes

Active probes can provide definite advantages when
viewing signals from high impedance and/or low
capacitance sources. They provide the best obtainable
combination of high input resistance and low capaci-
tance, without signal attenuation; they therefore can
be considered capable of providing the best general-
purpose measurement capability.

Following is a summary of some general considerations
tor selecting an active probe:
1. Full bandwidth is provided with no signal attenu-
ation using the 1X configuration.

2. The active nature of the probe provides the high
input impedance characteristics of most passive
probes and the low input capacitance of passive
probes designed to work into 50Q inputs. These
features yield the best of two worlds—minimum
risetime and minimum pulse-amplitude error.

3. Impedance selection to permit use with either
50Q or 1 M@ inputs is usually provided.

4. Probe length can be extended through the use
of 50Q cable without increasing probe loading.

5. Over-voltage capability is typically provided.
However, to minimize the likelihood of over-volt-
age, the highest attenuation configuration should
always be used when probing unknown voltages.

6. Dynamic signal range of the active probe is not as
great as that of a passive probe. For example, the
P6201 (1X) can handle signals up to =600 mV.
This can be extended to =60V using the 100X
attenuator. DC offset provides a measurement
window of +5.6V using the probe alone, with the
range extended to =200V using the 100X attenu-
ator.

The current probe

Now let’s turn our attention to a measurement tool
often overlooked—the current probe. Current probe
measurements are particularly applicable for high im-
pedance measurement points where the voltage probe
would significantly alter the circuit characteristics.

The current probe offers the lowest circuitloading
of any available probe. There is, however, an insertion
impedance reflected into the circuit under test, which
consists of a series resistance shunted by a small induc-
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tance. The value of this inserted impedance is associ-
ated with the design of the current-sensing unit in the
probe head. In the instance of the TEKTRONIX
P6042 (dc to 50 MHz current probe) the insertion im-
pedance is 0.1Q at 5 MHz. Thus, to realize an ampli-
tude measurement error of less than 29, the signal
source impedance should be 50 times the insertion
impedance or, in this case, 5Q.

A second consideration in the use of the current
probe is the capacitive coupling from the probe to the
circuit. This coupling is the only shunt loading placed
on the circuit by the probe and will vary depending
upon the size and type of material of the current con-
ductors. For example, with No. 20 AWG wire the
capacitance will be =0.6pF and with No. 14 AWG it
will be =I1.5pF. The majority of this capacitance is
to a shielding can placed about the current-sensing
unit, and its effect can be minimized by using the probe
ground lead when working with large voltage swings
of high-frequency signals. Another technique is to select
a current-monitoring point to minimize voltage swing;
for example, monitoring the current on the dc supply
side of a load resistor.

Some typical applications

One of the measurements for which a current probe is
ideal, is looking at the output required of a generator
driving a capacitive or partly-capacitive load. An ex-
ample would be the gain requirements of an output
stage driving the beam-blanking structure of a cathode
ray tube. If voltage were monitored, a square wave
would be observed. However this is not at all indicative
of the current spike that the transistor needs to provide.
In this particular measurement, the current probe dis-
turbs the functioning circuit very little, whereas, the
capacitive loading of the voltage probe causes a severe
disturbance.

A few of the many other areas of usage include trans-
former design, where the current distribution is the
most important parameter; the design of electric motors
and generators including looking at starting currents,
generated transients, and checking commutation cur-
rents; numerous SCR-oriented applications including
balancing SCR currents, as well as measuring rate-of-
change and peak currents.

Think current measurement

After one becomes accustomed to thinking “current,”
there are many areas where better measurements can
be made and the resultant data is in a more useful form.
For example, in evaluating transistor performance, the
current probe is ideal for measuring base drive, collec-
tor current and even emitter current if the impedance

is not too low. You can determine many of the oper-
ating characteristics of the transistor through analysis
of the collector current waveform.

Differential measurements simplified

It differential measurements are required, the current
probe is inherently a high CMRR device. The addition
or subtraction of currents by passing two or more wires
through the probe sensing unit provides an unsurpassed
differential probe. There are no amplifiers, only the
opposing or reinforcing flux fields determine the probe
output. Similarly, added sensitivity may be obtained
by looping the current conductor through the probe
more than once.

Another useful technique is to make simultaneous
voltage probe and current probe measurements to de-
termine incircuit capacitive or inductive characteristics.
If the system is compensated, i.e., has no net reactive
components, the voltage and current waveforms will
be congruent.

Two styles of current probes

Two styles of current-sensing probes are available. The
closed-core unit, such as the CT-1, requires the current-
carrying wire to be threaded through the unit. These
devices are designed to allow permanent mounting
within the circuit to provide continuous monitoring
within a controlled electrical environment, for ex-
ample, a 50Q strip line. The second style available is
the split-core unit which provides for a portion of the
core to slide back allowing the current-carrying lead to
be inserted without breaking the circuit.

Operational characteristics

The typical current probe has its operational capabili-
ties described by a different set of terms than is charac-
teristic of voltage probes. The Amp-Second Product is
directly related to the flux saturation of the transformer
core. Effectively, the Coulomb charge under one pulse
is integrated to determine whether it will place the
current transformer into saturation or not.

The RMS current indicates the power handling capa-
bility of the probe. This power limit may be the wat-
tage capability of the terminating resistance, the wire
size of the secondary winding, or a similar power-sensi-
tive component.

The maximum peak pulse current rating is indicative

of the voltage breakdown characteristics of the weakest
component in the system.

Summing up the current probe

Though the use of a current probe may require a slight
change in how we customarily evaluate circuit per
formance, the advantage of using a current probe in



certain aspects of circuit design and evaluation make
the effort well worthwhile.

Here are some general considerations leading to current
probe use.

1. The current probe can be considered comple-
mentary to the voltage probe in the respect that
where the voltage probe desires low impedance
points for accurate measurements, higher im-
pedance points are desired for the current probe.

2. The current probe exhibits lower loading than
any voltage probe. This generally implies mini-
mum signal amplitude attenuation and minimum
risetime inaccuracies.

3. Where information on current supply require-
ments is needed, primarily into capacitive ele-
ments, the current probe is almost a necessity.

The P6201 dc to 900 MHz active probe.
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Conclusion

Both the active probe and current probe extend the
measurement capability of your oscilloscope. They can
yield more accurate measurements than passive voltage
probes in many instances, and often provide the only
means of making some measurements. They could
prove to be ready-made solutions to some of your more
difficult measurement problems.




Tektronix, Inc. offers a wide variety of probes to help accomplish a wide
variety of measurements. The charts below detail the specifications of
some of the most widely used probes.

Voltage Probes for 1 M Inputs

LENGTH PACKAGE USEFUL DC SCOPE C | READ
TYPE ATTEN |IN FEET NUMBER LOADING BW MHz MAX IN pF OouT
P6009 100X 9 010-0264-01 Std 10MQ | 2.5pF 100 1.5 kV 12 to 47 YES
P6015 1000X 10 010-0172-00 Std [100 MQ 3 pF 75 20 kV 12 to 47 NO
P6028 1X 010-0075-00 Std 1MQ | 67 10 600 V ANY NO
P6048 10X 010-0215-00 1kQ 1pF 100 20V 15 to 20 NO
P6053B 10X 010-6053-13 Opt 1| 10MQ | 125 250 500V 15 to 24 YES
P6055° 10X 3.5 010-6055-01 Std 1MQ | 10 pF* 60 500 V 20 to 47 YES
P6062A | 10Xor1X 010-6062-03 Std 10 MQ | 14 pF 100
1 MQ [105 pF 6.7 500 V 15 to 47 YES
P6063A 10Xor1X 6 010-6063-03 Std 10 MQ | 14 pF 200 500V 15 to 24 YES
1 MQ [105 pF 6
P6065A 10X 6 010-6065-13 Std 10MQ | 12.5 100° 500V 20 to 24 YES
5100 MHz with 465, 75 MHz.
Rating varies with scopes having other than 20 pF inputs.
3Designed for use with scopes having differential inputs.
Q in Qi
VOLTAGE PROBES for 50 @ inputs, or 1 MQ inputs INPUT LIMITS
LENGTH RISETIME g*AX- Dl;('NEAR DC READ-
TYPE | ATTEN |IN FEET| PACKAGE NUMBER LOADING s |arie |l e | 5t | our
P6045 1X 6.0 010-0204-00 Std 10M 5.5 pF 15 =12V =5V +=1V| NO
FET 10X 2.5 pF =100V +=5V =10V
100X 1.8 pF =100V | =50V | =100V
P6046 1X 6.0 010-0213-00 Std 1M 10 pF 3.5 =25V =5V NO
DIFF/AMP 10X 10M 3 pF =250V +5V
P6056* 10X 6.0 010-6056-03 Std 500 @ 1pF 0.1 +16V | =16V YES
9.0 010-6056-05 Opt 2
P6057* 100X 6.0 010-6057-03 Std 5 KQ 1 pF 0.25 +=50V| =50V YES
9.0 010-6057-05 Opt 2
P6201 1X 6.0 010-6201-01 Std 100K 3.0 pF 0.4 +=100V =6V +=56V| YES
FET 10X 1.5 pF +=200V 6V +56V
100X 1M 1.5 pF +200V| £60V | £200V
iMust be shunted by 50 & (011-0049-01) on a 1-MQ system.
CURRENT PROBES
USEFUL CURRENT/DIV | SATURATION MAXIMUM CURRENT
BANDWIDTH SCOPE AT DC AMP ms | MAX PEAK DERATE
TYPE Hz to MHz 50 mV/DIV probuct| RMS | PULSE | BELOW ABOVE
P6021 with Term 120 50 1A to .5A 5A D 53A 250 A 300 Hz 5 MHz
with 134 and PS 12 35 1mA to 1A 5A 5 53A 15A 230 Hz 5 MHz
P6022 with Term 8.5k 100f 50 mA or .5A 2A .009 21A 100 A 3 kHz 10 MHz
with 134 and PS 100 60 1mA to 1A 2A .009 21A 15A 1.3 kHz 10 MHz
P6042 Dc 50 1mA to 1A 10A —_ 10A 10A —_ 1 MHz
CT-1 30k 1000/ 10 mA 2A .001 5A 100 A -
CT-2 1.2k 85, 50 mA 2A .05 25A 100 A
CT-3 30k 1000 10mA 2A .001 S5A 100 A S
CT-5 with P6021/134| 12k 20f 20mA to 1kA | 20A 500 700 A 15 kA 2830 Hz 1.2 kHz
with P6042 5k 20] 20mA to 10kA| 20A 8000 700 A 10 kKA 20Hz 1.2kHz
CT-5 with P6021 120 20| 100 A to 500 A 20 A 500 700 A 50 kA 300Hz 1.2 kHz
Passive Termination




Tektronix, Inc.
P.O. Box 500, Beaverton, Oregon 97077

Telephone: (503) 644-0161 TWX: 910-467-8708 TEKTRONIX BEAV. Cable: TEKTRONIX
FIELD ENGINEERING OFFICES

ALABAMA GEORGIA MINNESOTA OKLAHOMA
*Huntsville 35801 *Atlanta 30341 *St. Paul 55112 Cklahoma City 73105
Suite 8, 3322 S. Memorial Parkway Suite 3, 2251 Perimeter Park 3775 North Dunlap Street Suite 201
Phone (205)881-2912 Phone (404)451-7241 Phone (612)484-7255 800 N.E. 63rd
Phone (405)848-3361
HAWAII MISSOURI
ARIZONA Sales: *St. Louis
*Phoenix 85034 Van Nuys, CA 91406 422 Anglum Rd. OREGON
2643 E. University Drive 16930 Sherman Way Hazelwood 63042 Portland
Suite 113 Phone ENterprise 8072 Phone (314)731-4696 ?_{345 dS'S\%'zz%emer Court
Phone (602)244-9795 s ¢ igar
Tucsgn(Are)a: Enterprise 383 '172&%0181" Service Center Phone (503)639-7691
3875 Uslona Street ol SERSRY
7 *Springfield 07081 iFactory Service Center
CALIFORNIA Bhone; {(808) B47-1138 964 South Springfield Avenue "Tektronix Industrial Park
*Concord 94520 Phone (201)379-1670 Beaverton 97005
2359 Stanwell Oircls ”EIE'INOIS Phone (503)644-0161, Telex 36-0485
one (415)687-8350 icago
Fror]r;a Oakland,SBerkeIey, Richmond, ‘1]5?}4(}1GEImhu\;'s['tl Rd.60007 f‘f”Eb\N MEXICO
Albany and San Leandro: 254-5353 rove Village *Albuquerque 87108
Info. Disp. Prod. (415)687-4681) Phone (312)593-2830 1258 Ortiz Drive, S.E. PENNSYLVANIA
iChicago Service Center Phone (505)268-3373 Philadelphia 19034
*Irvine 92705 Unit E Southern N.M. Area: ENterprise 678 165 Indiana Avenue
16601 Hale Ave. 175 Randall Rd. Southern Nevada Area: ENterprise 678 Phene (215)542-1440
Phone (714)556-8080-89 Elk Grove Village 60007
(213)778-5225, 6 Phone (312)956-1774 NEW YORK {*Philac{zlpgia Service CPer]:ler
1030 W. Germantown Pike
*San Diego 92111 INDIANA L Norristown 19401
6841 Convoy Court ! . ik '°y121$g Phone (215)539-5540
Phone (714)292-7330 *Indianapolis 46219 atham
6121 East 30th Street Phone (518)785-3353 St
*Santa Clara 95051 Phone (317)546-2408 *Endicott 3855 Northern Pike
3200 Coronado Drive 3214 Watson Blvd. Monroeville 15146
Phone (408)249-5500 KANSAS Endweil 13760 Phone (412) 373-3250
iy it *Kansas Cily Phone (607)748-8291
1635130 gfermansway 8920 West 62 Terrace *Long Island
Phone (213)987-2600 Shawnee Mission 66202 100 Crossways Park West TEXAS
From L.A. call: 873-6868 Phone (913)262-8770 Woodbury, L.I. 11797 *Dallas 75240
B e o 4455 Sigma Road
9DOLORAD0 I;&Elvlglrf:?nls\ e "R Phone (214)233-7791
enver i 3004 34th St. 31 Haight Avenue *H
2801[ So. go;aamge St. Meotairie 70001 Phone (914) 454-7540 57%gs§gn;g?n3rge
nglewoo = 3
Phona. (508)771.8012 Phone (504)837-8454 Rochester 14623 ?3?1’3?15%913)783-1910
77 Ridgeland Rd.
N.';AI?YLAND Fhone (Feleasaii San Antonio 78228
CONNECTICUT 15a26m\l(°orr?< Road *Syracuse 13212 Suite 100, 4415 Piedras St., West
Milford 06460 Lutherville 21093 1 Northern Concourse Phone (512)736-2641, 2
therville North S “
20 Commerce Park Road Phone (301) 321-7000 Pt? 3?/’2%‘3222 5T From Austin Area:
Phone (203)877-1494 From Harnisburg, Lancaster and one (315)455- ENterprise 9915
York Area call: ENterprise 1-0631
*Rockville 20850
FLORIDA 1335 Piccard Drive *NRE;:?;E 2?£§OLINA UTAH
*Fort Lauderdale 33311 Phone (301)948-7151 Suite 104 *Salt Lake City 84115
;?1701new(6330‘5)07§*1d?2§0pa’k Blvd. MASSACHUSETTS 3725 National Dr. 65 West 2950 South
Alfjosse\r,ves PuertodRico and *Boston Phone (919)782-5624 Phane (801)484-8501
.8. Virgin Islands
From Miami: 944-6948 g e OHIO VIRGINIA
Phone (617)890-4550 *
*Orlando 32803 From Providence: (401)739-4771 2R Hampton 23366
Sulte 109, 1040 Woodcock Rd. (Info. Disp. Prod. (617)830-5950 5689 Pearl Road 1929 Coliseum Dr
Phone (305)894-3911 nfo. Disp. Prod. (617)890-5950) Phone (216)884-6558 Phone  (804)826-4020
Frogn '5323Cape Kennedy Area: MICHIGAN Coliiibiis
636-
: : Suite 5, 12 West Selby Blvd.
Pensacola 32503 *Detroit g =
Suite 130, 4900 Bayou Blvd. 22132 West Nine Mile Road mocrgyn(%tﬁgs‘ég??glm WASHINGTON
Phone (904)476-1897 Southfield 48075 *Seattle 98188
Phone (312)358-3122 *Dayton 45449 641 Industry Drive
501 Progress Rd. Phone (206)575-0180

Phone (513)859-3681

*Field Office/Service Center

iService Center
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