Value
Rise Time 420.9ps
Amplitude 244.0mV

Rise Time 3.653ns
Amplitude 242.6mV

How Oscilloscope Probes Affect Your
Measurement

Application Note

Introduction

This application note describes how an oscilloscope probe changes the signal you're measuring at the test point and what
probing specifications to look for to minimize probing effects. One measurement trap users often forget or overlook
are the effects of probe loading. Ultimately, you want to select an oscilloscope probe that meets the following criteria:

1. Faithfully transmit the signal from your device under test to the oscilloscope

2. Do not disturb! meaning you want to select a probe that changes the signal at the test point as little as possible
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Specifications TPP0500 -J

Attenuation 10X @_ DUT Rin e~ Cn

Dynamic Range 300 V Cat ll Veource

Bandwidth 500 MHz

Input Impedance at the probe tip 10 MQ, <4 plﬂ

N o

If | soldered a 15 pF capacitor from a random location in your current; it’s conductive. Since the probe tip has to draw

Figure 1. Probe Input Specifications.

circuit to ground, would you expect the circuit to behavior some current, it's going to disturb or load the circuit. There
differently? Of course you would. Because an oscilloscope are two probe specifications related to the probe loading the
probe has a capacitance, resistance and inductance, it’s circuit, and these loading factors are input resistance and
going to affect the signal you’re measuring and can affect input capacitance. An example of probe input impedance
the operation of the circuit. To produce a voltage waveform data sheet specifications and an example of how these

on the oscilloscope, the probe tip is going to draw some specifications may be modeled are shown in Figure 1.
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Figure 2. Input Resistance Specification.

Input Resistance Specification

Let’s first investigate the Input Resistance specification. The
probe and scope input resistance will reduce the amplitude

of the signal under test as shown in waveform on the right of
Figure 2. The waveform shape of the loaded signal will closely
resemble the source signal, but the amplitude will change.
How much the source signal’s amplitude is reduced generally
depends on the source resistance because most passive
probes that ship with an oscilloscope have a very large 10 MQ
input resistance.

The input resistance of the probe combined with the scope’s
input resistance causes the measurement system to act like a
voltage divider. The calculation for the effect of input resistance
is shown in Equation 1.

Ideally, V__.. would equal V_ __because the signal at the test
point would be unchanged. In reality, the input resistance of
the probe and scope will have some impact on the measured
amplitude. To minimize resistive loading, probes typically have
a large input resistance, and for most applications, the input

How Oscilloscope Probes Affect Your Measurement

Source Signal
100%
90% f
| | Effects of n
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10%
0%

R!n

source
Rln 5 5 Rsource

Equation 1. Input Resistance Calculation.

V =V

meas

With V_yee = 5V, Rygyee = 1 kQ, and R, = 10 MQ

oM 1
Vieas =DV [W-I-lkﬂ] =4.9995V

Equation 2. Practical Input Resistance Calculation.

resistance of a probe is less likely to cause significant probe
loading since most 10X passive probes that ship with an
oscilloscope have 10 MQ input resistance. Equation 2 shows
how a system’s large input resistance causes very little loading
or disturbance to the circuit.
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Source Signal |

200 Q Resistor

Figure 3. Test Setup Showing Probe Loading at the Test Point.

As shown in Equation 2, a measurement system'’s large 10 50 Q source resistance, a test fixture and an oscilloscope.
MQ input resistance has little impact on the measured signal. The test fixture has a 200 Q resistor and variable capacitor
In this example, the measured signal is calculated at 4.9995 V soldered to it. You can clearly see the test fixture is directly
which is 99.99% of the 5 V source signal. Reviewing equations  cabled to the oscilloscope with the output of the test fixture

and models helps provide an academic overview of input attached to Channel 1. This setup is intended to show what
resistance, but the best method to see the impact of probe is happening at the test point and to observe the effects of
loading is to show how the signal at the test point changes. probe loading. The oscilloscope is showing the output of the
Figure 3 presents a test setup using a voltage source with test fixture, not the output of a probe.
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Figure 4. Effect of Resistive Loading.

With 10 MQ, it would be difficult to see the effect of input
resistance at the DUT. To see how input resistance affects
the signal at the test point, Figure 4 shows the effects of the
200 Q resistor soldered into the test fixture to exaggerate
the effect. The reference waveform is the source signal, and
Channel 1 is the source signal loaded by the 200 Q resistor’s
input resistance. Measurements are turned on to observe the
amplitude and rise time of both the reference waveform and
the loaded waveform. The waveform shape of the loaded
waveform is similar to the source signal as is the rise time, but
the amplitude has been decreased.

How Oscilloscope Probes Affect Your Measurement

Input Capacitance Specification

When selecting the right probe for their application, most
users typically look at the probe’s bandwidth, dynamic range,
and perhaps even the input resistance specification. When
evaluating a probe’s loading characteristics, most users see
the 10 MQ input resistance value and conclude the probe has
sufficient loading capabilities. A critical probe specification
almost always overlooked is the probe’s input capacitance.
When measuring signals at lower frequencies, the probe’s
capacitance has a reactance that is very high, and the probe
loading is not as much. However, as the measured signal’s
frequency increases, the capacitive reactance decreases. At
higher frequencies, the probe’s impedance decreases causing
much greater probe loading. The larger the probe’s input
capacitance, the more it’'s going to disturb or load the circuit
when the measured frequency increases.
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Figure 5. Input Capacitance.

The effect of input capacitance is shown on the waveform
on the right of Figure 5. Compared to the source signal, the
waveform impacted by a larger input capacitance value has
a front corner that is rounded. The consequence of a large
capacitance value is severe because the front edge of the
signal contains the high frequency content. When this critical
signal content has been compromised, one has to question
whether measurement results are reliable. When selecting

a probe, users need to identify a probing solution with the
lowest input capacitance.

Using the simple model from Figure 5, a first order equation
shows that a larger input capacitance will result in significantly
slower rise times and lower bandwidth. Based on the rise time
calculation in Equation 3, there is a clear relationship between
larger input capacitance and slower rise times.

Using the test setup from Figure 3, the variable capacitor
soldered into the test fixture will now be connected to the

signal strip line to show the effects of probe input capacitance.

With the variable capacitor adjusted to 50 pF, the impact of
capacitive loading is shown in Figure 6. Again, the source
signal is shown as the reference waveform identified as R1
and Channel 1 is the output of the test fixture which is the
waveform loaded by the variable capacitor.

Measurements reveal the differences in amplitude and rise
between the reference waveform and the loaded waveform.
The impact of capacitive loading is obvious. The front edge
has been degraded, the rise time is significantly slower, and
there is a minor phase shift.
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* Decreased Amplitude
* Phase Change

With C;y = 100 pF
t.~220ns

With Cyy =12 pF
t,~26.4ns

With C, = 3.9 pF
t,~8.5ns

Equation 3. Input Capacitance Calculations.
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Figure 6. Effect of Capacitive Loading.
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Figure 7. Probe Loading from an Agilent Passive Probe with 9.5 pF Input Capacitance.

How Does the Passive Probe Shipped
with Your Oscilloscope Load Your
Signal?

The test setup in the previous sections used simple resistive
and capacitive components to isolate the effects of input
resistance and input capacitance. Now let’s turn our attention
to the impact of input capacitance induced by some passive
probes that ship with an oscilloscope.

Let’s first examine the loading effects of a passive probe from
Agilent which ships standard with the scope. This probe has
many of the specifications users are looking for: 500 MHz
bandwidth, 300 V CAT Il dynamic range, and 10 MQ input
resistance. This probe also has 9.5 pF input capacitance
which is comparable with passive probes offered by other
vendors. Using the same test setup from Figure 3, the Agilent
passive probe will be connected to the test fixture as shown
in top left corner of Figure 7. The probe tip is applied to the
signal path and a short ground spring is connected to ground.
The impact of input capacitance is apparent. The front corner
of the loaded waveform in Figure 7 is degraded and the rise
time is significantly slower. The signal you’re measuring now
looks very little like the original source signal. This degraded
signal will be further changed as it travels through the probe
cable to the probe’s compensation box and finally to the
scope. This test signal has to be reconstructed by the probe
and the scope to make it look like the original signal. This kind
of loading or disturbance will have adverse effects when you’re
performing important circuit validation.

Because of the adverse effects of capacitive loading,
Tektronix includes a new series of passive probes with their
oscilloscopes with industry best input capacitance of 3.9 pF.
These products are the TPP1000, TPP0500B, and TPP0250.
Connecting a TPPO500B to the test fixture as shown in
Figure 8, the benefits of a probe with low input capacitance

How Oscilloscope Probes Affect Your Measurement
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Figure 8. Probe Loading from a Tektronix Passive Probe with 3.9 pF Input Capacitance.
Capacitive loading

from Agilent
10 pF probe

Capacitive loading
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3.9 pF probe

Figure 9. Comparison of Capacitive Loading Using Agilent and Tektronix Passive
Probes.

are obvious. The signal on Channel 1 which is the loaded
waveform is nearly identical to the source signal. Also, the rise
time of the loaded waveform is minimally affected. Once again,
you want to make measurements with a probe that is going

to do less harm, meaning it is only going to minimally affect
the signal you’re measuring. A low capacitance passive probe
from Tektronix offers nearly the probe loading benefits of an
active probe.

Figure 9 compares the capacitive loading of an Agilent
standard probe against the Tektronix TPPO500B. The
differences are dramatic. In today’s world, signals have faster
edges and tighter margins, so the designer has to make the
effort to model, run simulations, and validate the design. When
you spend that much time and effort in the design process,
you don’t want to second-guess the measurement system or
spend additional time troubleshooting due to measurement
inaccuracy. In this case, one would have to question if the
effects of probe loading are the weak link in validating the
design.
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Figure 10. Capacitive Loading may Affect Circuit Operation.

A probe’s loading affect may not only cause measurement
inaccuracy but can also affect circuit operation. In the example
shown in Figure 10, the probe’s large input capacitance has
caused the signal to fail to meet critical setup and hold time
requirements. You can also see how a degraded front edge

or ringing can cause reflections which will compromise signal
fidelity. When you’re validating your design, the last thing you
want to do is fight the test equipment. It is critical to select a
probe which is going to cause less disturbance by selecting a
probe with low input capacitance.

Probe Loading Affects Your Measurement

Figure 10. Capacitive Loading may Affect Circuit Operation.

How Probe Loading Affects Your Measurement

The video shows a comparison of what is occurring at the test
point and what the output of the probe looks like.

Click here.
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Conclusion

When selecting a probe, users will first look at what are
considered to be the banner specifications which are
bandwidth and dynamic range. A more knowledgeable user
may even check the input resistance to make sure it's a large
value. However, a critical specification often overlooked is the
probe’s input capacitance. It is important to use a probe with
a smaller input capacitance because it is going to cause less
disturbance or loading.

How Oscilloscope Probes Affect Your Measurement

You may be using a probe with a larger input capacitance
and you're getting the results you want. The question is, are
those results real and reliable? There may be more going on
at the test point than you considered and just because the
probe reconstructs a signal you’re expecting to see doesn’t
mean your results are accurate. Using a probe with a smaller
input capacitance will cause less disturbance or loading at the
test point, which greatly increases the likelihood you'll get a
measurement with greater accuracy.
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