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A P P L I C AT I O N  N O T E

Becoming Familiar with Your Standard 
Oscilloscope Probe

An often overlooked, important part of oscilloscope testing is the probe you use. 

The main role of a probe is to connect your target device under test (DUT) to the 

oscilloscope’s input so you can pick up the signal from the DUT and view the 

waveform on the oscilloscope screen.

But keep in mind that an oscilloscope probe is not just a piece of wire with pointy 

tip attached to it. There is more to it that you need to know if you want correct 

testing results. The majority of oscilloscopes with ≤1 GHz bandwidth come standard 

with one high-impedance passive probe per each oscilloscope channel. This is the 

probe the majority of people will use.

The probe tip resistance is typically 9 MΩ and will form a 10:1 resistor divider ratio 

with the 1 MΩ oscilloscope input. The input signal to the probe is attenuated by 

a factor of 1 MΩ/ (9 MΩ + 1 MΩ). For instance, if you probed a 10 V signal with a 

probe including a 10:1 attenuation ratio, you should have a 1 V signal coming from 

the probe that is fed to the oscilloscope’s input. The probe tip is followed by a 

high-impedance cable. A termination box or interface box at the end of the probe 

cable connects to the input of the oscilloscope.
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Figure 1. A simplified diagram of a high impedance passive probe with 10:1 
attenuation ratio.
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The primary feature of this probe is its very high impedance. At DC, the probe’s input 

impedance has 10 MΩ of resistance, and as the frequency goes up, the input impedance 

of the probe falls off as the capacitive reactance of the probe gets larger.

The standard passive probe is the most rugged, flexible and inexpensive probe that 

also gives a very wide input dynamic range - making this probe an excellent choice for 

general-purpose probing and troubleshooting. 

Probe Compensation
Most standard passive probes have an adjustable compensation capacitor for matching 

RC coefficient to the input capacitance of the oscilloscope. The probe’s adjustable  

compensation capacitor can be adjusted to cancel the input capacitance of the oscilloscope.  

To compensate the probe, the oscilloscope probe is connected to the probe compensation 

terminal to make the square wave look as square and flat-topped as possible. Before 

making any oscilloscope measurements, you should connect your probes to the probe 

compensation signal on the front panel to ensure they are properly adjusted.

Figure 2. It’s good practice to connect your probes to the probe compensation signal on the 
oscilloscope’s front panel to ensure they are properly adjusted.
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Dual Attenuation Ratio Probe
Most standard passive probes offer a 10:1 attenuation ratio. A standard passive probe 

usually provides a dual attenuation ratio - user selectable 10:1 and 1:1 range. The 

1:1/10:1 probe has a switch that inserts what’s usually a 9 MΩ resistor in series with 

the signal. In the oscilloscope, there’s a 1 MΩ resistor for forming 10:1 input attenuation 

ratio. In the 1:1 mode, there is no series resistor on the probe side and the total DC 

resistance seen from the probe tip is only 1 MΩ on the oscilloscope’s input.

Figure 3. Keysight’s N2140A and N2142A dual-attenuation ratio passive probes which provide the 

convenience of having both 10:1 and 1:1 attenuation.

The primary benefit of using a dual-attenuation ratio probe is it provides the convenience 

of both 10:1 and 1:1 attenuation. In general, the 1:1 mode of the probe provides lower  

noise, making it ideal for measuring low level signals such as ripple and noise of a 

power supply. However, the 1:1 mode will produce a significant amount of capacitance  

appearing in parallel with the oscilloscope’s input, resulting in reduction of the bandwidth 

down to approximately 25 MHz.

In the following example, a 10:1/1:1 probe is used to measure the power supply output 

noise with each attenuation ratio setting. At 1:1 mode, the measured noise is favorable 

with almost half the noise measured with the 10:1 mode.
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Dual Attenuation Ratio Probe (Continued)

Figure 4. Oscilloscope and probe baseline noise with 10:1 probe.

Figure 5. Oscilloscope and probe baseline noise with 1:1 probe.
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Understanding Probe Loading
When you connect an oscilloscope probe to a circuit, the probe becomes part of 

the circuit-under-test and the probe’s electrical characteristics affect the overall 

measurement response. These effects can degrade measurement accuracy and 

operation because the new circuit that includes the probe will behave differently from 

the circuit without the probe. This is especially true when testing higher  

frequency signals.

All probes present resistive, capacitive and inductive loading. The challenge is to 

ensure these effects stay within acceptable limits. Resistive loading is usually the least 

worrisome of the three loading effects, as long as you’re using a high impedance 

passive probe for measuring low speed signals. The most common resistive loading 

effect results from the voltage divider consisting of the circuit’s output resistance and 

the probe’s input resistance.

ZprobeVin  Vsource x
Zsource  Zprobe

=
+

Zsource is the source impedance of the circuit-under-test. The lower the probe’s 

resistance relative to Zsource, the more the probe-loading reduces the measured 

waveform’s amplitude. For instance, if Zsource is 1 MΩ and Zprobe is 10 MΩ, the 

measured amplitude is roughly 9% less than the actual value before the signal is probed.

Z probe

Z source

V source C probe

R probe

L probe

ProbeCircuit under test

V sourceVin = *( )Z probe

Z probe

+Z source

V in

Xc =
1

2 fCπ

Figure 6. The probe’s resistive, capacitive and inductive components can change the response of the circuit 

under test, depending on how much the probe loads the circuit. 
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Understanding Probe Loading (Continued)
At DC, the probe’s resistance determines its input impedance and loading 

characteristics. While the probe’s capacitive reactance does not contribute to the 

measurement as the capacitance reactance (Xc) is infinite at DC. However, as the 

frequency increases the capacitive reactance gets smaller and becomes the major 

source of loading, drawing more and more energy from the circuit under test.

If you took a measurement of your target, you might see a ringing of your waveform.  

Is that from your circuit or from probing? It’s hard to decipher, but it’s a valid question. 

Inductive loading often appears as ringing in the observed waveform. The source of the 

ringing is the LC resonance circuit, which comprises the probe’s internal capacitance 

and ground lead and the probe tip inductance. The ringing frequency of a simple LC 

circuit is:

Fringing 1 /  2 LCp=

Where Fringing is the frequency in Hz, L is the inductance in Henry, and C is the 

capacitance in farad.

A ground lead is often a major source of inductive loading. Simply changing the alligator 

ground lead to a shorter one may change the waveform you are measuring. If this 

occurs, you probably have a problem with inductive loading, not with your circuit.

Conclusion
It’s important to choose your probe wisely and use it in a way that ensures you’re 

getting the most reliable measurements. Combining the right probe with the right 

oscilloscope puts you on the path to the most precise oscilloscope measurements.  

You learned the theory of passive probe operation as well as the benefit of 

compensating the probe before measurement. Dual-attenuation ratio probes provide 

the convenience of both 10:1 and 1:1 attenuation ratio in a single package. It is very 

important to understand the electrical behavior of the probe because it can affect the 

measurement results and the operation of the circuit. 


