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H
ere’s some advice from an 
oscilloscope expert: Don’t hit 
your oscilloscope while mak-
ing measurements (and prefer-

ably not ever). It seems like this should go 
without saying, right? But in late March, 
the electrical engineering community (and 
consequently my inbox) was abuzz. The 
well-known electronics YouTuber Dave 
Jones posted “EEVBlog #983 – A Shocking 
Oscilloscope Problem” (https://youtu.be/
WE9pYUVvr00).

Now, this made me stop in my tracks not 
because he’s highlighting an oscilloscope 
“problem,” but because after waiting for 982 
videos, Dave thought this topic was finally 
worth using the word “shocking” as a pun. I don’t know about 
you, but if I made 982 videos, I would’ve played that card already. 
Although, our Keysight Oscilloscopes YouTube channel just 
broke 250 videos and we haven’t done it yet, so you never know. 

Anyway, what triggered this video (pun intended; no, I’m not 
sorry)?  As it turns out, the topic is well (sigh) shocking.  Bump-
ing an oscilloscope, or oscilloscope probe, the wrong way could 
cause mystery signals to appear on the screen. Not just some 
oscilloscopes—every oscilloscope. Why? Because the ceramic 
capacitors in the oscilloscope’s acquisition system are piezoelec-
tric materials.

PIEZOELECTRICITY

Piezoelectricity is another reminder that I should have paid 
more attention in chemistry class. It’s one of those unique char-
acteristics of the world that blurs the line between electronics, 

mechanics, and chemistry. It was discovered by Jacques Curie 
and his brother Pierre (husband of the famous Marie Curie) in 
1880, who used it to develop one of the first precision electrical 
measurement tools, the Piezoelectric Quartz Electrometer. This 
was the first tool that could make very precise low-current and 
-charge measurements, and its picoamp sensitivity aided the 
discovery of radiation.

HOW DOES PIEZOELECTRICITY WORK?

Piezoelectric materials are crystalline substances that produce 
an electric potential when subjected to mechanical stress.  Think 
about a crystal lattice. In general, a material’s molecules form 
into crystals because that is its most stable state. The molecular 
charges are arranged in an electrically neutral arrangement. 
Essentially, the positive and negative charges are all at a happy 
equilibrium. But as soon as an external physical pressure distorts 

Though ceramic capacitors do have piezoelectric tendencies in certain situations, they 
are the much-preferred option for use in scopes over their electrolytic counterparts. 
Just avoid knocking your instrument around like a piñata.
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1.  Here’s a simplified example of how charges move, causing the piezoelectric effect. 
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the crystal structure, there will be an imbal-
ance of charge. 

Take Figure 1, for example. In a normal, 
non-compressed state, the 2D lattice is at 
equilibrium. But as it’s compressed, the posi-
tive and negative charges “squish” out to 
opposite ends and create a potential across 
the structure. Alternatively, you can apply 
a voltage to a crystalline structure and it 
will physically change the shape of the crys-
tal—the “reverse piezoelectric effect.” This is 
especially useful if you want to generate or 
sense physical time-varying waves.

THE PIEZOELECTRIC EFFECT AND 

OSCILLOSCOPES

So, what does the piezoelectric effect have 
to do with oscilloscopes? Try this and see for 
yourself: 

1. Connect a standard passive probe to 
your oscilloscope.

2. Vertically zoom in on your signal to a small voltage per 
division setting.

3. Set the trigger level slightly above the baseline signal.
4. Remove the probe’s grabber hat and tap the exposed probe 

tip on a hard surface.
5. Don’t panic and always carry a towel.
You should then see a signal that looks something like Figure 

2. Remember, you may have to put your oscilloscope into “Nor-
mal” trigger mode to keep the signal on the screen. Alternatively, 
you can probably skip the probe altogether and simply tap on a 
bare BNC or even the top of the chassis. Now, don’t panic, this is 
something that occurs with every scope in existence. 

A signal is showing up on the oscilloscope because designers 
use ceramic capacitors in both probes and oscilloscope acquisi-
tion boards. Ceramic is a piezoelectric material, and the vibra-
tions caused by physical force you exert on your probe and/
or scope cause the capacitors to physically expand and con-
tract slightly. This expansion and contraction creates an electric 
potential in the capacitors. Because these capacitors are part of 
the oscilloscope’s acquisition system, that potential shows up on 
the oscilloscope screen as a signal. 

“So… (you ask me once you’re done hyperventilating), have 
all of my measurements been bogus up to this point? Can I mini-
mize this effect? Is this something I should worry about?”

No, yes, and probably not. 
Unless you are working in the middle of a city-destroying 

earthquake or on the back of a kangaroo, you probably don’t 
have anything to worry about. Keysight oscilloscopes all go 
through extensive environmental and stress testing, including 
drop tests (up to 30 g) and time on a vibration table (Fig. 3). So, 

for Keysight oscilloscopes you can be confident that every-day 
vibrations won’t affect your measurements (but I can’t speak for 
other manufacturer’s testing procedures). If you’re concerned 
about this effect or work on the back of a kangaroo, try using an 
equipment cart or table that has built-in suspension (or maybe 
a towel…).

To measure the effect of the piezoelectric effect on your 
systems, first make a baseline noise measurement in a stable 
environment (AC VRMS¬), and then make a baseline noise 
measurement in your testing environment. The difference in 
measurements will be due to both EMI and the piezoelectric 
effect. Ideally, this measurement should be made in an identical 
EMI-inducing environment to isolate piezoelectric effects. Side 
tip: You can also do this same thing to measure probe loading on 
your device.

WHO USES THE PIEZOELECTRIC EFFECT?

You probably come across practical uses for the piezoelectric 
effect more often than you realize. For example, many acoustic 
instruments use piezoelectric pickups for sound amplification. 
Also, ultrasound machines and old-school apartment buzzer/
intercoms rely on the piezoelectric effect for both signal genera-
tion and acquisition of signals. 

Virtually all modern oscilloscopes use ceramic capacitors as 
part of their front-end acquisition blocks and various other parts 
of the printed-circuit board. Therefore, you see a signal on your 
oscilloscope when you tap or thump the top of your oscilloscope 
or a bare BNC. Passive probes can also have ceramic capacitors 
built into the probe tip and/or probe base, which is why tapping 
a probe on a tabletop or hard surface causes signals to appear on 
the screen.

2. A hand-numbingly hard slap to the top of the Keysight InfiniiVision 1000 X-Series Oscil-

loscope shows the piezoelectric effect of the acquisition board’s capacitors.
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WHY USE CERAMIC CAPACITORS IF 

THEY’RE PIEZOELECTRIC?

Ceramic capacitors have a few ben-
efits over electrolytic capacitors. The most 
notable is that electrolytic capacitors have a 
much higher failure rate than their ceramic 
counterparts, so using ceramic capacitors 
makes oscilloscopes much more reliable. 
Ceramic caps, however, don’t work very 
well as the capacitance value increases. 
Ceramic capacitors max out at roughly 100 
µF, although that’s a loose rule. This is why 
electrolytic capacitors are often used for 
power supplies.

Ceramic capacitors also have a lower 
equivalent series resistance (ESR) than elec-
trolytic capacitors, which commonly leads 
to voltage ripples in a device. Obviously, the 
lower the ripple in an oscilloscope acquisi-
tion system, the cleaner the acquisition.

Electrolytic capacitors also change sig-
nificantly as temperature changes. For an 
acquisition system, it’s crucial to have stable impedances to make 
sure that the oscilloscope adheres to its specification.

Finally, ceramic capacitors are much cheaper than electrolytic 
capacitors, so engineers concerned with reducing board costs 
often turn to ceramics.

MIND THE BUMPS

Even though using ceramic capacitors in oscilloscopes can 
have piezoelectric side effects under certain situations, the bene-

fits of ceramics significantly outweigh the cons. The driving goal 
behind oscilloscope design is accurate acquisition and display of 
signals. Electrolytic capacitors induce undesirable uncertainty 
into acquisition systems, so we use ceramic capacitors.

If you need to make low noise measurements in high imped-
ance mode and are in a physically rough environment, consider 
using some sort of shock-absorbing cart or table to lessen the 
vibrations. Otherwise, you have nothing to worry about. 

Happy testing!

3. When testing for vibration, a table like this one is a better bet for good results than, say, 

using a towel.
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