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I have developed a simple op-amp circuit that makes it easy to measure weighted noise levels or signal-
to-noise ratios with my 12-bit and 16-bit PicoScopes. There are PC sound card measurement systems 
which make it possible to measure weighted noise directly, of course. But the circuit described here is 
quite versatile and should work with a variety of PC-based oscilloscopes, and I’ve found it also works 
well with a conventional analog scope.  

The circuit consists of a 100X amplifier, A-weighting and C-weighting filters, and a special “hum” filter 
that I have found useful. It also has a 400-V DC-blocking capacitor and diode clamps at the input, which 
allow the circuit to be used to probe various locations in a circuit-under-test for noise, without risk to 
either the circuit or your scope. It has become one of my more frequently used pieces of homemade 
test equipment. I developed a PC board to make it easy to duplicate, and I thought some fellow DIYers 
might also find it useful. This white paper, along with an Eagle board file (*.brd), is available as a free 
download from my website: (http://tavishdesign.com/pages/downloads). 

The purpose of the 100X amplifier (IC1A in Fig. 1) is to raise the noise being measured well above the 
noise floor of your oscilloscope. This amplifier has a bandwidth of 7 Hz – 20 kHz. The LF353N I used has 
an input noise of 16 nV/√Hz, or about 2.3 µV RMS over a 20 kHz bandwidth. This input noise is well 
below the output noise of most audio circuits I measure, which tend to be in the 10 – 150 µV RMS range. 
But a lower noise op-amp like the 5534 could reduce this noise floor to 0.5 µV RMS, at the expense of 
lower input impedance for the amplifier. 

The C-weighting filter (IC1B in Fig. 1 and IC3A in Fig. 4) provides a flat band-pass response between 30 
Hz and 8 kHz. This removes low frequency 1/f noise which can cause “jumpy” readings (and doesn’t 
seem audible anyway). It also limits the high frequency bandwidth to a range to which the ear is 
sensitive. 

The A-weighting filter (IC2 in Fig. 3) is taken from Rod Elliot of Elliot Sound Products1, who derived it 
from an old Ampex circuit.2  The A-weighting filter emphasizes the frequencies from 1 kHz to 6 kHz, to 
which the ear is most sensitive, and filters out noise both above and below this range. The use of A-
weighting is controversial, but it is almost universally used in audio equipment specifications, so it is 
useful for making comparisons. Note that A-weighting filters out power line hum, so A-weighted 
measurements inevitably look better than C-weighted measurements, which is one of the real reasons 
A-weighting is used. 

The hum filter (IC3B) is essentially the opposite of A-weighting. It provides a band-pass response from 30 
Hz to 220 Hz, which emphasizes 50/60 Hz power-line noise and the first three harmonics of it. I’ve found 
                                                             
1 http://sound.westhost.com/project17.htm  (Excellent website for DIYers) 
2 http://www.epanorama.net/documents/audio/aweight.html  
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this circuit useful when trying to find a source of hum in my equipment. You can probe internal circuit 
nodes and even power supplies directly (up to 400 V, of course) and look at the noise level on your 
scope – an analog scope works best for this. Of course, if you do probe a supply rail, first make sure that 
there isn’t a huge amount of ripple on it. You won’t need this circuit to see ripple on an unregulated 
supply. 

The circuit can be powered from either an 18-V DC wall transformer or a pair of 9-V batteries. In Fig. 2, 
D1 and R1-R3 are included only when using a wall transformer. D2-D3 and R4-R5 are included only when 
using batteries. You can achieve lower 50/60 Hz noise levels with batteries, but the batteries don’t last 
long. The LED helps you remember to unplug the batteries. 

The A-weighting filter needs to be calibrated, as described on the ESP website.1 The easiest way to do 
this is to apply a small amplitude (~10 mV) 1 kHz sine wave to the PCB input and display both the 100X 
and A-weighted outputs on your scope. Adjust R26 until they are equal in amplitude. Then change to a 
2.7 kHz sine wave and verify that the A-weighted output is about 1.26x the 100X output. 

The use of the circuit is illustrated in Fig. 5. The PicoScope software seems to do a fairly accurate job of 
converting the random noise into an RMS voltage (within 1 – 2 dB of a calibrated Agilent spectrum 
analyzer). The output noise of the device-under-test (DUT) is 100X lower than the measured value at the 
scope. For example, if you measure 15 mV RMS noise at the C-weighted output of the 100X amplifier, 
that level is equivalent to 150 µV RMS C-weighted at the DUT output. Noise is usually specified with 
respect to some signal value, like a power output. Assume the DUT is a power amplifier that delivers 
20W, or 12.6 V RMS into 8 Ω. The C-weighted SNR is 20log(12.6V/150µV), or 98.5 dB(C). 

If you’re using an analog scope, you can use a simple rule of thumb to estimate the RMS value of noise. 
If the noise is truly random looking (like A-weighted noise), the RMS value is approximately 1/6th of the 
peak-to-peak value. If the noise has a clear periodic component, like a 60 Hz sine wave, the RMS value is 
about 1/3rd the peak-to-peak value. Most C-weighted noise waveforms are a mix of the two, so you can 
choose some reasonable ratio, like 1/4 or 1/5. That may seem crude, but it should give you an answer 
within 2 – 3 dB of the truth. And it is a good check against your PC scope or sound card software, which 
may be lying to you. 

Fig. 6 is a parts placement diagram, and Table 1 lists Digikey part numbers for parts that need a 
particular footprint to fit on the PCB. Fig. 7 is a PCB photo. 
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Fig. 1: 100X Amplifier and 30 Hz High-Pass Filter 

Fig. 2: Power Supply 
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Fig. 3: A-Weighting Filter, after Elliot Sound Products.1 

Fig. 4: C-Weighting Filter and “Hum” Filter. 
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Component Manufacturer Part No. Digikey Part No. 
J1-J5 Switchcraft PJRAS1X1S01X SC1855-ND 
J6 CUI PJ-102A CP-102A-ND 
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Fig. 5: Block diagram illustrating use of the Noise Measurement Amp / Filter. 

Fig. 6: Parts placement 

Table 1: Board Specific Parts (those requiring a specific pinout). 
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Fig. 7: Board Photo. 


