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An electrometer is an instrument meticulously crafted to measure incredibly 
minuscule currents. The electrometer design presented in this document employs 
an operational amplifier with exceptionally low bias current, enabling 
measurements as low as a pico-ampere (10-12 amps). This electrometer was 
derived from a similar design published by Brian Clower’s group at Washington 
State University (1). 
 
The electrometer electronics is housed on a compact 2.3” x 1.75” PC board, designed 
to fit snugly within a small plastic enclosure. It features SMA connectors for the 
amplifier input and output, and power is supplied by a compact 24VDC wall supply. 
The schematic, PC board layout, and parts list are all included in this document. 
 
The heart of this circuit lies in the Analog Devices AD8627 op-amp (IC1). This 
precision JFET input amplifier boasts an exceptionally low bias current of 250 fA 
and a low noise level of 17.5 nV per root Hz, making it an ideal choice for this 
specific application.  
 
The input current to be measured flows into the amplifier through resistor R1, this 
resistor provides protection to the input amplifier.  The output of IC1 is adjusted 
until the current that flows through R4 equals and cancels the input current being 
measured. R4 determines the current gain of this stage of the circuit. The resistor R4 
can be very large due to the low bias current requirements of IC1, in this case 100M. 
IC2A is a buffer that has a gain of 1 or -1 allowing inversion of the signal. Jumper JP1 
allows the user to select the polarity that can be useful when detecting with a 
unipolar digitizer.  The final stage of amplification is provided by IC2B, this stage 
provides a gain of 10 and allows bandwidth control (C3) that can be set to the 
applications needs.  
 
This electrometer can be used to measure DC currents or pulses of current. When 
making DC current measurements the output of the amplifier can be connected to a 
multi-meter to display the output voltage. This will provide a measure system with a 
sensitivity of 1mV per pA of input current. When making pulse current 
measurements use an oscilloscope to visualize the waveform.  
 
This electrometer has a Bias input that allows you to apply a DC bias voltage on the 
electrometer input. The Bias input range is +/-5V, the bias voltage applied will 
appear of the electrometer input and can be used to help accelerate ions to the 
detector. The bias voltage is subtracted from the output voltage that you monitor. 
You must install the polarity jumper to use this offset feature. 
 
Electrometer specifications: 

• Power source: 24VDC 
• Power current: 10mA 
• Sensitivity: 1mV per pA 



• Rise time: 6uS 
• Noise with input open: 22mVp-p, 2.8mV rms 
• Dynamic range: +/-5V 
• Output polarity jumper, must be installed when Bias input is used 
• Bias input range +/-5V 

 
Power is provided by a 24VDC wall supply, IC3 is a rail-splitter generating the +/- 
12 volts used to power the amplifiers. The power supply voltage is filtered to reduce 
power source noise. The wall supply is isolated so the electrometer circuit does not 
have an earth ground reference, this allows the user to float the electrometer if 
needed. 
 
The electrometer pulse response is shown below. This test was done by applying a 
8.93mV pulse through a 10pF capacitor into the electrometer. In this case 8.93x10-14 
coulombs of charge was deposited into the electrometer, or 557,000 electrons. 
 
Based on the noise performance of this electrometer and using averaging during 
data collection, pulse detection of as low as few hundred electrons is possible. 
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