Log Amplifier


One of the problems with linear STM pre-amplifiers is the limited range over which they operate.  A typical STM pre-amp with a sensitivity of 1 nA/V will have a maximum current range of +/- 10 nA.  This severely limits the current values that can be measured in order to have a high current resolution.  One way to resolve this issue is to make a log pre-amp.  The log pre-amp can have high current resolution over a small linear range while also allowing measurement of currents several orders of magnitude higher than a linear pre-amp with the same sensitivity.  
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The schematic above shows a typical log-amplifier design.  The amplifier is a current to voltage converter with a sensitivity of 1 nA/V however as the input current increases and the output voltage rises to compensate for this increase the diodes will kick on effectively reducing the feedback sensitivity (gain) allowing much larger currents to be measured than would be possible with a standard linear amplifier.  

There are two basic issues that need to be overcome to use a log amplifier with PicoScan or PicoView software and that is the conversion of the output signal to a real current signal.  In order to accomplish converting the output voltage to current the pre-amp needs to be correctly calibrated.  A standard linear preamp will give a nice flat line with a slope that represents the sensitivity of the pre-amp for any sweep with a test resistor.  The output of the pre-amp in the case of a linear pre-amp will be directly proportional to the gain of the circuit created by the input resistor and the feedback resistor.  Ohms law, V = IR tells us that for any input resistor RIN and feedback resistor RFB the gain will be RFB/RIN.  In reality what we are doing when we place an input resistor in front of the pre-amp we are defining the current range that is being put into the circuit.  Because we can easily define the input current we can do several different I/V spectroscopy sweeps with the pre-amp using several different input resistors to get a broad range of data covering many different input current ranges.  
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The plot above shows the results from doing I/V spectroscopy with several different input resistors.  The X axis shows the voltage in through the test resistors and the Y axis shows the voltage out of the pre-amp.  This data can then be scaled to show the response over the entire current range tested.  
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The plot above shows the input current in nA vs. the log-amplifier output voltage for input currents up to 100000 nA (100µA).  The input current was calculated using Ohm’s law where the input voltage divided by the input resistance gives the input current.  This data can be plotted on a log scale in two pieces showing the positive and negative currents separately.  
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Above are two log scale plots showing the positive and negative current flowing into or out of the pre-amplifier.  Calibration can be accomplished by taking the slope of the different regions of the data or by using the original data as a look-up table to correlate output voltage with input current.  
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The image to the left is a simple log-amplifier.  As the output voltage increases to compensate for the increased signal on the negative input the diodes turn on effectively reducing the resistance of the feedback loop which then lowers the sensitivity (gain) of the current to voltage converter allowing a greater input signal current range.











