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CIRCUIT TOPOLOGY:
Current to Voltage Amplifier
An opamp having femtoamp input bias current is used to maintain negligible contribution of the bias to the measured signal. The input current to voltage conversion gain is determined by the 100 Meg feedback resistor. The voltage drop developed across this resistor is .1 volts per nanoamp. This translates to a conversion factor of 10 volts out for 100 nanoamps of input current.

Since the loss monitor ion chamber is essentially an infinite impedance current source, the value of the input resistor is not a factor in the charge to voltage conversion gain. The value of the resistor is chosen primarily to provide the 20 second time constant along with the input capacitor.

The input capacitor performs several functions. First, along with the input resistor, it provides the required 20 second time constant to average out prompt losses over time and prevent nuisance trips. Second, it absorbs and holds large values of charge, beyond the range of the MUX to read, allowing the electrometer to draw it down over time and report all of the charge at a rate that is within the limit of the MUX to collect. Third, it provides a low impedance AC path to ground for noise and hum.

The value of the input capacitor must be chosen taking into account several factors. A smaller value capacitor reaches a higher voltage with a given value of charge especially for high beam losses. The disadvantage is higher voltages encourage higher leakage currents inside and around the capacitor. For very large charges the voltage could become excessively large possibly overscaling or damaging the electrometer.  A small value of capacitance also requires a higher value of input resistor to provide the 20 second time constant. A larger value of capacitor lowers the voltage developed which promotes lower leakage and a better margin of safety for gross overscales.  It also uses a lower value of input resistor.

The radiation Safety MUX system is limited to an input pulse rate of about 60Hz. In order to prevent overscaling the MUX, the pulse output rate of the electrometer is limited to 60Hz. Any charge that would cause a rate above that value is stored and reported out at a 60Hz rate until all of the charge has been converted and reported. To limit the reporting rate to 60Hz the negative supply voltage to the input opamp is such that the amplifier’s output voltage saturates at about -6 volts representing a 60Hz pulse per second rate. It does not interfere with the orderly drawing down of the capacitor charge. It only limits the rate at which the charge is drawn from the capacitor to the maximum that can be reported.

A voltage to frequency converter follows the high impedance input opamp. The V/F is scaled to provide 0 to 100Hz for 0 to -10 volts in from the opamp. Along with the input opamp conversion of .1 volt per nanoamp, the overall the conversion factor is one Hz per nanoamp or, in terms of charge, one pulse per nanocoulomb per second.


OVERLOAD CHARACTERISTICS:
Input Protection From Damage and Inaccuracy
[image: ]
FIGURE 1

The amplifier output voltage on pin 6 is limited to 6 volts in order to prevent overscaling the Rad Safety MUX system. With the electrometer having a voltage gain of 20 from the combination of the 100 meg feedback resistor and the 5 meg input resistor, that point is reached with an input voltage of .3 volts. This corresponds to a charge of 1200 nanocoulombs using a 4 microfarad input capacitor. Above that voltage the amplifier output is in saturation and not able to maintain the virtual ground node on pin 2 at ground potential. It does however maintain a linear relationship between the input voltage and the virtual ground node until the input voltage reaches about 3.6 volts corresponding to about 14,000 nanocoulombs of charge. At this point the curve breaks downward indicating that the charge current is beginning to be diverted elsewhere other than through the feedback resistor. This implies that the input voltage should not be allowed to exceed 3.6 volts to maintain proper function of the electrometer.



OVERALL RESPONSE TO LARGE INPUT CHARGES
[image: ]
FIGURE 2

Figure 2 was created using the following circuit:
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FIGURE 3

The electrometer circuit is first calibrated in steady state using a precision voltage reference with a 1000 meg resistor in series to simulate the current source characteristics of a typical gas filled ion chamber at a value of 1 nanoamp per volt. Various voltages are applied and the frequency output of the V/F is adjusted to a specified value of 1 Hz per nanoamp which corresponds to 1 nanocoulomb per pulse per second.
To assess the accuracy of the circuit for converting a fixed amount of stored charge into a digital value the input capacitor is connected to a precision voltage reference and allowed to charge. A known amount of charge is stored in the capacitor using the formula: Q=CV where Q is the charge in Coulombs, C is the capacity in Farads and V is the voltage in volts. The input of the electrometer is grounded while the capacitor charges. To perform the measurement the electrometer input is switched off of ground and onto the charged capacitor. The charge stored in the capacitor is removed by the electrometer and counted out by the voltage to frequency converter. The pulse count at the output is totaled as the capacitor discharges. When the capacitor voltage reaches zero the total counts are recorded and the test is repeated with a new value of charge.
As you can see from the chart, the curve has a slight downward slope over most of the test range. The downward slope is most likely due to leakage currents inside and around the capacitor on the breadboard setup. When the charge input reaches about 10,000 nanocoulombs there is a pronounced breakpoint where the slope drops. This is approaching the point where the virtual ground point voltage begins to droop with increasing input voltage as demonstrated in figure 1. For this reason the circuit cannot be expected to report correct values of charge above this value unless the input capacitor value is changed.

OVERALL RESPONSE TO NORMAL/LOW INPUT CHARGES
[bookmark: _GoBack]This aspect of the circuit performance has not been studied in detail. Preliminary tests on the breadboard version using a DC current source show a very good correlation between the input current and the output frequency to very low values commensurate with the defined heartbeat current but no data have been recorded or plotted as yet.

WHAT’S NEXT?
When the last of the parts arrive, complete the construction of the prototype in a NIM module. Run tests on the complete range of values and plot the results. Do temperature stability studies and finally do a field test.
Open Questions:
1. What is the range of charge required to measure?
	Lower limit is defined by the nominal heartbeat of 3 nanocoulombs/min
	Upper limit depends on the sensitivity of the ion chamber and the maximum loss expected.

2. What are the limits of accuracy required?
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