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ABSTRACT
A test method was developed using modem, readily available instrumentation to produce an exponentially rising
signal over 6'/2 decades. The method includes validation and calibration tests. It was used to simulate the current
signal that would be produced from an ion chamber during a hypothetical loss of Regulation event for a reactor from
a shutdown state. This simulation scenario was then used to test the log rate channel of the new ion chamber
amplifiers for the NRU research reactor second trip system upgrade.

METHOD 1 - Set-up & Validation
A Personal Computer (PC) equipped with an IEEE-488 port and running Lotus-123* with Lotus Measure* was
connected to both a Keithley Model 220 Programmable Current Source (PCS) and to a Fluke Model 8840A Digital
Multimeter (DMM) via their IEEE-488 ports. Both the output of the PCS and the input to the DMM were
connected across a common resistor. The DMM was set to monitor voltage in auto-ranging mode.

A set of electric current values was generated in the spread sheet starting at 80pA (equivalent to 10*% reactor
power) and ranging up to 120uA (equivalent to 150% reactor power). Each point was approximately 1.0% greater
than the previous one in anticipation of a 10 point per second throughput.

Paired Lotus Measure instructions were programmed into the spread sheet such that after each data point (current)
was sent to the PCS a corresponding value (of voltage) was read back into the same spread sheet immediately from
the DMM. The source data was then adjusted to accommodate the timing of the set-up to achieve a current increase
of 23.0 seconds per decade. This is based on the conversion of natural logs to base ten logs and a required
acceleration of 10%. Given this arrangement, each simulation pass scanned 1430 data points and took
approximately 2.5 minutes to run.

The DMM measured voltages were subsequently converted to output current (LM — V../R) and graphically analyzed
along with their corresponding spread sheet created input current (LJ for log conformity and temporal fidelity.
Figures 1 through 4 show L, versus Log (LJ) and 100 x Log CL/I*) to emphasis log non-conformances in the
measurement system.

OBSERVATIONS
The Figures 1 and 2 indicate clearly the range changes of the DMM. Each range is slightly offset from the previous
one indicating minor (and acceptable) calibration differences between ranges. The initial portion of the curve
(Figures 1 and 2) where the current is in the picoamp range - is slightly offset from that which is expected under
ideal conditions. The small current offset was presumed to be due to input offset current (or bias current) of the
DMM. This area was investigated further using a 10 M fi resistor instead of a 1 M. The input offset error current
from the DMM had produced 0.25 millivolts across the 10 M Q resistor and 0.025 millivolts across the 1 M Q
resistor. By using the offset feature of the DMM, with the current source off line, this error current could be
temporarily nulled. (It was found to drift so the offset nulling had to be done just prior to running the curve).
* Lotus 123 and Lotus Measure are Registered Trade Names of Lotus Development Corporation.



The latest portion of the curve, where the current is high and the voltage is in the 100 volt range is significantly
offset. At the high end, in the 20 to 100 volt range, the input resistance of the DMM is 107 Q versus 10" on all
other ranges. There should therefore be a 10% error in the magnitude over this portion of the curve.

Noise is significant and shows in Figures 1 and 2. The noise signal will become smaller as the current increases
due to the nature of the graph construction. Conducted and radiated susceptibility were both noted. The
predominant noise was a random large spike - seen in Figure 2. It was treated as a minor inconvenience resulting
in an occasional requirement to repeat a test.

The method was then modified slightly to include multiple measurements after each current value was output. The
results are plotted in Figures 3 and 4. This emphasises the temporal response of the output signal with respect to
the desired staircase wave. Figure 3 emphasises the staircase input and shows the random errors in reading the
signal at these low levels. There is no evidence of 'staircase' shape in the measured response.

Figure 4 is a decade step with a long dwell to investigate the response time delay. The difference in settling time
for the two output current values is obvious.

Figure 5 shows a larger step of input current and into a lower resistance load. Note the improved response time.
This load resistance is the same as that provided by the amplifier.

METHOD 2 - Testing
Once the above set-up had been proven the output of the PCS was connected to the amplifier to be calibrated and
the electrometer connected to the amplifiers Log Rate or Log output for calibration. The in-situ test of an amplifier
is shown in Figure 7, 8 and 9.

DISCUSSION
The slow response times in the small current portion of the tests are a result of the small current charging the circuit
capacitance. The capacitance is the sum of the coaxial cables, the input of the meter and output of the current
source.

For a signal of lOOpA and a total capacitance of lnF.
dv = j _ = 100 x 1012 = O.lv/sec
dt C 1.000 x 109

If the circuit resistance is high, as in Figures 1 through 4 then this slew rate appears as a long time constant. If
the circuit resistance is low, as in Figure 5 through 9 then the slew rate can be easily identified. This small signal
error is not specific to this test but will be experienced for any current source and is dependant on the capacitance
in the input circuit.

In the case of the exponential signal covering the range of 10*% RP to 100% RP (Figures 1 and 2), the slew rate
will change with the current magnitude over the six decades. This has the affect of providing an improvement in
temporal tracking as the signal increases: or stated conversely - an error exists in this value at small signals.

At higher current values ie 10/<A (and lnF) the slew rate would be lOOOOv/sec.

Figure 6 is the output of an analog circuit simulation session showing the linear signal output, the log signal output
and the log rate output for a similar exponentially rising input. Note that the log rate signal reaches 99% of final
value at about the 100 second point.



The result of this temporal distortion at the input will show at the output of the log rate stage most profoundly as
a reduction of expected rate for the small signal inputs and less obviously in a delay in the rising edge of the Log
Rate signal.

Figure 7, 8 and 9 show the effect of bias or nulling errors on the Log Rate output.

CONCLUSIONS
This test is more informative than the common single measurement of the derivative time constant component
values, and may be performed in-situ without decommissioning the amplifier. Non-conformances to the Log
function, input bias errors, and log rate performance can all be investigated.

The temporal distortion inherent in the staircase signal is small and acceptable for this testing.

Adaptation to different starting or ending values is convenient due to the inherent nature of the spreadsheet as a test
platform.
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