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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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1. INTRODUCTION 
A new, precision bipolar V/f converter has been designed and built ror the 

magnetic measurements group. Packaged in a NIM module and designed to be computer

controlled from a CAMAC interface, the instrument has a wide variety of measuring 

app 1 i cat ions. In June, the modu le was subjected to temperature-controlled perform-

,1' ance tests. This note will briefly describe these tests and summarize the results. 

Recommendations are included for automated testing of production units. This 

".i instrument will be discussed at a poster session of the 1981 Nuclear Science Sympo

sium (October 22), and is the subject of a paper to be submitted for publication in 

the February 1982 IEEE Transactions on ,Nuclear Science. 

2. TEST SETUP 
A minicomputer-controlled testing setup was used (Fig. 1). In this arrangement, 

the V/f module is enclosed in a Tenney oven and is driven by a Princeton Applied 
Research precision voltage source PAR TC100.2 BRM 1. The output frequency of the 

( V/f is read by a Fluke 1953A counter, and the input voltage is read by a Kiethley 
\. 
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181 nanovoltmeter. The setup is controlled by a Hewlett-Packard 9825A minicomputer. 

3. TEST DESCRIPTION 
3.1 Scope 

The scope of the tests was defined by M. I. Green and W. Hearn to include: 

1) 5 temperatures: 10°, 20°, 30°, 40°, and 50°C. 
2) 9 full-scale input voltage ranges: 1, 2, 5, 10, 100 millivolts F.S., 

and 1, 2, 5, 10 volts F .S. 
3) 37 readings per scale at voltage inputs of ~100, 90, 80, 70, 60, 50, 

40, 30, 20, 10, 1, 0.5, 0.2, 0.1, 0.05, 0.02, 0.01, and 0.0% of full 

scale input on each range, with ~100% readings duplicated. 

4) 3 complete sets of readings on the l-volt scale at 20°C to determine 

statistics. 
This calls for a total of 1,739 readings each of input voltage and output 

frequency. For each data point, error was automatically calculated by the 

computer as a percent of full-scale frequency (1 mHz) . 

3.2 Procedure 
The tests were performed as follows: 
1) The temperature of the Tenney oven was set to the proper temperature 

and allowed to stabilize. One~half hour per 10°C change was allowed . 
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2) The V/f converter was set to the desired range. Because this required 

opening the oven door very briefly, an additional 5 minutes was 

allowed for temperature stabilization for each range. 
3) The full-scale voltage range was entered into the computer. 
4) The precision voltage source was set to one of the 33 required input 

voltages. 
5) The computer was instructed to begin the test by pressing the fl key. 
6) The computer printed out the input voltage, the output frequency, and 

the percent frequency error. Error was calculated by: 

Percent Error = [F MH - (V. /V F S )] x 100. z 1n.. 
From the beginning to the end of all the tests, no V/f trim settings were 

di s turbed. 

4. TEST RESULTS 
4.1 Accuracy 

To obtain useful figures for the practical accuracy of the V/f converter 
on each scale, the deviation of the data from a straight line was calculated. 
For each scale and temperature, a straight 1 ine was computed which has zero 
error at V = 0, f = 0, and minimum (but equal) frequency error at the two end
points. An HP 67 program was written to accomplish this. This procedure is 
exactly analogous to a field calibration of the V/f converter. Table 1 lists 
the maximum percent deviation from linearity obtained by this method for each 
of the V/f scales tested (at 20°C), and also lists a figure for the practical 
or "field ll accuracy of the V/f for each scale. 

4.2 Temperature Performance 
The temperature coefficient of scale factor for all ranges is listed in 

Table 2. Because of test equipment failure, readings at 50°C were not obtained. 

4.3 Reproducibility of Results 
Three runs were made on the l-V range at 20°C to check the reproducibility 

of the test results. The information from these runs is shown in Table 3. The 
column at the right shows the maximum deviation from the average . 
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5. CONCLUS IONS 
5.1 Performance 

From the figures of Table 1, which show the accuracy obtainable from a 
properly calibrated instrument, it is clear that the design goals (D. J. 
Rondeau, Engineering Note, 9 February 1981) were substantially met. For ranges 

of 10 mV full-scale and above, the accuracy obtained from the first production 
unit well exceeds the design goal. 

Evaluation of V/f performance over temperature, summarized in Table 2, 

indicates the following. 

1) In the important temperature range from 20°C to 30°C ambient, the 
average temperature coefficient for any range above 5 mV F.S. is less 

than .003% per °C. 

2) Drift performance of the V/f on the five lowest scales in the 20°C to 

30°C range is very good, with error due to drift being small compared 
to field accuracy. 

3) In evaluating the variations of V/f temperature coefficient with 
increasing sensitivity, little change is seen for the four highest 
ranges. Ranges below 100 millivolts show temperature coefficients 

which increase steadily. This is an entirely-to-be-expected conse
quence of the V/f instrument circuit design. These two components of 
temperature drift, due to the V/f module chosen (AD460) and to the 
input circuitry, respectively, can be controlled by parts selection 

during production testing (see Recommendations). 
Reproducibility of the testing procedure may be evaluated by comparing the 

figures of Table 3 with the field accuracy of .013% obtained for the l-volt 

range. If the worst figure in the table is used, statistical variation may be 

as much as .005%. This may be due to improper testing procedure, however. If 

the one data point causing this figure is disregarded, then a statistical 

variation of .002% is obtained. This is small compared to the .013% figure 

obtained for the field accuracy of the unit. 

5.2 Residual Nonlinearity 

It was found that the performance of the unit in the lowest ranges, while 

within specifications, was limited by a nonlinear component. This component 
had the effect of producing unequal positive and negative gains (a very undesir
able effect) as well as introducing a small "bump" in the response at 80% of 
full scale. This effect is probably due to a slight mismatch of input parts. 
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No attempt to select input parts was made in the fabrication of the unit. Elim
ination of this effect would improve V/f performance on the lowest ranges by at 
least a factor of two (see Recommendations). 

6. Recommendations 
6.1 Correction of Nonlinearity 

Because performance at lowest ranges is limited by the small non-linearity 
noted, it is recommended that this be looked at. It is very possible that some 
simple "fine tuning" or parts selection would reduce the nonlinearity and 
provide a significant increase in performance. 

6.2 Improved Automated Testing 
Testing by means of the HP 9825A computer was very successful. It is 

recommended that, for production testing, an improved testing setup be assembled 
using the HP 9845B computer. This would have the following advantages: 

1) Automatic programming of input voltages to the V/f. In the current 
setup, each of the over 1,200 inputs had to be set manually. 

2) Graphs and plots. The 9845B computer at RTSG has the capability to 
provide graphics. This would be very useful. 

3) Better consistency. 
4) Complete test records for production units. 
All equipment necessary to a fully-automated graphics-producing test setup 

is currently on hand at RTSG. It has been estimated by R. Rozanno that the 
software for V/f testing could be assembled with only one week of effort. This 
proposed setup will be an invaluable tool for production testing, trouble
shooting, and performance characterization. 

DISTR IBUTION 
R. Althaus w. Hassenzahl 

w. Deuser E. Hoyer 

J. Farrell (Los Al amos) T. Lauritzen 
W. Gilbert R. Main 

M. Green D . Ne 1 son 

F. Goss D. Rondeau 
K. Halbach C. Taylor 
A. Harvey (Los Alamos) R. Yourd 
E. Hartwig L. Wagner 
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Table 1 
Field Accuracy of V/f 

Scale Maximum Percent Error Field Accuracy 

(~' ( Notes 1, 4) (Note 2) 

10 V - .0026, + .0080 + .008% -
o. 5 V - .0034, + .0076 + .008% -

2 V - .0053, + .0044 + .006% -
1 V - .006, + .013 + .013% -

100 mV - .019, + .002 + .019% -
10 mV - .05, + .02 + .05% -
5 mV - ; 14, + .03 +0.15% -
2 mV - .3, + . 1 +0.3% -
1 mV - .8, + .1 +0.8% -

I,.} . Notes: 
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1. Maximum deviation from straight line with zero error at f = 0 and minimum 

equal error at data endpoints. 
2. This is a figure for obtainable field accuracy based on the first 

production unit . 

3. Readings taken at 20°C . 
4. Numbers in this column are rounded off from 10-digit calculator results to 

show the approximately correct number of significant digits • 

, 
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Scale 

10 V 

5 V 

2 V 
1 V 

100 mV 

10 mV 

5 mV 

2 mV 
1 mV 

Notes: 

Table 2 
Temperature Coefficient of V/F 

T.C. AV = F.S. Temperature Coefficient (average), % per °C 

10-20° 20-30° 30-40° 

.0012 .0012 - .0007 

.0018 .0027 - .0030 

0 .0029 ' - .0030 

.002 .002 - .005 

0 - .001 - .003 

- .01 - .001 - .014 

- .01 - .008 - .017 

- .014 - .012 - .017 

- .006 - .01 - .05 

I 

1. T.C. AV is calculated as follows: 
For each range and temperature, let mn, the normalized slope, be equal to 

(f+ +f-) 
max max 

(v+ + V- ) x VF.S.(nom) . 
max max 

Then: 

Where: 
f+ and f- are the maximum positive and negative frequencies, V+ and V- are 

the corresponding maximum positive and negative full-scale frequencies, 
and m and mn are the calculated normalized slopes taken at temperatures 

n2 1 
Tl and T2· 
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Table 3 
Reproducibility 

V/f Converter + 1 Volt Scale -
Recorded Error for 3 Runs, 20°C 

4''''\ 
'.( 

'~ Input V Run 1 Run 2 Run 3 Average Max. 6 

% % % % % (Note 

+1 - .0183 - .0203 - .0175 - .0184 - .0019 

+ .5 - .0133 - .0055 - .0058 - .0082 - .0051 

+ .2 - .0024 - .0027 - .0020 - .0024 - .0003 

+ .1 - .0047 - .0020 - .0013 - .0027 - .0020 

0 .0003 .0005 .0004 .0004 - .0001 

- • 1 .0027 .0013 .0015 .0018 .0009 

- .2 .0021 .0011 .0020 .0016 .0005 

- .5 .0049 .0050 .0040 .0046 - .0006 

-1 .0186 .0166 .0135 .0162 - .0027 

",.' Notes: , 
1. Max. 6 is the maximum deviation of any error reading from the average. 

2. This table from data of 6-19-81. 
110 3. See 3.2.6 (Procedure) for Run 1, Run 2, Run 3 data. 
r 
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Used for Automatic Logging of Data, Tests of 6-1B-Bl. Input V is Set Manually. 

FLUKE 1953A 
COUNTER 

" f 

TENNEY OVEN 

Notes: Fluke Specs (20°C-30°C) 

Time Base Accuracy: 
1 part in ~ 5 x 107 

Net Accuracy: 

~ 2 ppm, ~ 1 count 
-3 Hz (this application) 

HP 9B~5A 
CPU 

H~ BUS ... 

XI ETHLEY 1 Bl 

VOL nlETER 

V/f 

J INPUT V. 

P.A. R. 
SOURCE 

Range 

2 mV 

20 mV 
200 mV 

2 V 

20 V 

"v 

TEr1P. 

Kiethle,Y Specs 
Resolution 

10 nV 

100 nV 

1 lJ V 

10 lJV 
100 lJ V 

~ Accuracy 
.015% + 5D 

.015% + 20 

.015% + 20 

.007% + 20 

.01% + 20 
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