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Abstract

The power equation concept has been implemented into a multioctave precision bolometer
unit calibration system employing automation techniques in conjunction with an automatic

network analyzer system.

The system was qualified as a calibration transfer system operating

in the 2-12.4 GHz frequency range at 1 to 10 mW with a single measurement standard deviation

of 0.2% to 1% from 2-10 GHz.

Introduction

The need for multiple frequency calibra-
tion services has been served by the combi-
nation of the power equation concept with an
Automated Network Analyzer (ANA) in the dev-
elopment of a multioctave bolometer unit
calibration system. The system is capable of
measuring the effective efficiency of coaxial
and waveguide type bolometer units at 100 MHz
intervals in the 2~12.4 GHz frequency range
at power levels of 1 to 10 mW.

The core
configuration

of the system is an optimal
of broadband directional
couplers into a 4-port network (see Fig.
which enables the use of power equation
concepts to describe the transfer of rf power
between a source and a load. The ANA facili-
tates the measurement of complex voltage
ratios which are required for the evaluation
of mismatch factors and terms which are
related to the 4-port network and the ANA
measurement system.
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Techniques were developed for the cali-
bration of the system over its entire
frequency range consistent with the require-
ments of a precision measuring system.

Statistical methods were applied in the
initial evaluation of systematic and random
sources of error, and for the collection of
control chart data.

Theoretical Background

The development of power equation
concepts [1l] and subsequent efforts of
f2,3] leads to an expression, in terms of
measurable quantities, for determining the
effective efficiency, ny, of an "unknown"
bolometer unit relative to a working standard
having an effective efficiency Ng:
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where Py, and Py, are respectively the bolo-
metricalfy substituted dc powers in the
working standard and unknown bolometer units,
and Mgg and Mgy are the mismatch factors
between the rf source and the respective
loads.
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The latter can be evaluated by:
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where R and R, are properties of the 4-port
network and the measuring system and Wy
represents the response of the measurement
system with the load connected to the 4-port.

Instrumentation

The configuration, Fig. 1, of multi-
octave directional couplers allows the meas-
urement of the complex voltage ratio, b3/by
which is needed for the evaluation of R, Rg
and Wy. The power measurement at P, accounts
for variations in power level during various
phases in the overall measurement process.
The line stretcher facilitates adjustment of
the reference and signal transmission lines
to equal physical and electrical length and
also provides a sliding short function during
the calibration process.

The block diagram shown in Fig. 2
represents the complete system including the
auxiliary instrumentation, e.g., the pre-bias
and switching unit which facilitates the
handling of a number of bolometer units with-
out appreciable loss of time.

Calibration and Measurement Process

Calibration of the system is accomplished
in two phases, the evaluation of R, Ro, and
the measurement of rf power at the test port,
P5, relative to the power at P4 using a pre-
viously calibrated working standard. The
latter is quite straight forward, however the
evaluation of R and Ry required the develop-
ment of an appropriate technique.

With a short circuit connected to the
test port, and as the line stretcher position
is changed, the complex ratio b3/bg describes
a circle in the complex plane, not necessarily
centered at the origin, having radius R and
center Rs. At each programmed frequency the
network analyzer measures bj3/bg for each
position of the line stretcher. The computer
program has been designed to accomodate up to
15 measurements, and to least square fit the
data to a circle and determine its radius
and center. These data are stored for later



determination of Mgg and Myy. Tests are
included in the computer program to assure
the operator of a valid calibration. Fig. 3
is a typical print out of the circle fitting
results.

The system calibration process is
completed with the evaluation of Mgg and

system factor,
-1
M ]
gs

KAzks

where Py4g represents the bolometrically
substituted dc power at P4 of the 4-port
network with working standard connected to the
test port, with Mgg evaluated by (2).
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The determination of effective efficiency
of a bolometer unit is completed with the
substitution of the working standard for the
unknown and the measurement and evaluation of
Pp4ys Ppur and Mgy and combined with Kp as
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where Py, represents the bolometrically
substituted dc power at Py, and the ratio
Ph4g/Ppay serves to account for power vari-
ation during the bolometer unit substitution
process. Fig. 4 illustrates typical printouts
of the measurement results.

Measurement Error Evaluation

Four sources of systematic error asso-
ciated with the calibration transfer system
are:

1) Error in effective efficiency, ng:
of the working standard. (This error is not
related to the transfer system since its value
is determined independently but does impact
the final results.)

2) Bias due to the ANA only and not the
working standard or unknown bolometer units.

3) Bias due to an interaction between
the ANA and the working standard.

4) Bias due to the interaction between
the ANA and the unknown bolometer unit being
measured.

Random errors associated with the measurement
process include connector repeatability, with-
in occasion and occasion to occasion precision.

Two experiments were designed which
allowed a statistical evaluation of these
errors, one to evaluate the calibration test
set attached to the ANA and the second to
simulate normal operation for the purpose of
evaluating random error compcnents of the
measurement process and obtaining initial data
for control chart and quality control
procedures.
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A partial summary of the error evaluation
results are illustrated in Fig. 5 and 6.
Fig. 5 shows a plot of the effective effi-
ciencies, ng/na, of a pair of bolometer units
of different model types. The pair of lines
at the bottom of the figure show the width of
95% confidence interval for the true ratio at
that frequency. Amplitude variation in the
ratio curve equal to the width of the confi-
dence interval can be attributed to random
error while larger variations are probably
real.

Fig. 6 shows an estimate of the standard
deviation of a single measurement. It contains
the effect of both within and between occasion
random error. The dots indicate the effect of
eliminating "bad occasions" from the data.

The standard deviation ranged from .2% at
2 GHz to 1% at 12 GHz except between 1l and
11.7 GHz. The increase in standard deviation
at higher frequencies is believed to be caused
by a nonrepeatable loss associated with the
type N coaxial connectors used on the bolometer
units. More definitive experiments will be
used to isolate the source of this random error
in the near future.

Systematic errors averaged +.02% with
bound to +.04% in the 2-10 GHz frequency range,
above 10 GHz the same positive error was
evident but poorer precision made an exact
determination impossible.

Conclusions

The power equation concept and the auto-
matic techniques were implemented into an
automated bolometer unit calibration system
in the frequency range of 2-12.4 GHz at 1-10 mW
power level. The evaluated systematic and
random errors over the frequency range qualify
the system as a precision calibration transfer
system although new techniques will need to be
developed to reduce the effect of random errors
from 10-12.4 GHz.
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Fig. 3. Typical system calibration printout.
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Fig. 4. a) Typical test port calibration.

b) Typical bolometer unit calibration.
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