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Table 1:  Overall IPF position measurement operational
characteristics.
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Figure 3.  Simplified functional block diagram of the AFE
and calibrator daughter cards.

Figure 4.  The above graph shows systematic and random
errors prior to, and after a calibration is performed.
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Fig. 5 shows the systematic results of a horizontal
automated calibration procedure.  For each 1-dB step of
injected 201-MHz current, an average value is calculated
from 100-acquired data points.  The resulting graph
displays the systematic or deterministic errors plotted as a
function of beam current.  Note that as the calibration
current reduces to an equivalent beam current of < 0.03
mA, the systematic errors diverge.  However, for much of
the dynamic range of the instrumentation, the systematic
errors are very small, typically < 0.1 mm.

Figure 5. The resulting deterministic errors are displayed
after each position measurement calibration.

Fig. 6 shows the random results of a horizontal
automated calibration procedure.  The same raw data are
used as in Fig. 5, however, on this graph, the random
errors (in this case, the standard deviations) are plotted as
a function of equivalent beam current.  Again, note that
the random errors increase as the equivalent beam current
drop below 0.03 mA. However, in this case, the random
error is 3X to 4X larger than the deterministic error.  As
also shown for data displayed in Fig. 4, the equivalent-
beam-current dynamic range displayed in Fig. 5 and 6 is
less than the AFE amplifiers and associated calibration

and verification procedure’s actual dynamic range,
typically measured to be between 0 and -85 dBm.

Figure 6. The resulting random errors are displayed after
each position measurement calibration.

This paper described a beam position instrumentation
presently operating in the LANSCE IPF beam line.  The
measurement system uses 50-mm and 75-mm radius
micro-stripline BPMs, an unambiguous verification
process that monitors the measurement system’s beam-
line-hardware health, and an automatic calibration process
that removes deterministic and thermal errors on a
periodic basis without operator intervention.  It has a
dynamic range of > 85 dB as defined by errors that are
<0.15 dB (or <0.25 mm).  Even with this wide dynamic
range, the instrumentation base bandwidth has been
measured to be > 2.5 MHz.
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