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CALIFORNIA INSTITUTE OF TECHNOLOGY

GRAVITATIONAL PHYSICS 130-33

November 16, 1988

Jeff Livas
MIT Gravitational Physics Group

Howdy, Jeff—

I’ve finally come up with the much-promised description and evalua-
tion of our current (reasonably successful) fast piezo laser stabilization
servo. The numbers are very crude but give all the qualitative features
we actually observe in their respective places. Some of the numbers
I quoted to you on the phone weren’t quite right; one that I remem-
ber misquoting is the responsivity of our “slow” pzt stack. It is really
more like 40 A /volt.

The procedure I use for working out the crossover points between the
various parallel signal paths in these “bypass topology” loops is to
break them apart into subunits at those points where they share a
common input or output. In this example, I’ve taken the output of
the “Fast # 3” video preamplifier as one common signal path, and
the laser output frequency (after all the contributions from fast and

-slow piezos and the phase—correcting Pockels cells have been added

together) as another. The various electronic transfer functions of the
parallel subunits are computed, multiplied by the electro—optic transfer
functions of their respective actuators, and added together. It’s easiest
to just do this graphically on a log-log plot, since your input data is
rarely more accurate than your pencil and (for a good robust design)
the major stability criteria should be extremely insensitive to small
changes in gain.

You should be warned of a few glitches that we’d rather not have.
Since our PA-85 amp blew up we’ve been using the “HV # 6” in
its place for the pockels cells. It unfortunately is not fast enough
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and has this weird wrinkle around 100 kHz where the inverting half
poops out. With the PA-85 in place we got a unity—gain frequency of
about 1 MHz rather than 350 kHz and no wrinkle. Also, you will note
that the slow pzt/fast pzt crossover violates the canonical rule of “no
crossovers at greater than 6 db/octave relative slope.” We just barely
get away with this one because this crossover is not far enough away
from the “extra” pole to have the full effect of its phase shift. This is
a marginal situation which we hope to correct in the next version.

In our conversation you asked about dealing with the resonance of the
PZ80 piezo mirror at 5 kHz and I'm afraid I wasn’t too clear about
my recommendation. Just in case, let me state the problem more
formally; one wants to attenuate the signal reaching the nasty element
(the PZ80) by a large factor to prevent its resonant behavior from
dominating over the righteous and properly-phased feedback going
to, say, your fast piezo at that resonant frequency f,. At the same
time, the crossover rule prohibits you from adding too much phase
shift at some lower frequency fooeoverr The optimization therefore is
for maximum attenuation in the stop band with minimum phase shift
in the passband, and the solution we tend to use is a Butterworth filter
with the 3dB point chosen at the geometric mean fiqp = (f; ferossover)'/?
with whatever number of poles it takes to control the resonance.

Give me a ring if you have a chance to look at this stuff and we can
" discuss it. Happy frequency stabilization !!

Closing the loop,

M. E. Zucker

cc: Alex Abramovici
Bob Spero
Jeff Harman
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