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- Abstract

‘A‘circuiﬁ is presented which cén drive tuniﬁg fork choppers, such
as the BuloVa.LAOIand L2 series. The.advantages of this circuit o?er
the factory supplied 5A type driver are better drive amplitude staﬁiiity,k
freedom from drift dﬁe fo line voltage variations, and a cleaner,
traﬁsient free sinusoidal refefénce signal. Test reSults'indicaté an

improvement in long term stability by as much as a. factor of 4.



I.  Introduction

Mechanical cﬁoppers, especially those of ;he tuning fork'variety;
arevused exﬁensively ih phdtoﬁetfic_and molecuiar beam systems today,
in.conjﬁnction with phase éensitive detection, as a powerful method of
signal enhancement. By shifting the cénter frequency bf the information
content of éﬁe beam from d.c. to the chopper frequency, a good pqrtioﬁ_
“ofvthe 1/f nbise in analbg electronics can be overcome. Thé'adVantagé
of avoiding d.c. baseline drift by this method éan be offset'hoﬁever,
in‘éases where accurate'measurementé are requiréd, by the drift in the
ampiitude of the mecﬁanical chopper. Thus forloptimum performance a
étable driving circuit for these devices is required.

Starting witﬁ a factory supplied driver cifcuit to determine ﬁhe.
necessary characteristics of the driving circuit, fifst an improvement
was made on the standard ciréuit gﬁd finally a different circuit was
déveloped which had the desired properties. The new circuit was tested .
against the improved standard circuit and found.to'give a more stable

drive amplitude;

II. Circuit Development

Standaid drive circuits-for tuning fork choppers typiéally work by
taking a signal from a pickup coil on ﬁhe chopper, usually A élightly
disforted sine wave, and amplifying it in a non-linear ménner fo-prodﬁce
an appréximately sqﬁare wave drive and reference Waveform'in phase_with
the pickup signal( In trying to drive the inductive load of the driver
céil; switéhing transients:are produced.on both the drive,waveform,

Figure 1, and pickup coil waveform. VThe amplitude of the drive signal



is proportional to»the power supply v§1tage, and in the case of the Bulova
5A driver with just a full wave‘rectified bridge as a d.c. power source,
the drive amplitﬁde changes with variations inlline voltage. A major
improvement in long term stability waé obtained by replacing the internal
power.supply‘with a regulated~28 vdc ppwef supply. All further work and
testing of the factofy circuit;was>&oné with this configufation.

The new circuit, Figure 2, works as follows. First the pickup signal
goes to a CA3130AI-CMDS op émp, which acts as a cémparétor to produce a
squére wave., If the output of this particUlar aﬁplifier is only ligﬁtly
loaded its output williswing to.within mil1ivo1ts'of the.positivevand'_
negative suppiies. Further, if a well regulated power.supply_isvus‘ed tfle
amplitude of the square wave will be very stable; The square wave is
then attenuated by a potentiometer and fed into a four pole Butterworfh
filter whose cut-off frequency is set to be the same as the resonant
frequency of the tuning'fork. 'For this filter the squaré wave input will
produce purely siﬂﬁsoidal»output of the same frequency and 180° out of
phase (simply inverted). By reversing the polarity on the drive coil
connections this well reguiated sine wave output is now in phase with.

the pickup signal and will drive the chopper.

III. Circuit Construction

‘ A driver was constructed for both a 400 Hz and an 1800 Hz choppers,

the only difference being the values of R.and C used in the filter.

For a 4 pole Butterworth Filtef using the Sallen-Key equal component
configuration the value of R and C are set by the cutoff frequency (where

‘ 1
the phase shift of the filter is 180°) 2



_ 1 , .
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'Fof the 400 Hz chopper C = .0047 uf and ? 8.25 KQ. Metal Film 1%
resistors and low 1eakége éapacitors wifh x5 —flO% tolerances are
recommended; | | | |
Iﬁ order to éssure positive startup, either a 3130 op amp can bé

selected which has‘several volts of positive output when both inputs afé
groundea'in an open lodp coﬁfiguration, or this condition can be produced
by adding é 10 KQ offset adjusting pot. across pins 1 and 5 of the 3130.

. The maximum drive voltagé.which a particular tuning fork can handlé
before harmonic modes are excited must be determined byvexperiment. By .
looking at the feferencg waveform while adjusting the drive amplitude
the Oﬁset of severé distorfion can be observed. On start up it ﬁay be
neceséary-with some tuning forké to decrease the drive aﬁplitude_ini;ially
to a.smail_value (‘5 voits) until stable operation occurs. .Thén the

~amplitude can be increased to a level béléw the maximum level at which

the'tuning‘forkvcan operate.

VI. Test Results

In order to tesﬁ.tﬁe amplitude stability_pf the ghopper moveﬁeﬂt:.
diréctly; as opposed to jus;'the driver voltaée stébility, a test
arrahgement was set up with a tungsten lamp shining through a 400 Hz :
tuning fork chopper onto a photodiodé._ By measuring_thé ratio of the
A.C. to D.C.‘componenté fothé photodiode signal a good meésure oflthe
choppef amélitude was obtaingd. Each drive circuit wés tested for

1-1/2 hours, withfsampling taking place every 5 minutes. The result was



:thatfthe‘RMSVdeviation of the.readings on the new driver was a factor of
4 smaller fhan-that obtained for.the improved facfory sgpplie& driﬁer.
Observatiqn of the’drive/reference waveform on anAoscilloscope
showéd‘a Symmetric sine wave, free of any Switching transients. This
‘feature may be advantageous in.that a sinusoidél input is the optimum

waveform for the reference.channel of many lockin amplifiers.
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Figure CéptiOnS

Figure 1.

Figure 2.

»DfiVe waveform produced by factory supplied driver. Notice

1afge_spikesvproduced when the driver coil is switched on

and off, aﬁd the aéymmetry of the waveform.

Schematic‘of tuning fork driver circuit. For value of R

and C in filter section, see text.
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