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A Quartz Watch Time Base Monitor
By George P. Vella-Coleiro
AT&T Bell Laboratories
The circuit described here was developed to enable the frequency of oscillation of a quartz watch time base to be
measured accurately in a non-invasive
manner. Most digital watches on the
market today use a quartz oscillator with
a frequency of 32.768 kHz (2 15 Hz) which
is capable of great precision. The less
expensive watch models, however, are
typically adjusted at the factory to only
±30 s/month. Using the circuit described
here and a simple frequency counter, it
is possible to adjust a quartz watch to
an accuracy of ± 1 s/year.
he problem with monitoring the frequency of a quartz watch arises from
the very low power nature of the circuit.
This means that even a high-impedance
probe produces an excessive amount
of loading. Th is problem is circumvented
by using the acoustical energy emitted
by the crystal. As might be expected, the
acoustical power is minute, res ulting in
two difficulties that need to be overcome: interference and noise.
In the circu it shown in Figure 1, the
problem of interference is taken care of

T

by usi ng a differential video amplifier
(IC1) with good common mode rejectio n
to ampl ify the weak signal picked up by
the ultrasoni c microp hone (a piezoe lectric transducer). This amp lifier has a
voltage gai n of approx imately 400, whi ch
is adequate to drive the input of phaselocked loop (PLL) IC2. The PLL takes
care of the second problem, noise, by
means of a loop filter with a long ti me
constant. This effective ly produces a
very narrow noise bandwidth.
A PLL was chosen for th is app lication
instead of a narrow-band filter tu ned to
32.768 kHz in order to avo id the problem
of drift of the center freq uency of the
filter. It is estimated that achievin g an
adequate signal-to-noise ratio wou ld
require a filter with a bandwidth less
than 1 Hz, necessitating a center frequency stability on the order of one part
in 10s This level of stab il ity is ach ievable
through temperature compensation of
the compo nents that determi ne the
center frequency , together with temperature contro l, but a PLL provides a
much simp ler solution . The frequency
of oscillation of the voltage-contro lled

oscillator (VCO) in a well-desig ned PLL
is locked to the frequency of the rece ived signal , and the only requ irement
is that this frequency be within the
capture range of the PLL.
A simp le second-order loop fi lter,
formed by C6 and a 3.6 kohm resistor
intern al to IC2, has been found to be
entirely satisfactory for this appl ication.
The time constant was made large
(about 0.1 s) so as to en hance immunity
to noise and out-of-band sig nals. This
was done at the expense of lock-up time
and capture range, which are relatively
unimportant in this app lication .
In Figure 1, video amp lifier IC1 is
configured for its maximum gain of 400,
'resu lting in a bandwidth of 40 MHz. This
bandwidth is limited to a much narrower
range, centered around 30 kHz, by an
R-C fi lter consisting of R3-R6 and C1-C3
before being app lied to the input of PLL
IC2. The simulated frequency response
of the fi lter, including the output resistance of IC1 and the input res istance of
IC2, is shown in Figure 2, indicating a 3
dB bandwidth of 10kHz to 90 kHz.
Figure 3(a) shows the watch signal
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Figure 1. Circuit diagram of the quartz watch time base monitor.
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