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I'm playing around with one of my projects at the moment, and what would be
nice is to have built−in frequency calibration. The project essentially
involves watching crystals to see how they age (and also is a fun experiment
as to how stable of an environment − thermal and voltage − I can make).
Which is probably only somewhat more interesting than watching paint dry to
most people :) Currently I can do this, but only with an annoying amount of
external equipment.

Currently, the board under test has a 4 MHz crystal oscillator as found in
the LT1016 datasheet. I would like to do fairly accurate frequency
measurements of this crystal against a rubidium reference 1 PPS source I
have access to (assumed to have at worst 5E−11 short term stability). I'd
ideally like to make measurements of the frequency at the 1E−8 level or
better. Since the board has a microcontroller on it, I would ideally like to
simply plug in the 1 PPS source and read out a frequency through a serial
cable.

The simple method − counting cycles − would sort of work. If I count the
output of the xtal oscillator for about 25 seconds I should get an error of
1 part in 10^8. But I'd like to make the measurement faster (for 'I doubt I
can hold everything stable for that long' reasons and because faster =
better) and ideally not simply limited in accuracy to how long I wait.

My plan is to make a slight variant on a TAC. The number of full XTAL cycles
in between the reference rising edges is obviously easy to measure. To
measure the part cycles, I was going to use the discharge time of a
capacitor. For the final part cycle: initially prepare the capacitor to ~1V,
start charging it (+5V −> resistor −> capacitor −> GND) on the rising edge
of the 1 PPS source, keep charging until the rising edge of the 4 MHz clock,
then discharge it through a much bigger resistor and count how many 4 MHz
cycles occur until it hits ~0.8V. There's a few complications to avoid
dropping or collecting extra cycles, but that's the basic idea. Also,
there's obviously non−linearity problems here but nothing a bit of
microcontroller time can't fix. A similar method will be used for measuring
the start partial cycle.

Since this is living on a double−sided PCB, using a much higher frequency
clock to measure things more accurately isn't too feasable. Another
alternative would be to simply go out and buy a nice TDC chip from somewhere
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.... unfortunately obtaining one or two of these appears to be either
impossible or extremely expensive − neither of which are helped by the fact
that I'm in Australia.

The questions (finally!) are
1) Is this the sensible way to do it?
2) Slew rate and switching delay for the capacitor charging (and to a letter
degree, the discharging) circuit is obviously important. From a back of the
envelope calculation even a BC109 seems to be able to do the job, but that
seems too easy. A MOSFET + driver is mess that I'd rather avoid.
3) Any nasty hidden surprises in these types of circuits that I should keep
an eye out for when designing it?

−−
Michael Brown
Add michael@ to emboss.co.nz − My inbox is always open

.
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