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Introduction

This paper describedesign,setup and use divo simple 1PPSclock measuring systesn In these
systemsgdigital logic divides the two sources being compared down to 1 PP&aidime differences
measuredvith a high resolution time interval countess shown in the block diagram of Figure 1.
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Figure 1. 1 PPS Time Interval Counter Clock Measuring System

This measurement method is made practical by modernragghution interpolating time interval
counters that offer-gigit/second or greater resolution. The resolution is not affected lmiseon ratio,

which sets the minimum measurement time, and, along with the frequency offset, determines how long
data can be taken before experiencing a phase spillover (which can be hard to remove from a data set
For example, aource having a freqney offset of 1x10 can be measured for only about 5.8 days before
experiencing a 1 PPS phase spillover after being initially set at the center.

Hardware Description
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The experimental 1 PPS divider hardware comprises two di
assemblies and high resolution time interval counter The
dividers, devised by Tom Van Baak, employ F
microcontrollers, produce a number of output rasewl include
provisions for synchronization to an external 1 PPS referenc
photograph of a breadboard of the 1 PP&ddrs is shown ir
Figure2. See Reference [Helow for more information abou
thesedividers.

For this test, one 10 MHz input channel was driven from a s
ovenized crystal oscillator and the other from a comme
rubidium frequency reference.
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Figure2. 1 PPS Dividers

The two 1 PPS outputs were connedi®é Racal Dana 1992 time internal counter having 1 nanose
resolution and he start and stop signalgere separated sufficientlyn time for the counter to functiot

properly.



Interf ace

A Prologix GPIBUSB Controller(see Figure 2
provides a simple, lowost interface from thi
countero6s @PbBpuptoenods
[2]. The computer acquires, formats and saves
frequency data with the EZGPIB progr#}, and
the resultingdata are analyzed with Stable3. [
The EZGPIB program has functions to strip
nonrnumeri c characters
stream, to insert MJD timetags and to store
resulting data to a Stable@@mpatible disk file.

Measurements
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Figure 2. Prologix ®1B-USB Controller

Measurements were made with this setup bmudone day

Analysis

The resulting time tagged-secondphase dat:
were read into Stable
-3.17 ppm) frequency offset of the cryst
oscillator, the phase record is essentially a stra
line with a large negative slope representing
frequency offset as shown in FiguBe

Next, the phase data were converted to freque
data as shown in Figwse and5. These value:
are obviously lghly-quantized because of the
ns resolution of the time interval counter, as s
even more clearly in the histogram of Figuge
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This quantization causes a noise levellof & 1
about 0.3 ns (3x2Q0 at Xsecond).

Figure3. Phase DatRlot

The resulting frequency stability, shown in Figufeis white PM quantization noise out to an averac
time of about 100 secondsThe measured-éecond ADEV of about 1x1Dthus barely reflects th
instability of the small OCXO.Clearly, this system has insufficient resolution to measure the-t&nort

stability of a good crystal oscillator.

against a GPS receivevhere the shoitierm noise is on the order of 10 nsec.

It would, however, be adequate for making a 1PPS com
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Figure4. Frequency Data Plot

Figure5. Relative Frequency Data Plot
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OCXO vs. Rb for 1 PPS Time Interval Measurements
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Figure6. Histogram of Relative Frequency Dati

Because of the sherérmquantizationnoise, it is
advisable to average tbemeasurements by a
factor or at least 100 in order to better see the
longerterm behavior of the oscillatoas shown in
Figure8. This oscillator appears to have a drift
t he or-8ext0pefcaydand the lurch
toward the end of the record is probably due to
thermal change.

Figure7. Stability Plot
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Figure8. Frequency Data Plot



The PICTIC 1 PPS Clock Measuring System

The PICTIC 1 PPS clock measuring system comprises two 10 MHz to 1 PPS dngidiscribedbove

and an interpolatg PICTIC time interval counter combined with a 10 MHz to 50 MHz clock multiplier,

an RS232 to USB converter, and two 3W 1 PPS output buffers, as shown in the block diagram of
Figure9 and the photographs of Figure8and11. It accomplishes the same type of clock measurement

as described above with better resolution and without the need for a laboratory time interval counter
instrument and associated GPIB interface. It also includes a custom Microsoft Windows® program to
contol the system and capture the data.
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Figure9. Block Diagram of 1 PPS PICTIC Clock Measuring System

Figure 10. Front View Figure 11. Interior View
Photographs of 1 PPS PICTIC Clock Measuring System

SystemComponents

This 1 PPS clock measuring system employs two elegant components based on Microchip PIC
microcontrollers. The 10 MHz to 1 PPS divider (sdé®vg was developed by Tom Van Baak and is
describedn Reference [1] Two of them are implemented here on srRd@Proto boards (s4&]) along

with LMV7219 comparators to convert the 10 MHz sinewave input into a clock signal. The PICTIC time
interval counter with its analog interpolator was developed by Richard McCorkle and is fully destribed



