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1 TEST CONDITIONS

The Meridian II Precision GPS Time Base (from here onward called GPSDO) was operated
in a laboratory environment at the National Institute of Standards and Technology (NIST)
for about 30 days from May 6, 2016 through June 6, 2016. The laboratory temperature
was stable at 21°C with a fluctuation of ~ 2°C and the relative humidity was maintained
between 25 and 45% over this period. The GPSDO was powered with uninterrupted 110
VAC supply. The GPS antenna was mounted on the roof of the NIST building, see Figure
1, using the cable shipped with the test equipment. During the first 24 hours of operation
the GPSDO was allowed to self-survey the antenna position. The self-surveyed position as
determined by the GPSDO differed from previously surveyed NIST position by less than 2.3
meters, see Table 1, along any direction. The exact coordinates that are used for computing
common-view difference are obtained using NRCAN precise point positioning (PPP) algo-
rithm using at least a day of RINEX data sampled every 30s. Continuous measurements
were made on both 1 PPS and 10 MHz outputs every second over the duration of the test.

1 PPS signal from the GPSDO was measured relative to a delayed version of UTC(NIST)

Table 1: Comparing antenna coordinates obtained using different methods

Method x(m) y(m) z(m)
Meridian II -1288333.192 -4721658.867 4078683.637
NRCAN-PPP -1288333.969 -4721660.860 4078684.444

with a GuideTech GT200[4] time interval counter board installed in a computer using custom
software. The GPSDO supplied the start pulse and the delayed UTC(NIST) provided the
stop pulse. Figure 2 shows a block diagram of the 1 PPS and 10 Mhz measurement setup.
For sampling time 7 in the range of 10 to 100 s, the 1 PPS measurement noise (~40 ps)
is comparable to that of the GPSDO but for larger values of 7 the measurement noise is

negligible.

The 10 MHz low phase noise output from the GPSDO was compared to a 10 MHz signal
from UTC(NIST) for frequency stability tests. UTC(NIST) is derived from an ensemble of 5
hydrogen masers and 4 cesium standards. The stability of UTC(NIST) is better than the in-
strument under test for all averaging times at or above 0.1 s. Below 0.1 s the NIST reference
may corrupt the measurements by a small amount. The 10 MHz time domain stability (Allan
deviation and time deviation) measurements were made using a Timing Solutions Corpora-

tion(TSC), now Microsemi [5], 5110A Time Interval Analyzer. The measurement noise floor
of TSC 5110A is well below the stability level of the GPSDO being tested. Repeated tests at
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NIST have confirmed the accuracy of TSC 5110A for making Allan deviation measurements.

Measurements were made using the instantaneous mode with a nominal bandwidth of 500 Hz.

A plot of Meridian IT — UTC(NIST) 1PPS delay measurements over the test period is given
in Figure 3 with a mean of 241.1 ns and standard deviation of 2.6 ns. A daily average for
Meridian IT — UTC(USNO), with UTC(USNO) computed from common-view difference be-
tween NIST and USNO is given in Figure 4.

2 TEST RESULTS

2.1 ALLAN DEVIATION AND TIME DEVIATION

Figure 5 shows the Allan deviation(ADEV) plots for PPS and 10 MHz data for 7 ranging from
1to ~ 10° s. Computing the time deviation(TDEV) for large values of 7 are computationally
expensive. As a compromise, we have sampled the above data set with 7y = 60 s in the plots
presented in Figure 6, with values of 7 as large as ~ 500000 s. The time deviation for 7y = 1 s
are given in Tables 2 and 3 for 1PPS and 10Mhz data for smaller values of 7 than that were
considered in Figure 6. The data are not smoothed or averaged for generating the plots and
tables for ADEV and TDEV.

Table 2: Time deviation for 1PPS for smaller 7

7 () Time deviation (ns) Uncertainty (1079 ns)
1 0.088354 57.000
2 0.071767 44.072
4 0.053260 32.554
8 0.041943 25.636
16 0.039205 23.963
32 0.045640 27.896
64 0.061346 37.497

Time deviation is computed using the formula

2
T o

o(r) = % b7 (1)

where oy10q(7) is the modified and overlapping Allan deviation and o(7) is the time devia-

tion(TDEV).
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Table 3: Time deviation for 10 MHz for smaller 7

7 () Time deviation (ns) Uncertainty (107° ns)
1 0.0049994 3.0600
2 0.010754 6.5822
4 0.013964 8.5469
8 0.014063 8.6076
16 0.016721 10.235
32 0.024438 14.957
64 0.041703 25.525

2.2 ANTENNA AND RECEIVER DELAY

It is assumed that the GPSDO is tracking UTC(USNO) as broadcast by the GPS signals.
The mean time difference between UTC(NIST) and UTC(USNO) during the test period,
determined from the ionosphere-free(P3) common view measurements, was UTC(NIST) —
UTC(USNO) = —0.5 ns with an uncertainty of 2.3 ns, see Figure 7. From Figure 3,

(Meridian IT — UTC(NIST)) = 241.1ns, (2)

From Figure 7,
(UTC(NIST) — UTC(USNO)) = —0.5ns. (3)

Adding equations (2) and (3) we obtain

(Meridian IT — UTC(USNO)) = 240.6ns. (4)

The cable delay from the UT'C(NIST) source to the local reference point has been measured
to be 438.3 ns (with an uncertainty ~ 0.5 ns). Subtracting the antenna cable delay of
188.9 ns and the corrected PPS output of Meridian II (see equation 4) from the cable delay,
the combined antenna and receiver delay for the Meridian II Precision GPS Time Base is

estimated to be 8.8 ns with an uncertainty ~ 2.6 ns.
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Figure 1: Meridian II Precision GPS antenna attached to antenna mounts on the fiber glass
platform atop NIST, Boulder, Bldg. 1 roof.
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PPS measurement setup 10MHz measurement setup

GT200 UTC(NIST) 10MHz 5110
start stop start stop
Meridian II 1PPS UTC(NIST) 1PPS Meridian IT 10MHz ~ UTC(NIST) 10MHz
Channel A

Figure 2: In both setups, start and stop measurements are performed with cables that are
identical in length. The local reference point from UTC(NIST) is 438.3 ns and the reported

antenna cable delay is 188.9 ns.
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Meridian I-UTC(NIST): 1PPS
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Figure 3: Meridian I — UTC(NIST) 1PPS delay measurements starting with MJD
57514.92358 sampled every 600 s until MJD 57545.91964. MJD 57514 is May 6, 2016. The
mean and standard deviation of this measurement every second over the duration of the test
is 241.1 ns and 2.6 ns.
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Meridian II-UTC(USNO): 1PPS
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Figure 4: Meridian IT — UTC(USNO) daily average for 1PPS delay measurements synchro-
nized with UTC(USNO) obtained from common-view. The mean and standard deviation
are 240.6 ns and 1.3 ns. MJD 57514 is May 6, 2016.
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Allan Deviation for 1PPS and 10MHz

~10] '
L PPS =
[ 10MHz «
10—115_
10—12;_
10-13}
10—14;_

] 10 100 1000 10* 10°  10°
T (s)

Figure 5: Allan deviation for the 1PPS and 10 MHz measurements for Meridian II-NIST as

a function of sampling interval 7. 79 = 1 s.
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Time Deviation for 1PPS and 10MHz
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Figure 6: Time deviation for the 1PPS and 10 MHz measurements for Meridian I[I-NIST as

a function of sampling interval 7. 75 = 60 s.
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NIST-USNO: Common View (P3)
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Figure 7. GPS Common view time difference between NIST and USNO for computed every
160 min starting MJD 57514.11528 and ending at MJD 57545.89583. MJD 57514 is May 6,
2016. The average time difference over ~30-day test period for 16 min interval data was
(At) = —0.5 ns, with a standard deviation of 1.7 ns.
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