High Resolution Phase Measurement with KeySigRh30A
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collect(relatively)high speed phase measurements from the Keysight 53280l&ast up to 5 kHz.
These measurements can be pgsibcessed to increase the resolution and decrease the noise of the
phase measurements.

Measurement set up

5 Mhz

Ext Ref

Ch1 Ext Gate

In this experiment, an Active Hydrogen Maser was used as Refesegie. A Datum 6502
Distribution Amplifier wasised to also provide the same signal as External Reference input to the
53230A(The use of a Hydrogen Maser is of course not requjredt it was available.)

The AHMid not provide an external reference signal to the Keysight 33510B function generator,
simply becauséhe AHM provides a BIHzoutput and the 33510B only accepts aMBzreference.

The available frequency doubler was not expected to be phase stable with temperature, so it was
decided to not use this in this experiment

This is not expectetb make much difference, as the 33510B only provides the -Gigteal to the
frequency counter; neither the start nor staulgesare directly derived from this signakny
instability in the 33510B will only result in slight instability in Tau: an edgeearllater than
expected may be counted.

The instrument was connected as shown in the diagram above:

1 53230A External Reference comes from the AHM through the 6502 DA
1 53230A Channel 1 input comes from the AHM though the 6502 DA.
1 53230A Channel 2 input mees from an Austron 1250A
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1 53230A Ext gate comes from a 33510B function generator

The counter was configured to take Time Interval measurements from Channel 1 rising edge to
Channel 2 rising edge. As the experimentisadyt N2 2 ¥ 2 F O2 & &kanm> €t A GGt S
optimizing triggesevels etc.

Measurement control

Software was written to collect the phase data. The software (a work very much in progress) can be
found athttps://github.com/opronningen/53230ATest with some required components at
https://github.com/opronningen/53230AT oolkit

The measurement logic is however simple enough to reconstruct in any language from these note

Setup

In this example, data is collected in Real format at a rateldfzZland the REF/DUT frequency is 5

MHz The counter will collect 1000 measurements per trigger. The measurement is set to 10 minutes
(600 triggers).

33510B The 33510B was configuréo output a kHzpulse, 5V amplitude, with a pulse width of
200ns. The pulse width needs to be shorter than twice the period of the measured signal, or the
counter might collect two consecutive edges, rather than edges separated by the frequency of the
Gate Input signal.

53230A The settings on the counter is as follows, (settings not shown have their default value):

*RST;

:FUNC "TINT",

:FORM:BORD SWAP;

:FORM REAL,64;

:INP:IMP +5.00000000E+001;
:INP:LEV2:REL +90;
:INP2:IMP +5.00000000E+001;
(AINP2:LEV2:REL  +90;
:SAMP:COUN +1000;
:TINT:GATE:POL POS;
:TINT:GATE:SOUR EXT;
:TRIG:COUN +600;
:TRIG:SOUR BUS;

The measuremenloop is as follows:

ABORT;
*WAL
INIT;
*TRG
Loop:
*TRG;
:DATA:REMOVE? 1000,WAIT
Goto loop


https://github.com/opronningen/53230A-Test
https://github.com/opronningen/53230A-Toolkit

Discussion

¢KS powHnon! KI &.000000 sampeR. It fs fridkyitdi get pasiFthisMimit, as the counter
will not, under any circumstance, accept more than 1M triggms. will it collect more than 1M
samples per trigger.
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that only one phase measurement is taken éacchgate pulse. When the counter is configured to
take i.e. 1000 measurements per trigger, it will take 1000 measurements only when thesigadd

is high. It will not measure onlew gatesignal.

The second trick employed is the use of software triggering. If the counter is configured for internal
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The 53230A will buffer up to one software trigger, hence the use of timgexutive triggers in the
measuremerdloop; this will ensure a new measurement is started immediately, not being delayed
by the software reaihg out the previoussamples.

Using these tricks it should be possibleetmtinuouslycollect up to5E12 sampleshould one feel
so inclined..

Phase observations atkblzwas readily obtained in this experiment without any particular
optimization.lt is expected that this number can be pushed higReeliminary testing suggests at
least50 kHz should be possibl&he volume of collected data at this sample rate is 800kB per second
in ASCHormat, andproved challenging to analys& preliminary analysis presentedn this report.

With a little care it might be possible to substantially increase this numbernpgteriment maximum
Tl sample rate is 90ksps, while its maximum sample transfer rate of over LAN is 600ksps. The
bandwidth on the External Gate signal is unknown, and might be the limiting factor.

Results
In this experiment, data was collected at 1 ankHg, for 10 minutes. The data was loaded into
TimeLab without any post processing:
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Figurel: ADEV of BHztest (green) and lBHztest (purple)



As expected, without any care given to the trigger levels, the18\(4.73E11)is a bithigher than

the best the 53230A can do.

Modified Allan Deviation (Mod cry('r))
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Figure 2 MDEV of kHztest (green) and lHztest (purple)
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Looking at the MDEWIot, it seems flicker phase noise starts to dominate fromsgdonds. The
ADEYV is expected to drop byrt(N) when dominated by white noise, so it seems pruderdo the
comparison at 10

Thecollected phase record | a
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correspondingo tau 10ms. The results are close to what is expected in thes@nce of white noise

ADEV N | ADEV.q ADEV,q

(no averagig) Expected | Actual
1kHz 453E09 |10|1.43E09 | 1.45E09
5kHz 454E09 | 50| 6.42E10 | 6.56E10
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Figure3: 1/5 kHz raw/averaged ADEV
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As a comparison, the Austron 1250A wasasured using a TimePod, with the AHM as reference. A
measurement bandwidth of 50Hz was selected, to match the 10ms secondigate
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Figure4: Comparison 5 kHz sample rate raw/averaged to TimePod ADEV measurement
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Clearly, a 20KUSD instrument does a better job at characterizing this oscillator, but is interesting

how the gap between the two instruments can be almost halved by software abuse.

Further Analysim Stable32
Stable32 has a limit of 1M samples it will proc83$werdore, the 1Khz dataat 600k samples was

selected for further analysis.

The 1 kHz raw phase data was imported in to Stable@&rappedand drift removed. Overlapping
Allan Deviation wathen calculated.



Date: ‘H/OG/WG Time: 11:24:07 Data Points 1 thru 600000 of 600000 Tau=1.0000000e—03 File: 1Khz raw.002
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Figure5: OADEYV for theaw 1 kHzphase data

The PSD was then calculated and plotted.

Figure6: PSD of 1 kHz phase data

Further, a histogram of the phase data was plotted. The data does not follow a normal distribution.
It is not understood why this ihe case.



