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Introduction

This paper describes a small and relatively simple Dual V
Time Difference (DMTD) clock measuring systenedsFigure
1). A DMTD system is a wekstablished way to make hig
resolution phase measurements on precision frequency so
This system is intended mainly for experimental purposes
can be used to make lemoise measurements on up to th
clocks versus a reference at the same nominal frequency i
range of 320 MHz. The system has a resolution of
femtoseconds for a 10 Hz beat frequency at an RF frequen
10 MHz as shown in Figure 2. It has achieved a coherent
floor below 1x10" at 1 second without phase averaging
crosscorrelation, as shown in Figure 3, and well below that \
crosscorrelation. The design and implementation of the sys
hardware is described in detail. See Appendix | for a tabl _.
specifications for th&mall DMTD Clock Measuring System. Figure 1. The Small DMTD Systerr
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DMTD System Description

The system has two mixer modules, each with dual mixaveng RF and offset LO inputs whose low
passed outputs are amplified and processed byazessing detectors to produce start and stop signals for
two time interval counter modules. The offset LO signals are generated by addjrdtsynthesizer
(DDS) module from a 10 MHz reference. The system also includes a pair of RF power splitters. This
basic system, shown in the block diagram of Figuaad the photogratof Figure5, can be configured

in several ways to make coherent system noise testsumanents on one or two pairs of clocks, and
crosscorrelation measurements on one pair of clockse system includes a WindoWBC program to
capture data via a USB interface for subsequent analysis with Stable32.
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Figure4. Block Diagram of Small DMTD Clock Measuring System

Tablel. SmallDMTD Clock Measuring Syster@onfigurations

DMTD System Input Connections Output Remarks
Configuration Section A Section B Usage

A = Ref clock | 3=Meas 2 TIC A=1vs Ref | Two meas clocks measured agai
Standard 2=Meas1l |A2tolnput3 |TIC B=2vsRef |Refclock using standard DMTD

Al to Input 1 | B splitter NC methodology.

A = Ref clock | B=Meas Clock| TIC A = Ref Ref and meas clocks compared
Correlation Altolnputl | B3toInput2 | TIC B = Meas with sections A and B. Cross

A2 to Input 3 | B4 to Input 4 | Use Cross ADEV | ADEV cancels uncorrelated noise

A = Source | Optional TIC A = System | Coherent inputs to measure syst¢
Coherent A Al to Input 1 Noise noise. Section B came used in

A2 to Input 2 same way.

A = Source B = Source TIC A=Meas 1 | Coherentinputs from external
Cross Coheren{f A1toInputl | B3toInput2 | TIC B=Meas 2 | splitter to measure cross

A2 to Input B4 to Input 4 | Use Cross ADEV | correlation system noise.

In the case foa 1-section measurement at 10 MHz, the B power splitter can be used to drive the Refer

input and A section power splitter from a single 10 MHz source.

G




Expanded DMTD System

The basic DMTD clock measuring system may be expanded withT@ whose start input is connected
to the ZCD of mixer 1 and whose stop input is connected to the ZCD of mixer 3 asisHagure6.
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Figure6. Expanded DMD Clock Measuring System

LO LO

In this arrangement, therBeas coherent configuration with separate A and B sources can use TIC C as
an optional incoherent output. In ther2as arrangement with the TIC B start input also connected to the
ZCD of mixer 1, tle system can be used to measure three clocks against the Input 1 reference, a

configuration weHsuited for 3cornered hat intercomparisons.

DMTD Clock Measuring Systems

A DMTD clock measuring systewombines théneterodyne technique of resolution anbement witha
time interval counter to measure the relative plidighe beat signals from a pair of mixers driyeam a

common offset referencdt is one of the most precise ways to compare clocks all having the same

nominal frequency. Its advantagesclude high resolution, low noise, phase data, no fixed reference

channel and cancellation of offse¢ference noise and inaccuracy, while its disadvantages include

complexity and operation at a single carrier frequency.
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Figure7. Block Diagrams of a DMTD Clock Measuring System

The DMTD system can bexpanded to multiple channels by adding additional buffer amplifiers and
mixers, and time tagging the zetmssings of the beat notes for each channelatinggement allows

any two of the clocks to be intercompared. The offset reference need not be coherent, nor must it have
particularly low noise or high accuracy, because its effect cancels out in the overall measurement process
For best cancellation, theerocrossings should be coincident or interpolated to a common epoch.
Additional counters can be used to count the whole heiat cycles to eliminate their ambiguity, or the
zerocrossings can simply be time tagged. The measuring system resolutiderisided by the time
interval counter or timéagging hardware, and the mixer heterodyne factor. For example, if two 5 MHz
sources are mixed against a common 5 MHD Hz offset oscillator (providing a 5x¥@0 = 5x10
heterodyne factor), and the bewite is timetagged with a resolution of 100 nsec (10 MHz clock), the
measuring overall system resolution i$"Bx10° = 0.2 psec.

Multichannel DMTD clock measuring systems have been utilized by leading national and commercial
metrology laboratories for a ndrar of years [45, 1820]. An early commercial version is described in
Reference [3], a newer technique is described in Reference [8], and the Timing Solutions Corporation TS
3020 is an example of such a system [6]. The Stable32 software [11] has dapdbiliteading the data

files created by a 8020 system, allowing clock records to be conveniently processed.

The RF signals are isolated by RF transformers to avoid ground loops, and by isolation amplifiers to
provide good input cable termination arayerse isolation for mixer products. It is important that those
components have low phase sensitivity to temperature variations. The mixer is followed by a low pass
filter to separate the audio beat signal from the RF components. The most criticaheotripdhe zero
crossing detector or comparator that converts the analog beat signal into a digital waveform. It must have
low noise and offset, and high speed so that the relatively slow beat signal is converted to a fast switching
signal with low jitter at its exact zero crossing, and without crosstalk between adjacent channels [16].

The zero crossing detector output becomes one input of a time interval counter, or is timetagged by a
digitizer with respect to an external system clock. The former ist mmmmonly used for a simple
heterodyne system, while the latter is generally used in a-omatinel DMTD system. Because of the
large heterodyne factor that is normally used (e.d.fdi0a 10 Hz beat note with 10 MHz signals), high
measurement resdlan does not require particularly fast time measurements (e.g., 0.1 psec overall
resolution for a 10 MHz clock).



It is important to understand the potential vulnerability of a clock data acquisition system to interfering
signals such as power line rippl&ignals at frequencies higher than-biadf the sampling rate (e.g. 5 Hz

for a 10 Hz beat note) are aliased and appear in the data as interference at lower frequencies. The syste
does not, and, as a practical matter, cannot have, low pass filtratawoid such aliasing. Hence the
importance of the RF isolation transformers and other precautions to avoid contamination by interfering
signals. One should be alert to strange results, such as oscillations in an Allan deviation plot, which can
be a sigrof an aliasing problem. A higher beat frequency and sampling rate, perhaps followed by digital
low pass filtration and decimation, is another way to reduce those problems, at the expense of lower
resolution or the need for a higher performance timeiziggit Satisfactory results are usually obtained, as
long as one remains aware of the possibility of aliasing difficulties.

The Small DMTD Clock Measuring System

Mixer Module 1

RF 1
| Amps

Mxr

RF Pwr

Al Splitter

Iso Iso

A Lo Xfmrs  Amps

A2 DDS Module

RF 2

RF
Inputs

Data
Out

RF 3

B3

10 MHz
¥ Refln

Iso Iso

B Lo Xfmrs  Amps

RF Pwr

B4 Splitter

—
RF 4

Mixer Module 2 -12V 45V +12V

DC Power In

Figure8. Block Diagram of the Small DMTD Clock Measuring System

Mixer Module

The mixer module of the Small DMTD system follows the general approach described in Reference 16
and 23, with a signal path that progresses from a low noise narrow bandwidth low slew rate input stage to
a fast output stage zecoossingdetector. Its distinguishing features are AC coupling to suppress the DC
offset TC of the mixer diodes and the use of a high speed comparator as the last stage.
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The circuit schematic andobrd layout of the expinental Small DMTD Mixer Moduleare shown in

Figures 9 and10.
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Figure 10. Mixer Module Board Layout

The waveforms at the IF test point at the output of the first IF amplifier are shown in Eigimebeat
frequencies of 1, 5, 10 and 100 Hz wah RF input level of +3 dBm, the RF level adjustment set to
maximum, and a first IF amplifier voltage gain of 20 and a bandwidth of 16HHire 12 shows thdF

test pointwaveforms at 10 Hz at RF inputs of 0 and +7 dBmd Figure 2 shows the waveformat the
output of the IF amplifier (the input to the comparator) at those RF levels.

f=1Hz , X=250 ms/div, Y=2 V/diyS=36 V/s

f=5 Hz , X=50 ms/div, Y=2 V/div, S=160 V/s



