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Abstract 
 
The purpose of this report is to provide users of the LO Reference Distribution 
System with detailed procedures for periodic maintenance, and guidance for 
troubleshooting in the event of a subsystem failure.  Some background 
information and important system design considerations are also given. 
 
Those readers who already have a basic understanding of the System may 
choose to proceed directly to section II – Maintenance Procedures.  New users, 
or users wishing to modify or redesign any part of the System, are 
recommended to read the introductory section of this document. 
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I.  System Description 
 
The LO Reference Distribution System transmits 10 MHz and 500 MHz from the Timing 
Center to various remote user stations, over single-mode optical fiber.  A simplified 
schematic block diagram is shown in figure 1 (for a detailed schematic, refer to 
D35260K003 in the GBT drawing archive). 
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Figure 1.  A simplified block diagram of the LO Reference Distribution System. 
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Overall System Architecture 

From the hydrogen maser, the LO Transmitter module accepts 10 MHz and 100 MHz, 
each with nominal levels of +10 dBm.  Inside the LO Tx module, the 100 MHz is 
frequency multiplied to 500 MHz, filtered, combined with the 10 MHz, and sent out to 
the Optical Tx/Rx module where it modulates a laser.  The laser output is optically split, 
with each of the four outputs spliced to SM fibers which carry the modulated light to each 
user station.   
 
At the user station, the optical signal is detected in the LO Ref Laser/Detector module, 
and its output is transmitted via coax cable to the adjacent LO Rx module.  Inside the LO 
Rx module, the incoming 500 and 10 MHz is separated (coming into the module on a 
single coax cable, the signals are put onto individual coax cables using a power divider 
and filters).  The module’s 500 MHz input is used as a reference in a PLL, whose output 
is split four ways; two of the outputs are brought to the module’s rear panel for general 
use, another is used internally for clocking the incoming 10 MHz, a third establishes a 
feedback path for the PLL, and the fourth is output to the module’s rear panel for use as 
the returned 500 MHz – part of the round-trip measurement subsystem. 
 
Inside the LO Rx module, the clocked 10 MHz (ECL) is voltage-shifted and filtered to 
provide a +2 dBm (50 Ohm) sine wave at the module’s rear panel.  A sample of the ECL 
10 MHz is applied to a divide-by-two circuit, producing 5 MHz which is also shifted, 
filtered, and output to the rear panel (+2 dBm). 
 
 
Round-Trip Phase Monitoring 

Within the LO Tx module at the Timing Center, a sample of the 500 MHz is used, 
together with 260 Hz from the RTPM module in a PLL, to create an offset reference 
frequency of 500.000260 Hz (more precisely, 10 MHz divided by 38400) to be used in 
the RTPM for phase detection.  The offset reference is mixed (in the RTPM module) with 
the returned 500 MHz from a user station, translating the phase drift information to 260 
Hz.  The 260 Hz signal is then input to an exclusive-OR gate along with a reference 260 
Hz, which produces at its output a 260 Hz square wave whose duty cycle is an indirect 
measure of relative phase drift on the 500 MHz round-trip path.  By running a digital 
counter on the XOR output, the duty cycle can be accurately measured.  The counters are 
latched and reset once every three seconds, and the transformation from counts to 
picoseconds is done in software..  The RTPM module contains its own SIB, providing an 
interface to the MCB over which the RT phase, and other information can be exchanged. 
 
 
History of the GBT RTPM Design 

The GBT round-trip phase monitor was modeled after the OVLBI RTPM, which in turn 
was taken from the original VLBA design [1].  The VLBA RTPM was designed to accept 
a 5 MHz reference, however, the architecture of the OVLBI system made it more 
convenient to use a 10 MHz reference instead of 5 MHz.  This design change was carried 
on to the GBT RTPM in order to maintain compatibility; neither the OVLBI nor the GBT 
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designs are interchangeable with the VLBA modules, while they still have many of the 
component parts in common. 
 
 
Important Considerations for the Optical Subsystems 

The 500 MHz and 10 MHz together (in the documentation referred to as 500/10 MHz) 
are input to the Optical Tx/Rx module via a single coax cable.  It is very important that 
the combined power of the 500/10 not exceed -2.5 dBm to avoid nonlinear operation, and 
damage to the laser.  The Optical Tx/Rx module contains one laser, followed by an 
optical four-way splitter – for providing up to four remote user stations.  The noise 
margin of the System will not allow for an increase in the number of user stations, or for 
a significant increase in the distance between the Timing Center and a user station; 5 
kilometers is the predicted limit.  Expansion of the System, either in the number of user 
stations or distance of transmission, will require the upgrade of laser transmitters from the 
Fabry-Perot to a DFB type.  The module also houses four PINFET optical detectors, for 
converting the returned light to an electrical signal to be used for round-trip phase 
detection. 
 
At a remote user station, the incoming light (modulated with 500/10) is input to the LO 
Ref Laser/Detector module, where it’s detected, and sent out on coaxial cable to the LO 
Rx module.  The incoming optical power level is nominally -9 dBm, however the System 
will continue to function without significant degradation, with optical power levels 
anywhere in the range -10 dBm to -8 dBm.   
 
It is important to keep in mind that the input power to the optical detectors must not 
exceed -7 dBm.  Optical power incident on the detectors at user stations is attenuated by 
not only the fiber loss (typically on the order of 1 dB), but also by the four-way optical 
splitter within the Optical Tx/Rx module in the Timing Center.  Since the returned optical 
signal is not optically split, additional attenuation was needed.  The System makes use of 
hand-wound (NRAO) optical attenuators in each LO Ref Laser/Detector module. 
 
 
LO Reference Signal Synchronization 

The LO Rx module receives 500 MHz and 10 MHz (500/10) signals from the LO Ref 
Laser/Det module on a single coaxial cable, and separates them.  The 500 MHz is used as 
a reference in a PLL within the module, and is subsequently divided four ways in a 1:4 
splitter.  One of the splitter outputs is used as a clock input to a resynchronization circuit, 
where it clocks the incoming 10 MHz using a D flip-flop, as shown in figure 2.  Two of 
the splitter outputs are brought to the module’s rear panel to provide 500 MHz for general 
use (+8 dBm each).  A sample of the synchronized 10 MHz is then applied to a divide-
by-two circuit (the center D flip-flop of figure 2) to generate 5 MHz.  The ECL 10 MHz 
and 5 MHz are DC-shifted, then low-pass filtered to provide +2 dBm outputs at the 
module’s rear panel. 
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Figure 2.  A simplified schematic of the synchronization circuits in the LO Rx module. 
 
 
Since some applications require a 5 MHz reference having unambiguous phase, the 5 
MHz is sampled at the rising edge of the 1PPS, and phase inverted if necessary.  The 
phase of the 5 MHz, with respect to the rising edge of the 1PPS, is a parameter that is 
constantly monitored using again a D flip-flop (on the right-hand side of figure 2).  If the 
5 MHz square wave should come up in the “wrong” phase during power up of the 
module, the output of the third D flip-flop will reset the divide-by-two circuit, thereby 
forcing the 5 MHz phase to be “low” at the rising edge of the 1PPS.  The output of the 
third flip-flop, the sync monitor, is latched and is able to be read over the MCB.  Two 
other events can also lead to the latching of the sync fault:  (a) the interruption of the 
1PPS signal, or (b) disabling the sync circuit (setting sync enable to a logic “high”).  If 
any one of these three basic events occurs, a sync fault will be latched and reported over 
the MCB.  The fault latched by the sync monitor (the D flip-flop which monitors the 
phase relationship between the 5 MHz and 1PPS) is of most concern, as there are many 
possible causes.  These are: 
 

• The randomness of initial conditions on the flip-flop inputs upon power-up. 
• The absence of 10 MHz.  Since the 5 MHz is made from the 10 MHz, a loss of 

10 MHz input will naturally lead to the loss of 5 MHz. 
• The loss of 500 MHz reference.  If the module’s 500 MHz reference input 

level drops by more than 6 dB, the module’s VCXO will lose phase lock – 
creating a ramping phase modulation on both the 10 MHz and 5 MHz. 
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• Loss of 500 MHz VCXO.  If the module’s 500 MHz VCXO output level 
decreases by 6 dB, the 10 MHz will not be clocked through the first flip-flop. 

• A drop in optical power input to the LO Ref Laser/Detector will reduce the 
amplitude of 500 MHz and 10 MHz input to the LO Rx module. 

• A loss of 1PPS signal. 
• Ambient temperature drift.  As temperature changes, two critically-timed 

signals may experience different changes in propagation delay, and eventually 
resulting in the violation of required setup and hold times at the flip-flop 
inputs..  If this occurs between the 500 MHz and the 10 MHz, the LO Rx 
module’s 10 MHz output spectrum will be noisy (discussed in detail later in 
this report), and the noise will trigger a sync fault.  If there is a drift in relative 
delay between the 5 MHz and the 1PPS, the required phase relationship can be 
violated. 

 
The 1PPS/5MHz sync fault can be cleared remotely, or by pressing a button on the 
module’s front panel.   
 
 
II.   Maintenance Procedures   
 
The LO Reference Distribution System requires occasional cable length adjustments.  
Due to seasonal variations in the outdoor temperature, the length of the optical fibers – 
between the Timing Center and the GBT, for example – will change enough to misalign 
critical signals in the LO Rx module.  Critical timing exists between the 500 MHz and the 
10 MHz, and between the 5MHz and the 1PPS signals in the LO Rx module.  Both pairs 
of signals are input to D flip-flops (data, and clock inputs) which have well-defined set-
up and hold requirements. 
 
In addition to the cable length adjustments at the LO Rx module needed for meeting the 
setup and hold requirements for the flip-flops, the 500 MHz return path length must be 
varied at the input to the RTPM module, just prior to a VLBI run, to center the delay data 
in the center of its range.  The current data processing software calculated one-way dealy 
modulo 1000 psec.  In other words, if the data increases beyond 1000 psec, it will 
automatically wrap around to zero psec.  Similarly, data decreasing below zero will wrap 
around to 1000.  The VLBI data processing is not able to handle the discontinuities in 
RTPM data across the zero-1000 psec boundary, therefore, a path length must be changed 
in order to place the current data near 500 psec – the middle of its range.  To avoid 
disturbing other critical delays in the system, it is important to do this alignment by 
varying the length of the 500 MHz return path.  This is most conveniently done at the 
Timing Center, at the 500 MHz input to the RTPM module.   
 
In summary, there are two cable length adjustment procedures:  One set of adjustments is 
done at the LO Rx module (at each user station, such as the GBT LO Rack), and the other 
adjustment is done at the RTPM module in the Timing Center just prior to a VLBI run.  
Detailed procedures for the cable length adjustments are given in the following two 
sections. 
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LO Rx Module Cable Length Adjustments 
 
If the 500 MHz and 10 MHz become sufficiently misaligned – to the extent that the set-
up or hold time is violated, the 10 MHz and 5 MHz outputs from the LO Rx module will 
be noisy.  To illustrate the increased noise on the 10 MHz output, a coaxial line stretcher 
was inserted in the 10 MHz signal path – after the signal separation (500/10) but ahead of 
the D flip-flop.  As the line was stretched, noise on the 10 MHz module output was seen 
to rise and fall cyclically, according to an electrical length of pi radians at 500 MHz (a 
half wavelength).  Figure 3 below shows the difference between a clean and noisy 10 
MHz spectrum, obtained by changing the 10 MHz path length within the LO Rx module.. 
 

 
 
Figure 3.  Clean and high-noise spectra, obtained by varying 10 MHz path length. 
 
If the 10 MHz becomes noisy, so will the 5 MHz.  Noise on the 5 MHz will trigger a fault 
on the 1PPS/5MHz Sync monitor.   
 
Adjusting the relative delay between the 10 MHz and 500 MHz will of course affect an 
equal delay differential between the 5 MHz and 1PPS signals in the LO Rx module.  Care 
must be taken to ensure that the setup and hold times at the 1PPS/5MHz flip-flop are 
satisfied, with maximum margin.  After adjusting the relative delay between the 10 MHz 
and the 500 MHz, proceed immediately to the adjustment of 1PPS cable length.  A 
procedure for alignment of both critical signal pairs (500 MHz and 10 MHz, and 5 MHz 
and 1PPS) is as follows: 
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1.  Connect a spectrum analyzer to the LO Rx module’s 10 MHz output, and set up the 
spectrum analyzer as follows: 
 
 Center frequency 10 MHz 
 Span   2 MHz 
 RBW   auto 
 VBW   auto 
 Sweep time  auto 
 Reference level +10 dBm 
 Input attenuation auto, or 10 dB 
 
2.  Locate the coaxial jumper on the rear panel of the LO Rx module, labeled “10 MHz 
Loop”.  Vary the length of this jumper, using the semi-rigid coax jumpers supplied with 
the module, while observing the 10 MHz spectrum.  Notice that the spectrum will be 
noisy with certain jumper lengths, and clean for other lengths.  If a given jumper length 
produces a noisy spectrum, another jumper – either 8 inches longer or 8 inches shorter 
(corresponding to a half-wavelength at 500 MHz) will also produce a noisy spectrum.  
Verify that this is true.   
 
3.  After finding two different coax jumper cable lengths (differing by approx 8 inches) 
that result in a noisy spectrum, install a jumper cable length that is approximately 4 
inches shorter than the longer cable which produced a noisy spectrum.  After installing 
this cable, the spectrum should be clean. 
 
4.  Using a 2-channel oscilloscope, view the rising edge of the 1PPS (at the input to the 
LO Rx module) and the module’s 10 MHz output signal (use two coax cables of equal 
length, to carry the 1PPS and 10 MHz signals from the LO Rx module to the 
oscilloscope, so as to not introduce additional differential delay).  Verify that the rising 
edge of the 1PPS coincides with a maxima or minima of the 10 MHz sine wave (the 
rising edge should be mid-way between zero crossings of the 10 MHz sine wave).  If 
necessary, vary the length of the 1PPS cable at the input to the LO Rx module.  
 
5.  Reset the 1PPS/5MHz Sync Fault monitor by pressing the Sync Fault Reset button on 
the LO Rx module’s front panel.  Verify that the module’s green 1PPS Sync LED is lit. 
 
 
RTPM Cable Length Adjustment 
 
This section describes the procedure for changing the 500 MHz path length just prior to a 
VLBI experiment, as needed to center the RTPM delay in the middle of its range (near 
500 psec).  Before each VLBI run, it is necessary to check the RTPM delay to make sure 
the data is between 400 and 600 psec.  If it is not, it is necessary to make the adjustment 
as outlined below.  
 

 9



1.  At the Timing Center, find the coaxial cable that is connected the RTPM’s front-panel 
”500 MHz Input”, and, at a convenient computer workstation, open a real-time display of 
the RTPM data.  For a real-time display of round-trip delay, launch CLEO or a similar 
software application.  CLEO’s menu path is as follows: 
 
CLEO   Utilities/Tools   Site Timing   then select the “GBT” tab. 
 
2.  Change the 500 MHz cable length as needed to obtain a delay within the range 400 
psec to 600 psec.  Note that changing the length of this cable will produce only half of the 
expected change in the displayed delay, since the signal processing software assumes that 
the delay change occurred in both the outgoing and return path.  For example, changing 
the cable (having a Teflon dielectric) by 2 inches (245 psec delay) will affect a change of 
only 122.5 psec on the CLEO display.  Using the software application gbtlogview, round-
trip delay can be plotted as a function of time.  The graph of figure 4 shows typical delay 
data over a three day period. 
 

 
 
Figure 4.  Typical RTPM data over a three day period. 
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This graph illustrates the effect of quartz resonator ageing.  The tuning characteristic of 
oscillator serial number 2469-9525 has been monitored over time, from 1996 though the 
present.  Notice the lowest curve, which shows a tuning voltage of 1.5 volts for f = 
500.000000 MHz as was measured after approximately six years of operation.  The upper 
curves show acceptable performance, with tuning voltage near 3.0 volts at 500.000000 
MHz. 
 
At the time of this writing, a new oscillator is being designed for this application, using 
an SC-cut resonator, rather than an AT-cut.  The SC-cut should offer significantly longer 
MTBFs. 
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