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Introduction

A test set-up was installed at MI-30 to check the performance of Bill Haynes’ Altera phase-lock loop circuit as a digitizer clock running at the 10/7 multiple of the Main Injector RF. The system included a VME system running Recycler/NuMI/Transfer Line style software, two EchoTek digital receiver boards, an EchoTek Clock Generator (ECG), and the Haynes board. A direct comparison of the ECG and Haynes 10/7 clock sources was made. Comparison was also made of horizontal beam position measurements at the MI 301 BPM using different digitizer clock sources with the digital receivers running in narrowband mode where frequency precision and tracking is most sensitive.

Tests and Results

Direct Clock Signal Source Comparison

The Haynes board is “hardwired” to produce a clock signal at the 10/7 multiple of its input reference signal. For comparison, the ECG was programmed to run at the same multiple. A MI RF reference signal was applied to each board and the outputs compared in a phase detector. After overcoming (actually side-stepping, see Problems below) problems apparently due to interaction between VME bus activity and the Haynes board output, it was observed that the two outputs maintain a fixed phase relationship throughout 300 KHz frequency sweep of the MI machine cycle. The credible sum signal from the narrowband (~1 KHz) beam measurement (see Figure 3) indicates that both outputs properly track the frequency of the sweeping MI RF.
Beam Position Measurement Comparisons
For MI BPM system development activities, signals from the four electrodes of the 310 MI BPM are brought to the MI-30 building on separate cables. For this test, those signals were combined in the service building to produce horizontal A and B signals subsequently filtered by a prototype Transfer Line Transition Module. The transition module A and B outputs were each split and connected to two EchoTek digital receiver boards. In this manner, the two EchoTeks were expected to produce nearly identical beam position results. The set-up permitted running the two EchoTeks simultaneously with different digitizer clock sources.
Figure 1 is a fast time plot showing position measurement results with both EchoTek boards receiving digitizer clock input from the ECG running at the 7/5 multiple of the MI RF frequency.  Z:HP301 is the position result from EchoTek board #1. Z:HP301B is the position result from EchoTek board #2. I:BEAM is the MI beam current monitor signal. Z:HI301 is the sum or intensity signal result from EchoTek board #1. The two position signals, expected to be identical, are plotted with a sensitivity of 0.625 mm/division and track each other well in spite of a constant offset of ~ 0.1 mm presumably due to imbalances of power splitter or EchoTek channel gains. The position and sum signals both appear ‘noisy’ between the first and third injections; this is due to the time-varying 53 MHz signal component of the beam expected during the slip-stacking process. Variations in the sum signal after the last injection are primarily due to bunch length changes. This plot provides a reference for judging relative performance with different digitizer clock signals.
Figure 2 presents a comparison of position at 301 as measured by the EchoTek with that at 304 as measured position by the classical MI BPM system (I:HP304). The classical system does not provide a horizontal measurement at 301 for direct comparison. Note the different scales. The similarity of the shape of the two signals suggests that the EchoTek measurement is not unreasonable.
Figure 3 shows results with both EchoTek boards receiving digitizer clock inputs from the ECG running at 10/7 multiple of the MI RF frequency.  The constant offset remains and these results are nearly indistinguishable from those in Figure 1 obtained with the 7/5 multiple digitizing frequency.

Finally, Figure 4 displays the situation with EchoTek board #1 (Z:HP301) operating with a 10/7 multiple digitizing clock from the ECG and EchoTek board #2 (Z:HP301B) operating with a 10/7 multiple digitizing clock from the Haynes circuit. Any differences attributable to the digitizing clock source appear to be much smaller than 100 microns.
Problems

It should be noted that some difficulties, believed to be independent of the digitizer clock frequency and source, were encountered during the set-up of these tests. Results presented here were obtained with the Haynes board installed alone in a separate VME crate from that containing the CPU and EchoTek boards. When operated in the same crate, there were signal level problems with the output of Haynes board clock during times of VME backplane activity. This seemed to affect only the amplitude of the signal, not the phase-locking. Also, the VME software experienced frequent “hang-ups” independent of the presence of the Haynes board in the crate and independent of the digitizing clock signal source. The source(s) of these problems remain unresolved at this time. Suspects include a bad crate power supply, some incompatibility in the set-up between the software and the Haynes board, a bug in the VME software, a hardware problem in the Haynes board, problems with the software drivers for the “multi-frequency/parallel channel” EchoTek board mode of operation, etc. The anticipated hardware and software configuration of the planned MI BPM system is sufficiently different from that in this test set-up so that it was determined not profitable to pursue the problems in the present configuration. As integrated MI BPM development crates are established, people should be on the lookout for similar problems that may need resolution for the success of the MI BPM upgrade project.

Conclusion

The Haynes Altera PLL circuit operating at the 10/7 multiple of the MI RF frequency properly tracks the sweeping MI frequency in a satisfactory manner. Narrowband beam position measurements obtained using ECG digitizer clock signals at 7/5 and 10/7 multiples of the MI RF are equivalent to considerably better than 100 microns. Comparison of measurements obtained using 10/7 multiple clocks from the ECG and from the Haynes board shows results of similar equivalency. The 10/7 Altera PLL clock from the Haynes board appears to be a suitable digitizer clock source for the MI BPM system. This should be the baseline design plan, subject to demonstration that the interaction with VME bus activity is not a fundamental problem.  Comparative turn-by-turn beam position measurements are needed to establish that the required 100 micron, three-sigma measurement resolution is achievable with this design choice.
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Figure 1.   Results from two EchoTeks with ~equal inputs; both driven with 7/5 MI RF digitizer clock from EchoTek Clock Generator.
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Figure 2.   Comparison of EchoTek measured position at 301 using 7/5 digitizer clock to measured position from classical BPM at 304.
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Figure 3.   Results from two EchoTeks with ~equal inputs; both driven with 10/7 MI RF digitizer clock from EchoTek Clock Generator.
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Figure 4.   Results from two EchoTeks with ~equal inputs; EchoTek #1 (Z:HP301) driven with 10/7 MI RF digitizer clock from EchoTek Clock Generator, EchoTek #2 (Z:HP301B) driven with 10/7 clock from the Haynes Altera PLL circuit.

