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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or any 
third party’s use or the results of such use of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service 
by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof or its contractors or subcontractors. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof.  
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The output signal (0.5 MHz to 4.5 MHz) of the Low Level F S  (LLRF) 
source is modulated and timelfrequency gated by the LLRF distribution 
electronics. The LLW signal conditioning encompasses the following 
functions: 

1. High and low frequency band split. 
2. Multiplex output of the band split signals. 
3. AGC of the drive signals to the high level systems. 
4. Beam loading compensation. 
5. Correction of cable tilt due to long transmission lines. 
6. Synchronous interlock of the rf drive signals. 

The LLRF distribution electronics is located in the mezzanine room 
(rack #4408) of the rf building (Bldg. 929). The functional assemblies are 
built into NIM modules. Three NIM bins are used to house and power the 
modules of the LLRF distribution equipment. 

In general, the signal inputs and outputs of the LLRF distribution 
system comply with AGS and W Group standards. The standard signals are: 

1. rf signal level 2 V p-p across 75 ohms 
2. Analog (video) signals 0 to 10 V max 
3. Pulses (triggers) 15 V max, 1 Psec, across 100 ohms 

A patch panel, occupying the lower portion of rack 84408 is used to 
interface the LLW distribution electronics with the AGS equipment. Figure 
1 is a block diagram of the LLRF distribution electronics. Acronyms, i.e. 
RFM-l=rf Multiplexer-1, are used to identify individual functional modules 
on the block diagram. 

I. LF and HF Split 

The rf output (0.5 MHz to 4.5 MHz frequency range) of the LLRF source 
(rack #/4406) is split into equal and constant amplitude signals by.rf 
multiplexer RFM-3. 
RFM-3 output signals have a frequency vs time function shown in Fig. 3a. 
Two of the outputs are fed to the Synchronous Interlock (SI) unit. 

Figure 2 is a block diagram of the rf multiplexer. The 



In addition to the rf drive on/off control, the SI unit gates the full 
range (0.5 MHz to 4.5 MHz) signals to the frequency range of the Low Fre- 
quency (LF-0.5 MHz to 2.5 MHz) and High Frequency (HF-2.5 MHz to 4.5 MHz) 
required by the LF and HF high level systems. 

The gating is accomplished by reed relay switches controlled by two 
gates: a) LFRF gate from prepulse to trigger pulse L3, and b) HFRF gate 
from trigger pulse L2 to rf OFF trigger (SW 3 OFF), as shown in Figs. 3b and 
3c. Note that there is an overlap when both the high level systems have rf 
applied. The overlap is the "hand off" in the acceleration cycle from the 
LFHL to the HFHL systems. 

The gated outputs of the SI unit are fed to respective LF and HI? multi- 
plexers (RFM-1 and RFM-2). 
Figs. 3d and 3e. 

The outputs of these multiplexers is shown in 

11. LFRF - 
The LFRF output from the SI unit is split into 4 equal signals by an rf 

multiplexer (RFM-1). The signals include a tuning signal, power amplifier 
drive signal, and monitor signals. 

A. Tuning: Signal 

One output of the multiplexer (RFM-I) provides the rf signal for the 
cavity tuning bias supply. 
nominally 1230' (cable length) away. This length of RG-59 cable has attenu- 
ation proportional to frequency. This will result in 2.95 dB insertion loss 
at 0.5 MRz and 6 . 6 4  dR at 2.5 MHz. 

The LFHL system is located in Building 914, 

A Compensating Line Drive, CLD-lA, is used to condition the tuning 
signal for the cable insertion loss and tilt. Thus, the signal at the end 
of the 1230' of cable will be a constant 2 V peak-to-peak from 0.5 MHz to 
2.5 MHZ. 

Figure 6 is a block diagram of the Compensating Line Driver. The cable 
attenuation tilt is approximated by a frequency dependent attenuator (R-C 
voltage divider), and its output is used to control an amplifier. The amp- 
lifier will preemphasize the output to anticipate the cable attenuation. 
The limiter stage before the R-C divider is used to remove any amplitude 
variations/modulation from the signal. There are two identical but indepen- 
dent channels in each CLD unit. There are two CLD units in the LFRF desig- 
nated CLD-1 and -2. Figure 4a illustrates a typical CLD output. 

B. Power Amplifier Drive 

Another output of RFM-1 provides the rf input signal to an AGC'd ampli- 
fier that supplies rf drive signal to the LFHL power amplifier located in 
Building 914. 
maintain the desired gap voltage at the accelerating gap. The gain of the 
ARF is determined by the AGC input signal. Figure 7 is a block diagram of 
the ARF unit. 

The AGC'd amplifier (ARF) adjusts the rf signal amplitude to 



A soft clamp (i.e. the output is limited to a low value less than 1 kV at 
the gap), is provided to allow trouble-shooting under fault conditions. The 
soft clamp is actuated by switching the EXT INHIBIT line from 5 V to ground. 
A filter, followed by a detector, is used to monitor the signal input, and 
if the signal falls outside of the 0.4 - 2.6 MHz frequency range, the clamp 
will be actuated. 

The AGC signal is developed by comparing the detected gap volt signal 
from the cavity with the desired gap volt function. The difference of these 
signals is used to generate the AGC voltage signal. 
accomplished in the AGC Amplifier (AA-1) unit. There are two AA units used: 
one for the LFRF, and one for the HFRF. 
AA unit. 

The comparison is 

Figure 8 is a block diagram of the 
Figures 4b-4e are typical signals of the AA and ARF units. 

A CLD channel is used to remove the cable attenuation and tilt from the 
LFHL-RF drive signal. Figure 4f illustrates the output of CLD-2A. 

C. LFRF Test Signal 

A sample of the tuning rf drive signal and a sample of the power ampli- 
fier drive signal are available in the Main Control Room (MCR) in Building 
911. Again, CLD's are used to remove cable attenuation and tilt. The gain 
and tilt adjustments are made to compensate for the RG-59 cables between the 
mezzanine and the MCR. 

D. Local Test Signal 

The fourth output of RFM-1 is available for local testing of the tuning 
rf signal. 

111. HFRF - 
The HFRF output from the SI is split into four equal signals by RFM-2. 

A. Tuning Signal 

One of the outputs from RFM-2 provides the rf drive signal for the High 
Frequency High Level (HFHL) rf Main Tuning System (M.TS) power supply. This 
signal is routed through the HFHL control console on the main floor of 
Building 929. Since the cable run is short, a CLD is not used. 

B. HFHL Amplifier Drive 

One of the outputs of RFM-2 provides the signal input to the Boussard 
Beam Compensation (BBC) chassis. This chassis is comprised of seven 
modules : 

1. input/output 
2. phase shifter #l (injection) 
3. phase shifter #l control 
4 .  phase shifter 82 (extraction) 
5. phase shifter #2 control 
6.  
7. 

phase shifter #3 (not installed) 
phase shifter #3 control (not installed) 
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The operation of the BBC is essentially the same as the unit described in 
Reference A. 

This unit differs from the original described in Reference A by the 
incorporation of  IT/^ switching in addition to the IT switch. 
this BBC is controlled by a RELWAY interface. The RELWAY control interface 
is described in Reference B. 

In addition, 

An AGC Amplifier (AA-2) is used to develop the AGC voltage for the BBC. 
AA-2 compares the sum of the 10 accelerating cavity gap volts to the gap 
voltage function and derives the AGC signal. 

The output from the BBC is routed to the HFHL predriver via the HFHL 
control console. Figures 5b-5e are typical waveforms for the BBC. 

C. HFRF Test Signal 

A sample of the tuning signal from RFM-2, and a sample of the BBC out- 
put (HFHL drive signal) are available in Building 911. These signals are 
conditioned by CLD-3 to remove cable attenuation and tilt due to the long 
cable run between Buildings 929 and 911. 

D. Local Test Signal 

In addition, the fourth output of RFM-2 is available for local monitor- 
ing of the RFRF tuning signal. 

IV. Reference Documents and Drawings 

A. AGS Technical Note 8201, "Operation Note Boussard Beam Compensa- 
tion", W. Frey. 

B. AGS Controls Group Note AGS/IN/85/041, "Auxiliary Low Level RF 
Controller", T. Tallerico 

C. Drawings: 

1. D06-E489-5 Block Diagram, Utility Cabinet 929 Mezzanine 
2. D06-E422-5 Schematic Diagram Beam Compensation Input Module 
3. D06-E423-5 Schematic Diagram Beam Compensation Phase Shift 

4. D06-E437-5 Schematic Diagram BBC Interface Module 
5. D06-E464-3 Schematic Diagram AGC Amplifier, High Level rf System 

6. D06-E481-4 Schematic Diagram rf Multiplexer 
7. D06-E482-4 Schematic Diagram Compensated Line Driver 

Module 

(type 2) 
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