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Executive Summary
As part of the ISI upgrade in HAM1 the cable length for the coaxial cables will change for currently installed REFL and POP RF detectors. Therefore, the delay of the associated demodulator will have to be change accordingly.
Here we propose two sets of measurements to determine the phase delay both before and after the changeover. The first measurement is using the excitation inputs to measure the total phase including twice the cable length plus the internal phase shift. Since the internal phase shift will stay the same, we can back out the delay of a single cable run. This measurement can be done ahead of time in a maintenance window, and immediately after the detectors are reinstalled as part of the electrical checkout. 
The second measurement requires a Time-domain reflectometer (TDR). To make this measurement one has to disconnect the coax cables from the detectors first. This will guarantee a good reflection at the cable end. This needs to be done as one of the first in-vacuum tasks with the cables still connected to the feedthroughs. It has to be repeated after reinstalling the detectors but before the cables are connected to the sensors.
Sensors
The effected sensors are listed in the table below:
	Detector
	Change
	Reason for change

	LSC-REFL_A
	Longer in-air cables
	Feedthrough port changed from D5 to D6

	LSC-REFL_B
	Longer in-air cables
	

	LSC-POP_A
	No change
	-

	ASC-REFL_A
	Longer in-air cables
	Feedthrough port changed from D6 to D1

	ASC-REFL_B
	Longer in-air cables
	

	ASC-POP_X
	Longer cables
	Move into vacuum


Setup
Currently all coax cables are terminated at patch panels in rack ISC-R2 except LSC REFL_B which is only present LHO. The most recent drawing for ISC-R2 is shown in Figure 3, which includes separate electronics for LSC REFL_B and removes the patch panels for the in-air WFS. 
In addition, LSC REFL_B currently implements a single coax cable only. Therefore, only a TDR measurement can be performed.
The phase measurement is performed with an RF network analyzer. It is important to keep the same measurement cables for the before and after measurement, since these cables will add to the delay. Alternatively, one can characterize the delay added by the measurement cables.
LSC Patch Panel
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Figure 1: LSC patch panel. Each LSC sensor has a coax cable for a test input (Test In), and three RF readback signals (RF1, RF2, and Test Out). RF1 is used by the 9 MHz signal, and RF2 is used by the 45 MHz signal.

ASC Patch PanelFigure 3: Annotated Rack drawing of ISC-R2.
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Figure 2: Wavefront Sensor Demodulator Patch Panel. Each wavefront sensor includes an excitation input (Test In) and eight signal outputs (9 and 45 MHz signals for segments 1 thru 4, or 36 and 45MHz for segments 1 thru 4).
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Figure 4: Photo of ISC-R2 rack (center part).

 
[image: ]Figure 5: Photo of ISC-R2 rack (bottom part).
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Measurements
Phase measurements
	Sensor
	Signal
	Input cable
	Output cable
	Before (°)
	After (°)

	None
	9 MHz
	Measurement setup only
	
	

	
	36 MHz
	
	
	

	
	45 MHz
	
	
	

	LSC-REFL_A
	9 MHz
	ISC_RF21-B/3
	ISC_RF31-B/2
	
	

	
	45 MHz
	
	ISC_RF31-B/1
	
	

	LSC-POP_A
	9 MHz
	ISC_RF30-B/3
	ISC_RF30-B/2
	
	

	
	45 MHz
	
	ISC_RF30-B/1
	
	

	ASC-REFL_A
	9 MHz
	ISC_RF23-B/5
	ISC_RF23-B/1
	
	

	
	
	
	ISC_RF22-B/3
	
	

	
	
	
	ISC_RF22-B/1
	
	

	
	
	
	ISC_RF23-B/3
	
	

	
	45 MHz
	
	ISC_RF23-B/2
	
	

	
	
	
	ISC_RF22-B/4
	
	

	
	
	
	ISC_RF22-B/2
	
	

	
	
	
	ISC_RF23-B/4
	
	

	ASC-REFL_B
	9 MHz
	ISC_RF25-B/5
	ISC_RF25-B/1
	
	

	
	
	
	ISC_RF24-B/3
	
	

	
	
	
	ISC_RF24-B/1
	
	

	
	
	
	ISC_RF25-B/3
	
	

	
	45 MHz
	
	ISC_RF25-B/2
	
	

	
	
	
	ISC_RF24-B/4
	
	

	
	
	
	ISC_RF24-B/2
	
	

	
	
	
	ISC_RF25-B/4
	
	

	ASC-POP_X
	36 MHz
	ISC_RF37-B/5
	ISC_RF37-B/1
	
	

	
	
	
	ISC_RF36-B/3
	
	

	
	
	
	ISC_RF36-B/1
	
	

	
	
	
	ISC_RF37-B/3
	
	

	
	45 MHz
	
	ISC_RF37-B/2
	
	

	
	
	
	ISC_RF36-B/4
	
	

	
	
	
	ISC_RF36-B/2
	
	

	
	
	
	ISC_RF37-B/4
	
	


TDR Measurements
	Sensor
	Signal
	Output cable
	Before (ns)
	After (ns)

	None
	9 MHz
	Measurement 
setup only
	
	

	LSC-REFL_A
	9 MHz
	ISC_RF21-B/2
	
	

	
	45 MHz
	ISC_RF21-B/1
	
	

	LSC-REFL_A
	9 MHz
	ISC_RF31-B/2
	
	

	LSC-POP_A
	9 MHz
	ISC_RF30-B/2
	
	

	
	45 MHz
	ISC_RF30-B/1
	
	

	ASC-REFL_A
	9 MHz
	ISC_RF23-B/1
	
	

	
	
	ISC_RF22-B/3
	
	

	
	
	ISC_RF22-B/1
	
	

	
	
	ISC_RF23-B/3
	
	

	
	45 MHz
	ISC_RF23-B/2
	
	

	
	
	ISC_RF22-B/4
	
	

	
	
	ISC_RF22-B/2
	
	

	
	
	ISC_RF23-B/4
	
	

	ASC-REFL_B
	9 MHz
	ISC_RF25-B/1
	
	

	
	
	ISC_RF24-B/3
	
	

	
	
	ISC_RF24-B/1
	
	

	
	
	ISC_RF25-B/3
	
	

	
	45 MHz
	ISC_RF25-B/2
	
	

	
	
	ISC_RF24-B/4
	
	

	
	
	ISC_RF24-B/2
	
	

	
	
	ISC_RF25-B/4
	
	

	ASC-POP_X
	36 MHz
	ISC_RF37-B/1
	
	

	
	
	ISC_RF36-B/3
	
	

	
	
	ISC_RF36-B/1
	
	

	
	
	ISC_RF37-B/3
	
	

	
	45 MHz
	ISC_RF37-B/2
	
	

	
	
	ISC_RF36-B/4
	
	

	
	
	ISC_RF36-B/2
	
	

	
	
	ISC_RF37-B/4
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