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[bookmark: _Toc378840558]Introduction:
The purpose of this document is to define limits of operation for the PXIE RFQ input couplers.[1]  Beyond these limits, the couplers may incur permanent damage that will limit or end their remaining operational life.  This will be used to define the specifications of the equipment protection interlocks.
[bookmark: _Toc378840559][image: People collaborating]Description:
The RFQ design incorporates two RF input couplers to provide the total power required for beam acceleration, and each coupler has a dedicated RF amplifier power source.  The input coupler serves three different functions for the RFQ. It acts as an impedance transformer between the RF coax and the RFQ, so the amplifier sees a matched load during operation.  It provides a RF window to isolate the RFQ vacuum pressure from the air pressure of the RF coax.  It also provides a bias voltage to reduce the chance of multipacting in the RFQ around the coupler.Figure 1:  RFQ System block diagram.

Figure 2 shows a solid model of the input coupler design, and figure 3 shows a simple schematic of the input coupler and its interfaces.  The DC voltage is stopped from entering the RF amplifier with a blocking capacitor.  If the capacitor should fail, an inductor upstream of the block can route the DC current to ground.  Similarly, the capacitor on the output of the DC supply protects the supply from the RF power. 

[image: C:\Users\steimel\AppData\Local\Temp\F10007684.jpg]Figure 2:  Solid model of input coupler design.


[image: ]
Figure 3:  Schematic of RFQ input coupler and transitions.

[bookmark: _Toc378840560]Absolute Maximum Ratings
The following table summarizes the maximum ratings for the RFQ input couplers.
[bookmark: _Toc378840561]Table 1.  RFQ Input Coupler Maximum Ratings

	RF
	
	

	
	Maximum Drive Power
	75 kW

	
	Maximum VSWR
	∞

	Air
	
	

	
	Allowable air inlet temperature range
	25-40° C

	
	Minimum air mass-flow rate – input coupler
	2 g/s

	
	Maximum cooling air pressure – input coupler
	40 psig

	
	Minimum air mass-flow rate – RF choke
			1 g/s

	
	Maximum cooling air pressure – RF choke
	40 psig

	
	Maximum air outlet temperature
	100° C

	HV Bias
	
	

	
	Maximum bias voltage
	5 kV

	
	Maximum bias supply available current
	10uA

	
	
	



[bookmark: _Toc378840562]Ratings Analysis:
a. [bookmark: _Toc368572275][bookmark: _Toc378840563]RF:
The RF power limit is specified by the maximum output power of the RF power amplifiers.[2]  The input couplers should be able to handle the full power of the amplifiers into a fully reflective load without damage.
b. [bookmark: _Toc368572277][bookmark: _Toc368572278][bookmark: _Toc368572279][bookmark: _Toc368572280][bookmark: _Toc368572281][bookmark: _Toc378840564]Air:
The maximum air temperature and minimum flow rate for the input coupler is set to keep the temperature of the coupling loop low enough to prevent excessive out-gassing in the RFQ.[3]  The maximum air temperature and minimum flow rate for the DC block is set to keep the coil from changing its shape and going out of its 162.5 MHz resonance.  Maximum pressure is set to protect the ceramic window from excessive longitudinal forces.  The maximum exhaust temperature is set to protect the muffler from damage.  
c. [bookmark: _Toc378840565]High Voltage:
The high voltage bias maximum is an absolute value.  The voltage can be set anywhere between the negative or positive maximum setting.  This maximum setting is limited by the breakdown voltage of the coupler in the presence of a possible 75kW standing wave.  The current limit is set to avoid damaging RF components upstream of the coupler in case of capacitor break-down.
[bookmark: _Toc378840566]References:
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