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INTRODUCTION
The CW linac in PIP 2 utilizes three RF frequencies: 162.5, 325 MHz, and 650 MHz. Advances in solid-state FET device manufacturing have enabled solid-state amplifiers to challenge tube amplifiers at the required power levels, albeit at higher acquisition costs.  An R&D program to exploit the latest transistor technologies could prove solid-state as a viable alternative to tubes for this application.

162.5 MHz solid-state amplifier development is a prime candidate for R&D for the PIP 2 accelerator. Current market price for solid-state amplifiers with these requirements are typically two to five times the cost of a tube amplifier on a per watt basis.  If innovative design could bring the solid-state costs closer in line with those of tube amplifiers, the solid-state amplifier advantages of high reliability, low maintenance, long life time, and lack of high voltage could be enough to sway the decision to solid-state for this application at 162.5 MHz.   This is an ambitious program, which should be directed to achieving the highest possible efficiency. 

SCOPE OF WORK

The following are the major tasks to be completed for the R&D program.

1. Design and fabrication of a 7 KW CW 162.5 MHz amplifier.




KEY ASSUMPTIONS, INTERFACES, AND CONSTRAINTS
All amplifiers will be “stand alone” systems.  Details of the control system have not been defined, but the following interface features are required:  Forward and reverse power monitors, reverse power trip indicator, DC  power supply voltage and current monitor, over temperature trip indicator,  and water flow and trip indicator.  An estimated required floor space, cooling water flow rates and pressure drops, and AC power requirements must be submitted before the start of fabrication.

REQUIREMENTS
Technical Requirements
162.5 MHz 7 KW CW amplifiers

Center Frequency:   


162.5 MHz

Bandwidth:



100 KHz minimum for large signal amplitude modulation






> 5MHz for small signal modulation
Power output 1 dB compression:
7 KW CW 

Gain:




68 dB minimum, full power with 0 dBm drive

Harmonics/spurious:
-30 dBc including power supply modulation

Gain Flatness:
+/- 1 dB

Noise Figure:



10 dB max

Input overdrive protection:
+6 dBm max  
Input/output  impedance:
50 ohms, return loss -10 dB minimum, Amplifier to be protected from damage against open or short circuits. Front panel and remote fault indicators. 
Input connector:


Type N female location to be determined

Output connector:


1-5/8” EIA

Packaging:



Standard 19-inch rack mount


DC power:
All amplifiers must include an integral DC power supply meeting load requirements  and providing current limiting of DC power to the module.  NOTE: the power supply should be physically separate from the RF section to facilitate replacement and improve noise isolation.
AC power voltage:


208 VAC, 60 Hz, three phase 
Efficiency goal:
AC plug to RF output >60% goal, 50% minimum at 1 dB compression power
Cooling:
Water-cooled utilizing low conductivity water pressurized to a maximum of 125 psi and a minimum differential pressure of 60 psi.
Thermal overload:
+85 deg C shutdown max
 with front panel indicator

Ambient conditions:
0 to +50 degrees Centigrade, 95% humidity non-condensing

Vibration and Shock:


to be determined
Remote control and read back:

to be determined 


Quality Assurance Requirements

The most important aspect of maintaining reliable operation of solid-state amplifiers will be the development of written, controlled procedures for amplifier handling and installation, as well as amplifier testing.  

Test/Commissioning Requirements

The amplifiers should be completely tested before delivery to Fermilab.  This will include continuous operation for a period not less than one week at full output power.  Appropriate loads and cooling should be utilized. 
�Need to be consistent with units. Either kW, or KW, or KWatt, but not a mix thereof.


�• The -30dBc Harmonic/spurious requirement is good for spurs but maybe overly restrictive for harmonic content.





�So what happens if the input exceeds 6 dBm?


�• While it is desirable for an amplifier to be "Unconditionally stable for any load impedance and phase", it is not always required, nor is it cost effective.  Many PAs that are operational in our accelerators do not meet this requirement, yet are quite operational.  Systems that come to mind are the LE and HE LINAC, Booster, MI, etc.


�Maybe the wording would be more complex, but I think what we really care about is that the amplifier handle a range of VSWR in a stable fashion and are able to deal with any VSWR without damage.  This may just mean a trip or reduced power output.


�Need to specify depth and height.


�Why do we need this restriction?


�Where is the monitoring point? On the FET?


�• I don't understand what the thermal overload requirement is referring to.  The power devices will be operating at maybe 150C junction temperature.  Is this a water temperature exhaust  requirement?








