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* List of RF systems for Project X

* Basic Block Diagram

°* RFQ 162.5 MHz, 2 Bruker 75 kW solid-state

* Coupler test stand 162.5 MHz, 10 kW Thomson solid-state amp
° Coupler test stand 325 MHz, 10 kW Bruker solid-state amp
°* 650 MHz IOT amplifiers

* 1.3 GHz Klystrons

* Separator cavities

* Solid-state R&D

* Injection Locked Magnetrons

° PXIE
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Projectx PXIE RF Power Sources

Project X: 2 mAto 1 GeV, 1 mAto 8 GeV

RFQ: 2 75 kWatt solid-state 162.5 MHz

Bunchers: 3 4 KWatt solid-state 162.5 MHz

HWR: 8 4 kKWatt solid-state 162.5 MHz

SSR1: 16 7 kWatt solid-state 325 MHz

SSR2 35 10 kWatt solid-state 325 MHz

LB 650 30 60 kWatt IOT 650 MHz

HB 650 42 60 kWatt IOT 650 MHz

HB 650 120 30 kWatt IOT 650 MHz

ILC 1.3 28 500 kWatt Klystron 1.3 GHz

Separators 2 4-10 KW various frequencies
286 Total RF systems
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Project X CW Basic RF Block Diagram #
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Project X RFQ Amplifier ﬂl-'*
=

SIMAPH]

sLweETrmRONIES

Front view Rear view
Solid-state 75 kW RFQ amplifier
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Project X
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Each RF unit

Delivers approx 7 kW
RF modules and
Power supplies

Are water cooled

For enhanced reliability
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Project X  Refurbished 162.5 MHz VHF TV transmitter #

Thomson 10 kW Solid-state amp for testing HWR couplers at Argonne
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Preliminary Test of 75 kW

162.5 MHz Circulator
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Ferrite Circulator UFC3-540 #H9836
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Solid-State Amps s

10 kW 325 MHz coupler test stand solid-state amplifier
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Solid-State Amps

325 MHz 10 kW Solid-state
amp for coupler test stand @ MDB
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1.3 GHz RF @ NML
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Project X Separator Cavity ‘*F

Various Frequency Separator Cavities
1.56x162.5 MHz=243.75 MHz for PXIE (2 way split RT)
(n)x81.25 MHz for 1 GeV (two way split SC)
(n+1/4)x81.25 MHz for 3 GeV (three way split SC)
With individual solid-state amplifiers
Power levels varying between 4-10 kW
Driving a transverse deflecting cavity for
Measuring extinction ratio of adjacent buckets in PXIE
Kicking beam between experiments @ 1 GeV and 3 GeV




k(gz(gg!{,( 325 MHz @ BARC, Mumbai India #

Combined Output | Efficiency Gain
power (W) (DC/RF) (dB)
%
1 3000 69.76 21.5 Short term testing
2 3200 71.27 21.5 Short term testing

Four RF amplifier modules have been tested up to 900 Watt (max). Then, they
are operated at 750 W and 800 W, combined to get 3 kW and 3.2 kW respectively.
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RRCAT 8 kW ,505.8 MHz Amplifier
L(%gﬂz’( Indore, India
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Front View of 8 kW SSPA Rear View of 8 kW SS5PA
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GMRR VG12-1A

HIGH-EFFICIENCY

RF POWER-AMPLIFIERS
FOR PROJECT X

Frederick H. Raab, Ph.D.
Green Mountain Radio Research Company
Colchester, Vermont 05446

f.raab@ieee.org

SBIR Phase | and Phase Il -- DE-SC0006200
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GMRR VG12-1

Project X EFFICIENCY - WHY? A :_""‘__h
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Project X
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« 120 W

 GaN FET

« 325 MHz - 86%
* 650 MHz - 80%

325 MHz
. —M
Mo 850 MHz
0.5
0.¢04+———1—+——+—+1+—+—
Q 50 100 150

T
L. 2

SLHIPP3 April 17-18, 2013

20



Project X L,
roject yy ' 4

GMRR VG12-1

COMBINING

1-2 W 100 w
Pa #1 o > 200 %
Pa #2
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" PA #4 1
:PA 2 4-8 MODULES
« BASIC MODULE « HHGHER POWER
« 5 PAs « 2-8PAs
* Hybrid combiner e Radial combiner
« 500-600W e 1-4 kW
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Dual 650 MHz
Project X Injection Locked Magnetrons L. s
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Why magnetrons?

*Magnetrons exceed 80% efficiency, goal 50% minimum
in paraphase mode.
*In quantities of 50 plus 30 kW magnetrons cost drops to $8K
$2-3 per Watt for system of two paraphased
less than half the cost of other solutions
*Injection locking is proven technology
*Gain on order of 15-17 dB requiring 500-1000 watts drive power
*Drive could be solid-state or a second magnetron
*Proven highly sophisticated LLRF controls for paraphasing
*Acceptable phase noise performance?
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