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Project X RF Sources for PXIE #

Frequencies and Powers

B Two Frequencies, 162.5, 325 MHz

P RFQ 162.5 MHz, 150 KW CW

B Room Temperature Bunchers, 162.5 MHz 4 KW CW
B SC Half Wave Resonators 162.5 MHz, 4 KW CW

B SC Single Spoke Resonators 325 MHz, 4 KW CW

B Room Temp Separator, 243.75 MHz, 7 KW CW
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Project X RF Sources for PXIE '-\JE'

Number of Cavities

i 1RFQ 162.5 MHz

B 3 copper bunchers 162.5 MHz

B 8 SC half wave resonators 162.5 MHz
B 8 5C single spoke resonators 325 MHz
R 1 copper RF separator 243.75 MHz

Ton

source . Diagnos Beam
LEBT RFQ MEBT Bunchers HW & SSR1 fieo dump

40m
- >

Project X Collaboration Meeting April 10-12, 2012 Lawrence R. ]. Pasquinelli
Berkeley Laboratory



Project X RF Sources for PXIE #
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'
Drive Amp
B Nominal Block Diagram
; One RF Power Source per Cavity
Power Amp
3 The RFQ has two drive ports.
N2 / o
i Could use two amplifiers if
) .
. It proves more economical.
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Project X RF Sources for PXIE
RFQ

* 162.5 MHz
* Two drive ports
« 75 kW CW into each port
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Project X RF Sources for PXIE :_"’E.

Power Amplifier Requirements

50% efficiency at saturated power

40% efficiency at -1 dB power

Water cooled

Bandwidth 1 to 5 MHz

Sufficient gain for Saturated output with 0 dBm drive

50 ohms input/output impedance

Output protected to 3:1 VSWR, external circulators will be used

Two drive ports on the RFQ, either two amplifiers or
power splitting of one larger amplifier
8 One amp per cavity for Bucnhers, HWR, SSR1, and Separator
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Project X RF Sources for PXIE #

AC Power Consumption Estimate

B 40% AC to RF efficiency at -1 dB power

B Total RF power RFQ plus 20 cavities=240 KW

B AC to RF power at 40%=600 KW

B Ancillary power for LLRF, interlocks, etc.=50 KW
B Total AC power= 650 KW
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Project X RF Sources for PXIE #
In House Development of RF Power for 162.5 M\Hz RFQ

G1 BNC connector

RF input
1”5/8 EIA

/ male

e e
TETRODE TH 781 [
Thales 781 Tetrode and Cavity
200 Kwatts CW
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P_er.eiQt X RFE Sources for PXIE #
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Anode Supply
10kV, 30 amps
Many in use with
TDK-Lambda TH781 Tetrode.

A.L.E. Systems
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Project X RF Sources for PXIE #

200 KW CW RF Power for 162.5 MHz RFQ
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THOMSON
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THOMSON
Utilizes Thales 781 Tetrode and Cavity
200 Kwatts CW
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Project X

RF Sources for PXIE 2%

BTEH |-

LBNL dual 60 KW amps...$1million (2010)
Thales TH 571B tetrodes @ 186 M Hz
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Project X RF Sources for PXIE
s :
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Soleil 190 KW 352 MHz Solid-state Power amp:
50 KW per tower
330 Watts per module
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Project X RF Sources for PXIE :_"’E.

Choice of RFQ Amplifier Technology
Amplifier type Pros Cons

Interface & Service

In house Tetrode existing tube&cavity High FNAL resources

Turn Key system
Vendor Tetrode May not be able to
Low FNAL resources Staged funding
High reliability,
| No High Voltage Potential high
Vendor Solid-state Fewer consumables initial cost

Low FNAL resources
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Project X RF Sources for PXIE

Amplifier Specifications

Item 150 KW 75 KW
Number of units required = one two
Center frequency 162.5 MHz same
Bandwidth >=+/- ] MHz at -1 dB same
Saturated output power 150kW CW 75 kW CW
1 dB compression output = 120 kW CW 60 kW CW
Gain 72 dB for full saturated output power = 69 dB for full saturated output power
Input drive power Saturated power to be achieved with
no more than +10dBm same
Duty cycle Continuous wave (CW) same
RF Q A m Output Harmonics <-30dBc same
p Output spurious <-50dBc same
o e . Amplitude to Phase less than 10 degrees saturation to -3
Specl'ﬁ Ca th ns con'versilon dB same
Noise figure 15 dB max same
Input/Output impedance = 50 Ohms same
VSWR Input <1.5:1 same
Output <2.0:1 same

Connectors Input: 50 ohm type N female:

Re q ue S t for location to be determined same

Output: 9-3/16 inch 50 ohm EIA coax = Output: 6-1/8 inch 50 ohm EIA coax standard

I t o standard flange: location to be flange: location to be determined
n OTma ZOn determined

Cooling Water-cooled with low conductivity | same

l\ ’Ow Out tO 1 1 water. Maximum inlet pressure 125
psi.  Vendor shall supply flow rates,
pressure drops, and temperature

Ven d O r S differential input to output.

AC to RF power output 40% minimum at 1 dB compression

efficiency out same
AC power 480 VAC three phase 60 Hz same
Remote control Industry standard remote control

should be proposed. Provide an input
for external enable permit signal.

Reaction time 100 usec. same
Foot print Submit estimated required floor space
and height same
Operation ambient 10-40 deg C same
Humidity 0-95% non condensing same
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Project X RF Sources for PXIE #

~ Designers and Mani
11111 o
SRS WA
b AN

LARC\N

We hear you. Loud and clear.

&

THALES
BRUKER ’s' THOMSON

I = (5700
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Project X RF Sources for PXIE #

Commercial Solid State Development
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Project X RF Sources for PXIE #

10 KW CW 325 MHz in a Rack
Combines 4-2.5 KW Module, New Version combines 2-5KW Modules
e, 4
_caiilrae =
1.6 m
v
1m

i
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Project X RF Sources for PXIE #

325 MHz & 650 MHz
Coupler Test Stands
@ Meson Detector Bldg
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Project X RF Sources for PXIE #

Surplus 10 KW CW a
162.5 M Hz solid-state
Coupler test stand
Amplifier brokered
Via Thomson Broadcast __J_— -
VHF OPTIMUM-CA
’0‘ THOMSON @ COMMON AMPLIFICATION
ANALOG TRANSMITTERS
Project X Collaboration Meeting April 10-12, 2012 Lawrence R. J. Pasquinelli

Berkeley Laboratory



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 | DE-SC0006200

GMRR VG12-1

Copyright (C) 2072 GMRR

20




100% 200%
GMRR 325 MHz 1 Klystron
POWER
EFFICIENCY GMRR 650 MHz CONSUMED 1

Linear

Klyatron Typicgl
Cperation
e
0 ——— 0 —— — .
0 o0% L00% i 0% 100%
POWER QUTPUT PCWER QUTPUT
200% -
HEAT | Klyatron
roen EFFICIENCY - WHY?
100% 4 * Operating cost
l L;ﬂf_‘l]r - -
« Cooling requirements
0 * Reliability

L ' L L L L
0 50% 100%
POWER QUTPUT
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PREDRIVE |
= DOE z -
RFO - D o
IN A1 E A7
STENAL g RF
PROCESS ING RF—POWER |—s=— POWER
4 T CALIBRATE OUT
CONTROL SUBSYSTEM
- -
USE/
—enl
‘CONTROL'ETHERNET =

f RS—485 CONTROL/MONITOR f

B3
POWER SUPPLY

HIGH-EFFICIENCY PA SYSTEM

DSP + HIGH-EFFICIENCY RF PAs

« Max efficiency for given amplitude

» Phase errors corrected

« Control and monitoring
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RF-POWER AMPLIFIER

323 MHz

650 MHz
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2w SN 10w 500 W
s 4] e >
/’/,/’ |

o_
0.1-1 W 5-10 w 500 W RF
A 7 CUTPUT
o "" > "'< RF 2—4 kW
RF
RF ORIVE s MATCH

PREDRIVE DRIVER QUTPUT

IN
_,.m

//#,/' 4-8 MODULES
COMBINING
« BASIC MODULE « HIGHER POWER
« 5 PAs « 2-8PAs
* Hybrid combiner « Radial combiner
« 500 -600 W « 1-4 kW
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Project X RF Sources for PXIE #

Summary

8 A full PXIE RF system cost estimate has been created

B A cost estimate for in house development of a tetrode RFQ driver has
been completed and being evaluated against commercial alternatives

8 Formal amplifier specifications out for vendor RFI

8 Lead time 18 months to 2 years regardless of technology for RFQ amp

i Lead time 9-12 months for solid-state commercial amplifiers<10 KW

¥ Minimize amplifier types to reduce spares count

i All PXIE RF hardware can be reused for Project X

8 Initiate procurement of RFQ amplifier in FY2012

8 Procurement of 162.5 MHz test stand amp FY2012

8 Delivery of 325 MHz test stand amp July 2012

Project X Collaboration Meeting April 10-12, 2012 Lawrence R. ]. Pasquinelli

Berkeley Laboratory



SLAC Project-X
RF Development

Collaboration Meeting
April 10th 2012

Rosa Ciprian

Office of

' snlk U.S. DEPARTMENT OF
ENERGY Science




RF power sources 325MHz & 650MHz
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OUTLINE

* Board level amplifier: Efficiency
» Class F amplifier progress

* 2.5 kW vendor-built evaluation

» Options for combining networks

Project X Collaboration Meeting

«~1 A/, RF development

=%
Jl—l'\\o 3 LBNL, April 10th 2012
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Baseline amplifiers - commercial

« MRFEG6VP5600H @ 650MHz:
— Up to 600W
— 60% drain efficiency

« BLF8838B @ 650MHz: (NXP/Nautel)
— 500W 71% drain efficiency
— 22dB gain.
— Phase change: 5deg with 7V drain voltage
— Harmonics: > 50dBc up to 3.9GHz.



Baseline amplifiers-lIFC

« BARC @ 325MHz
— 3 prototypes: up to ~1kW
— Drain efficiency up to 69%
— Gain ~20dB
« RRCAT @ 650MHz
— Based on Indus-2 15kW amplifiers (505MHZz)
— Indus-2 amp drain efficiency in the 50s%

— Current 650MHz prototype @ 200W, 350W in
progress



2.5kW Amplifier Eval

— Most components in house, schedule on track to deliver
by end of August

— Transistors evaluation of drain efficiency >7 0%

— PS efficiency (AC-DC): 90%-95%

— AC required for FA: ~5220W (including controls)

— Efficiency depends on operation point

— AC-RF efficiency: >55% @ 3.16kW



Losses / Max Pwr

* Microstrip RT6035HTC
— 0.06dB/ft
— 4kW max with 35C rise

« COAX 1 5/8"
— 0.5dB/100ft
— Up to 7kW

« WG
— < 0.1 dB/100ft
— > 200kW



Radial 8-way combiner to 30kw

1/16 cross section

E FieldlY_per_m

W EIA 3 /5" cable
aene - 57 »
Modify to 1 /g
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(not yet matched/optimized)
Chris Nantista

el A
—_—_—— == 9

o b N\

NATIONAL ACCELERATOR LABORATORY



30kW Combiners - failure mode _
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Output power 1 fail 76.5% 387.9%
Reflected power 1 fall 11% 6%
Power/module for 30kW 3.75kW  1.9kW

Power/module for 30kW one 4.9kW  2.14kW
failure

Output power 2 fall 56% T%
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