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Test system at Daresbury

Arc detector
116 triode /
Amplifier
LN\
200KW { -
Load 9 inch
\0/ coax
6 inch coax 90
2MW Deg. bend
4616 tetrode
Amplifier :
— ", RF power
- monitoring
3 1/8 inch
— coax Caificda
Medulator
6 inch coaxj90
Deg. benjl
4616 4616 © 116 116 HT
AUXILLUARY HT AUXILLUARY
RACK 20kV RACK
AkW amplifier 40kV charger +140uF
Filament heater charger +29uF Filament heater cap bank
Controls cap bank Controls
Screen pulser
Bias
1 2 3 4

Daresbury test setup for proving amplifiers/power supplies
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Initial testing
\ R

« 4616 connected directly into test
load and set up to known 50 Ohm,
then connected to input of main
116 amplifier

« When running into 116 high
reflected power issues
Immediately, looked to be
reflecting 50 % of power

« However match of 116 input
changes with heating, RF drive
level, HT applied and cathode
modulator switching on, after
playing with the system tuning
match got much better (20%
reflected power)

B 201,000 MHz

1616kw

e

Andrew Moss
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RF and power supply testing June

116 Forward power into
load

« System pushed to 600kW

Reflecte Electric
Forward Reflecte d Power Forward Reflecte ! Beam powerin
Dirive power d power Percenta power dpower! current tube Efficienc
{dBm} = HT[kV} (L] (kW) ge () HT (kW) (L] kW) (A} (kW) y{3})  Gain(dB}
-3.8 15 10 2 20.0 10 37.3 21 210 41.6 2.4
15 10 1.7 17.0 15 127.5 25 375 34.0 11.1
-1.8 15 14.27 2.58 18.1 15 166 28 420 35.5 10.7
-0.8 15 17.& 3.29 18.7 15 121.1 30 450 22.5 10.4
0.2 15 211 3.69 17.5 15 211 32 280 240 10.0
1.2 15 27 4.74 17.6 15 250 35 525 47.6 8.7
2.2 15 27 g.47 175 15 io2 4z E20 a7 2 o1
I 2.2 15 37.3 £.51 17.5 1t 330 4z G288 48.0 9.5 I
3.2 15 51.4 5.g8 18.8 18 370 48 768 48.2 B.&
3.2 15 53.6 12.45 23.2 18 376 48 768 45.0 8.5 &dB pad sdded on refl pwr
4.2 15 E3.3 1&8.54 26.1 18 385 51 216 47.2 7.8
3.2 15 54.8 12.7 23.3 18 378 48 7EE 45.3 8.4
3.2 15 53.5 12.04 22.5 17 216 50 850 28.9 8.9
4.2 15 E5.E 17.85 27.4 17 433 52.8 B87.6 48.8 8.3 Additional 3dB pad added
4.2 15 E7.5 18.8 27.9 18 485 54 o572 45.9 B.&
4.2 15 &8l.3 12 22.8 18 474 53 254 as8.7 8.5 Grid tap adjusted up to improve input match
4.z 15 5&.& 11.4 20.1 18 4g4 52 536 43.6 9.1 Grid tap adjusted up 2g3in
4z 15 55.6 11.53 20.7 19 439 53 1007 45.6 9.5
4.4 15 53.6 12.85 21.2 15 508 54 1026 458.5 8.3
4.4 15 5% 12.27 20.8 20 538 54 1080 45.3 5.8
4.4 15 58 113 20.5 21 574 55.5 1165.5 45.2 13.0 | X-raylevels-background
5 15 G5.8 14.37 21.8 21 552 57.5 1207.5 425.6 5.6
I 5.2 15 E2 15.51 22.8 21 E0E 58.5 1228.5 45.2 8.5 I
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RF and power supply last week,!

« 116 amplifier produces IMW !
— No trips, arcs, x-rays or microwave leakage at this power level
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Drive, efficiency, gain

Forwa| Reflect Reflecte Forwa (Refect Electr
rd ed d Power rd ed Beam ic EFficie
Drive HT power| power Percenta HT | power | power CuUrren| power | ncy Gain
[dBm] [k¥] kW] kW] ge [3] [k¥] | [k¥] kW) t[A) in [*] [dE]
-0z 15 17.06 318 185 15 120 30 450 267 ah
-0z 15 1673 31 185 15 184 3 4E5 396 0.4
12 15 227 418 18.3 15 226 35 525 4.0 0.0
2.2 15 291 533 18.3 15 264 385 5775 45,7 4.5 |
3z 5 1|5 702 18.2 5 308 43 B45 473 40 Consistent results from all
3.2 15 LR T4 7.4 & 340 45 T20 472 a3 measurements — System is
4z 15 5049 9.51 18.7 18 vy 43 Ta4 LER av .
42 1 514 361 1.5 17 417 04 2568 487 40 performing correctly
4z 15 a3 973 18.3 14 456 51K 928.8 LER 4.3
47 15 504 1.4 19.5 18 474 536 9648 43,1 9.1 /
4.7 15 59.3 11.54 19.5 19 511 54.5 1041.2 43.1 a4 |
47 15 E0.3 1.8 19.6 20 AR50 55 1120 LER a5
47 15 E0.8 1.3 19.4 21 53z A7.2 1200.2 433 313
17 15 E1 157 19.0 22 B2E G824 12548 487 041
4.7 15 E1.2 147 18.7 23 EEZ Ra.E 13708 4454 102 checked s rays and BF. Mo s rays - 0.02mW
5.2 15 EV.3 1377 205 23 Eaa E0.8 139584 492 101 adjust grid tap, 4616 Farward and reflected both went up, book it back dwan
L 15 B35 1413 206 24 T3z 24  1437E 4549 0.3
L 15 £ 1415 205 25 TG4 E3.E 1530 454 0.5
E 15 TE 177 232 25 a2 E4.4 1610 44.2 0.2 Tried ko adjust grid all values either up or down with change in position
g 15 Te.T 1r.08 22.6 26 azy EE 1715 8.2 0.4
g 15 THT 154 223 27 357 E7 1309 4749 0.6
5 15 THE 16.45 217 28 a0z E8.4 1916.2 LYA 108  Background radiation , no BF leakage
g 15 7h.8 15.45 217 29 339 3.2 20063 458 0.4
[ 15 ik 16,24 21.4 30 A75 7.4 2112 45 2 11.1 Adjustlng a" taps to see eﬁect on
5 15 757 1& 211 H 1011 T2 V.2 455 1.3
a7 15 5T 1458 255 13 #51 536 foled  4rz | 42 parameters
47 15 5.9 14.29 251 19 439 536 10154 45.0 a3
47 15 5RE 14 234 14 396 g0 1140 T 23 | moved 116 autput bap in, cukput power down bo 399
4.7 15 53.2 14.897 263 13 485 G283 10032 483 91 | mowved 116 output kap cut [past starting point], outpur power increasing
1.7 15 E1 16.65 271 19 i 464 2816 406 1.7 | moved 116 outpuat kap out further, output power decreaing
4.7 15 E0.4 15.2 282 19 a00 Ah.E 1056.4 473 9.2 | mowed 116 output kap back to start

4.7 15 E11 15.3 25.0 19 A0G h4.8 1041.2 436 9.2 | moved anode tap both ways, but we were in optimum posistion
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Further 116 testing

* OIld ISIS 116 tube showing gain of 10 which is to be
expected, should be useful up to 1.2 MW?

« Will test again and push current old 4616 & 116 to
the point were gain drops off, indicating the limit of
the tubes.

« Switch 4616 & 116 to new MICE tubes and push to
2MW

 So far the amplifier system seams very well behaved
at up to 31kV and 1MW, however a long way to go
yet | Quietly confident ....

Andrew Moss
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Coax design

« Hybrid power splitters to divide power before each cavity with a rejection
load, this should provide a robust reliable system

» Local phase shifters in each coax to adjust cavity coupler and for change in
energy, small range available only, so need to plan coax system carefully
to get phase lengths within range at the cavity input couplers

« From 140 — 240MeV/C phase of cavities will alter by 16 degrees, LLRF
drive and coax phase shifters used to enable this

« Power monitoring in each section of coax will be linked in to RF control
system so that issues can be flagged before faults occur

 Nitrogen gas pressure system with the coax for voltage stand off and
Interlock, SF6 will be needed to operate cavities above 1MW

« Plan to have the ability to connect test loads in place of cavity to test
amplifier/coax system in its complete configuration

Andrew Moss
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Predicted hall layout for RF components

Typical layout of system

4 Inch COaXx (peak pawer cap 1400kw)

Ph
using amplifier with DL/LBNL MW i =
type Output 6 Inch coax (peak power cap 1600k, 500kwW
116 —
AMPLIFIER MICE cavity
Feed from
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Output Coax
circulator Hybrid RF Trombone
500kW
4616 Ph
AMPLIFIER — i
3 1/8 inch —
pressure
gaBx system 1
O MICE cavit
1 . . L . J Ph y
1MW load  Hybrid i Feed from
500KW both couplers
_—
circultator
E T o T Small 16 degree phase shifters
AUXILLUARY HT AUXILLUARY | | CAPACITOR BANK
RACK RACK

. = directional coupler= power measurment
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for 140 - 240 MeVIC
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Layout optimisation

« Try to get as much of the complex RF devices out
from under the floor so that floor does not need to be
lifted if there Is a problem

o Still need space around amplifiers to work on them,
smaller loads will help here, now shown on layouts

« Small trombone phase shifters behind shield wall
freed up a lot of space, will be motorised

* move feeds to cavity couplers as close as possible to
under the required port

Andrew Moss
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Phase shifter

A Andrew Moss
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Phase shifters
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Loads on hybrids
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Layout further work,

« Current CAD models of coax will have a design review

 \Write specification based on design review results for coax
system to be purchased

» Entire coax system should be competitively tendered for —
MRI funds in USA

Andrew Moss
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At Daresbury low level rf (LLRF)

system has been developed to

stabilise cavity amplitude and phase

to better than 0.5 %

— Tested on copper and

superconducting cavities

The LLRF4 board (developed by

Larry Doolittle at LBNL) is used as

the basis for the design.

Front end program is a state machine —i

(o] -

connected to an EPICS server | -

Amplifier system forward and

reflected power signals could be
monitored through a National
Instruments DAQ system, easy
program for alarms '

EPICS compatible

Andrew Moss
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Controls

* RF powers supplies use Siemens S7 PLC’s for
control — compatible with EPICS

 State machine approach is used as a baseline for all
systems at DL

— No formal high level design of controls for RF done yet,
however we understand the global approach to control
system for MICE

Andrew Moss
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Conclusion

116 amplifier has produced 1MW using old tubes,
very stable and conclusive results from all
measurements — see no big issues to get to 2ZMW now

Amplifier to cavity components are understood,
however may need to make compromises for the real
world

Coax design is complete, but will take advice from
review and amend — ready to procure

Options for LLRF control



