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Introduction

» FRIB Tunes the beam power from
0 to 400KW with a LEBT beam HV power 1
chopper

HV power 2

LEBT Chopper

. - . Event code HV output + HV output - l

= A chopper monitoring system s d
employed to verify proper chopper “—- SN, QG
operation to avoid delivery of

g T 3
undesired high-powered beam il R E e :
and to inhibit beam for machine
protection purposes ° | "

. . Chopper
» Challenges to design the chopper | Monitor

[ ]

Controls /beam parameters Voltage and current monitor

monitoring system include f
monitoring a dynamic beam gate |
pulse structure with pulse lengths .
as short as 0.6 ps and high

voltage power supply current

pulses at chopper of =25 ns Chopper Control System Block Diagram
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Chopper Monitor System Design

»The system consists of chopper
monitor chassis, EPICS 10C and

CSS OPI B
« |OC/OPI. establish the chopper operational s~ AR
state, configure the chopper monitor for _ \(‘7 l
checking the beam pulse pattern for various \M A . // \
beam modes, and providing the threshold PN S
values necessary for checking the amplitudes ' \ e

-

of each HV pulse and charge/discharge
current.

« Chopper monitor: FGPDB and high speed
ADC board developed to communicate with
MPS, check the beam gate signal from the _#\
EVR and HV switch, provide gate control
inputs to the HV switches, monitor the HV
switch output voltage and current signals [
(Vion @nd I...). The |, signal is integrated =&
by a high speed integrator circuit at ADC
board.
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Chopper Current Monitor

» The major challenge is to
monitor  charge/discharge
current of chopper

= A fast integrator with reset
circuit is designed. The ADC E 1]
reading of |, integrator
output is proportional to the
charge changes of chopper.

= Chopper capacitance
calculated to be 53.9 pF by
measuring integrator output
while capacitive load is with
and without chopper, result
is close to actual value. A
disconnected electrode is
thus easily detected
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Chopper Monitor Verification Test for
Commissioning Cryomodule

DIIDIII( D

» The chopper monitor function of Z11) nimir TS T

onitoring and machine protection ]~ ] | 28 ([
’ 1 s 3 =

are verified under conditions to limit =< . [ *
total average beam power for FRIB #.#_ i | [ 1]
beta=0.041 cryomodule i e % 100us \ |
CommISSIOnlng' . e s;ies 14S9ES  14S94ES 145985 1 4602E% 14608€5  1481ES 1481465
* In one of tests, system is configured [—rE_LeaTrc_Dos140DRWY_RD| - DIAG_MTCAD1:PICOS_CTRL:DDR_NOKW_RD

with 100 ys duration periodic pulse e L e A

With 100 Jor12 s, bearn 1 Gelivered - mlml S SIslslsle = el 81 oo
and monitored at a Faraday Cup (FC) ] ™
immediately downstream of the £
chopper. Once 100 us operation is I :
established, a change to 120 ys pulse - { .. ] It e s o B T S R £ G e
duration is requested without chopper .1 .., fooeee /4 O O O I O A |
monitor reconfiguration. It shows that I_FE_LE;‘:FC_DOQ,‘,:DDRWV_RD O ETT YD e P TET B s STV

chopper cuts off beam within tens of ——DIAC_MICADLAICOS CTRLIDDR BEAMSTATW R
ns while pulse duration exceeds 101.2

us.
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Conclusion

»Chopper monitor functions have been tested for
commissioning the cryomodule and diagnostic beamline, all

results meet MPS requirements.

* Implementation of the FPGA logic to check the dynamic beam
power ramp up processes will be the next level development

for the chopper monitor.

Questions? You are very
welcome toTUPOOO7 Poster
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