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Overview

BPMs and

amplifiers for Fair
Cryring 9
SIS100 84
HESR 76
HEBT 39
SIS18 12
ESR 12

total 223

p-Linac 15
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Overview
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3 different concepts for BPM pickup amplifiers

Low energy synchrotron

Machine : Cryring Bandwidth : 10 kHz to 40 MHz
input impedance : 1 MQ Output impedance : 50 Q
Gain: 40 dB/ 60 dB +/- 0.05dB  Equivalent input noise : 2.3 nV/+Hz

High energy synchrotron

Machines : SIS100, SIS18, HESR, ESR, High energy beam lines
Bandwidth : 40 kHz to 55 MHz Input / Output impedance :50 Q
Gain: -50 dB to +60 dB Equivalent input noise : 1.6 nV /+Hz

Proton Linac

Machine : p-Linac
Bandwidth : 325 MHz to 3.25 GHz Input / Output impedance : 50 Q

Gain: 0 dB to +40 dB Equivalent input noise : 1.4 nV/+Hz
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Low energy synchrotron — Cryamp
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Cryring specs
Dedicated 300 keV/u b
injector linac [ |
Injection possible with
source potential 40 keV
Beam current in the
WA range on
RF frequency . , source
100 kHz — 2 MHz x

Cryamp application
Beam position : .
measurement ssxses
Integral bunch signals . L
Relative beam current
measurement Jha N
Bunch shape monitoring
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Low energy synchrotron — Cryamp
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Gain control

Protection

Design requirements

Pickup

Amplifier board

) . circuit 0dB/20dB
Low noise architecture MI JUL
Fixed gain modes i T Eifia | Line driver tgfp“cfsi‘zf;n
Gain accuracy through . e___. 0d8 | 6dB | brocessor
L i S i
low tolerance components - =
Test signal | | Low-pass
34dB 6 dB —
generator | I
=
|

|
Cryamp data !
Bandwidth: 10 kHzto40 MHz o ___ _ _ _ _ _ __ ___ Gonteolloglc hoatd
Selectable low pass: 4 MHz

Input impedance: 1 MQ

Output impedance: 50 Q

Output level into 50 Q: 6 dBV

Equivalent input noise: 2.3 nV / vHz

Gain: 40dB /60 dB +/- 0.05 dB

Pickup electrode biasing up to 200 Vdc (variant for cooler bpm)

Internal test signal generator 125 kHz square wave

— — — — — — — — —
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Low energy synchrotron — Cryamp

Design requirements
Low noise architecture
Fixed gain modes
Gain accuracy through
low tolerance components

Cryamp data
Bandwidth: 10 kHz to 40 MHz
Selectable low pass: 4 MHz
Input impedance: 1 MQ
Output impedance: 50 Q |
Output level into 50 Q: 6 dBV L
Equivalent input noise: 2.3nV /+Hz 0
Gain: 40dB /60 dB +/- 0.05 dB
Pickup electrode biasing up to 200 Vdc (variant for cooler bpm)
Internal test signal generator 125 kHz square wave
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Low energy synchrotron — Cryamp
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Design requirements
Low noise architecture
Fixed gain modes
Gain accuracy through
low tolerance components

Cryamp data
Bandwidth: 10 kHz to 40 MHz
Selectable low pass: 4 MHz
Input impedance: 1 MQ
Output impedance: 50 Q
Output level into 50 Q: 6 dBV
Equivalent input noise: 2.3 nV /+Hz &
Gain: 40dB /60 dB +/- 0.05 dB
Pickup electrode biasing up to 200 Vdc (variant for cooler bpm)
Internal test signal generator 125 kHz square wave
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Low energy synchrotron — Cryamp
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Design requirements
Low noise architecture
Fixed gain modes
Gain accuracy through
low tolerance components

Cryamp data
Bandwidth: 10 kHz to 40 MHz
Selectable low pass: 4 MHz
Input impedance: 1 MQ
Output impedance: 50 Q
Output level into 50 Q: 6 dBV
Equivalent input noise: 2.3 nV / vVHz
Gain: 40dB /60 dB +/- 0.05 dB
Pickup electrode biasing up to 200 Vdc (variant for cooler bpm)
Internal test signal generator 125 kHz square wave
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Low energy synchrotron — Cryamp

Frequency Response
Forward transmission: |S,4|

Measured with a R&S
Z\VB4 Network analyzer

Shows operation in the 40 dB

and 60 dB mode with
internal low pass on and off
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Low energy synchrotron — Cryamp
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NOise performance REF -3011-:(})(;]?(IB|11 MKR 5.[]2(?13H(;Ct1?-08:56 o o
of the Cryamp at 60 dB 10_.30@1 "AWAvg BBNm CBNm MBAB | -59.58dBm
Measured with an -
ADVANTEST U3841 o
FFT spectrum analyzer [z St icacc SN |
ol | e |
Resolution bandwidth 80 -
must be taken into 90
account to derive
the spectral noise Ay
voltage density \ A
dBm dBm S-11'iOW+ 1.00 k'Hz ’ r ' A— ‘ STOFHI]I].UU‘MHZ
—100———60dB = —160—— Noise / 1 Hz -100.17 dBm / Hz
ZSﬂ—\/SOQ WlO‘16
3T .
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Low energy synchrotron — Cryamp

Bunch signals in the
time domain at 60 dB
Measured with a
Keysight DSOX2024A

BPM sum signal as
replacement for
integrating current
transformer for low
currents ~10 nA

BPM and ICT sense
the bunces in this
example

MS0-X 20244, MY5B101875: Sat Now 10 03:45:44 2018

1108 2 2% EEN 2.00v/

HEPH SUM i\ |\
& S | M,

Acquire Menu
Acq Mode O H#lves
Averaging 2043
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800%

KEYSIGHT

TECHNOLOGIES

0.0s

Acquisition
Averaging: 2048

1.00GSals

Channgls
oC 1.00:1
{||DC 1.00:1

| & Measurements =
+Width(1):
370ns

[ | +Duty(4):

Segmented
~-

BPM
sum signal 60 dB

Integrating current
transformer 80 dB
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Low energy synchrotron — Cryamp
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1SO-X 20244, MY58101875: Sat Nov 1004:05:13 2018

Bunch Slgnals In the 1 194 29 3 10%7 4 200/ 0.0s 1.000%/ Stop KEYEQ::EHT
tlme doma|n a.t 60 dB = e e Saving to file "hict_min53.png". Please wait. .- I SRR W TEDHNOLGG[ES;;
Measured with a | _
KeyS|ght DSOX2024A | ’ E Channels ‘

- 1.00:1

' 1.00:1

BPM sum signal as e idnng 1111 ot oy i v A Ee—L

replacement for [ _ | ﬂ’j ' e 247ns
. . s = h:’.-».\\,,\\}q‘v PRy YY) 4"""!‘ h“‘erW&ﬂ i || FDuty(4]

integrating current HICT UM B 0 W i No sdges

DC RMS - FS[3):

transformer for low F
N\ ESEGIE

CurrentS ~1O nA A S B Mo edges

Aequire Menu
Acq Mode QO Hhvgs Segmented
fveraging 40¢6 i

Only the BPM detects
the bunch in this

example _
BPM Integrating current

sum signal 60 dB transformer 80 dB
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High energy synchrotron — Amplifier 110

SIS 18 specs
216 m circumference
18 Tm maximum rigidity
2 GeV/u maximum energy,
depending on the element
RF frequency
800 kHz — 5.6 MHz

Amplifier 110 application
Beam position
measurement
Closed orbit feedback
Integral bunch signals
Pickup tap with matching
transformer

12 FAIR GmbH | GSI GmbH Wilfried Kramer - w.kraemer@gsi.de - ARIES Workshop Barcelona 2018

FAR m=mx




High energy synchrotron — Amplifier 110
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calibration input serial control |

Control & Test module

internal external

Design requirements

—_— -
110 dB Dynamic range port =ym
50 Q analog
Gain fine tuning through VGAs Serial databus
Automatic gain matching bench ) e mmemmm e : T
frenuator module channel . Amplifier module
Digital
NSNS ac'aontrolled output A
mer LI e monitor A
Attenuator module channel B
Amplifier 110 Data | 55 wmf 8
Bandwidth: 40 kHz to 55 MHz Attenuzator modue channe C menter ®
Selectable low pass: 7 MHz | il outpue €
InpUt Impedance. 50 Q W il Attenuator module channel D e
Output impedance: 50 Q s
Max output level: 6 dBV Wy monitor D

Equivalent input noise: 1.6 nV /vHz
Gain: -50 dB to 60 dB +/- 0.01 dB
Internal test signal generator
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High energy synchrotron — Amplifier 110
H

Design requirements

© 110 dB Dynamic range

© Gain fine tuning through VGAs
©Automatic gain matching bench

FG\iP ==

Amplifier 110 Data

© Bandwidth: 40 kHz to 55 MHz

© Selectable low pass: 7 MHz

© Input impedance: 50 Q

© Output impedance: 50 Q

© Max output level: 6 dBV

- Equivalent input noise: 1.6 nV /+/Hz
©  Gain: -50 dB to 60 dB +/- 0.01 dB

© Internal test signal generator
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High energy synchrotron — Amplifier 110
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Design requirements
110 dB Dynamic range
Gain fine tuning through VGAs
Automatic gain matching bench

it
T 0oz B 200 B0 200 ] 2w

. ! e PO L DR
Ampllfler 110 Data | S = =
. _,_.1_-___%?— Il EdEd L ED
Bandwidth: 40 kHz to 55 MHz | i

==
- -

Selectable low pass: 7 MHz
Input impedance: 50 Q
Output impedance: 50 Q
Max output level: 6 dBV

Equivalent input noise: 1.6 nV /vHz
Gain: -50 dB to 60 dB +/- 0.01 dB
Internal test signal generator
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High energy synchrotron — Amplifier 110
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70
60
Frequency Response 50
L 10 =

Forward transmission: |S;4| 30 ==L
20 -
10

|S21] [dB]
o

Measured with an Agilent 10

E5071C Network analyzer -30

-40
-50
-60

Shows operation in all modes 7 a 1E+5 1E+6 1E+7

from -50 dB to 60 dB Frequency [Hz]
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High energy synchrotron — Amplifier 110

Noise performance
of the Amplifier 110
Measured with an Agilent
N9020A spectrum analyzer

Shows output noise power
density in all modes
from -50 dB to 60 dB

103%™ _ 60dB = —163 5"
Hz N Hz
nv 1mw
16— = [500 10-163
VHz \/ Hz
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High energy synchrotron — Amplifier 110
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Noise performance -90
of the Amplifier 110 o
Measured with an Agilent 60dB
N9020A spectrum analyzer -100
__-105
Shows output noise power I /
. CL 5 -110 - 500Bu
density with internal = ; WAoo
low pass filter & 115 \,‘\‘
,’I \ =\ 40 ;'
-120/" OSSR A
,/,' \\'\ W":_ |
dBm dBm ___.--" Oneompniantin i T i
—103 — 60dB = —163 -
Hz Hz -50dB to 30d
-130
1E+5 1E+6 1E+7 1E+8
16 nVv 50 Q 1mW 10-163 Frequency [Hz]
“VHz Hz
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High energy synchrotron — Amplifier 110

&

<
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Amplifier 110
device under test

Calibration Channel outputs
——> P

input 12 3 4

I; Bypassable

amplifier

NWA 1/0 Switching box

Serial

control

A
I

| spi

Automatic gain matching bench Network Analyzer
for the Amplifier 110 Agilent E5071C
Port 2
"
't Port 1
: GPIB
1\
I
I
I
I
v
Prologix
USB / GPIB
A
I
|
I
l———

Raspberry Pl
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High energy synchrotron — Amplifier 110
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Automatic gain matching bench 12
for the Amplifier 110 I'= jfl ‘|§21Ref(f)|d3 — |S21measure ()] 1| Af
Basic principle for finding f2
optimal VGA settings = j A|§21|dB(f)|df
1

based on S-parameter
comparison

N-1
I the case of perfect matChing ;. % ;1 r(m)],, = |Szameasure ) 4
the integral equates zero ~=

N-1
Numeric approximation of the - z |A|§21|d3(7’l)|
integral through a sum n=0
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High energy synchrotron — Amplifier 110

150
Gain differences over 100
o
frequency between E o
. . [}
channels, after calibration &
Mismatch is in the £ 0]
1073 dB = 1 mdB 8 50
range 100
1E+4 1E+5 1E+6 1E+7
. . Frequency [Hz]
Noise is a challenge 150
for the calibration 100 10 dB
; o
routine g \
2 50 :\Si d
g o >‘%¥
2
=
O -50
-100
1E+4 1E+5 1E+6 1E+7
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High energy synchrotron — Amplifier 110
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150
Gain differences over 100 \ 40 dB // |
m
frequency between g -
. . Q
channels, after calibration ¢
Mismatch is in the £ 0
1073 dB = 1 mdB 8 0
range 100
1E+4 1E+5 1E+6 1E+7
. . Frequency [Hz]
Noise is a challenge -
for the calibration
routine = 100
©
E
o 50
o
£ 0
©
=
O -50
-100
1E+4 1E+5 1E+6 1E+7
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High energy synchrotron — Amplifier 110
FAR ==mu

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

SIS 18 Bunch signals
In the time domain
Measured with a
LeCroy Wave Runner

6200A DSO ) /\,, g/’“\w {\W/\q s

2.2 mA beam current

Amplifier 110 set to
30 dB amplification

C1 | C4 W Timehase 0 ngl [Trigger =
100 mvidiv i 100 nsidiv] Stop 234 my
0.0 mV ofst -2, 1.00kS 1.0GS/sjEdge Positive

20.06.2016 01:26:40
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p-Linac specs

Proton Linac — p-Linac Amplifier
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325 MHz RF frequency

68 MeV/u energy

70 mA nominal beam current
30 ps makropulse time

250 ps bunch length

7/ RIB target
Super-FRS

p-Linac Amplifier application (00T p target
" ]
Beam position measurement existing facility (GSI)
Time of flight measurement M planned facility
. . . M experiments
differentiated bunch signals :

24

< CH-DTL -
LEBTRFQ | | | T | | l\f

lon : %
1 [ It o RS - - I~ N R - - e
source T T
95 keV 3 MeV Re-Buncher 68 MeV
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Proton Linac — p-Linac Amplifier
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5x SMA attenuator

_ _ One of four input stages & phase shifter One of four main LPF —
Design requirements e ) amplifier stages
- 2 /A [ | = 8 dB 700 MHz
Broad band architecture = ﬂss:z At o7 —\[>— VA Une§7
- =1 C driver
o Protection 50000= 0dB = 12dB 20dB
0.1° phase accuracy s [l 0 8ds 17dB
@ 325 MHz |' 20d8
_ 30d8
Delay matching through : 40 d8
_ Test signal Sigma amplifier 0 7 ARGt
phase shifters generator I t0 position
To time of flight < (p/'v processor
measurement — (p/
—I_ (P/7 —

p-Linac Amplifier Data
Bandwidth: 325 MHz to 3.25 GHz
Input impedance: 50 Q
Output impedance: 50 Q
Equivalent input noise: 1.3nV / vHz
Gain: 0dBto40dB +/-0.1dB
internal test signal generator
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Proton Linac —

Design requirements

Broad band architecture
0.1° phase accuracy

@ 325 MHz

Delay matching through

phase shifters

p-Linac Amplifier Data

Bandwidth: 325 MHz to 3.25 GHz
Input impedance: 50 Q
Output impedance:

p-Linac Amplifier

50 Q

Equivalent input noise: 1.3nV / vVHz
Gain: 0dBto 40 dB +/-0.1dB
internal test signal generator
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Proton Linac — p-Linac Amplifier
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Frequency Response

o Tre ?vﬁ dBMag 5dB/ RefS0dB Cal 1
Forward transmission: |S;1]| i S5Meg SoBsEsE0as Gl
M1 32500000 MHz 4049 02
b 2 5000006 MHz 41335 dB
. fl 2 GHzZ -13.656 aB
Measured with a R&S . M4 7500000 Mrz 34568 o8
Z\VB4 Network analyzer M1 3250000 MHz 2895 dB
— 45 M2 45000000 MHz 21 271 48
M1l M2 M3 (3250004 GHz 19615 dB
L 40— L LR
Shows the transmission - \
. — 35 -
through the two different |
outputs % |
P , ".
TE\MVL M2 '11
— 20 —\L 'vl m’\‘r\v”\ \‘/\ _/n\f"\ /"-\._\J ‘[1:,3_"_\“\
| 15 ’-, "/\j\
II \\/
1 L"'- l'? ;
Ch1  Start 50 MHz Pwr -31.5 dBm Stop 4 GHz

17.10.2018, 14:50
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Proton Linac — p-Linac Amplifier
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Noise performance CH1 2018 Oct 18 - 13:05  BandWidth
1 ?ﬂEE dg:]'oqgﬁ?]a\rg BBNm CBNnm MBA-B M 3!?35935?1;:2 : RBW
of the p-Linac amp at 40 dB ot T
Measured with an 40 1 MHz , ; | , | I | ‘ s
ADVANTEST U3841 N I e

AUTO  MHNL
FFT spectrum analyzer

Berte, fv'“*“"\“w\‘

-
Resolution bandwidth ol | | ]
must be taken into T\"‘%ﬁ.ﬂ T v A P oo e
account to derive il
the spectral noise 110
voltage density Ay
—63. dBm = —123.9 dBm sroe 000 e VBW 1 h;in SWP 60 ms ST??:? '02.[1' lG|i-ilZJH:!
d B}nMHZ HZ d Bm Moise - Marker 1
—123.9———40dB = —163.9——| Noise / 1 Hz -123.88 dBm / Hz
—___"
142 |s00 2 p-1639
VHz Hz
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Proton Linac — p-Linac Amplifier
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Noise performance CHI 2018 Oct 18 - 13:06 - BandWidth
- REF -30.00 dBm e ) MKR 325.360 MHz L
Of the p_LInaC amp at 40 dB 10_.?0(13! A&; A\'g }l: B ”nll; CB FaI“II! M [) A-B ’ ; '82-52 dBm ; I
: RBW AUTO MNL
Measured with an wfiMH2z | | | | 1 | | | g
VBW
ADVANTEST U3841 50 -

' AUTO || MNL

FFT spectrum analyzer 50 |

=70 <4

Resolution bandwidth e e I N e T B S
must be taken into 0 -
account to derive 100 +
the spectral noise 110
voltage density Ty
—82.5 dBm = —142.5 dBm o 20000 \;Bw 1 l;IHz | S\'I.'P 60 m‘s ST?:TT:-? e léﬁz.n:
dBrlnMHZ HZdBm _ Noise - Marker 1
—142.5 T 22dB = —164.5 T Noise /1 Hz -142.692 dBm / Hz
“—
1.3ﬂ: \/SOQ 10-16.45
VHz A
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Summary & Outlook
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Summary

In house design was necessary due to special requirements
High input impedance was needed for the Cryamp

Large dynamic range for the high energy synchrotron amplifiers
All three amplifiers are low noise designs

Good gain flatness

Fully remote controlled

Internal test generators for gain drift check

Recently brought in operation (Cryamp & Amplifier 110)

Outlook

Further testing during the beam time in February 2019
Completion of the p-Linac amplifier
Thank you!!!
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