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Requirements for CSR measurements

To detect and study of the emission characteristics of CSR in the THz range 2> requires
very fast detector operating in a spectrum range of hundred GHz -> Terahertz

Cryogenic detectors:

v HEB (niobium nitride detectors) i”l-r’

v" YBCO (Yttrium barium copper oxide)
See J. Raasch’s talk

“Fast THz detectors”
Room temperature detectors:

v Zero Biased Schottky Diode @ different spectrum ranges (200,
400 GHz ..)

. _
Cryogenic HEB detector
IR1 - ANKA

Picosecond time resolution = Very wideband electronic

Turn-to-turn & bunch-to-bunch measurements of CSR with high
energy & temporal resolutions
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Requirements for CSR measurements

To detect and study of the emission characteristics of CSR in the THz range 2> requires
very fast detector operating in a spectrum range of hundred GHz -> Terahertz

Cryogenic detectors: -
v" HEB (niobium nitride detectors) ”’l.r’

v" YBCO (Yttrium barium copper oxide)

See J. Raasch’s talk

“Fast THz detectors”
Room temperature detectors:

v Zero Biased Schottky Diode @ different spectrum ranges (200,
400 GHz ..)

i ‘-‘. ’ ;
Cryogenic HEB detector
IR1 - ANKA

Picosecond time resolution = Very wideband electronic

Turn-to-turn & bunch-to-bunch measurements of CSR with high
energy & temporal resolutions

=

What about readout electronic and acquisition system ?
ﬁHELMHOLTZ
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CSR — Readout system and requirements

Detector response (m\)

» Incoming pulse @ 500MHz (ANKA RF system)

ANKA » Turn-to-turn & bunch-to-bunch CRS measurements (minutes/hours)

» Wideband DC- 50/60 GHz

Wideband
Coherent THz Low Noise Amplifier
radiation
& 7| Det. > LNA

HEB, YBCO, Zero / lfﬂlﬁ

Biased Schottky Diode

200 -

100 - 1—‘L

[ My
B ~ |40 ps VAR AN
o AV P Vo
305 306 307 30.8 309
Time (ns)

Michele Caselle Ultra-fast readout systemfor ps —fs beam diagnostic

ﬁ HELMHOLTZ

| ASSOCIATION




CSR — Readout system and requirements

» Incoming pulse @ 500MHz (ANKA RF system)

ANKA » Turn-to-turn & bunch-to-bunch CRS measurements (minutes/hours)

» Wideband DC- 50/60 GHz

Detector response (m\)

High throughput readout board

Wideband
Coherent THz Low Noise Amplifier DDR3
radiation AV
. DMA/PCle
> QT PCle
‘;— > LNA 142 T . >
2 —>
—>| = 32 Gb/s
<_
HEB, YBCO, Zero / | ”l ideband _f
Fast Pulse Sampling (FPS) }
Biased Schottky Diode \ power splitter | \— board GPU-DAQ
\ Continuously data streaming
2007 f\ ) S / Analog blocks
2 ¢
9 R
.' ]l Pulse sampling 1. Sampling each incoming pulse with 4 samples (min.
100+ ’ o Sa sampling time of 3 psec)
S _.]_Il.l
‘e |\ 2. Data transfer to high-end GPU (Graphics Processing
N A _
ol A Jaops VAVAWN Units)
\ - LY h
% _ 3. Pulse reconstruction and peak amplitude + peak time
05 08 e 908 909 measurements (GPU) cHELMHOLTZ
Time (ns)
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Fast Pulse Sampling board (FPS board)

High data throughput  [EERENUPIEE L B Performance:
board (Virtex 6 FPGA) pe

v Minimum sampling time: 3 psec >
>300GS/s

- ;y e v/ 12 bit ADC resolution

E Y \ 1 Track/Holddevlce : -

T - o Da — _

, . Wideband v’ Configurable for the readout of up to 4

analog inputs

ultra-fast detectors in parallel

Wideband CPW trans. line

[ Fast ADC (500 MS/s) with via fences
0 T = = = =r .[ =
Track-and-hold 20
- | || 100 GHz
RF filters el | 2 ;:g,;:“s‘;;;m\’
500 20500 40;22uency (ME:-(')ZS)OO 80500 @
Shielding via
RF input ﬁHELMHOLTZ
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FPS board: characteristic & performance

ADC characterization with square waveform @ 500 MHz

3500 T : v’ Bipolar analog signal,
3000 i «*’
o? v Wide dynamical range
2500 T a® .
] . . .
gzmu ol v High linearity
U s ?
q 1500 N B +  wADC1 + ADC 2 v ADC noise < 1mV
a
1000 ® . + + ADC 3 e ADC4
. v Total time jitter SrdDev < 1.7 psec
500 - L
-3 -2 -1 0 1 2 3

Pulse amplitude - input power splitter (V)

» PCB - 10 layers metal stuck-up (Roger 4003), analog & digital
layers/circuitries - fully decoupled

» Fully differential circuitries (analog and clock distribution) >
to rejectthe noise conditions, thermal & voltage oscillations

> Layout. design for RF/Microwave applications: via fences, @ d-Linag@REVIe fences for
guard ring - to avoid the cross-talkand EMI ' cross-talk, EMI reductions

_—
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Wideband LNA (Low Noise Amplifier) & power splitter
Widebaljd LNA

= r‘ \

N\ High-freq.
Gain control V-connectors

MCM-D technology, new PCB materials for microwave/RF
design, MMIC based on GaAs technology. Flat gain: 12 dB, from DC -48 GHz

Wideband power splitter

T 1 PCB_FOR_IMS

= 0 ‘

! Direct transfer (521)

-10 | | . !
|

-20 }
|
|
1

> Post-layout

Fm Reflection (S11) —===] simulation
H i g h -freq L] -40 smw:l T_1_PCB_FO

0 20000 40000 60000 80000 100000
V-connectors Frequency (MHz)
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High-throughput FPGA architecture

GPU - DAQ FPGA internal architecture
48 lanes @
M 8 500 Mbit/s DDR (Double Data Rate)
FSM Master g
— »n < Py o
53 |l control @ e =
50 0v o o 0
® o + 5 On-line parallel 53 Fast R/\ =
o ® 8 8 . 2 k= Pulse ©
L. 0 2 data processing cs _ R/\ 4
g < g K ~ Sampling N
Z 2 X board |:l_:
oL w}
I memory . User bank DDR interface Detector
d Control
)8 register (KIT ipcore) T T%Zogiltzethl\? ;&
- v

Virtex6 - floorplan

p
DDR3 memory
(800MHz @ 64bit)

v
Remote |
Detector Control DDR3

interface

v/ PCle-Bus Master DMA readout architecture operating @ 32Gb/s
[with 8 lanes PCle @ Gen2] > DMA detals

' || |PCIe
| l’g

v Multi-port high speed DDR3 interface @ 51Gb/s

v PCI Express/DMA Linux 32-64 bits driver Se”?es‘? ' |
L& iDMA

input

v Integration in the parallel GPU computing framework stage
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Real-time GPU data anaIyS|s

Dataset with zero biased Schottky
| diode detector _ Turn-to-turn & bunch-to-bunch - long
observation time.

ﬂll L Graphic User Interface
_ ||||l““|ml » Board control & calibration routines
T

# See M. Brosi's talk
“Analysis of CSR multibunch studies

144

Bucket position

Multi-bunches environments

00000 20000 25000 30000

40.000 turns “ Peaking position after pulsereconstruction

2 N \
Real-time GPUs data analysis /SZ. 'S, I l \ )
» Fast pulse reconstruction with mo | TN . [
80 ps
“Gaussian shape” by GPU <—p>

» Fast real-time FFT both amplitude &

time oscillations H : J :
X 840 3 Y
. : \ ]\ ]\ |
» Histograms (buckets, turn, etc.. ) « ! ! nos ¥
Bucket N Bucket N+1
> «—> f HELMHOLTZ
t 2 ns | ASSOCIATION
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A spectrometer for single shot electro-optical bunch
length measurements W) Sce N. Hiller's talk, "Electro-optic

Int. Spectral decoding (single shot) sampling for electron bunch diagnostic

X ' @ ANKA and FLUTE”
‘ l EOQ-crystal ‘

»! N2
chl.::z:ﬁﬁﬁ_ﬂ Pol. tmssnd -

pol.

elactron bunch H

ﬁ HELMHOLTZ
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A spectrometer for single shot electro-optical bunch
length measurements W) Sce N. Hiller's talk, "Electro-optic

Spectral decoding (single shot) sampling for electron bunch diagnostic

Int.
' ) @ ANKA and FLUTE”
‘ l St 4 Spectrometer requirements:

‘ » 256/512 InGaAs pixels linear array
laser{long

chirped pulse)  Pol. N4

alactron bunch H

Crossed
pol.

» Frame rate of Mfps (resp. ANKA >
2.7Mfps)

Available sensor & front-end electronics on the market:

O Xlin 1.7: 512, 1024 pixels @ 40kfps
0 ANDANTA LDA 512 pixels @ 97Kfps
0 Hamamatsu G12231 1024 pixels @ 97Kfps
a ..

O Goodrich SU1024LE-1.7 1024 pixels @ 123 kfps

Developing of a 512 (InGaAs) pixel linear array with a
continuous turn-to-turn bunch length measurement in

the range of Mfps ﬁ HELMHOLTZ
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New spectrometer concept

Multi-Chip-Module technology
ADC (HMCAD1101) / GOTTHARD/HIPPO (FEE)

&= Anc
(—

o woc
12/16 bits resolution

To FPGA

InGaAs - 512 pixels linear array

FEE - GOTTHARD - PSI (Gain Optimizing microsTrip sysTem witH Analog ReaDout) -

Solution 1: charge integrating readout - IBM 0.13um for XFEL strip-detetctors

|—> Calculated frame rate: > 2 Mfps @ 512 pixels

FEE - HIPPO - Lawrence Berkeley National Laboratory (High-Speed Image Preprocessor
with Oversampling) = charge sensitive amplifier-65 nm for Fast X-ray imaging

; Calculated frame rate: 10 Mfps @ 512 pixels ﬁHELMHOLTz
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Conclusion & what’s next

v FSP board > tested and qualified with different beam conditions and
different detectors (see also M. Brosi s talk)

v" First system will be delivery to ANKA-Terahertz group, this include a
main readout box + GPU-DAQ with touch screen monitor for a easy user
handling

v System is configurable to match others synchrotron light sources >
fully programmable PLL clock tree and we benefit of advance/customs data
analysis in the FPGA side.

v" First prototype of InGaAs spectrometer for the shot electro-optical
bunch length measurements operating at several Mfps, will be available the
next months

Thank you for your attention -
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Back up slides

ﬁ HELMHOLTZ
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FSP board : Time jitters measurements

DJ
Time jitter: The deviation from the ideal timing of an event.

/( %Histogram —A
Reference point

Jitter is composed of: both deterministic (DJ) and Gaussian (random) (RJ) content.

Cross talk, EMI radiation, noisy reference plane, Thermal and shot noise, etc.
Simultaneous Switching Outputs (SSO), etc.

Total noise time jitter

NO deterministiccomponent > NO digital cross-

talk in the analog circuitries, EMI or SSO, etc..

Total noise time jitter StDev < 1.7 psec

N.B. The time resolution measured on the most advanced ASICs
based on CFDs is of the order of 5 ps rms.

ﬁ HELMHOLTZ
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PCle-Bus Master DMA readout architecture

)
i i D 127 &
4 ~ 4—003 ~ /O interface Iogu‘ ata out_[O 8_
" © 5 ——> Data valid S
% _5 8 e & éﬂ &2 <§E DMAHH[ [ RD — Packet ] Busy_logic D)
'3 ] % (L("D) _g LISl | O ° : control FSMs Clock_out _J @)
Rl & < o IIEFEElNl Engines
E o c = W ko= /O interface logi | Data in [0 127T
T O C X G I > " z
*2 S5 I3 = ‘ || WR_EN _ 8
a 8'00 G g L2 § f [ WR — Packet ] Back-pressure =
4 = ® é o . control FSMs Clock_in =
6& = 4> Userbank A N FPGA temp. &
< ® N register —/ voltage control DMA operating @ 250MHz
Software layers B
Xilinx IP-core Comparison (NW-DMA vs. KIT-DMA)
30000 — - .-
25000 £~ i
v'Bus Master DMA operating with 8lanes PCle @ @ r ;
Gen2 (250MHz) 3 20000 ——
= /
J - - - . . S
Two |nd.|V|duaI engines for write/read from FPGA & 15000 Jl —e— PC Mem —> FPGA (NW)
(Userlogic) to PC centre memory =
,: 10000 —@—FPGA --> PC Mem (NW) |
v'IN and OUT FIFO-like interface (for User logic) g 0/ —te—PC Mem --> FPGA (Michele)
] ) >000 Vi  ——FPGA->PCMem (Michele) B
vFIFO used to decouple the time domain
0

between DMA and User custom logic
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Fast sampling prototype board — time

characterization
. PCle -DMA
Waveform Pulse sampling High-throughput
generator \ prototype board » FPG%SS?SOM ‘ DAQ/PC
16Gb/s
Pulse shape AN
of 200 ps @ freq. 500MHz  Probing
(Oscilloscope BW: 2.5GHz — 20GS/s)

Fall pulse acquired by equivalent time 500 L Pulse shape vs Samples L B}

sampling method (both oscilloscope and
sampling prototype board)

Pulse measured
with oscilloscope 7

400 .
% (Bandwidth: 2.5GHz - 20GS/s)

7

(When the pulse occurs, a minimum
settable sampling time is added by the
delay chip in order to move the sampling 300
time witha minimum time step)

7

7

The pulse profile was obtained by 32 200

samples, one for each delay chip setting.

Samples/

impling prototype board) 1

Amplitude (mV)

(S

Q).

100

7

We recorded the pulse fall time by 30

samples inside 90 ps -2 a time accuracy of 90 ps )

~ 3 ps o < P, i
High linearity between the sampling time | r r r r r _
(set by FPGA) and the real sampling time > ~os 1 1.2 14 LA HELMHOLTZ 2
Very low deterministic jitter on the board Time in (sec) | ASSOCIAT N’
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Picosecond time jitter estimation between bunches

1 F Jitter (— 20psec) Jitter (+ 20psec)
—~ RF_ANKA & > & >
= r I
[}
©
>
h—
= >
g
.Outputl.f. Particle bunch sync to
Main Amplifier RF ANKA clock
~
7
Clean jitter clogk
from PLL
Sz S4 .
S, s, S; s S, Precise PLL clock used
Sy s, Output samples 354 ; as trigger for samples
2
s, -
7
0 I I I Time (psec)
Procedure:

Fast reconstruction of the analog pulse by the 4 samples (FPGA or GPU)
- Measuring of the peak pulse amplitude
- Measuring of the time jitter between bunches by the position of the samples in the

reconstructed pulse
ﬁ HELMHOLTZ
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