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Introduction

The measurement and control of the electron bunch length is one of the key diagnostics
In linac-based free-electron lasers to reach the required peak current in the electron
bunches. In order to use the multi-channel signals from longitudinal bunch shape
measurements for intra train feedback for the European XFEL, line readout rates in the
MHz range and low latencies are required. These tight constraints cannot be fulfilled
with commercial multichannel radiation detectors (line cameras). The paper presents a
256 channel detector that allows analyzing optical or infrared radiation with 1 MHz rate
and a few microseconds latency using photodiode arrays, as needed for synchrotron
light monitors, electro-optical bunch length measurements, or other laser based
diagnostics. The proposed architecture aims at high frequency readout with low latency
by using a multichannel electronic front-end designed for HEP, combined with Si or
InGaAs detector arrays with very fast response time, and a low-latency data acquisition
system. Currently, the device is at the conceptual design stage.
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Detector Applications
Synchrotron Radiation Monitor (SRM) [2]
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Electro-optical Bunch Length Monitor (EO) [3]
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Intra-bunch-train feedback [4]
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Monitor (SRM)

—

Tl Il Tol 1T
| ol gt ii All am ] B Al gﬂ
B :I@ I SRM and EO feedback loops (planned)

FLASH intra-bunch feedback scheme

*Ilkotynia@dmcs.pl DIPAC 2011

1-MHz Line Detector for Intra-bunch-train Multichannel Feedback

Detector Architecture

front-end

Sensor Electronic Data Acquisition System (DAQ) The Complete measurement data
for all electron bunches from a
train need to be archived for off-
line analysis (ms latency).
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Only several key parameters characterizing the most important
signal distribution features (e.g. peak value, centre of mass, and
asymmetry) will be computed and sent further (us latency).

blocks:

(FPGA) responsible for data digitization and processing.

Semiconductor sensor

The proposed detector architecture which can be divided into three major functional

o sensor— a Photodiode Array (PDA) with 256 independent channels

° electronic analogue front-end — a multichannel Integrated Circuits (ICs) originally
developed for a High Energy Physics (HEP) experiments [1]

e Data Acquisition System (DAQ) — a block based on Field-Programmable Gate Array

Considered photodiodes bandwidths: Photodiode eo
» |[nGaAs — 900 nm to 1700 nm, for = Iph — p

ulvalent circuit:
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infrared (IR) radiation in EO bunch incident
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ight of appropriate

= Si — 350 nm to 1000 nm, for visible = Cj — diode junction capacitance

Synchrotron light detection (dependent

on reverse bias voltage)

Rseries Lw = Rshunt — shunt resistor models
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dark current of the photodiode
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Lb, Lw, Rw — parasitic

elements connected with bonding

Photodiode and packaging
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Electronic front-end constituted by two Data acquisition
Beetle chips which are multichannel equipped with
readout ICs designed for HEP

experiments at CERN [1]: converters

= 4 pairs of current mode differential

outputs which facilitate using long -
wires = Serial links

Sensor Board: Data Acquisition System:

= 8 independent 14-bit analogue-to-digital

= Xilinx Virtex-5 FPGA device.

(DAQ) module iIs

around 1.3 s latency

Conclusions

The Investigations presented Iin this paper show that with

40 MHz sampling frequency The fast digital processing combined with a
low-latency high-speed serial link enables

_ the module to become a part of the real-
estimated SNR = 36 dB time LLRF control loop .

the described detector

architecture, 1 MHz line readout rate with few us latency is feasible. This goal cannot be
accomplished using commercially available products. The actual detector behaviour will
be tested with a prototype to prove the concept of the bunch-to-bunch diagnostics

based on multichannel sensors.
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