
Single channel FADC prototype

Test bed for:

• SPT converter chip

• Xilinx chip and software

• Mentor PCB & FPGA software

• Intellectual Property (PCI core)

• Robotic assembly

Indiana University
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Testbed - All of CODA in a single Linux box

fADC ROC

EB

ER

rcServer

runcontrol

• ROC - Read-out-controller

• EB / ER / ET - Event Builder/Recorder/Transfer

• rcServer & runcontrol

• ... or we can read the fADC directly via. Root

GlueX - May 20, 2004 6
Timothy Paul Smith

Dartmouth College 



  

Nuclear Instruments and Methods in Physics Research A 511 (2003) 408–416

Effective dynamic range in measurements with flash
analog-to-digital convertor

Q. Yuea,b, W.P. Laic,d, W.C. Changc, H.B. Lic, J. Lia,b,c, S.T. Linc, D.Z. Liub,
J.F. Qiua, V. Singhc, H.T. Wongc,*
a Institute of High Energy Physics, Beijing 100039, China

bDepartment of Engineering Physics, Tsing Hua University, Beijing 100084, China
c Institute of Physics, Academia Sinica, Nankang, 11529 Taipei, Taiwan

dDepartment of Management Information Systems, Chung Kuo Institute of Technology, Hsin-Chu 303, Taiwan

Received 22 April 2003; accepted 8 May 2003

Abstract

Flash Analog-to-Digital Convertor (FADC) is frequently used in Nuclear and Particle Physics experiments, often as
the major component in big multi-channel systems. The large data volume makes the optimization of operating
parameters necessary. This article reports a study of a method to extend the dynamic range of an 8-bit FADC from the
nominal 28 value. By comparing the integrated pulse area with that of a reference profile, good energy reconstruction
and event identification can be achieved on saturated events from CsI(Tl) crystal scintillators. The effective dynamic
range can be extended by at least four more bits. The algorithm is generic and is expected to be applicable to other
detector systems with FADC readout.
r 2003 Elsevier B.V. All rights reserved.
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1. Introduction

With the advance of Electronics, data acquisi-
tion (DAQ) and computing capabilities, it is more
and more common to use Flash Analog-to-Digital
Convertors (FADCs) as the general-purpose read-
out device for different detectors. Typically, the
entire pulse shape from the individual detector

module, as well as the relative timing between
pulses from different detector channels, are re-
corded. Such readout scheme replaces Analog
Digital Convertors and Time-to-Digital Conver-
tors, which give information only on the amplitude
or integrated area and the timing of the pulses,
respectively.

With FADCs as readout, the information
related to a single pulse is represented by many
measurements. Frequently, multi-channel (order
of hundreds and thousands is common) FADC
systems are deployed. As a result, a large volume
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Optimization of the pulse arrival time determination in the 

ZEUS central tracking detector FADC system 
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Abstract 

The constant fraction discriminator algorithm for finding the arrival time of pulses from a drift chamber is outlined. Using 

a Monte Carlo simulation the effect of noise and pulse rise time on the timing resolution is studied. A simple correction to 

this algorithm, which reduces the effect of non-linearities in the pulse rising edge is described. The effect of the correction 

on the ZEUS central tracking detector, instrumented with an eight-bit flash analogue to digital converter system is studied. 

Using calibration pulses the timing resolution of the system is measured to be 0.021 f 0.003 digitizing periods, which is in 

agreement with 0.024 f 0.001 predicted by the Monte Carlo simulation. Without the correction the resolution is 0.17 + 0.02 

digitizing periods. The optimum risetime for the ZEUS system is estimated from this model. The model is applicable to 

other systems which require accurate timing of pulses and have a relatively constant pulse shape. 

1. Introduction 

The ZEUS experiment has been installed and taking data 

at the Hadron Elektron Ring Anlage (HERA) at DESY since 

May 1992. An important component of ZEUS is the central 

track detector [ I ] (CTD). The CTD is a cylindrical drift 

chamber approximately 2 m in length and 1.5 m in diameter. 

It is located within a superconducting magnet providing a 

uniform axial field of 1.43 T. The design spatial resolution 

is 120 pm. There are more than 24000 wires in the CTD 

of which 4608 are sense wires [2]. The CTD electronics 

are described in detail elsewhere [ 31; in this paper we will 

be concerned with the flash analogue to digital converter 

(FADC) system and its use determining drift times and 

pulse heights. 

2. The FADC system 

The FADC system digitizes incoming data at a rate of 

104 MHz with an accuracy of 8 bits. These data are stored 

in a digital pipeline until the trigger system makes a deci- 

sion. Among the challenges faced are the volume of data 

involved (413 Gbytes /s from the CTD before the first level 

of triggering, approximately 250 Mbytes/s afterwards) and 

the high rate of triggers (in the region of 1kHz at the first 

level). To reduce the data volume as soon as possible in the 
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read-out chain the FADC samples are scanned for pulses 

and the pulses parameterized by digital signal processors 

(DSPs) on the same circuit board as the FADCs. These 

search for pulses and then determine drift times and pulse 

sizes. Each DSP processes the data from sixteen wires. The 

DSPs can also write out the unprocessed data, thus allowing 

the performance of the DSP to be monitored. 

3. Pulse arrival time determination 

The drift velocity in the chamber is about 50 pm/ns. Thus 

to achieve the design resolution the pulses must be measured 

to 2.4 ns or better. Since the digitizing period is 9.6 ns the 

drift time must be measured to better than a quarter of this. 

A simple threshold algorithm would, at best, give us a tim- 

ing resolution of 9.6 ns/m, i.e. 2.8 ns, corresponding to 

a spatial resolution of 140 pm. It follows that to reach the 

design resolution we use a pulse timing algorithm which in- 

terpolates within a digitizing period. Work done using a test 

chamber at the Rutherford Appleton Laboratory [4] con- 

cluded that the optimum method of finding the arrival time 

of a pulse was the constant fraction discriminator (CFD) 

algorithm. 

The DSP packs the drift time data very densely to keep 

the data volumes to a minimum. The constraints on the data 

volumes mean that the drift times are only stored to a pre- 

cision of a quarter of a digitizing bin. This leads to a tim- 

ing resolution of 2.4/m ns, i.e. 0.7 ns corresponding to a 

spatial resolution of 40 pm, which is adequate. 



  

Xilinx schematic



  

Mixed VHDL
 & Graphics



  

Next (final?) version
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From the review:

• The general concept of local sums at the front-end board level, 
followed by crate-level sums and subsequent transfer to a 
central “Global LVl-1” processing area, is sound.  A concept and 
proof-of-principle for crate backplane operation at the required 
high rate needs to be developed for the CDR.  If high-speed 
serial operation proves challenging, the collaboration should 
explore possible parallel concepts  to lower the bus-speed 
requirements.
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20 crates FCAL, 8 crates BCAL

Do crates really need to cost $10K?
Vector, Schroff, etc sell pieces



  

Notes:
• Trim pedestals at input buffers
• Energy sum doesn’t need 21 bit resolution
• Probably 8 bits is fine (+ overflow?)
• Truncate where?
• Need to subtract pedestal - where?
• Integrate (sum over time) after final sum
• Multiplier on each channel before sum tree
• Ability to test & monitor energy sum
• Test pulser at inputs



  


