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Disclaimer

Information furnished by XIA is believed to be acate and reliable. However, XIA assumes no
responsibility for its use, or for any infringemaitpatents, or other rights of third parties, whic
may result from its use. No license is grantedrpglication or otherwise under the patent rights
of XIA. XIA reserves the right to change the DGeguct, its documentation, and the supporting
software without prior notice.



Table of Contents

DISCLAIMER ...ttt ettt e e oo et b et e e e oo ekttt e e e eaaee e e e e o Rt bt e e e e e e anbbbeeeeeeeanbbeeeeeeesannneaessnnnees I

TABLE OF CONTENTS .ottt ettt eee ettt e e e e ettt e e e e s et b et e e e e s bee e e e e s bbb eeeeeeeabbbeeeeeesanbbbeeeeeeantbes Il

Y N i I TP OPPRTTRTPPRP v
SPECIFICPRECAUTIONS. ....ttttteetsuttttteee st astteeteeesssstteeeeesaasseeeeeaasete e et eeesnbe s e eeeesaasabee et e eannaeeeesansbteeeaesannnnbeeeens YA

END USERS AGREEMENT ... .ciiiiiiiiiiiiiitt e e et ceimr e e sttt e e e e s st e e e e e e sttt e e e e e e asaeeaaesastbaeeaeeeastaaeaeeesassbaeeaeeeansssees \Y,
(000) N 7o B 1N 2102 Y, .y 1 T ] N P V.

1 OVERVIEW ... ettt ettt e e e e e ettt e e e s e s bt et e e e e e s ettt e e e e e e ste st eeaaaasseeeeeesssbseeeaesansnbbeneeesansssneeeens 1
1.1 AAPPLICATIONS. 1.1ttt ettttt e e e ettt e e e e ett et e e e et e eaaaeetaa e e e e e taaaeeaeetas e eaeesss e eaeessanaenaeaeetan e e e eebaneeeeessnnaeeeesnnns 1
1.2 L 7 ] P 1
1.3 SPE CIFICATIONS. ettt etttk s e et eet s e e e eeta e e e e ee bt eeaaeaeas s e e e e et s e e e e ess e e e eesan e eeee st naeeeesaneeeeetnneeaeesnnnnaanes 2

2 SETTING UP .ttt e e sttt e e e ettt e e e e ek bee e e e e bbb e et e e e e anbbbeeeeeesanbbaeeeeessantbeeaanans 4
2.1 INSTALLATION ...etttteeeeeeitteee e e e e sttt et e e e e sttt et e e saaee e e e e e aakbbe e e e e e e antbb e e e e e e e n bt e e e e e e eannene e e e ansbbeeeeeesansbbeaeeeennnees 4
2.2 GETTING STARTED ...ttttttetitttettteesattteeeeassasteeeeesaastaeeeesaasteeeeeeesanseteeeeeeaansbeseeeessannaeeeesansesbeeeeesannnnneeeas 4

0 R - 1 (1| o O 4..
S - 11 o TP 5.
P22 T = | o PRSP PRPTPPPPPPR 5

A N = U= TV | TSRS B.

3 NAVIGATING THE PIXIE-16 USER INTERFACE........cccct toieiiiiiiee ettt iee e e e entree e e 6
3.1 L0 Y U 6
3.2 S I 2 1L PPN 7
3.3 R = N1 S USRI 8

G 0 0 T 11 1= P 8
3.3.2 Analog Signal Conditioning & ACQUINE ADC TIACES mmmeteeeeeeeiieiiesiiiiiiiisntrnrirseeesreeeaaeseessesannannns 9
ICTRC TRC T o 153 (o | -0 X @o) 1 (o SRR 10
R S b =Yo7 Y I o = R EURRUURRRR 11
3.3.5  PUISE Shape ANAIYSIS ......cccceiiiit et e e e e e e e ——————————aaaas 11
3.3.6 Baseline Control & ACQUIre BASEIINES .........umeeruiiiiiiiiiiiiiiiie e r e a e e e e 11
3.3.7  CONIIOI REGISIEIS ...t ettt ettt e et e e e e e s et ab b s bt e e e e e e e aeeaaaaaaaaaeas 11
R S T O = B I I o o = SO TP 12
3.3.9  Trigger SretCh LENGLNS ..ottt e e e e e e e e e e e e e e e e e e e e aaan 13
3.3.10 FIFO DEIAYS ...ttt ettt e et e ettt e e s ettt e e e s e sttt e e e easstaeeeeesanssbaeeaeesnnsnaaaeaenan 13
3.3.11 IVIUIIDIICIEY -ttt oottt ettt e e e e e e e e e e e e s st e e et e e e e e e e aaaaaaeeaaesaaaaannnnns 13
3.3.12 L] I ST RRP 15
3.4 L PP 15
3.5 ST P PP TR PRTR 16
4 DATA RUNS AND DATA STRUCTURES ...ttt e e 19
4.1 RUN TYPES. ...t ttttte ettt e ettt ettt e e e et e e e e ot b bttt e e e e s bbbt e e e e e aa bbbt e e e e aanee e e e e e anbbbeeeeeeansbbeeeeeeennnbnes 19
s T R o 1S3 (o =0 N L1 1P 19
s I T 1 1/ o To [N U] PSSP 19

4.2 OUTPUT DATA STRUCTURES ... ttttttuttittttieesesttneesesttaaesesessaasaesestanaetastanaetestaesestn e seenansnaereenns 19
o R Y/ [ ©F NN 1153 (o | =Y a1 o F- 1 = SO PO PP 19
N W 1 1 (oo [T - | - 19
5 HARDWARE DESCRIPTION ....ciiiiittiiite ettt e e s ettt e e e e s sttt e e e s ssstaaaeeaesastbaeaasassaseeaessnsssaeeeaesassnaeeeens 23

PIXIE-16 User's Manual V1.40
XIA 2009. All rights reserved.



51 ANALOG SIGNAL CONDITIONING .11ttt eeeeeeeteeeeetnssieasae s s e e e e eseeeeeteeesennnnan s s e e e e e eeeeeennnnnnnnn s s aeeeeeenes 23

5.2 TRIGGERFILTER FP GAS. ...ttt ettt e e e et e e e et e e e e e et e e e e e et e e s s saaaasesseebanaeeeees 23
5.3 DIGITAL SIGNAL PROCESSORDSP) ..oiiiiiiiiii ettt e e e e e e s e e e e st naeaeeeeeaaaeeeennan 24
5.4 P CIAND TRIGGERINTERFACE .....ctuiitiitietteetttettee sttt e e st et e eat e st s et s tb s et sst e st sstssansesnssasennssrnren 25
THEORY OF OPERATION ... ottt ettt et e et e et e e s et e s tea e e e saae e s et e e ean s ssan e et sanansas 26
6.1 DIGITAL FILTERS FORGRAY DETECTORS...ceettttutuuuateeeaetereeesestnenssnsaaseasaaaaeesereeesssmnsnnnaneeeeeeeremmmmmmnmnnns 26
6.2 TRAPEZOIDAL FILTERING IN THE PIXIE =16 ... cuiiitiiiiiiii et et e emee e e s e et et e et s ab e e s saaeane e 28
6.3 BASELINES AND PREAMPLIFIER DECAY TIMES .. .uuuituiituiiuniitneiteitetteitsstestessnssnessnessnsesnestesanessneennees 29
6.4 THRESHOLDS ANDPILE-UP INSPECTION. ... et uttuuittettettttteesnestntesneetnetsessnseessssessesnessntesneesesseesnesrneren. 30
6.5 FILTER RANGE . . .tuitt ittt ettt et et e et ettt eeae et e et e e et e s ah e e s e e st e s aa e e s e s ba e e s s e e e sa s s b s e b s sa s et eeaasnannans 33
OPERATING MULTIPLE PIXIE-16 MODULES SYNCHRONOUSLY .. i 34
7.1 CLOCK DISTRIBUTION. 1.ttt ettt ettt eeeteeeateessaaee st ee e s s e eaaa s e s aa e e e aa e e saa e e aaeeeaa s esnn s st sentassanneseaneerennns 34
% R N 1 1o 1Y/ (o [ F= | I [ Y3l 1100 1o [N 34
7.1.2 Daisy-chained CIOCK MOE...........cccoiiiii ettt e e e e e e e e e e e e e s e s e e nnnnnnes 35
0 TR T = I O [T G 1Y (o To [
7.1.4 Multi-Chassis Clock Mode
7.2 FRONT PANELLYDS I/O PORT .. ettt ettt ettt et e et eee e e et e e e et e e et e e st e e s bt e e saa e saan e e s bansaenanss 35
7.3 FRONT PANEL DIGITAL I/O PORT PIN..uuiiitunittnieitieeetee et eeeaaeesatsssesassssaaees st sssansessansssansartnseesnnsesenn 36
7.4 SAMPLE SIGNALS FOR FRONT PANEL TEST PINS . .uuiittiitniitiiteitsitieetiestesstesnesasesnsstnersnsesesterassnernns 37
7.5 TRIGGER DISTRIBUTION ...ttt ttttttttttettesttssneesaesaassaa et s saassssssasssesassassnsesasssasesnsetssesnasstessessnsssnsees 39
7.5.1 Trigger Distribution within @ MOAUIE............coooiiiiii e 39
7.5.2  Trigger Distribution Detween MOUUIES .........ccuuueeieiiiiieiiie e a e e e e 39
7.5.3  Trigger Distribution between ChasSSiS .........ccooeeiiiiiii i e e e 39
7.6 RUN SYNCHRONIZATION ... etueitieeete e et e et e et e e et e et eeeeata e e e ea e s e s e s et e e eaa s eeean e seaneeeaaaseensnessnneeeansns 39
TROUBLESHOOTING ..ottt e e e e e e e st e e st e e et e e s eesaa e e ean e s san e e st e eean e ranneenrnss 40
8.1 STARTUP PROBLEMS .....uuiiititeete ettt e e e e e e et e e e st e saa e e st e e et eeaaa e e st e e e aa e s sa e s st ssennaneesnnsestneeeanneees 40
F N o =1 N0 G 41
9.1 O 1 == 41
9.2 PXI BACKPLANE PIN FUNCTIONS. ...t uttttittitine ittt ettaeetaettesasstsessasssasssssassssesaessnsssntesnestnsssnsernnsnnnns 41
9.3 PINOUT OFDIGITAL FRONTPANEL CONNECTORS......ituiitniitiiieiteitietteettsetteesnsseasesnesaneeanesteranseaeernes 42
iii PIXIE-16 User's Manual V1.40

XIA 2009. All rights reserved.



Safety

Please take a moment to review these safety prenaut They are provided both for your
protection and to prevent damage to the digitallganfinder (DGF) and connected equipment.
This safety information applies to all operatord aervice personnel.

Specific Precautions

Observe all of these precautions to ensure yowopet safety and to prevent damage to either
the DGF-Pixie-16 or equipment connected to it.

Do Not Hot-Swap!

To avoid personal injury, and/or damage to the DGHPixie-16, always turn off crate
power before removing the DGF-Pixie-16 from the cree!

Servicing and Cleaning

To avoid personal injury, and/or damage to the DRb&e-16, do not attempt to repair or
clean the unit. The DGF hardware is warrantedregaill defects for 1 year. Please contact the
factory or your distributor before returning itefios service.
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End Users Agreement

XIA LLC warrants that this product will be free frodefects in materials and workmanship
for a period of one (1) year from the date of slepi If any such product proves defective
during this warranty period, XIA LLC, at its optiowill either repair the defective products
without charge for parts and labor, or will provideeplacement in exchange for the defective
product.

In order to obtain service under this warranty, t6oner must notify XIA LLC of the defect
before the expiration of the warranty period andkensuitable arrangements for the performance
of the service.

This warranty shall not apply to any defect, falwor damage caused by improper uses or
inadequate care. XIA LLC shall not be obligatedumish service under this warranty a) to
repair damage resulting from attempts by persootinar than XIA LLC representatives to repair
or service the product; or b) to repair damage ltiegufrom improper use or connection to
incompatible equipment.

THIS WARRANTY IS GIVEN BY XIA LLC WITH RESPECT TO HIS PRODUCT IN
LIEU OF ANY OTHER WARRANTIES, EXPRESSED OR IMPLIEDXIA LLC AND ITS
VENDORS DISCLAIM ANY IMPLIED WARRANTIES OF MERCHANRBILITY OR
FITNESS FOR A PARTICULAR PURPOSE. XIA'S RESPONSIBIY TO REPAIR OR
REPLACE DEFECTIVE PRODUCTS IS THE SOLE AND EXCLUSV REMEDY
PROVIDED TO THE CUSTOMER FOR BREACH OF THIS WARRANT XIA LLC AND
ITS VENDORS WILL NOT BE LIABLE FOR ANY INDIRECT, SECIAL, INCIDENTAL,
OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF WHETHER XILLC OR THE
VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY OF SUWCDAMAGES.

Contact Information
XIA LLC

31057 Genstar Rd.
Hayward, CA 94544 USA

Telephone: (510) 401-5760
Downloads: http://www.xia.com/DGF Pixie-16 Download.html

Hardware Support: support@xia.com
Software Support: software_support@xia.com
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1 Overview

The Digital Gamma Finder (DGF) family of digital Ipa processors features unique
capabilities for measuring both the amplitude ahdpg of pulses in nuclear spectroscopy
applications. The DGF architecture was originalgveloped for use with arrays of multi-
segmented HPGe gamma ray detectors, but has seecedpplied to an ever broadening range
of applications.

The DGF Pixie-16 is a 16-channel all-digital wavefoacquisition and spectrometer card
based on the CompactPCI/PXI standard for fast datalout to the host. It combines
spectroscopy with waveform digitizing and the optad on-line pulse shape analysis. The Pixie-
16 accepts signals from virtually any radiationed&dr. Incoming signals are digitized by 12-bit
100 MSPS ADCs. Waveforms of up to 89 in length for each channel can be stored in ®FIF
The waveforms are available for onboard pulse stagysis, which can be customized by
adding user functions to the core processing soéw&'aveforms, timestamps, and the results of
the pulse shape analysis can be read out by thesystem for further off-line processing. Pulse
heights are calculated to 16-bit precision andlmbinned into spectra with up to 32K channels.
The Pixie-16 supports coincidence spectroscopycandecognize complex hit patterns.

Data readout rates through the CompactPCI/PXI Haokpto the host computer can be up to
109 Mbyte/s. The standard PXI backplane, as weddabtional custom backplane connections
are used to distribute clocks and trigger sign&iwvben several Pixie-16 modules for group
operation. A complete data acquisition and proogssystems can be built by combining Pixie-
16 modules with commercially available CompactP&l/Brocessor, controller or I/O modules
in the same chassis.

1.1 Applications

The Pixie-16 is an instrument for waveform acqiositand MCA histogramming for arrays of
gamma ray or other radiation detectors such as

Segmented HPGe detectors.

Scintillator/PMT combinations: Nal, Csl, BGO andmgabthers.
Cryogenic microcalorimeters.

Silicon strip detectors.

1.2 Features

Directly accepts signals from RC-type preamplifigrisotomultiplier tubes or other pulse
sources.

Two software selectable gain/attenuation settioggeéch analog input.

Programmable DC-offset for each analog input.

Digitization of 16 analog inputs in parallel atede of 100 MHz.

Digital filtering with programmable filter peakirtgnes from 0.04 to 81.28s (0.04ns to
5.24 ms with alternate firmware).

Built-in pileup inspection and pileup rejection.
Synchronous waveform acquisition (up to 8k samperschannel) across channels and
modules.

1 PIXIE-16 User's Manual V1.40
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Event processing and optional pulse shape analgsisrmed with 100 MHz, 32-bit
floating point SHARC DSP.

Accumulation of 16 MCA histograms (32K bins) andjaisition of event by event list
mode data.

More than 160 backplane lines for clock and trigdjetribution or general purpose I/O
between modules.

Supports 32-bit, 33 MHz PCI data transfers (>10Q/fdisecond) to host computer.
Graphical user interfaces to control and diagngseem.

Digital oscilloscope for health-of-system analysis.

Compact C driver libraries available for easy imédign in existing user interface.

1.3 Specifications

Front Panel 1/0

Analog Signal 16 analog inputs.

Input Input impedance: 1k or 50 Ohm.

Input amplitude £1V pulsed, 1.5V DC.

Digitized at 100MSPS, 12-bit precision.

Digital General 16 general purpose input and /or output connections
Purpose 1/0 6 inputs 3.3V LVTTL logic.

6 outputs 3.3V LVTTL logic.

4 inputs/outputs LVDS signaling.

Rev-D modules have 16 LVDS pairs of Channel VET@uirand 1 LVDS
pair of Module VETO input

Backplane I/O

Clock Distributed 50 MHz clock, daisy-chained or dediddiae from slot 2.
Triggers Two trigger busses on PXI backplane for synchromeaxeform acquisition
and for event triggers.

Synchronization | SYNC signal distributed through PXI backplane todyonize timers and
run start/stop to 50 ns.

Veto VETO signal distributed through PXI backplane tpmess event triggering
General Purpose | 160 bussed and neighboring lines on custom bac&ptadistribute hit
1/0 patterns and triggers and for I/O between modules.

Host Interface
PCI 32-bit, 33MHz Read/Write, external memory or FIF€dout rate to host
over 100 MByte/s.

Digital Controls

Gain Two software selectable analog gains: 4 and 0.4 (@2 attenuation).
Optional +/- 10% digital gain for gain matching ween channels.
Offset DC offset adjustment from —1.5V to +1.5V, in 65536ps.
2 PIXIE-16 User's Manual V1.40
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Shaping Digital trapezoidal filter.
Rise time and flat top set independen@y04 to 81.28rs (0.04ns to 5.24
ms with alternate firmware)

Trigger Digital trapezoidal trigger filter with adjustaliereshold.

Rise time and flat top set independen@y01 to 0.64vs (0.01 to 40.96%
with alternate firmware)

Data Outputs

Spectrum 32k bins, 32 bit deep (4.2 billion counts/bin) &ach channel.
256K 18bit FIFO memory for list mode data
Statistics Real time, live time, input and output counts.
Event data Hit pattern, pulse height (energy), timestampss@shape analysis results,

and waveform data.
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2 Setting up

2.1 Installation

The Pixie-16 modules must be operated in a custdn€émpactPCI/PXI chassis providing
high currents at specific voltages not includedhi@a CompactPCI/PX| standdrdCurrently XIA
provides an 8-slot and a 14-slot chassis; pleapdrm for further options. Put the host computer
(or remote PXI controller) in the system slot (slgtof your chassis. Put the Pixie-16 modules
into any free peripheral slot (slot 2-8 or 2-14jmthe chassis still powered down. After modules
are installed, power up the chassis (Pixie-16 mexlare not hot swappable). If using a remote
controller, be sure to boot the host compafézr powering up the chassis.

Connect the output of your detector to the smalixa connectors on the Pixie-16 front
panels. For Rev-A modules, these connectors agpefMMCX. For Rev-B, C, and D modules,
the connectors are of type SMB. The 2 mm front paeaders (and, on the Rev-B, C, and D
modules, the CAT-5 connector) are for logic I/Oedmplifier power can be connected to the
DB-9 connectors on the front panel of the 6U clsassi

The Pixie-16 software includes the firmware filegldDSP code files required to configure a
module, Windows drivers and a Visual Basic graphiszr interface. All files are included on
the distribution CD-ROM and can be installed bymmg the installation prograrSetup.exe
Follow the instructions shown on the screen toaihshe software to the default folder selected
by the installation program, or to a custom foldgmnis folder will contain 7 subfolders named
Doc, Drivers, DSP, Firmware, MCA, PulseShapeand ResourcesMake sure you keep this
folder organization intact, as the interface pragrand future updates rely on this. Feel free,
however, to add folders and subfolders for the wiudiata at your convenience.

2.2 Getting Started

This section describes the basic steps to gealidist mode traces or MCA histograms with
the Pixie-16 system. For a detailed introductiothivsoftware interface, refer to section 3.

After installation, find the shortcURixiel6_VBon your desktop and start it with a double
click. You can also directly run the fiRixiel6_VB.exén the installation folder.

The user interface consists of a left control bah w tabs:Startup, Settings, RuandResults
The area to the right will display control panetsgoaphs. The top menu bar contains links to
some frequently used result displays as well aesadranced parameter tables.

2.2.1 Startup

To boot the modules, select the def&tlirtuptab. Enter the number of modules and specify
the module’s slot numbers. You can click 8elect Configuration Filebutton to verify the boot
files and paths are pointed to the installatiordéol Then click the buttoBoot Pixie-16
Modules You might hear several clicks from the moduleghesgain relays are reset, then the

'0f the 5 backplane connectors available in a 6Unédr the lower two are defined by the CompactPCI/PX
standard, providing basic supply voltages, PCI h@stand basic trigger connections. Pixie-16 medubllow this
standard and are thus compatible with any Compd#XCmodule that uses these two connectors orie Gpper
three connectors are undefined in the CompactPClgexdard. On Pixie-16 modules, these connectersised
for custom power supplies with high currents (1.8\gV, 3.3V) and for extended trigger distributidrhird party
modules or chassis using the upper three conneatensnost likely not compatible with Pixie-16 moekl
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bottom status line should show a green marker atiig that the Pixie-16 modules initialized.
For analysis-only operation with no modules, chibeOffline Analysidbox before booting.

2.2.2 Settings

To configure the modules for your detector, goh®3ettingstab. Click on theAcquire ADC
Tracesbutton to view the input signal for either a senghannel or for all 16 channels of the
Module selected at the bottom of the panel. CIR&freshto acquire untriggered traces read
directly from the ADC. You can adjust the samplintgrval to see a longer time period. Pulses
from the detector should fall in the range fromo04k, with the baseline at ~400, a positive
amplitude (rising edge), and no clipping at theargpmit. If the signal is not in range, click on
the Adjust Offsetdutton to let the software to automatically set thC offsets, or you could
manually adjust the DC offset by clicking on tBet DSP Parametebutton, then go to the
Analog Signal Conditioningab and adjust gain, offset and/or polarity.

The most critical parameter for the energy comparnat the signal decay time Tau. In tBet
DAQ Parametepanel, go to th®ecay Timdab to set this value. You can either enter ectiy
for each channel, or enter an approximate valudenright control, select a channel, and click
Find it to let the software determine the decay time autimally. Click Accept itto apply the
found value to the channel. (If the approximateigas unchanged, the software could not find a
better value.)

When the signal is in range and the decay timedpyou can store the parameters on file
using theSave Parametebutton. Make sure to check the box BBP settinggo not only save
the GUI settings (such as slot numbers), but dedXSP settings for each module (gain, offset,
decay times, etc.)

2.2.3 Run

When the DSP settings have been found, at ledstlipi you can go to th®untab to start a
test data acquisition. Using tlun Typecontrol, specify a list mode run to acquire wavefs
and MCA histograms or an MCA mode run to only apghistograms only. Clicktartto begin
acquisition.

2.2.4 Results

After the run, statistics, spectra or traces cawibeied by selecting the corresponding item
from the Resultstab. The data is also saved to files that cannmgoited in other analysis
software. To obtain the best energy resolutiorha gpectra, it is likely necessary to refine the
DSP settings as described in section 3.3.
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3 Navigating the Pixie-16 User Interface

3.1 Overview

The Pixie-16 graphical user interface (Figure prbyvides the user a simple tool to control the
Pixie-16 cards. It was written using Microsoft'ssdal Basic programming language and its
underlying function calls are directed to two dymamlink library (DLL) files,
Pixiel6AppDLL.dlIl and Pixiel6SysDLL.dll. Those usewho are interesting in learning more
about these DLLs can read the Programmer’s Manual.

After installing the Pixie-16 software on the usecomputer, the Pixie-16 user interface can
be launched by double clicking the shortButiel6 VBon the desktop (or the executable file
Pixiel6_VB.exe in the installed folder). The usateiface consists of a work area where DAQ
graphs, tables and panels are to be shown, a tdairdo the left which contains four tabs with
control buttons $tartup, Settings, Ruand Resulty, and status indicators at the bottom. Below
we describe the steps of using this interface.

= JE)x |

Murnber of Pisie-16 Modules |3 ’;j

Specify Pl Slot Mumbers

M odule # Fil Slot #
0 2
1 3
2 4

Select Caonfiguration Files

[~ Offline Analysic

Boot Pixie-16 Modules

Slallupl Seltmgsl Run J\ Results

Log

| Pixie-16 initiahized . Norun in progress |

Figure 3.1: The graphical user interface for Pixiel6.
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3.2 Startup

After the user interface is launched, the user s@# the window as shown in Figure 3.1, with
the defaultStartuptab selected in the control bar. Enter the nunolbenodules and specify the
module’s slot numbers as labeled on the chassis. cén click theSelect Configuration Files
button to open th€&iles and Pathgpanel (Figure 3.2) and verify that the boot filesl paths are
pointed to the installation folder. You can dirgathput the file name in the boxes, or use the
“file open” icon at the right end of each line txte a specific file.

Usually, users need only change B8P par fileto load alternative settings (samelLasding
Parametersan the Settingtab) or change th®utput Data Pathdo direct the output data into a
custom location. However, if you receive code updatr custom code from XIA, you can select
here which code to use.

TIP: changing théoot files pathwill automatically change the file paths for alés.

™| Configuration Files & Output Data Paths

&

Boot files path |C:\Program Files'x<l4\Pisie1 ERlevD General_1.4.0%

Firmware Files

Caomm. FPGEA ||::'\F'n:|gram Filesh<lahPiziel BRevDGeneral_1. 4. 05Fimnwaresyzpisie16_revdgens =
SF. FPGA |E:\F'n:ugram Filez <l 8MPisie] BRevDGeneral_1.4.08Firwarehfippizie 6_revdgener: =

DSP Code and Parameter Files

DSPecade  |C:\Program Files'<I4\Pixie1 BRevDGeneral_1.4.\DSP\Pixie16DSP_3274.dr =
DSF varfile  |C:\Pragram Files's14\Pisie] 6RevDGeneral_1.4.05DSP\PirielBDSP_N3274var [
DSPlistfile  |C:\Pragram Files'I4\Pixiel GRevDGeneral_1.4.05DSP\PikielBDSP_N3274 st [

DSF par file ||::'\F'n:|gfam Filez #lah\Prie] BRevDGeneral_1.4.05ConfigurationtRevDGeneral_de =

Output Data Paths

List mode data |C:4Pragram Files'el4\Pisie] ERevDGeneral_1.4. 04PulseS hape',
Hiztogram data||=:\Program Fileshs<)4\Pisie ERevDG eneral_1.4.044CAN

Cloze

Figure 3.2: The boot files and path selection panel

¥ &

When the files and paths are set correctly, chekbuttorBoot Pixie-16 Modulesyou should
hear several clicks from the modules as the gdayseare reset, then the bottom status line
should show a green marker indicating that theePD8 modules initialized. If one or more cards
failed to boot, click thd.og button to view a series of diagnostic messages. mhssages are
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also stored in a file called “Pixiel6msg.txt” ar@hde sent to XIA for support. It is located in
the same folder as the user interface program FixiéB.exe.

For analysis-only operation with no modules, chagukOffline Analysisbox before booting.
In offline mode, the user can still access everydouor control of the interface. You can view
results from previous acquisitions by loading thgult files.

3.3 Settings

The operation of the Pixie-16’s on-board DSP isticiled by a number of parameters. They
can be set using thget DAQ Parameterganel, opened by clicking ddet DSP Parameteia
the Settingstab. The panel has 12 tabs, as shown in Figurel&Bg the button in the left
control bar, parameters can be

Copied from one channel to some or all channels and nesdut the system. When
copying, first select source module and chann¢hattop of the copy panel, then select the
items to copy on the left (corresponding to thdalis of theSet DAQ Parametensanel), then
select the destination channels and modules, aathficlick onCopy:.

Savedto disk. When saving, make sure to check the boXOEP settinggso not only save
the GUI settings (such as slot numbers), but aieQSP settings for each module (gain,
offset, decay times, etc).

Loadedfrom disk.

3.3.1 Filter
TheFilter tab shows the settings for the energy filter usecompute the pulse height and of

the trigger filter to detect pulses. The filteripgnciple is described in section 6. General rales
thumb for the following important parameters are

1. Theenergy filter flat top timeshould be about the same as the pulse rise time.

2. Theenergy filter rise timecan be varied to balance resolution and throughipyically,
energy resolution increases with the length offilker rise time, up to an optimum when
longer filters only add more noise into the measwaet. The filter dead time is about
TD = 2 x (Tise + Trat), and the maximum throughput for Poisson staisscl/(TD*e).
For HPGe detectors, a rise time of dsts usually appropriate.

3. A longer trigger filter rise timeaverages more samples and thus allows settingr lowe
thresholds without triggering on noise.

4. Typically thethresholdshould be set as low as possible, just abovedise tevel.

The remaining parameters are usually minor adjustsnfor fine tuning and otherwise can
remain at the default values:

5. A longertrigger filter flat top timemakes it easier to detect slow rising pulses.

6. Choose the smallest enerfifjer rangethat allows setting the optimum energy filter rise
time. Larger filter ranges allow longer filter sunhsit increase the granularity of possible
values for the energy filter rise time and flat tope and increase the jitter of latching
the energy filter output relative to the rising edgf the pulse. This is usually only
important for very fast pulses.
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Figure 3.3: Set DAQ Parameters panel.

3.3.2 Analog Signal Conditioning & Acquire ADC Traces

The Analog Signal Conditioningab controls the analog gain, offset and polaidty each
channel. It is useful to click olicquire ADC Trace the left control bar to view the signal read
from the ADCs while adjusting these parameters (Sgere 3.4). The display shows all 16
channels of a module in 4 graphs of 4; you camhgesampling interval for each block to capture
a longer time frame. Clickefreshto update the graph.

Pulses from the detector should fall in the ramgenfO to 4095, with the baseline at ~400 to
allow for drifts and/or undershoots and no clippatghe upper limit. If there is clipping, adjust
the Gain andOffsetor click on theAdjust Offsetdutton to let the software set the DC offsets to
proper levels.
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Since the trigger/filter circuits in the FPGA ondgt on rising pulses, negative pulses are
inverted at the input of the FPGA, and the wavefshown in the ADC trace display include
this optional inversion. Thus set the channBldarity such that pulses from the detector appear
with positive amplitude (rising edge).

Figure 3.4: Set DAQ Parameters panel (Analog Sign&onditioning tab) and ADC trace display.

In thesingle channetab, the ADC trace display also includes the aptmview a FFT of the
acquired trace. This is useful to diagnose noisgributions. Above the graph are controls for
cursors and an option to change between lineatagnscale. You can also save a trace to a text
file using thedisk symboht the right.

3.3.3 Histogram Control

The binning factorin the Histogram Controltab controls the number of MCA bins in the
spectrum. Energies are computed as 16 bit numbdosying in principle 64K MCA bins.
However, spectrum memory for each channel is lichite32K bins, so computed energy values
are divided by 9" " hefore building the histograrBinning Factoris usually set to 1, but
for low count rates and wide peaks, it might befulse set it to a larger value to obtain a
spectrum with fewer bins, but more counts per bin.

Emin is reserved for a future function to subtract astant “minimum energy” from the
computed energy value before binning to essenttaityoff the lower end of the spectrum.
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3.3.4 Decay Time

The most critical parameter for the energy comparnats the signatlecay timelau. It is used
to compensate for the falling edge of a previousein the computation of the energy. You can
either enter Tau directly for each channel, or reate approximate value in the right control,
select a channel, and cliéknd it to let the software determine the decay time autimaddy.
Click Accept itto apply the found value to the channel. (If tppraximate value is unchanged,
the software could not find a better value.)

3.3.5 Pulse Shape Analysis

In the Pulse Shape Analystab, you can set the totahce lengthand the pre-triggeirace
delayfor the waveforms to be acquired in list mode runs

3.3.6 Baseline Control & Acquire Baselines

The Pixie-16 constantly takes baseline measurenveém® no pulse is detected and keeps a
baseline average to be subtracted from the eneilggr foutput during pulse height
reconstruction. Baseline measurements that diffen fthe average by more th8aseline Cut
will be rejected as they are likely contaminatedhwamall pulses below the trigger threshold.
You can click on thécquire Baselindutton to view a series of baseline measurementsach
channel, and in thsingle channeliew you can build a histogram of baselines tafyehat the
Baseline Cuddoes not reject measurements falling into the nfideally Gaussian) peak in the
baseline distribution. Usually, it is sufficientkeepBaseline Cutt its default value.

Note: Since the baseline computation takes int@waticthe exponential decay, no pulses
should be noticeable in the baseline display ithe decay time is set correctly and b) the
detector pulses are truly exponential.

Baseline Percents a parameter used for automatic offset adjustimen clicking on the
Adjust Offsetdutton, offsets will be set such that the basedmen in the ADC trace display falls
at theBaseline Percenfraction of the full ADC range (e.g. fdaseline Percent 10% the
baseline falls at ADC step 409 out of 4096 total).

3.3.7 Control Registers

The Control Registergab sets a number of options affecting the modsla whole (Module
Control Register B) or affecting each channel irdinally (Channel Control Register A):

1. Module Control Register B

a) Enable pullups for backplane bus linékhis should be enabled for only one
module in the crate.

b) Connect trigger signals to backplanéou can set the module stare triggers
over the backplane with other modules, unless yau @ach module (or
channel) independently.

c) Accept external trigger and run inhibit signalEnable this option to let this
module accept external trigger and run inhibit algrand then put the signals
on the backplane so that all modules can see the sgnals. This should be
enabled for only one module in the crate.

d) Crate master module (multiple crates onlyhis option is only used when
multiple Pixie-16 crates communicate with each otBg enabling this option,
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the mater module in each crate is responsible dadiag synchronization or
trigger signals to certain backplane lines. Thisustt be enabled for only one
module in the crate.

e) Enable run inhibit signal inputThis option is only applicable to the module
which has the “Accept external trigger and run lmhsignals” option enabled.
This should be enabled for only one module in tia¢ec

f) Multiple crates This option is only used when multiple Pixie-1l6ates
communicate with each other.

2. Channel Control Register A

a) Good channelOnly channels marked as good will have their &veecorded.
This setting has no bearing on the channel's chiyaioi issue a trigger. There
can be a triggering channel whose data are disgaf@leannels not marked as
good will be excluded from the automatic offsetustiinent.

b) Histogram energiesWhen this box is checked, pulse height (energyputed
for each event will be incremented to an energyogiam in the MCA
memory.

c) Capture trace When this box is checked, trace will be captumad recorded
for each event, along with other list mode inforimat e.g. timestamp, energy,
etc.

d) Capture QDC sumsWhen this box is checked, eight QDC sums will be
recorded for each event. QDC sums are consecutines ©f the list mode
trace.

e) Enable CFD trigger Check this box to enable this channel's CFD #&igg
Otherwise, regular trapezoidal fast trigger willused.

f) Require global external trigger for validatio@heck this box to require global
external trigger to validate events for this channe

g) Capture raw energy sums and baseliideck this box to record raw energy
sums and baseline value for each event.

h) Require channel external trigger for validatio€heck this box to require
channel external trigger to validate events fos ttiannel.

i) Enable pileup rejectionCheck this box to enable pileup rejection forsthi
channel. Otherwise, pulses will still be recordedreif they are piled up.

3.3.8 CFD Trigger

The following CFD algorithm is implemented in thexiE-16s. Assume the digitized
waveform stream can be represented by data sers=e[i], i=0,1,2,... First the fast filter
response of the digitized waveform is computed#sws:

i i- (FL+FG)
FHi] = Tracégj] - Tracéj] (2)
j=i- (FL-1) j=i- (2*FL+FG- 1)
Where FL is called the fast length and FG is calledlfast gap of the digital trapezoidal filter.
Then the CFD is computed as follows:
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CFOi +D] = FHi + D] - FHi]/2W™ (2)
Where D is called the CFD delay length and W itedathe CFD scaling factor.

The CFD zero crossing point (ZCP) is then deterchwien CFDJi] > 0 and CFD[i+1] < 0.
The timestamp is latched at Trace point i, andfthetion time f is given by the ratio of the two
CFD response amplitudes right before and afteZ®ie.

CFDoutl

(CFDout.+ CFDou®)
Where CFDoutl is the CFD response amplitude rigiidore the ZCP and CFDout?2 is the CFD
response amplitude (absolute value since CFDout2gstive) right after the ZCP. The Pixie-16
DSP computes the CFD final value as shown belowstoiged it in the output data stream for
online or offline analysis.

Ons 3)

CED = CFDoutl

" (CFDoutL+CFDout2)
Valid CFD Scale values and corresponding CFD sgdhntors are

" 65536 (4)

CFD Scale Corresponding CFD scaling factor
0 0.25

1 0.125

2 0.0625

3 0.03125

3.3.9 Trigger Stretch Lengths

External trigger stretch can be adjusted betweensl@nd 40.9@rs. It is used to stretch the
global external trigger pulse.

Veto stretch can be adjusted between 10 ns an® 48.9t is used to stretch the channel veto
pulse.

Fast trigger backplane length can be adjusted leet\&® ns and 40.98s. It is used to stretch
the fast trigger pulse to be sent to the backplansharing with other modules.

3.3.10 FIFO Delays

External delay length can be adjusted between &ths. It is used to delay the incoming
pulse in order to compensate the delayed arriviiefjlobal external trigger pulse.

Fast trigger backplane delay can be adjusted betd@es and 1.28s. It is used to delay the
fast trigger pulse before it is sent to the badakplBor sharing with other modules.

3.3.11 Multiplicity

Coincidence can be checked within one Pixie-16 rednd/or its immediate neighbors to
decide whether to accept an event. To ensure maxieeability when specifying how
coincidence is checked, a scheme for forming 1f&miht coincidence groups within one Pixie-
16 module was implemented as shown in Figure 3aSt ffiggers generated within each of the
16 channels of a Pixie-16 module can be distribtbeits immediate neighbors through the PXI
backplane. Thus a group of up to 48 fast trigggnas can be formed within one Pixie-16
module by combining all fast triggers from the miaditself and its two immediate neighbors.

13 PIXIE-16 User's Manual V1.40
XIA 2009. All rights reserved.



Furthermore, up to 16 such groups can be formekinvidne Pixie-16 module, and each group
can have each of its 48 fast trigger signals eualole disabled by using a user defined

contribution mask (48-bit).

It should be pointed out that two neighboring medushare the 16 nearest neighbor lines
between them, i.e., if for instance one module sé&hdhannels’ fast triggers to its left neighbor
module, its left neighbor module can then only sdddchannels’ fast triggers to its right
neighbor module. Therefore, it should be very adrgfhen arranging groups of multiplicity
through transferring fast triggers to neighboringdmles to ensure that there will be no bus

contention on the backplane.

16 local
16 IN_local (from FiPPIs)

Tror0-15]
—OUT_ L

OUT_Left

L1
IN_Left
TLO 0-15

IN_

(48 bit)

SUM of 16 bits SUM >= Ngo ?

SUM of 16 bits SUM >= Ny ?

SUM of 16 bits SUM >= Ngz ?

Noo,No1,No2=0,1,...,7

(48 bit)

SUM of 16 bits SUM >= Ny ?

SUM of 16 bits SUM >= N4 ?

SUM of 16 bits SUM >= Ny, ?

N1oN11N12=0,1,...,7

(48 bit)

>
16
16
fis
16
{5
16
s
16
{5
16
fis
16
{5

16

SUM of 16 bits SUM >= Ngo ?
SUM of 16 bits SUM >= Ng4 ?
SUM of 16 bits SUM >= Ngp ?

NroNF1 Ne2=0,1,...,7

0By OUI0D

1By ouI0D

G161)"ouI0)——

each of the 16 signal

Figure 3.5: Generation of groups of coincidence tggers.
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Each group of 48 fast triggers will first be lodlgaANDed with the 48-bit user defined
contribution mask, and then each 16-bit subgrowp,16 masked fast triggers from a Pixie-16
module, is summed up to form a 3-bit multiplicitymber, i.e. a multiplicity with a value of up
to 7. The 3-bit multiplicity number is then compadte a user downloadable threshold valug (N
<= 7). The comparison results from the three sulggsare then ANDed and that final result is
sent to that given signal processing channel wiieeecoincidence decision is desired. The
following table listed the value of multiplicity tput at different multiplicity threshold. SUM is
the summation of the 16 individual bits of a muitipy subgroup.

Multiplicity Multiplicity Output

Threshold N; (i=0,1,2,
j=0,1,....F)

(SUM>=0)?1:
(SUM>=1)?1:
(SUM>=2)?1:
(SUM>=3)?1:
(SUM>=4)?1:
(SUM>=5)21:
(SUM>=6)?1:
(SUM>=7)?1:

The following table describes the two multiplicggrameters in the Multiplicity tab.

N[OOI WINFO
oO|O|0|0O|Oo|o|o|o

Multiplicity Parameters Description

Multiplicity Mask Low][15:0] U_ser defined 48-bit contrlputlon mask [15:0] (magkfast
triggers from the module itself)

User defined 48-bit contribution mask [31:16] (magkfast
triggers from the module’s right neighbor)
N . User defined 48-bit contribution mask [47:32] (magkfast
Multiplicity Mask High{15:0] triggers from the module’s left neighbo[r) (mas
Multiplicity Mask High[21:16] Reserved
Multiplicity Mask High[24:22] 3-bit threshold for ¥ 16-bit coincidence group multiplicity
Multiplicity Mask High[27:25] 3-bit threshold for 2 16-bit coincidence group multiplicity
Multiplicity Mask High[30:28] 3-bit threshold for 8 16-bit coincidence group multiplicity

Multiplicity Mask Low[31:16]

3.3.12QDC

Eight QDC sums, each of which can have differengtle varying from 10 ns to 327.66,

are computed in the signal processing FPGA of &Hi& module for each channel and the sums
are written to the output data stream if the usgquests so. The recording of QDC sums starts at
the waveform point which is_Pre-trigger Trace Léngarlier than the trigger point, which is
either the CFD trigger or local fast trigger depegdon whether or not CFD trigger mode is
enabled. The eight QDC sums are computed one byconénuously, but they are not
overlapping. Both the QDC sum length and the Roggér trace length are set by the user. The
recording of QDC sums ends when the eight interval®e passed.

3.4 Run

At the top of the Run tab is a control to specife trun type: MCA mode run (0x301)
acquiring only histograms and list mode runs (0Ox1&quiring histograms as well as list mode
data. See section 4 for a detailed description.
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For MCA runs, data acquisition continues until #pecifiedrun timeis reached (but you can
always stop it manually). In list mode runs, thebmard FIFO memory will fill up as events are
acquired and therefore it has to be read out peeatid. The run time here only acts atirae out
after which the user interface aborts the run. gtléng timeis important only for list mode runs
— you should poll fast enough to ensure that oheeoh-board FIFO memory is filled, there will
be no substantial delays until the user interfaméices and reads out the data. To acquire more
than just a single FIFO memory full of data, yom caquest severabills. The number of spills
is ignored in MCA runs.

To synchronizestart and stop over all modules in the systemgclchite corresponding
checkbox. All modules will start the data acquasitiat the same time; and once one module
stops its acquisition, all other modules will stapthe same time as well. This prevents that
events are only partially acquired in different mlas$. To reset clock counters to zero at the
beginning of the run, check the btixsynchronize clockalso.

Data will be written to theutput filespecified, even if runs are aborted or manuatpsed.
The full file name will be “base name” plus a 4itigin number. If the file already exists, the
data will be_appendedf the corresponding checkbox is set, the run Imemwill be incremented
automatically.

Use theStart button to start a run, and tl¢opbutton to manually end the run before the run
time or number of spills is reached.

3.5 Results

The Resultstab shows run statistics such as live time, imqmd output count rate for each
channel and has 2 buttons to openMit@A spectrundisplay and thést modedisplay.

In the MCA spectrundisplay (Figure 3.6), the spectrum for all 16 aiels is displayed after
the run. The display can also be manually updatethg the run by clicking ofRRefresh (read
from module) Previous data can be viewed by clickingRead from file In thesingle channel
view, one channel is displayed in detail. ClickimgtheROI button lets the user define a region
of interest for which peak area, position and FWKMomputed (though these values should be
verified in full featured analysis software). Canlérto modify the behavior of the cursors and to
change scaling from linear to logarithmic are ledatbove the display.

In thelist modedisplay (Figure 3.7), the captured waveforms fachechannel are displayed
together with the computed energy and the timessanfpu can also specify a previous file
using the open file dialog. Only those channels Were set to “Good channel” will have valid
energy and traces if “Capture trace” is enabledu ¥an scroll through the events using the
Select event numbepontrol.
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Figure 3.6: The MCA spectrum display panel.
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Figure 3.7: The list mode data display panel.
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4 Data Runs and Data Structures

4.1 Run types

There are two run types: List mode runs and MCAogiam runs. Histogram runs only
collect spectra; list mode runs acquire data oavemt-by event basis.

4.1.1 Histogram Runs

If all you want to do is to collect spectra, rutmsld be started in histogram (MCA) mode.
For each event, pulse heights are calculated aed s increment the spectrum for the
corresponding channel, then discarded. Runs catincenindefinitely, or until a preset time is
reached. Besides the spectrum, run statisticsvaitable at the end of the run.

4.1.2 List Mode Runs

If, on the other hand, you want to collect dataaorevent-by-event basis, gathering energies,
time stamps, pulse shape analysis values, and wravef for each event, you should operate the
Pixie-16 in multi-parametric or list mode. In listode, you still obtain histogramming of
energies, e.g. for monitoring purposes. Runs vahtmue until a user manually stops the run.
The control software also includes a timeout fegtaausing the host to end runs.

4.2 Output data structures

Output data are available in two different memadicks. The multichannel analyzer (MCA)
block resides in memory external to the DSP. Téeniode data is located in the external FIFO
memory that can hold56K 18-bit words. The external FIFO allows continuous readiutst
mode data while a list mode run is in progress.

4.2.1 MCA histogram data

The MCA block is fixed to 32K words (32-bit) perarimel, residing in the external memory.
The memory can be read out via the PCI data buates over 100Mbyte/s and stored to file. If
spectra of less than 32K length are requested, gartyof the 32K will be filled with data.

4.2.2 List mode data

List mode data consists of an event header plage ifaCapture trace” is enabled. The event
header is used to identify the event, e.qg., thewblawhich recorded the event, the crate slot in
which the module that has this channel is installed timestamps and energy of the event, etc.
A user has the flexibility to make selections amtmg following event header data options. All
options are controlled by individual bits in the B$arameter CHANCSRA (Channel Control
Register A in the Control Registers tab).

Capture raw energy sums and baseline
Capture QDC sums
Capture raw energy sums and baseline, and QDC sums

However, for all options the following 4 words walways be included in the event header as
the first 4 words.
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Index

Data

Description

[31] | [30:17]

[16:12]

[11:8] [7:4] | [3:0]

Finish
Code

Event
Length

Header
Length

CratelD | SlotID| Chant#

Bits [3:0] — channel number; bits
[7:4] — PXI slot numberbits [11:8]
— PXI chassis numbeljts [16:12]
— header lengthits [30:17] —
event lengthbit [31] — event finish
code (0 — good event; 1 — piled-up
event)

[31:0]

EVTTIME_LO[31:0]

Event time (lower 32-bit of the 48-
bit timestamp) recorded by the

signal processing FPGA (latched |
either the local fast trigger or CFD

trigger)

Dy

[31:16]

[15:0]

CFD Fractional Time

EVTTIME_HI[15:0]

Bits [15:0] — event time (upper 16-
bit of the 48-bit timestamp}Bits
[31:16] — CFD fractional time x
65536 (0 if CFD trigger is not
enabled)

[31:16]

[15:0]

Trace Length

Event Energy

Bits [15:0] — event energyBits
[31:16] — trace length (O if no trace

is recorded)

The following sections illustrated the three diffiet event header output options.

4.2.2.1 Recording of raw energy sums and baseline E  NABLED
Index Data Description
[31:0] .
4 - Trailing energy sum
Energy sum - trailing
[31:0] _
5 _ Leading energy sum
Energy sum - leading
[31:0]
6 Gap energy sum
Energy sum - gap
[31:0] ,
7 i Baseline value
Baseline

4.2.2.2 Recording of QDC sums ENABLED

Index Data Description
[31:0]
4 QDC sum #0
QDCSum0
[31:0]
5 QODC sum #1
QDCSum1
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[31:0]

6 QDC sum #2
QDCSum2
[31:0]
7 QDC sum #3
QDCSum3
[31:0]
8 QDC sum #4
QDCSum4
[31:0]
9 QDC sum #5
QDCSumb5
[31:0]
10 QDC sum #6
QDCSum6
[31:0]
11 QDC sum #7
QDCSum7

4.2.2.3 Recording of raw energy sums and baseline a

nd QDC sums ENABLED

Index Data Description
[31:0] .
4 " Trailing energy sum
Energy sum - trailing
[31:0] .
5 _ Leading energy sum
Energy sum - leading
[31:0]
6 Gap energy sum
Energy sum - gap
[31:0] .
7 _ Baseline value
Baseline
8 [31:0] QDC sum #0
QDCSumO
9 [31:0] QDC sum #1
QDCSuml
10 [31:0] QDC sum #2
QDCSum?2
1 [31:0] QDC sum #3
QDCSum3
12 [31:0] QDC sum #4
QDCSum4
13 [31:0] QDC sum #5
QDCSum5
1 [31:0] QDC sum #6
QDCSum6
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[31:0] QDC sum #7
QDCSum7

15

4.2.2.4 Recording of trace ENABLED

If trace recording is enabled, trace data will indmagely follow the last word of the event
header. Since raw ADC data points are 12-bit numhbei 12-bit numbers are packed into one
32-bit word, as shown below. Since the event headeld have variable length (4, 8, 12 or 16
words) depending on the selection of various outiaid options, the header length, event length
and trace length that are recorded in the firstotd® of the event header should be used to
navigate through the output data stream.

Index Data Description
0 [31:0] Last word of event header which
Last word of event header could be 4, 8, 12, or 16 words long
[31:28] [27:16] [15:12] [11:0]
n+1 ADC Data ADC Data | Packing of ADC Data #0 and #1
Not used Not used
#1 #0
[31:28] [27:16] [15:12] [11:0]
n+2 ADC Data ADC Data | Packing of ADC Data #2 and #3
Not used Not used
#3 #2
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5 Hardware Description

The Pixie-16 is a 16-channel unit designed for gamnay spectroscopy and waveform
capturing. It incorporates five functional buildibtpcks, which we describe below. This section
concentrates on the functionality aspect. Techrspatifications can be found in section 1.3.

5.1 Analog signal conditioning
Each analog input has its own signal conditioning.rhe task of this circuitry is to adapt the

incoming signals to the ADC. The ADC is not a peaksing ADC, but acts as a waveform
digitizer. The stages in the analog circuitry asdalows:

1. Termination and attenuation
Incoming signals are terminated with 50 Ohms wihattenuation or terminated with
1K Ohm and 1:0.22 attenuation. These values mayif/gou specified custom
termination/attenuation when ordering the modules.

2. Offset
To compensate any remaining offset, a user coatt@AC adds up to +/- 1.5V DC
to the incoming signal. This stage also has a gaih

3. Nyquist
A subsequent opamp amplifies the signal by andtwor of 2 and removes the high
frequency components prior to feeding the sign# e ADC. The anti-aliasing
filter, an active Sallen-Key filter, cuts off shaymt the Nyquist frequency, namely
half the ADC sampling frequency. This stage als® dgain of 2.

4. ADC
The ADC digitizes incoming signal at 100 MSPS wathprecision of 12-bit. The
ADC has an input range of 2V. If the no-attenuatiquut option is used, the dynamic
range of the ADC is thus ~500mV. For 1:0.22 atteionathe overall gain reduces to
~0.9 and thus the dynamic range is 2.22V.

Though the Pixie-16 can work with many differergral forms, best performance is to be
expected when sending the output from a charggratieg preamplifier directly to the Pixie-16
without any further shaping.

5.2 Trigger/Filter FPGAs

The data streams from the ADCs are grouped intetd af four channels and fed into of a
field programmable gate array (FPGA) also incorpogaa FIFO memory for each channel.
Using a pipelined architecture, the signals are aiocessed at the full ADC sampling rate,
without the help of the on-board digital signal ggesor (DSP).

Note that the use of one FPGA for four channelswadl sampling the incoming signal at four
times the regular ADC clock frequency. If the chalsnare fed the same input signal, the
Trigger/Filter FPGA can give the each ADC a cloakwva 90 degree phase shift, thus sampling
the signal four times in one clock cycle. Speciaftvgare is required to combine the input
streams into one; contact XIA for details.
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The first task of the Trigger/Filter FPGA is to geatefast triggerson the rising edge of the
pulse. To detect triggers, the output of a shaggéar filter is compared to a user defined
threshold. Once a trigger is generated, it canisiilolted to other channels to stop waveforms
synchronously and it is used internally for a numdfdunctions such as pileup inspection.

The second task is to apply digital filtering tafpem essentially the same action as a shaping
amplifier. The important difference is in the typkfilter used. In a digital application it is easy
to implement finite impulse response filters, and use a trapezoidal filter. The flat top will
typically cover the rise time of the incoming sigaad thus makes the pulse height measurement
less sensitive to variations of the signal shapthernising edge.

Third, the Trigger/Filter FPGA contains a pileugpector. This logic ensures that if a second
pulse is detected too soon after the first, so thawould corrupt the first pulse height
measurement, both pulses are rejected as piledhg pileup inspector is, however, not very
effective in detecting pulse pileup on the risinigje of the first pulse, i.e., in general pulsestmus
be separated by their rise time to be effectivelgognized as different pulses. Therefore, for
high count rate applications, the pulse rise tistesuld be as short as possible, to minimize the
occurrence of pileup peaks in the resulting spe@&raser can choose to reject a pulse if it is
piled-up, or can disable the pileup rejection s thpiled-up pulse can still be recorded.

The forth component of the Trigger/Filter FPGA I tevent data storing memory blocks.
First, there is a FIFO memory block which is coatinsly being filled with waveform data from
the ADC. Its read pointer is always positioned stl@dlt it points to the beginning of the pulse
that caused the local fast trigger in the firstcplaThe second memory block is the dual port
memory (DPM) that is used to store the event heatfermation and trace. The DSP can
directly read data from these DPMs once it findsthare is data in those DPMs, and then the
DSP sends the event data to the external FIFO memor

5.3 Digital signal processor (DSP)

The DSP controls the operation of the Pixie-16¢saaw data from the Trigger/Filter FPGAs,
reconstructs true pulse heights, applies time ssamppepares data for output to the host
computer, and increments spectra in the on-boardane

The host computer communicates with the DSP, \8aP@|I interface, using a direct memory
access (DMA) channel. The host sets variablesarD8P memory and then calls DSP functions
to program the hardware. Through this mechanisroftdet DACs are set and the Trigger/Filter
FPGAs are programmed with their filter parameters.

The Trigger/Filter FPGAs process their data withsupport from the DSP, once they have
been set up. The DSP polls continuously the staittlse DPMs in the Trigger/Filter FPGAs. If
there is new data in the DPMs, it responds witldireathe required data from the Trigger/Filter
FPGAs, computing the pulse height, and storingethent header and trace (if requested) in the
external FIFO memory. It then goes back to theipglioop.

In this scheme, the greatest processing powercadd in the Trigger/Filter FPGAs. Each of
them processes the incoming waveforms from its agateal four ADCs in real time and
produces, for each valid event, a small set ofliddtdata from which pulse heights and arrival
times can be reconstructed. The computational foadhe DSP is much reduced, as it has to
react only on an event-by-event basis and has t& with only a small set of numbers for each
event.
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5.4 PCIl and Trigger Interface

The PCI interface through which the host commuegatith the Pixie-16 is implemented in a
PCI slave IC together with an FPGA. The configumnatof this PCI IC is stored in a PROM,
which is placed in the only DIP-8 IC-socket on Bigie-16 board. The interface conforms to the
commercial PCI standard. It moves 32-bit data weatdstime.

The interface dos not issue interrupt requesthi¢ohibst computer. Instead, for example to
determine when data is ready for readout, the hastto poll a Control and Status Register
(CSR) in the Communication FPGA.

The Communication FPGA links the PCI slave with &P and the on-board memory, both
the MCA memory and the list mode FIFO memory. Thetltan read out the memory without
interrupting the operation of the DSP. This allaygslates of the MCA spectrum while a run is in
progress and readout of list mode data from th®©FRikthout filling up memory.

A Communication FPGA also acts as an interface éetwhe DSP, Signal Processing FPGAs
and the backplane and it has 18 general purposedf@ections available on the front panel. It
can be configured to distribute trigger and hittgrat information from the Signal Processing
FPGAs, and over the backplane to other Pixie-16 ulesd In this way, coincidence or
multiplicity decisions can be made to accept oramatept an event; or a cell in a 2D array can
trigger its neighboring cells.
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6 Theory of Operation

6.1 Digital Filters for gray detectors

Energy dispersive detectors, which include sucidsihte detectors as Si(Li), HPGe, Hdgl
CdTe and CZT detectors, are generally operated etisiige sensitive preamplifiers as shown in
Figure 6.1 a). Here the detector D is biased byagel source V and connected to the input of
preamplifier A which has feedback capaciterabd feedback resistor.R

The output of the preamplifier following the abstiop of angray of energy kin detector D
is shown in Figure 6.1 b) as a step of amplituggon a longer time scale, the step will decay
exponentially back to the baseline, see sectioh 8VBien thegray is absorbed in the detector
material it releases an electric charge=(E:/e, wheree is a material constant.x@ integrated
onto G, to produce the voltage,\= QJ/C; = EJ/(eC;). Measuring the energysBf the gray
therefore requires a measurement of the voltage\stén the presence of the amplifier nosge
as indicated in Figure 6.1 b).

4 1 1 1 1 1
R, s Hiplpghyplining
—ANAA—T E i} I
I = ] Vi |
T a 9 i
D f g_ _ S L
0§ 2 M :
o ] A I
_4 T T T T T
0.00 0.02 0.04 0.06

Figure 6.1:a) Charge sensitive preamplifier with RC feedbackp) Output on absorption of angray.

Reducing noise in an electrical measurement ismaptished by filtering. Traditional analog
filters use combinations of a differentiation stagel multiple integration stages to convert the
preamp output steps, such as shown in Figure 6.intw) either triangular or semi-Gaussian
pulses whose amplitudes (with respect to theirlveesy are then proportional to,\and thus to
thegray’s energy.

Digital filtering proceeds from a slightly differermperspective. Here the signal has been
digitized and is no longer continuous. Instead iaistring of discrete values as showifigure
6.2. Figure 6.2is actually just a subset &igure 6.1 b) in which the signal was digitized by a
Tektronix 544 TDS digital oscilloscope at 10 MSAggasamples/sec). Given this data set, and
some kind of arithmetic processor, the obvious eggh to determining )is to take some sort
of average over the points before the step andatht from the value of the average over the
points after the step. That is, as showFigure 6.2 averages are computed over the two regions
marked “Length” (the “Gap” region is omitted becauke signal is changing rapidly here), and
their difference taken as a measure @f bhus the value ¥may be found from the equation:
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Vik =- WV, + WV (5)

ivi ivi
i (before i(after)

where the values of the weighting constaW{sdetermine the type of average being computed.
The sums of the values of the two sets of weighistrbe individually normalized.
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Figure 6.2: Digitized version of the data #igure 6.1b) in the step region.

The primary differences between different digitgingl processors lie in two areas: what set
of weights {W } is used and how the regions are selected forctmeputation of Eqn. 5. Thus,
for example, when larger weighting values are dsethe region close to the step while smaller
values are used for the data away from the step, &groduces “cusp-like” filters. When the
weighting values are constant, one obtains triaarg(if the gap is zero) or trapezoidal filters.
The concept behind cusp-like filters is that, sitlce points nearest the step carry the most
information about its height, they should be mdsbrgyly weighted in the averaging process.
How one chooses the filter lengths results in tragant (the lengths vary from pulse to pulse)
or time invariant (the lengths are the same fompalkes) filters. Traditional analog filters are
time invariant. The concept behind time variartefs is that, since thgrays arrive randomly
and the lengths between them vary accordingly, Gare make maximum use of the available
information by setting the length to the interpupacing.

In principal, the very best filtering is accompksh by using cusp-like weights and time
variant filter length selection. There are seri@osts associated with this approach however,
both in terms of computational power required t@leate the sums in real time and in the
complexity of the electronics required to genefatally from stored coefficients) normalized
{ W } sets on a pulse by pulse basis.

The Pixie-16 takes a different approach becauswas optimized for very high speed
operation. It implements a fixed length filter witgll W, values equal to unity and in fact
computes this sum afresh for each new signal valié@us the equation implemented is:
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k-L-G k
LV, =- Vv, + V, (6)

i=k-2L-G+1 i=k-L+1

where the filter length id and the gap is5. The factorL multiplying V, , arises because the
sum of the weights here is not normalized. Accomatiod this factor is trivial.

While this relationship is very simple, it is stiuery effective. In the first place, this is the
digital equivalent of triangular (or trapezoidalG 0) filtering which is the analog industry’s
standard for high rate processing. In the secoadeplone can show theoretically that if the noise
in the signal is white (i.e. Gaussian distributedpve and below the step, which is typically the
case for the short shaping times used for highasigate processing, then the average in Egn. 6
actually gives the best estimate gf M the least squares sense. This, of course, ystunangular
filtering has been preferred at high rates. Tridagfiltering with time variant filter lengths can,
in principle, achieve both somewhat superior resmtuand higher throughputs but comes at the
cost of a significantly more complex circuit andrate dependent resolution, which is
unacceptable for many types of precise analysigréttice, XIA's design has been found to
duplicate the energy resolution of the best analogpers while approximately doubling their
throughput, providing experimental confirmationtioé validity of the approach.

6.2 Trapezoidal Filtering in the Pixie-16

From this point onward, we will only consider trapedal filtering as it is implemented in the
Pixie-16 according to Egn. 6. The result of appgyysuch a filter with Length Lats and Gap
G=0.41s to ag-ray event is shown in Figure 6.3. The filter outuclearly trapezoidal in shape
and has a rise time equal to L, a flattop equ#b t@nd a symmetrical fall time equal to L. The
basewidth, which is a first-order measure of thierfs noise reduction properties, is thus 2L+G.

This raises several important points in comparimg hoise performance of the Pixie-16 to
analog filtering amplifiers. First, semi-Gaussidtefs are usually specified byshaping time
Their rise time is typically twice this and themlpes are not symmetric so that the basewidth is
about 5.6 times the shaping time or 2.8 times thisg time. Thus a semi-Gaussian filter
typically has a slightly better energy resolutidrart a triangular filter of the same rise time
because it has a longer filtering time. This isdgfly accommodated in amplifiers offering both
triangular and semi-Gaussian filtering by stretghtine triangular rise time a bit, so that thee
triangular rise time is typically 1.2 times thees#bd semi-Gaussian rise time. This also leads to
an apparent advantage for the analog system wha&mérgy resolution is compared to a digital
system with the same nominal rise time.

One important characteristic of a digitally shagespezoidal pulse is its extremely sharp
termination on completion of the basewidth 2L+GisThhay be compared to analog filtered
pulses whose tails may persist up to 40% of the tisie, a phenomenon due to the finite
bandwidth of the analog filter. As we shall seeolbelthis sharp termination gives the digital
filter a definite rate advantage in pileup freeotighput.
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Figure 6.3: Trapezoidalfiltering of a preamplifier step with L=1nms and G=0.4m

6.3 Baselines and preamplifier decay times

Figure 6.4 shows an event over a longer time ialeasad how the filter treats the preamplifier
noise in regions when rgray pulses are present. As may be seen the effébe filter is both
to reduce the amplitude of the fluctuations andicedtheir high frequency content. This signal is
termed thebaseline because it establishes the reference level fronchwkhe gray peak
amplitude \ is to be measured The fluctuations in the basdiene a standard deviatian
which is referred to as theectronic noiseof the system, a number which depends on the rise
time of the filter used. Riding on top of this rmishegray peaks contribute an additional noise
term, theFano noise which arises from statistical fluctuations in thmount of charge Q
produced when thgray is absorbed in the detector. This Fano nejsedds in quadrature with
the electronic noise, so that the total n@sg measuring Yis found from

S¢ = sqrt(si +s¢&) (7)

The Fano noise is only a property of the detectatenial. The electronic noise, on the other
hand, may have contributions from both the predmpliand the amplifier. When the
preamplifier and amplifier are both well designetd avell matched, however, the amplifier's
noise contribution should be essentially negligitehieving this in the mixed analog-digital
environment of a digital pulse processor is a mosal task, however.
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Figure 6.4: Agray event displayed over a longer time period tol®w baseline noise and the effect of
preamplifier decay time.

With a RC-type preamplifier, the slope of the preéfier is rarely zero. Every step decays
exponentially back to the DC level of the preametif During such a decay, the baselines are
obviously not zero. This can be seen in Figure WhEre the filter output during the exponential
decay after the pulse is below the initial levebt®&l also that the flat top region is sloped
downwards.

Using the decay constaht the baselines can be mapped back to the DC [&d. allows
precise determination afray energies, even if the pulse sits on the fglbiope of a previous
pulse. The value df, being a characteristic of the preamplifier, kmbé determined by the user
and host software and downloaded to the module.

6.4 Thresholds and Pile-up Inspection

As noted above, we wish to capture a value ofdv eachgray detected and use these values
to construct a spectrum. This process is also fetgntly different between digital and analog
systems. In the analog system the peak value neustdptured” into an analog storage device,
usually a capacitor, and “held” until it is digiéd. Then the digital value is used to update a
memory location to build the desired spectrum. Baithis analog to digital conversion process
the system is dead to other events, which can slgverduce system throughput. Even single
channel analyzer systems introduce significant tie&dat this stage since they must wait some
period (typically a few microseconds) to determimbeether or not the window condition is
satisfied.

Digital systems are much more efficient in thisanely since the values output by the filter are
already digital values. All that is required istake the filter sums, reconstruct the energy V
and add it to the spectrum. In the Pixie-16, therfsums are continuously updated by the RTPU
(see section 5.2), and only have to be read otitd¥YPSP when an event occurs. Reconstructing
the energy and incrementing the spectrum is donbdyPSP, so that the RTPU is ready to take
new data immediately after the readout. This uguakes much less than one filter rise time, so
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that no system deadtime is produced by a “captoncesdore” operation. This is a significant
source of the enhanced throughput found in digigatems.
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Figure 6.5: Peak detection and sampling in the Pigi16.

The peak detection and sampling in the Pixie-1bBaisdled as indicated in Figure 6.5. Two
trapezoidal filters are implementedfast filter and aslow filter. The fast filter is used to detect
the arrival ofgrays, the slow filter is used for the measuren@nV,, with reduced noise at
longer filter rise times. The fast filter has adillength k.= 0.1 and a gap G=0.1ns. The slow
filter has Ls= 1.2vs and G= 0.351s.

The arrival of theyray step (in the preamplifier output) is detedbgddigitally comparing the
fast filter output to THRESHOLD, a digital constast by the user. Crossing the threshold starts
a counter to count PEAKSAMP clock cycles to arehe appropriate time to sample the value
of the slow filter. Because the digital filteringogesses are deterministic, PEAKSAMP depends
only on the values of the fast and slow filter dants and the rise time of the preamplifier
pulses. The slow filter value captured following ASAMP is then the slow digital filter's
estimate of Y.
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Figure 6.6: A sequence of §ray pulses separated by various intervals to shothe origin of pileup and
demonstrate how it is detected by the Pixie-16.

The value V captured will only be a valid measure of the asgedgray’s energy provided
that the filtered pulse is sufficiently well sepaa in time from its preceding and succeeding
neighbor pulses so that their peak amplitudes atelistorted by the action of the trapezoidal
filter. That is, if the pulse is ngiled up The relevant issues may be understood by referenc
Figure 6.6, which shows §rays arriving separated by various intervals. Tdst filter has a
filter length Ls = 0.1ns and a gap G=0.1s. The slow filter hasd= 1.2rs and G = 0.35rs.

Because the trapezoidal filter is a linear filies,output for a series of pulses is the linear sum
of its outputs for the individual members in theis® Pileup occurs when the rising edge of one
pulse lies under the peak (specifically the sangppnint) of its neighbor. Thus, in Figure 6.6,
peaks 1 and 2 are sufficiently well separated s¢ tthe leading edge of peak 2 falls after the
peak of pulse 1. Because the trapezoidal filtection is symmetrical, this also means that pulse
1's trailing edge also does not fall under the pefkjgulse 2. For this to be true, the two pulses
must be separated by at least an interval of L Péaks 2 and 3, which are separated by less
than 1.0ms, are thus seen to pileup in the present examipieand.2ns rise time.

This leads to an important point: whether pulsefesslow pileup depends critically on the
rise time of the filter being used. The amount idéyp which occurs at a given average signal
rate will increase with longer rise times.

Because the fast filter rise time is only @4, thesayray pulses do not pileup in the fast filter
channel. The Pixie-16 can therefore test for slbannel pileup by measuring the fast filter for
the interval PEAKSEP after a pulse arrival timendf second pulse occurs in this interval, then
there is no trailing edge pileup. PEAKSEP is ugusdt to a value closeto L + G + 1. Pulse 1
passes this test, as shown in Figure 6.6. Pulsevever, fails the PEAKSEP test because pulse
3 follows less than 1.08. Notice, by the symmetry of the trapezoidal fjliepulse 2 is rejected
because of pulse 3, then pulse 3 is similarly tepebecause of pulse 2.
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6.5 Filter range

To accommodate the wide range of filter rise tinfresn 0.04ns to 81ns, the filters are
implemented in the RTPUs configurations with diéfierr clock decimation (filter ranges). The
ADC sampling rate is always 10ns, but in higherckldecimations, several ADC samples are
averaged before entering the filtering logic. Itideation 1, 2 samples are averaged,samples
in decimation 2, and so on. Since the sum of fee tand flat top is limited to 127 decimated
clock cycles, filter time granularity and filtemies are limited to the values are listed in Table
6.1.

Filter range | Filter granularity |max. T yisetThat | MiN. Tyise min. Tyt
1 0.0 2.548 0.04rs 0.06rs
2 0.04ns 5.08% 0.08rs 0.12rs
3 0.081s 10.165 0.16rs 0.24rs
4 0.167s 20.32s 0.32rs 0.48rs
5 0.3 40.64s 0.64rs 0.96rs
6 0.64ns 81.28% 1.28rs 1.92rs

Table 6.1: RTPU clock decimations and filter time ganularity.

All filter ranges are implemented in the same FP&hifiguration. Only the “Filter Range”
parameter of the DSP has to be set to select i@ydartrange.

For detectors with even slower time constants, Rhee-16 can be loaded with different
firmware files that perform even higher averagiigis allows pulses with decay times in the
millisecond range to be processed. Contact XIAdtails of this firmware.
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7 Operating multiple Pixie-16 modules synchronously

When many Pixie-16 modules are operating as amystemay be required to synchronize
clocks and timers between them and to distribuiggers across modules. It will also be
necessary to ensure that runs are started andestagmchronously in all modules. All these

signals are distributed through the PXI backplane.

7.1 Clock distribution

In a multi-module system there will be one clockstea and a number of clock slaves or
repeaters. The clock function of a module can lectsd by setting shunts on Jumper JP101 at

the rear of the board.
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Figure 7.1: Jumper Settings for different clock digribution modes. An individual module uses its owrocal
clock (a). In a group of modules, there will be o& daisy-chained clock master in the leftmost postth and
several repeaters (b). Alternatively, the PXI clocldistribution path can be used, with the module irslot 2 the
PXI clock master and the other modules as PXI clockecipients (c). In multi-chassis systems, the mothiin
slot 2 in the clock master chassis should be condiged shown in the top picture of (d), the modulesi slot 2 in
all other chassis as shown in the bottom picture qfl), and modules in any other slot as in the botto picture
of (c). The local clock can be substituted by an LWS clock input on the front panel by using the “Lo¢& pin
instead of the “FP” pin and setting jumper JP5 to ‘CIk”.

7.1.1 Individual Clock mode

If only one Pixie-16 module is used in the systemf clocks between modules do not have to
be synchronized, the module should be set intoviddal clock mode, as shown in Figure 7.1a.

Connect pin 7 of JP101 (the clock input) with ardghto pin 8 (LOC — IN). This will use the local

clock crystal as the clock source.
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7.1.2 Daisy-chained Clock Mode

The preferred way to distribute clocks between neglis to daisy-chain the clocks from
module to module, where each module repeats antifasphe signal. This requires one master
module, located in the leftmost slot of the grofiPixie-16 modules. The master module has the
same jumper settings shown in Figure 7.1b (tophguss local crystal as the input and sending
its output to the right (LOC — IN, OUT — Right). ffggure the other modules in the chassis as
clock repeaters by setting the jumpers as showsigare 7.1b (bottom), using the signal from
the left neighbor as the input and sending its wutp the right (Left — IN, OUT — Right). There
must be no gaps between modules.

7.1.3 PXI Clock Mode

A further option for clock distribution is to usket PXI clock distributed on the backplane.
This clock is by default generated on the backpld®Hz), repeated by a fan out buffer and
connected to each slot by a dedicated line withmum skew. Though the 10MHz is too slow
to be a useful clock for the Pixie-16, it can bermiden by a signal from a module in slot 2.

The Pixie-16 can be configured to be the PXI clowster in slot 2, by connecting pins 6 and
8 (Loc — BP). All modules, including the clock marstshould be set to receive the PXI clock by
connecting pin 1 and 3 on JP101 (PXI — IN), seguid 7.1c.

7.1.4 Multi-Chassis Clock Mode

In multi-chassis systems (Figure 7.1d), the “leftid “right” connections are taken over by a
P16Trigger board on the rear backplane. The maduéot 2 in the clock master chassis should
be configured to send its local clock to the P1§der board (Loc - Right), receive it back from
the P16trigger board and send it to the PXI clogiut (Left - BP), and receive the PXI clock as
the input for on-board distribution (PXI — IN), semgure 7.1d (top). The modules in slot 2 in all
other chassis receive the clock from the P16triggeard and send it to the PXI clock input
(Left — BP), and also receive the PXI clock asittpit for on-board distribution (PXI — IN), see
Figure 7.1d (bottom). The modules in any other shatuld be set to use the PXI clock as the
input (PXI-IN) as in Figure 7.1c (bottom).

7.2 Front panel LVDS 1/O port

Figure 7.2 shows the layout of the front panel LVDS port (J101). This port can be
configured to either input or output 4 differenfair LVDS signals.
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Figure 7.2: Layout of Pixie-16 front panel LVDS I/Oport (J101).

7.3 Front panel digital I/0 port pin

To aid system setup by a user or for debuggingqaepPixie-16 provides up to six test pins
(outputs) through the front panel connector J10fe Test pins can be connected to various
internal signals of the Pixie-16 to provide insigitthe current status of the system. In addition,
each Pixie-16 module can accept up to six extesigmlals in TTL format. The external signals
can be external triggers, external clocks, rundilgignals, etc. Figure 7.3 shows the layout of
these test pins and the following table shows ipeads connected to each pin.

<}7
—>
<}7
—
Figure 7.3: Layout of Pixie-16 front panel 3.3V I/Oport (J100).
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PIN # PIN Name Signal Name Description
1 Fa FTRIG_DELAY | Delayed local fast trigger
2 GND GND Ground
- 3 Fo FTRIG_VAL Validated, delayed local fast trigger
§. 4 Fo ETRIG_CE Stretched external trigger
3 5 Fao VETO _CE Stretched veto
6 Fas CHANTRIG[0] | Coincidence trigger from channel O
7 GND GND Ground
8 For VETO_IN[O] Veto signal from the first channel
9 Fio Not used
10 GND GND Ground
11 Fb RUN_INHIBIT | Signal to inhibit run (TTL)
3 |12 Fis Not used
£ 13 Fiy EXT_TRIG External trigger (TTL)
14 Fis Not used
15 GND GND Ground
16 Fiy Not used

7.4 Sample signals for front panel test pins

The timing diagrams shown below (Figure 7.4 andifégr.5) were acquired using a digital
oscilloscope (MSO6054A) from Agilent Technologi&hown on the top of the diagrams was
the analog pulse generated by a BNC random pulser.

Figure 7.4 shows a sample timing diagram of an evalidated by an external trigger. This
event was validated (D1) by the existence of amres trigger (D2 and D4), but it was not
vetoed since no veto pulse showed up on line D3nwdelayed fast trigger (DO). On the
contrary, Figure 7.5 shows a sample timing diagodran event vetoed by the Veto signal. This
event was vetoed since the stretched veto windd@y (s open when delayed fast trigger (DO)
arrived. Also, even though the external triggeived as shown on D4, the stretched external
trigger window, supposed to be shown on D2, washiisl due to the existence of the stretched
veto window in D3.

Signal # | Signal Name

(DIRECTOR)
1 PULSER PULSE
DO FTRIG_DELAY
D1 FTRIG_VAL
D2 ETRIG_CE
D3 VETO CE
D4 CHANTRIG[O]
D5 VETO _IN[O]
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Figure 7.4: Sample timing diagram showing an eventalidated by an external trigger. This event was
validated (D1) by the existence of an external triger (D2 and D4), but it was not vetoed since no \@pulse
showed up on line D3 when delayed fast trigger (D@yrived.

Figure 7.5: Sample timing diagram showing an eventetoed by the Veto signal. This event was vetoedse
stretched veto window (D3) was open when delayedstarigger (DO) arrived.
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7.5 Trigger distribution

7.5.1 Trigger Distribution within a Module

Within a module, each channel can be enabled teeissggers. Two kinds of triggers are
distributed: First, d&ast Triggerindicating the trigger filter just crossed thees$mold, which is
used to start pileup inspection and to latch tiargts, among other things; seconRecord
Trigger that validating the event as acceptable.

If channels are put in “group trigger” mode, eacger enabled channel issues both kinds of
triggers to the central Communication FPGA, whiciids an OR of each type and sends it back
to all channels. The channels then use the diséribfast triggers and record triggers instead of
their own local triggers to capture data. In theyywone channel can cause data to be acquired at
the same time in all other channels of the triggeup.

7.5.2 Trigger Distribution between Modules

Triggers can also be distributed over the PXI bk Each trigger uses a common
backplane line for all modules, which is set upvtwrk as a wired-OR. Normally pulled high, the
signal is driven low by the module that issuesiggér. All other modules detect the lines being
low and send the triggers to all channels (the placle line carries a system-wide trigger that
essentially acts as a'8nput to the trigger OR in the Communication FPGffeach module).
Alternatively, triggers can also be distributed ite nearest neighbors through the nearest
neighbor lines on the backplane.

Each module can be enabled to share triggers beebdckplane lines or not. In this way, a
trigger group can be extended over several moduleach module can form its local sub-group.

Beside the standard trigger signals, there are itihame 160 lines on the custom backplane to
distribute trigger, coincidence and I/O signalse3é can be configured in a number of ways.
Contact XIA for customizing these lines.

7.5.3 Trigger Distribution between Chassis

Clocks and triggers can be distributed betweensibasing the P16Trigger rear 1/O module.
See the user manual for the P16Trigger moduledtaild.

7.6 Run Synchronization

It is possible to make all Pixie-16 modules in ateyn start and stop runs at the same time by
using a wired-OR SYNC line on the PXI backplanee Tan synchronization works as follows.
When the host computer requests a run start, the @@ first execute a run initialization
sequence (clearing memory etc). At the beginninghefrun initialization the DSP causes the
SYNC line to be driven low. At the end of the ialization, the DSP enters a waiting loop, and
allows the SYNC line to be pulled high by pullugistors. As long as at least one of all modules
is still in the initialization, the SYNC line wilbe low. When all modules are done with the
initialization and waiting loop, the SYNC line wiljo high. The low->high transition will signal
the DSP to break out of the loop and begin takiag.dOptionally, all timers can be reset to zero
when coming out of the waiting loop. From then bayt will remain in synch if the system is
operated from one master clock.

Whenever a module encounters an end-of-run cond#ial stops the run it will also drive the
SYNC line low. This will be detected in all otheodules, and in turn stop their data acquisition.
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8 Troubleshooting

8.1 Startup Problems
The following describes solutions to common staptgblems.

1. Computer does not boot when Pixie-16 module is irated in chassis
This is usually caused by an incorrect clock sgttin the Pixie-16 module. Each module
needs to have a valid clock to respond to the caenjguscanning of the PCI bus.

2. Computer reports new hardware found, needs driverifes
Whenever a Pixie-16 module is installed in a sfahe chassis for the first time, it is
detected as new hardware, even if Pixie-16 mochdgs been installed in other slots
previously. Point Windows to the driver files prded with the software distribution.

3. When starting up modules in the interface programdownloads are “unsuccessful”
This can have a number of reasons. Verify that:
- The files and paths point to valid locations.
- The slot numbers entered match the location@htibdules.
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9 Appendix A

This section contains hardware-related information.

9.1 Jumpers

Clock Mode JP101 PCB Reference
Single Module Connect pins 7 - 8 LOC - IN
Daisy-Chained Connect pins7-8,9-10 LOC — IN,
Clock Master OUT - Right
Daisy-Chained Connect pins 3—4,9-10 Left — IN,
Clock Repeater OUT - Right
PXI Clock Master | Connectpins1—-3,6-8 Loc — BP,
PXI - IN
PXI clock Connect pins 1 -3 PXI—IN
recipient
Multi - Chassis Connect pins LOC — Right,
SystemClock 8-10,4-6,1-3 Left — BP,
Master (with PXI—IN
P16Trigger board)
Multi - Chassis Connectpins4-6,1-3 Left — BP,
Chassi<Clock PXI—IN
Master (with
P16Trigger board)

Table 9.1: On-board jumper settings for the clock @tribution on Pixie-16 modules. Pin 1 is at the uper left.
To use the front panel input instead of the locallock, connect use pin 5 instead of pin 8 and set Bto “CIK.

9.2 PXI backplane pin functions

J2 pin PXI pin Connection Type Pixie pin function
number name

1A LBL9 Left neighbor Nearest Neighbor 0 (left)
16A TRIG1 Bussed Event Trigger

17A TRIG2 Bussed Veto

18A TRIG3 Bussed Sync

21A LBRO Right neighbor Clock output

16B TRIGO Bussed Fast Trigger

18B TRIG4 Bussed Reserved

1C LBL10O Left neighbor Nearest Neighbor 1 (left)
3C LBRS8 Right neighbor Token Ring Out

18C TRIG5 Bussed Token Ring Return
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J2 pin PXI pin Connection Type Pixie pin function

number name

20C LBLO Left neighbor Clock input

3D LBR9 Right neighbor Nearest Neighbor O (right)
17D STAR Star trigger to slot 2 Reserved

2E LBL8 Left neighbor Token Ring In

3E LBR10 Right neighbor Nearest Neighbor 1 (right)
16E TRIG7 Bussed Bussed Clock

17E CLK10 Clock PXI1 Clock

Table 9.2 Pins of the J2 backplane connector defined in thEXI standard used by the Pixie-16. Pins not
listed are not connected except for pull-ups recomended by the PXI standard.

9.3 Pinout of Digital Front Panel Connectors

Pin number Type Function
1 Output
2

3 Output
4 Output
S Output
6 Output
7

8 Output
9 Input
10

11 Input
12 Input
13 Input
14 Input
15

16 Input

Table 9.3: Pinout of the 2mm front panel connector.The signal type is 3.3V LVTTL. Outputs are series
terminated with 50 Ohm. Inputs have 5V tolerant Scimitt trigger buffers. Note that inputs and outputs can
be daisy-chained with a split cable. Signal functiazs are configurable, please contact XIA for details

Pair number Pin Type Function
1 1,2 I/O or clock input

2 3,6 I/O

3 4,5 I/O

4 7,8 I/O

Table 9.4: Pinout of the CAT 5 front panel connecto The signal type is LVDS. Differential pair are
terminated with 100 Ohm (between each other). Pail can be sued as a clock input if JP5 is set to €l
Signal functions are configurable, please contactI’ for details.
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