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AgendaAgenda

• Basic Principle of a SEM-Grid (Profile Grid/Harps; PG) 
• Currently Hardware Architecture
• Why new PG-Electronics ?
• QFW-ASIC by Dr. H. Flemming, EE 
• Test boards with QFW-ASIC
• New prototype of PG-Electronics
• The new measurement system (prototype version)
• Experiments at profile grid UX2DGA at beam line X2
• Results of measurements
• Outlook – next steps
• Discussion

SEM-Grid (Secondary Electron eMisson Grid)

QFW (Charge-Frequency-Converter)
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Basic Principle of a Profile GridBasic Principle of a Profile Grid

Ion beam profile are shown on PC

screen at GSI main control room 

SEM-Grid with 2 x 16 wires

2 x 32 wires

2 x 64 wires

2 x 128 wires

Ion beam hit the wires and secondary electrons are produced.
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Basic Principle of a Profile GridBasic Principle of a Profile Grid

SEM-Grid with 2 x 64 wires

Ion beam profiles at main control room 
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Current Hardware Architecture Current Hardware Architecture 

PG
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SEM-Grid: 16,32,...,96 wires

Analogue PCB

(Front-end amplifiers)  

ADU-PCB with
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MIL-Interface card Rack
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Present Profile Grid ElectronicsPresent Profile Grid Electronics

Additional objective with respect to the FAIR project:

Reduction of costs per unit !                 QFW from EE

– Assembled with outdated electronic components (> 20 years)

– High purchase costs
At present:  ~30 k€ for one profile-grid analogue instrument with 64 wires/inputs

~500 € per analogue input channel

– Extended delivery time of electronic components
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Proposal Proposal –– Investigation of QFWInvestigation of QFW

QFW module PCB with ASIC by Dr. H. Flemming/GSI-EE

• ASIC provides 2 ranges  (0.25 or 2.5 pC/pulse)

• Large dynamic range 300 fA …130 µA

• Power supply 5V and 3.3V (ASIC),
(module needs 5.2-7V)

• 4 analogue inputs/ASIC 
(module has 4 LEMO coaxial inputs)

• 4 on-chip counters, 16bit

• Output frequency 40 MHz (10 or 100 µA)

• QFW has digital interface (serial or parallel) 
(module only serial port in operation)

• Module with additional drivers 
(LVDS and ECL compatible) 

• Offset correction via parallel interface 

• Price: <50 €/ASIC          

QFW
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QFWQFW--ASIC ASIC -- Working PrincipleWorking Principle

Block diagram of QF converter core

(with 4-bit DAC)

2 QF cores per channel

Input current is integrated in active core #1

Comparator incriminates integrator voltage 
and DAC reference

If comparator trips the counter advances 
one step (or LSB value)

On overflow the integrator of core #1 is reset 
while core #2 gets activated

The measured charge per step is defined by     
dQ = ULSB * Ci

The output frequency is linearly dependent 
of the input current: 

f = I / dQ

core 1 core 2
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QFW output characteristicsQFW output characteristics

Converter characteristics for negative currents
a) low current range (up to 10 µA)
b) high current range (up to 100 µA)

QFW converter output characteristics for negative and positive currents 
over seven orders of magnitude in current.

Converter characteristics for positive currents
a) low current range (up to 10 µA)
b) high current range (up to 100 µA)

b)

a)

b)

a)
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Further DevelopmentFurther Development

QFW

Previous Investigations

– Linearity in different ranges
– Range extension (current divider)
– Range of errors (variance)
– Gain synchronicity between channels
– Channel crosstalk
– Radiation hardness (TID with X-ray)
– Temperature drifts
– Offset stability

PIC
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TID investigation 
at research centre Karlsruhe

• X-ray tube @ 60kV
• Tests until 11 kGy (SiO2)
• all ASICs functional
after radiation

• increasing of offset-current (<10nA)
• immediate of self-annealing

after radiation switch-off
(after several weeks the QFW has the same parameters like before radiation) 

• Compare: PIC didn´t work after radiation of under 0.6 kGy

Investigation with XInvestigation with X--rayray
Shielded X-ray tube with target board

"X-ray cupboard" at lab
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Prototype DevelopmentPrototype Development

Setup with 8 QFW-ASICs / 32 input channels !

New QFW-Board
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Measurement EquipmentMeasurement Equipment

Hardware:
- RIO 2 (CPU and network connection)

- VULOM (for MBS system, trigger dead time operation)

- VUPROM (FPGA, QFW-control unit)

- TRIVA (Trigger module for MBS)

- LEVCON (Level converter box)

- VME-Crate

- QFW-motherboard with external power supply

Software:
- Go4* (program for analysis)

- C program (setting QFW registers)

- MBS (DAQ - Multi Branch System)

VUPROMVME-Crate *Go4 (GSI Objected Oriented On-line Off-line system)
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Setup at Beam Line X2Setup at Beam Line X2

UX2DGA

UX2DGB
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Beam Diagnostic Devices at X2Beam Diagnostic Devices at X2

Faraday-Cup SEM-Grid Transfomer

UX2DCB UX2DTB UX2DGB UX2DGA UX2DTA UXBDG2

40 cm 60 cm 95 cm

BEAM

QFW VUPROM GO4 PC at MCR

PG Cable

PC
Remote

C/F
VME

Destop
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Beam Tests Beam Tests -- November 2010November 2010

1. Beam Test Block (5.-7.11.2010)
– Xe-124,  4.8 MeV/u,  max. 1mA pulse peak, 1 Hz
– Functional test of new readout electronics (with 21m cable)

2. Beam Time Block (9.-10.11.2010) 
– Xe-124,  4.8 MeV/u, max. 1mA pulse peak, 1 Hz
– New software „3D“ record of beam profile (XY and Time)

3. Beam Time Block (22.-24.11.2010)
– U-238,  8.6 MeV/u, max. 2mA pulse peak, 1 Hz
– Extended current range. Measurements up to 10 mA now possible
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Measurement ResultsMeasurement Results

Presentation and 
pre-analysis 

via Go4 software
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““End of Beam”End of Beam”

“falling edge”

X-Profile

Y-Profile
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Detection LimitDetection Limit
2D plot (accumulated counts over 150 µs)

CS

3D plot (15 µs per time slice)

150 µs

• QFW is a Charge Frequency Converter.
• In the sensitive range charges are measured with 0.25 pC/pulse.
• The smallest possible current to be measured depends strongly on the time for 

the measurement.       I = Q/t
• E.g.: Imin,15µs = 0.25pC/15µs = 16nA

Imin,150µs = 0.25pC/150µs = 1.6nA
Imin,500µs = 0.25pC/500µs = 500pA

CS
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Profile Grid and FaradayProfile Grid and Faraday--Cup MeasurementCup Measurement

Faraday-Cup connected to X-profile channel 16
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Preliminary Results of MeasurementsPreliminary Results of Measurements

• Readout electronic with QFW ASICs were successfully tested
– All objectives were successfully achieved during beam times
– Temporal resolution of ion beam possible (order of few µs)

• Good agreement between new and old readout system in 
determining the beam position.

• Beam profile identification was still possible at a beam current of 
approx. 30-50 nA @ 100 µs integration time

could be improved by increasing the measurement time
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OutlookOutlook

• Further analysis of beam time data

• Upgrading of the FPGA readout software
– Data talking not limited to 10 time slices (maybe several 100 ???)
– New features (e.g. automatic offset calibration via FPGA)

• Measurement with MWPC

• Beam measurements with higher beam energies (for FAIR)

• Measurement of longer beam pulses

• Test further applications
– "multiple" Faraday-Cups (Uni Kiel, IEAP)
– Source beam measurements (Quellenstand)
– Online monitoring for Biophysics group at X6 (before/after radiation)
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Many Thanks...Many Thanks...

Hansjörg Reeg, SD
Frank Becker, SD

Beata Walasek-Höhne, SD
Winfried Barth, BT
Ludwig Dahl, BT
UNILAC-Team

Operating

to
Peter Skott, EE

Gabriele Zeitträger, EE
Holger Flemming, EE

Jan Hoffmann, EE
Jochen Frühauf, EE
Nikolaus Kurz, EE

Jörn Adamczewski-Musch, EE
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Thanks For Your Attention



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


