Datasheet MLFC128-60

Multilayer Faraday Collector
for Proton Energies 10 to 65 MeV

Features

¢ Independent and absolute beam energy measurement
of proton beams

e Total beam current measurement

e Proton energies from 10 to 65 MeV

e Compact, fully-screened design

e 128 beam collection plates

e 72 mm diameter sensitive area

e No vacuum system or HV bias required

e Compatible with 1128 and 16400 readout electronics

e Each unit individually calibrated based on measured
plate areas and weights

¢ Integrated Microhex filter for improved low energy
resolution

Applications Proton beam energy verification

Accelerator development
Accelerator system commissioning
General high energy proton beam diagnostics

Specifications

Beam compatibility

Species Protons

Energy range 10 MeV to 65 MeV

Beam current range Maximum recommended continuous or averaged beam currents (thermal
limitation):

1 pA for ten seconds, 100 nA for 100 seconds, 10 nA for 15 minutes.
Allow 5 minutes cool down before further beam delivery.

Note : maximum current per channel for the 1128S electrometer is 0.55 pA.
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Sensor

Type

Collector plates

Sensitive area

Mechanical

Insertion length

Overall size

Weight

Operating environment

Shipping and storage
environment

Readout

Compatible electronics

Cable length

Cable adaptation

Software

128-layer Faraday collector

128 copper 0.0313 mm thickness insulated by FR4 and Kapton™ interlay-
ers.

72 mm nominal diameter, suitable for protons beams with Gaussian lateral
distribution sigma up to 10-12 mm.

120 mm

120 mm by 120 mm by 145 mm approx including handle (see figures)

2.5kg (5.51b).

Clean and dust-free, 0 to 35 C (15 to 25 C recommended , < 70% humidity,
non-condensing, vibration < 0.1g all axes (1 to 50 Hz)

-10 to 50 C, < 80% humidity, non-condensing, vibration < 2g all axes, 1 to
100 Hz

[128S (standard) 128-channel electrometer,
or
[128 128-channel electrometer.

Standard length 16’ (4.9 m).
Longer cables available on request.

Adaptors available from 68-way VHDCI-terminated cables to 44-way HD44-
terminated cables (ADAP-VH68-2HD44M, ADAP-2VH68-4HD44M).

Beam analyser host software application for Microsoft Windows included with
MLFC-128-SYS packages providing direct readout of beam energy, energy
spread and total current using unit-specific calibration tables. Trend analysis
and historical results database.

Pre-configured laptop computer available as option.

Raw data also available using PTCDiagnosticG2 for Windows or Linux, in-
cluded with 1128S electrometer.
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Connectors

Strip readout Two Centronics VHDCI 68 way receptacle (SCSI 5 type). Gold-plated con-
tacts. Mating connector Molex VHDCI 0.8MM plug.

VHDCI #1 Plates 1 to 64

Top row Bottom row
Chassis 18 Plate 16 35 |Chassis 52 Plate 48
Plate 32 19 Plate 15 36 Plate 64 53 Plate 46
Plate 31 20 Plate 14 37 Plate 63 54  Plate 46
Plate 30 21 Plate 13 38 Plate 62 55 Plate 45
Plate 29 22 | Plate 12 39 Plate 61 56 Plate 44
Plate 28 23 Plate 11 40 | Plate 60 57 Plate 43
Plate 27 24 Plate 10 41 | Plate 59 58 Plate 42
Plate 26 25 | Plate 09 42 Plate 58 59 Plate 41
Plate 25 26  Plate 08 43 Plate 57 60 Plate 40
10 Plate 24 27 | Plate 07 44  Plate 56 61 Plate 39
11  Plate 23 28 | Plate 06 45 Plate 55 62 Plate 38
12  Plate 22 29 Plate 05 46 Plate 54 63 Plate 37
13  Plate 21 30 | Plate 04 47  Plate 53 64 Plate 36
14 Plate 20 31 Plate 03 48 Plate 52 65 Plate 35
15 Plate 19 32 | Plate 02 49 | Plate 51 66 Plate 34

—_
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16 Plate 18 33 Plate 01 50 Plate 50 67 Plate 33
17 | Plate 17 34 Chassis 51 | Plate 49 68 Chassis

34 1
68 35
Pins connected to chassis do so via OR resistors.
Connector shell is common with MLFC body.
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Connectors

(continued)

Pixel readout (cont) VHDCI # 2 Plates 65 to 128

Top row Bottom row

1 Chassis 18 Plate 80 35 Chassis 52 Plate 112
2 Plate 96 19 Plate 79 36 Plate 128 | 53 | Plate 111
3 |Plate 95 20 Plate 78 37 Plate 127 | 54 Plate 110
4 Plate 94 21 Plate 77 38 Plate 126 | 55 Plate 109
5 Plate 93 22 Plate 76 39 Plate 125 @ 56 Plate 108
6 Plate 92 23 Plate 75 40 |Plate 124 = 57 Plate 107
7 Plate 91 24 | Plate 74 41 | Plate 123 = 58 Plate 106
8 |Plate 90 25 Plate 73 42 Plate 122 59 Plate 105
9 |Plate 89 26 Plate 72 43 | Plate 121 = 60 Plate 104
10 Plate 88 27 | Plate 71 44 | Plate 120 @ 61 Plate 103
11 Plate 87 28 Plate 70 45 | Plate 119 = 62 Plate 102
12 Plate 86 29 Plate 69 46 | Plate 118 = 63 Plate 101
13 | Plate 85 30 Plate 68 47 | Plate 117 = 64 Plate 100
14 Plate 84 31 | Plate 67 48 |Plate 116 = 65 Plate 99
15 Plate 83 32 | Plate 66 49 | Plate 115 @ 66 Plate 98
16 Plate 82 33 | Plate 65 50 Plate 114 | 67 Plate 97
17 Plate 81 34 Chassis 51 |Plate 113 68 Chassis

\ D) |

Pins connected to chassis do so via OR resistors.
Connector shell is common with MLFC body.
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Calibration

Energy calibration

Each MLFC-128 is individually characterised for protons at time of manufac-
ture based on the weights and areas of its plates plus the insulators to yield a
calibration table of plate number against proton energy. The value assigned
to a plate is the energy at which the mean range is halfway through the plate
thickness. Intermediate energies are calculated by interpolation of the table
values using a longitudinal position obtained by fitting a curve to the distribu-
tion of measured currents in the plates.

The nominal calibration is as shown:
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Range spread and thus energy spread is obtained by de-convolution of the
known range straggling of mono-energetic protons in copper from the meas-
ured spread in range using the known range straggling of mono-energetic
protons in copper.

Opeam = \/ (Gmeas2 - cfmonoz)

Note: All critical dosimetry measurements must be referenced to traceable
external standards, and regularly validated.
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Narrow energy range response

The energy calibration is almost linear over narrow ranges, simplifying measurements of deviations from
a nominally fixed energy. The following plots show the typical end of range peaks and linearity of the
corresponding fitted centroids in the range 28 to 32 MeV.

120000
100000
80000
60000
40000

20000

18 19 20 21 22 23 24 25 26 27 28
-20000
—8—28.0MeV —e—28.5MeV 29.0MeV —8—29.5MeV —8—30.0MeV
30.5MeV —8—31.0MeV —0—31.5MeV —e—32.0MeV
33.0
32.0 o
> o)
=
— 31.0 [}
>
0
5 o
&
o 30.0 o
@
2 o
£
c 29.0 o]
o
2
e o
a
28.0 o
27.0
19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0

End of range fitted centroid (channels)
Structure

Energy resolution

Typical interpolation with good signal to noise ratio and for a fitted end of range peak centroid is 0.1
layers or better. The energy resolution follows from the local slope of the calibration curve.

For example at 30 MeV the slope is around 0.7 MeV per channel, so the energy resolution in this re-
gion is around 70 keV, or 0.2%.

PTC System Controls and Diagnostics Pyramid Technical Consultants

Five Kapton lay
tioned at the frc




Datasheet MLFC128-60

Microhex filter option

Purpose The MLFC128-60 measures proton beam energy by measuring the range in a

copper / polymer structure. Curve fitting to the end of range peak allows resolu-
tion to 0.1 layers typically. At low energies, the end of range peak becomes very
narrow, and curve fitting is no longer possible. The energy resolution is therefore
reduced.

The Microhex filter is a built-in spreading filter layer that adds a known and stable
Gaussian-like spread to the range and thus allows curve fitting down to 10 MeV.

The added spread is negligible at high energies where normal range straggling is
dominant.

Structure Five Kapton layers, total thickness 0.635 mm, with tapered hole pattern posi-
tioned at the front of the MLFC layers.

Effect on low energy Effect of filtering on end of range peak shapes:
measurements
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The MHXS filter spreads the end of range peaks so that there are always suffi-
cient channels with useful signal to permit a regression fit, and therefore robust

interpolation between channels. The practical energy range with good resolution
is thereby extended down to 10 MeV.
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112.0 @72.0
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FIDUCIAL GROOVES

BEAM ENTRY END

Dims mm

CAUTION: The MLFC-128 will become activated due to exposure to high energy proton beams.
This does not affect performance, and will decay over time, but the device must be radiation sur-
veyed by an authorized person and suitably packaged before moving it out of a controlled area.
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68-PIN VHDCI
CHANNELS 65-128
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471 —= FIDUCIAL GROOVES
REAR VIEW
Ordering information
MLFC128-60-MHX3 Multilayer Faraday Collector with 128 equal thickness copper strips. Energy

calibration for protons included. Microhex filter type 3 for improved resolution
at low energy.

MLFC128-60 -SYS MLFC system including MLFC128-60-MHX3, 1128S 128-channel electrome-
ter, two VHDCI cables 16’ (5 m), beam analyser software for Windows.

CAB-VHG68-#-VH68 Cable, 68-way, VHDCI to VHDCI, # ft long.

1128S Electrometer, 128 channels.

MLFC-PCSWARE Laptop PC (Windows) pre-loaded with Beam Analyser software and calibra-
tion.
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Pyramid Technical Consultants, Inc.,

135 Beaver Street Suite 102

Waltham MA 02452 USA

Tel: +17814021700 (USA),
+44 1273 492002(UK)

Email: support@ptcusa.com

www.ptcusa.com
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The information herein is believed accurate at time of
publication, but no specific warranty is given regarding
its use. All specifications are subject to change.

All trademarks and names acknowledged.
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