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Software Warranty

FAST ComTec warrants proper operation of this software only when used with software and hardware
supplied by FAST ComTec. FAST ComTec assumes no responsibility for modifications made to this software
by third parties, or for the use or reliability of this software if used with hardware or software not supplied by
FAST ComTec. FAST ComTec makes no other warranty, expressed or implied, as to the merchantability or
fitness for an intended purpose of this software.

Software License

You have purchased the license to use this software, not the software itself. Since title to this software
remains with FAST ComTec, you may not sell or transfer this software. This license allows you to use this
software on only one compatible computer at a time. You must get FAST ComTec's written permission for
any exception to this license.

Backup Copy

This software is protected by German Copyright Law and by International Copyright Treaties. You have FAST
ComTec's express permission to make one archival copy of this software for backup protection. You may not
otherwise copy this software or any part of it for any other purpose.

Copyright © 2020-2022 FAST ComTec GmbH
D 82041 Oberhaching, Germany
All rights reserved

This manual contains proprietary information; no part of it may be reproduced by any means without prior
written permission of FAST ComTec, Grinwalder Weg 28a, D 82041 Oberhaching, Germany. Tel: ++49 89
66518050, FAX: ++49 89 66518040.

The information in this manual describes the hardware and the software as accurately as possible, but is
subject to change without notice.
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WARNINGS

The metal case of the MCS8 works as a passive cooler. Please provide ample airflow around the
device. Do not cover the case. Do not place it inside a closed cabinet etc.

Static electricity discharges can severely damage the MCS8. Use strict antistatic procedures
when connecting cables and during handling of the device.

| Take care not to exceed the maximum input voltages as described in the technical data. I

7 The START and STOP inputs are ultra high speed, high sensitivity inputs and thus, susceptible to
oscillation and noise pick-up. Take care to apply low impedance (< 50 Q) source signals and well
shielded, 50 Q coaxial cables.

MIFAST ComTec GmbH



Introduction

1 Introduction

The Model MCS8 is a 80 ps per time bin, multiple-event time digitizer (TDC). It can be used in ultra-fast multi-
scaler/TOF systems, in Time-of-Flight mass-spectrometry and time-resolved single ion- or photon counting.

A unique feature is the MCS8'’s capability to detect the rising and the falling edges simultaneously. Thus,
Time-over-Threshold (ToT) and Time-under-Threshold (TuT), i.e. pulse-width measurements are easily
accomplished.

Fig. 1.1: MCS8 transport case

Pulse-width evaluation with 80ps resolution enables the user to calculate the area, the pulse-height of the
detector pulse but also if multiple events have occurred — multiple events have a broader pulse width than
single pulses.

A new genuine feature is the Constant-Fraction-Timing (CFT) mode. Some detectors will deliver different
height signals depending on the number of particles detected. To derive most accurate timing information of
the event a long known method is to use the constant fraction timing. This was previously only possible with
analogue constant fraction timing discriminators. But these have a main downfall, namely the acceptable
data rate. With the MCS8'’s capability of detecting rising and falling edges simultaneously it is now possible to
do that on a digital and thus, not(!) bandwidth limited basis.

Also a new capability is to evaluate coincidental events at a resolution of 80 ps. Thus, multi-dimensional
spectra with 80 ps time resolution can be generated.

In standard operation a sweep is started by a user supplied start (trigger) pulse. Then subsequent events
detected at the STOP inputs are recorded, each in a specific time bin corresponding to the time of arrival
relative to the start pulse. Compared to non-multi-hit devices the MCS8 can evaluate stop events at a rate of
12.5 GHz state changes per second. In the pulse-width mode pulses as narrow as 80ps can be evaluated at
a pulse repetition rate of up to 6.25 GHz. The MCSS8 is designed with fully digital circuitry capable of
accepting at least 131,072 events at peak (burst) input rates of up to 12.5 Gbit/s for each input.

The MCS8 has been optimized for the best pulse pair resolving while providing state-of-the-art time
resolution available in digital designs. Eight built-in discriminators can be adjusted for a wide range of input
signal levels.

MFAST ComTec GmbH 9



Introduction

Sixteen TAG inputs allow for a wide range of spectra routing, multi detector experiments, sequential
acquisition etc.

An open-drain 'GO'-line (compatible to other products of FAST ComTec) allows for overall experiment
synchronization.

Two software configurable SYNC outputs provide synchronization and triggering of external devices or
experiment monitoring.

A versatile 8 bit digital /0" port may further satisfy your experimental needs.

The single sweep time range enables the user to take data of up to 8.3 days (53bit setting) or 6 minutes
(42 bit setting plus 16 TAG bits enabled) with a time resolution of 80 ps.

An internal oven stabilized 10 MHz reference clock is optional. Via the reference I/O the already excellent
stability of the internal oven controlled crystal oscillator can be further improved by connecting an external
reference clock source such as a GPS or rubidium-disciplined oscillator with an arbitrary frequency in a
range between about 4 and 100 MHz in steps of 1 MHz.

The FIFO memory buffers enable to MCS8 to continuously transfer data rates of approximately 240 MByte/s
to the connected computer. Available are FIFOs as large as 4 GB.

Selection of data width per event of 32 or 64 bits allows for optimized FIFO and USB bandwidth usage.

For experiments requiring repetitive sweeps the spectral data obtained from each sweep can be summed in
the PC enabling very high sweep repetition rates. In endless / wrap-around mode sweep repetitions with zero
end-of-sweep dead time can be accommodated.

The MCS8 is designed with "state-of-the-art” components, which offer excellent performance and reliability.
The high-performance hardware is matched by sophisticated WINDOWS™-based software (delivered with
each MCS8) providing a powerful graphical user interface for setup, data transfer and spectral data display.

Some of MPANT s features are high-resolution graphics displays with zoom, linear and logarithmic (auto)
scaling, grids, ROIs?, Gaussian fit, calibration using diverse formulas and FWHM? calculations. Macro
generation using the powerful command language allows task oriented batch processing and self-running
experiments.

A DLL (Dynamic Link Library) is available for operation in a Laboratory Automation environment. The
Windows software can run on a Linux system using a modified Wine.

1 1/O: Input / Output
2 ROI: Region Of Interest
3 FWHM: Full Width at Half Maximum

10 MIFAST ComTec GmbH



Installation procedure

2 Installation procedure

2.1 Hard- and Software Requirements

For operating the MCS8 you need a standard PC with a high-speed USB 2.0 or USB 3.0 port and Microsoft
Windows XP or higher. USB 1.0 ports do not work. The maximum throughput rate is approximately 32
Mbyte/sec on a USB 2.0 port and 240 Mbyte/sec on a USB 3.0 port. This throughput rate is somewhat
dependent on the computer hardware and operating system.

We do not expect any problems with host compatibility as we do not use something else than any USB hard
disk or memory stick. Of course, it is necessary that the PC has a true USB 2.0 or USB 3.0 / USB 3.1 port.

Older PCs that do not have USB 3.0 on the motherboard can use a PCIl / PCle card providing USB 3.0 /
USB 3.1 Gen1 ports.

First check you have all shipped equipment available:
» Carrying case
*+ MCS8 module
*  Power supply module 100...240 VAC /12 V DC out
* Power line cord
+ USB 3.0 (A/A) cable
*  User manual
+  CD with operating software
* N+1 cables BNC-SMA, RG316 where N is the number of STOP channels ordered
e 1 cable SMA-SMA, RG316 (30 cm) for tests SYNC OUT — START/STOP in
« 1 SMA to BNC adapter
¢ D-sub15 HD plug with plastic cap
*  D-sub37 plug with plastic cap

| Please connect the power to the MCS8 never before the PC power is on and the Windows OS is I
running!

MFAST ComTec GmbH 11



Installation procedure

2.2 Driver Installation

To install the driver, please start the device manager. You can do it by right-clicking the computer shortcut on
the desktop and selecting "Manage” from the drop-down-menu, then "Device Manager”. Another way is to
select in the Start Menu Settings..Control Panel, then System..Device Manager.

File Action View Help

es | 2E BE =

& Computer Management (Local
4 [} System Tools

1 (D) Task Scheduler

b [ Event Viewer

b ] Shared Folders

» ' Local Users and Groups,

b () Performance
) Device Manager

4 2 Storage
129 Disk Management
b Fly Services and Applications

b & Audioinputs and outputs

» 18 Computer
b s Disk drives
» & Display adapters
b & DVD/CD-ROM drives
& Floppy disk diives
1 5 Floppy drive controllers
b U5 Human Interface Devices
1 G IDEATA/ATAPI controllers
b <= Keyboards
o I’} Mice and other pointing devices
» B Menitors
» I Muttifunction adapters
1 & Network adapters
4 [ Other devices
FX3
b '3 Ports (COM & LPT)
1 = Print queues
1 = Printers
» [ Processors
v ¥ Sensors
b [3 Smart card readers
b [ Software devices
b % Sound, video and game controllers
1 € Storage controllers
b 188 System devices
4§ Universal Serial Bus controllers
§ Intel(R) 828016 (ICHT Family) USB Universal Host Controller - 27C9
§ Intel(R) 828016 (ICHT Family) USB Universal Host Controller - 27CA
§ Intel(R) 828016 (ICHT Family) USB Universal Host Controller - 27C8
§ Intel(R) 828016 (ICHT Family) USB Universal Host Controller - 27CB
§ Intel(R) 828016 (ICHT Family) USB2 Enhanced Host Controller - 27CC
§ Renesas Electronics USB 3.0 Host Controller
§ Renesas Electronics USB 3.0 Raot Hub
§ USBRoot Hub
§ USBRoot Hub
§ USB Root Hub
§ USBRoot Hub
§ USBRoot Hub
1 B8 WSD Print Provider

Actions

Device Manager
Moare Actions

Fig. 2.1: Device Manager

The new device is displayed as "FX3” in a class "Other devices”. Please right-click it and select "Update
driver” from the drop-down menu.

How do you want to search for driver software?

= Search automatically for updated driver software

Windows will search your computer and the Internet for the latest driver software |

for your device, unless you've disabled this feature in your device installation

setfings.

& Browse my computer for driver software
Locate and install driver software manually.

Fig. 2.2: Driver Installation

Windows offers to search automatically for updated driver software or browse the computer for the driver
software. Don'’t try the automatic installation, it will probably not work. Select to browse manually for the
driver and select for example for Windows 7 or 8 or 10 the driver\fastusb3 on the CD.

12

MIFAST ComTec GmbH



Installation procedure

Browse For Folder “

Select the folder that contains drivers for your hardware.

4 /M Computer ~
> = Floppy Disk Drive {(A:)
> 2y Local Disk (C:)
> i DVD RW Drrive (D)
> =a WOWI_E (E2)

4 =2 Transcend (F:)
. catalog
4 | driver
> . fastusb2
[0 ot
. amdéd
x86
. Renesas
. htm

- Gi_l Metwork W

Folder: fastush3

Fig. 2.3: Choosing the right folder

Please don’t go deeper into the folder structure, the processor type (x86, amd64, etc.) is found automatically.
After pressing "OK” the driver installation will proceed. The device manager will then show a "FAST ComTec
USB3 Device” in a class "libusb (WINUSB) devices” as shown in Fig. 2.4.

A Computer Management - o IEH|
File Action View Help
«= zE  HE =
& Computer Management (Local|| 4[5 Wowi| A | Actions
a |} system Tools 4 Audio inputs and outputs _ N
(@) Task Scheduler B Computer Dexicaianageg
] Event Viewer s Disk drives More Actions 4
2t Shared Folders 8., Display adapters
5 Local Users and Groups < DVD/CD-ROM drives
(@) Performance » ek Floppy disk drives
4 Device Manager < Floppy drive controllers
4 3 Storage U7 Human Interface Devices
{29 Disk Management g IDE ATA/ATAP! controllers
= Services and Applications = Keyboards

N

@ libusb (WinUSB) devices
§ FAST ComTec USB3 Device

» %l Mice and other pointing devices
K Monitors

Multifunction adapters

Network adapters

Ports (COM & LPT)

Print queues

Printers

Processors

Sensors

Smart card readers

Software devices

e oo DD B

Sound, video and game controllers

Lo

> Storage controllers
, M System devices
4 § Universal Serial Bus controllers
§ Intel(R) 828016 (ICHT Family) USB Universal Host Controller - 27C8
§ Intel(R) 828016 (ICHT Family) USB Universal Host Controller - 27CA
§ Intel(R) 828016 (ICHT Family) USB Universal Host Controller - 27C8
§ Intel(R) 82801G (ICHT Family) USB Universal Host Controller - 27CB
§ Intel(R) 828016 (ICHT Family) USB2 Enhanced Host Controller - 27CC
§ Renesas Electronics USB 3.0 Host Controller
§ Renesas Electronics USE 3.0 Root Hub
§ USE Mass Storage Device
§ USBRoot Hub
§ USBRoot Hub
§ USBRoot Hub
§ USBRoot Hub
§ USBRoot Hub
i E] & WSD Print Provider v

Fig. 2.4: Device Manager after successful driver installation

If there is an exclamation mark at the driver and there is an error message that the device could not start,
please remove the power from the MCS8 device and reconnect it. If you don't see the device at all, it is
possible that the USB3 driver must be updated. For a Renesas USB3 controller there is an update program
on the software disk in the driver\Renesas folder.

Please check the Power Saving Options in the PC Settings. If the PC goes to sleep during a running
acquisition and shuts the USB port down, the software will hang up. So it is recommended to disable
automatic going to sleep in the energy options.
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2.3 Software Installation

To install the MCS8 software on your hard disk insert the installation medium (CD or USB Stick) and start the
installation program setup.exe for the 32-bit software or setupx64.exe for the native 64-bit software.

A directory called C:\MCSS8 for the 32-bit software or C:\mcs8-x64 for the native 64-bit software is created on
the hard disk and all MCS8 and MPANT files are transferred to this directory. Drive C: is taken as default
drive and \mcs8-x64 as default directory. It is not mandatory that the MCS8 operating software is located in
this directory. You may specify a different directory during the installation or may copy the files later to any
other directory.

The Setup program will install a shortcut on the desktop. The icon directly starts MCS8.EXE. The server
program will automatically call the MPANT.EXE program when it is executed. The MCS8 Server program
controls the MCS8 module but provides no graphics display capability by itself. By using the MPANT
program, the user has complete control of the MCS8 along with the MPANT display capabilities.

To run the MCS8 software, simply double click on the “MCS8 Server Program* icon. To close it, close the
MCS8 server in the Taskbar.

2.4 Hardware Installation

Fig. 2.5: MCS8 rear panel

Installation of the MCS8 is as easy as connecting a cable. As the USB 3.0 interface is compatible to USB 2.0
it is just a question of the maximum transfer speed which cables or host ports are used. Connect the power
supply to the “POWER” connector and an USB cable to the “USB” port. At the host computer plug in the USB
cable into a high-speed capable USB port. Since USB is a hot-pluggable interface the sequence of applying
power and connecting the USB port is not important.

When the power is applied the “POWER ON” LED on the rear of the MCS8 should be lit and a second later
“POWER GOOD” as well.

When the software and driver are already installed the computer will detect the MCS8 automatically as soon
as it is connected.
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2.5 Getting Started

2.5.1 Initial calibration

First step is to start the MCS8 software by double clicking the corresponding icon. This will automatically
start the MCS8 server and the MPANT program. All hardware settings are accessible from the MPANT
program which actually is the graphical user interface and which will appear now on your screen.

At the first start of the software after power up it takes some time to load the firmware and a calibration of the
input delays is done automatically.

2.5.2 1%t Basic Measurements

To ease getting familiar with the use of the MCS8 we will now setup a first basic measurement. No external
signal is needed, only a connection between the SYNC1 connector and the START connector.

Start the MCS8 software by double clicking the corresponding icon. This will automatically start the MPANT
program.

Now we first have to setup the MCS8. What we will want to do is to setup the system such that we use the
internal 10 MHz signal and acquire a spectrum of 4096 time bins using the START input channel.

Click on Options — Hardware Settings... or W to find the MCS8 Settings window pop up. Set the Range to

4096 time bins (Bin width = 1), which corresponds to a time range of 327.6 ns. Enable Sweep preset and set
it to e.g. 20,000,000. Verify that Timepreset is not checked (ref. Fig. 2.6). For the Sync1 signal select 10
MHz.

_icix

Inputs... I Test, [nspect... |

Syncl [FastNIM]:|1D MHz 'I [ irevert
Sync2 [TTL: IIJ 'I [ irevert

™ Softw.-Start ™ wirite Listfile (2511
[~ Endess [ Mo Histogram

[~ Time differences & FefChl € Chi

¥ Start event generation

Il Starts preset: I—
V¥ Sweep preset: 20000000
20 start/ztop Spectra
[~ Tag bits:

] Pl il y-Range:

[ Seguential cycles I1
Sequences I'I

[ Sweepcounter in data not nesded
[ Use only 1 Decoder

[ Timepreset: I2EI.EIEID
Birnwidth: |1 'I Fifosize::
Bange: |4DSE |4 GB j
I Folded

End of Sweep [s]: |3.3288-UD? PLLfreq = 1.25e+010
_ Time Res.

Acg. Delay [ns): IEI & 20ps

Hold aft. Sweep [ne): IEI 100 pe

Setup name:
MCS8 Load Settings |

Cancel | Apply I SaveSettingsl

Fig. 2.6: MCS8 Settings window
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Now click on Inputs.... Select START and deselect all other input channels. Check that Falling Edge is
selected for Start (ref. Fig. 2.8). Set the threshold level of the Start input to FAST NIM. Click OK.

You are back in the Settings window. Also click OK here. Now we enable a grid selecting Options — Axis... or

and ticking the grid enables (ref. Fig. 2.7).

Now start the acquisition by a mouse click on Action — Start or the start button ™. You will see a spectrum

growing that is comprised of needles seperated by 1250 bins or 100ns, which corresponds to the selected
10 MHz pulser signal. After a while the sweep preset of 20,000,000 will be reached and acquisition is

stopped (ref. Fig. 2.9).

You might want to zoom into a specific peak by holding the right mouse button and drawing up a window

inside the spectrum. Then click on Region — Zoom or [&. With the left mouse button you can move a cursor

round the spectrum giving information on its time position and counts in the corresponding bin. Play around
with zooming in and out, toggling lin/log scale and Gaussian fit.

- M ain Windon
[ Start maximized
— Frame
N awidie |
E:
vie: [Rectanguar ¥ dwidth: [T

— Font

Size: ISmaII 'l

— ®Gnd

[V Enable

width [ Widhe [T

Shyle: IDDl ‘l Shyle: IDDl 'l
—uTick —yTick

Sige: [3 widh [T

¥ Top ¥ Eottom
[T Use Calibration

Siee: [3 widh[1

¥ Left ¥ Right
[~ Use Calibration

ok I Cancell SaveConfigl

Fig. 2.7: Axis Parameter window

16

MIFAST ComTec GmbH



Installation procedure

Input Thresholds and ROI Presets

r Start Input dizcriminatar
Enable Sampling Threshaold (V] Edge: Ptz width mode:
¥ Stat |-n.3nn K| | |FastNIM =l |Fa||ing =l |Under threshold |
[~ Start with rising edge
— Stop Input dizcriminator
™ tH1 [0300 | | [FasthiM 7| [Faling 7| [Underthreshold +| Cop_l,ltoAIIl
M2 [o300 | | [Fasthid 7| [Faling =] [Dnderthreshald =
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" tH4 [o300 | 2| [t 7| [Faling 7| [Dnder threshald =
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Input 2 [~ ROl Presst |u Rol: [0 [40%6 {1.000 f300
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Input5: [~ ROl Preset [0 ROl |0 f40%8 {1.000 f300
Input & [~ ROI Preset |n ROk |0 f4095 {1.000 f300
Input 7: [ ROl Preset [0 Ao |0 f4n3g f1.000 f300
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Cancel | Apply |
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Fig. 2.8: Input Thresholds and ROI Presets window

lmibe)

JT=TE|
= B B R e P e |
[FaF2]Fa]F4] [FS[F&]F7]Fa] [Fa[FinFH]Fiz
=TS

Ti 10.000
o 000,000
Stane 0,000,000 6
1 2z
Totat o o
ROI o .
Rate o o
2010
Totat o
RO o s
Rate o 2610
A3 ag1f
Total 0 2410
RO 0 I
Rate o 2210
Totat o 20108
ROl o o
Hate u 1g10f
Totat o 16108
RO o
Nate: il 1a1cE
Total 0 P
el o 12410
Rate o s
e 1010
Tulal, o
AOI o|| so00.000
Rate o
6,000,000
Totsl 20.000.000
ROl 50,000,000 | 4,000,000
Rate: 0
4GE FIFD: 2,000,000
i
Data len 4 o}
Data Lost - 0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000
foge: 442 | TotaiSum: 80000000 Cursor 1250 (100,000 nsec)
Start Time: 07/02¢2020 14:05:43 Counts: 14752354

Fig. 2.9: Spectrum of a 10 MHz clock signal
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2.5.3 2" Introductional Measurement

Now we will introduce another feature of the MCS8: the acquisition delay. This is very useful when we want
to discard events in a specified time occurring directly after the trigger pulse. In some experiments this can
dramatically reduce the measured event rate. In our example we will want to acquire data only beginning
76.8 ns (settable in steps of 5.12 ns only) after the START event. Go to the MCS8 Settings window again
and insert ‘76.8’ in the Acq. Delay field (ref. Fig. 2.10). With all other settings left as before we will expect the
first 960 time bins of the above spectra to "disappear” i.e. the spectra being shifted left by 960 bins or

76.8 ns.

SIS
Inputs. .. I Test, Inzpect... I
Spnc] [Fast NIM]:Im I~ invert
Spnc (TTL): lﬁ ™ inwert
I~ Softw -Start I wiite Listfile [ASCI]
[T Endless I~ Mo Histogram

[~ Time differences & FefChl € Che
[ Start event generation

r Starts preset: I—
W Sweep preset: 20000000

2D start/stop Spectra

I~ Tagkits:

™| Pulse width HRETS

[T Seguential cycles I1
Sequences |1

™ Sweepcourter in data not needed
™ Use orly 1 Decoder

[T Timepresst: |2D.DDD
Birnaich: |1 'I Fifozize::
Range: [a035 [4cB =l
™ Folded

End of Sweep (] |3.3288-DU? PLLfreq=1.25e+010

5 Time Res.
Acq. Delay [hs): 76.4 & 80 pe
Hald aft.Sweep [ns]: |0 100 ps
Setup name:
MCS58 Load Settings |

u]9 I Cancell Apply I Sa\reSettingsl

Fig. 2.10: MCS8 Settings — Acquisition Delay

Start acquisition and compare the delayed spectra data (ref. Fig. 2.11) with the above spectra that began
instantly with the START pulse. The first peak in the new spectrum is at channel 290 corresponding to time

bin 1250 in Fig. 2.9.
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Fig. 2.11: Spectrum with 76.8 ns acquisition delay

2.5.4 Pulse-Width Measurement

Now lets see how the pulse width measurement mode works and how the different graphical display modes

can be used.

Go to the ‘Inputs Thresholds and ROI Presets’ window again and enable Start with ‘Both Edges’ to be
sampled (ref. Fig. 2.12). For ‘Pulse width mode’ select ‘Under threshold’. This implies that a pulse is
expected to start with a falling edge. Remember the internal pulser that we are using delivers negative going
pulses of 10 ns every 100 ns. And, we start the sweeps with the first falling edge (‘Start with rising edge’ is

not checked).
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Fig. 2.12: Inputs setup for a pulse width measurement
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Back in the ‘MCS8 Settings’ window make sure that ‘Pulse width’ is checked with an ‘y-Range’ of 2 for the

falling and the rising edge (ref. Fig. 2.13). The acquisition delay should be ‘0’.

(5]
Inputs. .. I Test, Inspect... I
Syncl [Fast NIM]:I'ID MHz 'l [ et
Sync2 (TTLE IU 'l [ et
[ Softw.-Start [~ white Listfile [ASCI)
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[~ Tag bits:

[¥ Pulse width R

[~ Seguential cycles |2
Sequences |1
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[ Timepreset: |2D.DDD
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Setup name:
|MCsE Load Settings |
Cancel I Apply I Save Settings I

Fig. 2.13: MCS8 Settings for a pulse width measurement

The display will switch into a ‘MAP View’ mode, i.e. you are looking from a birds view onto two spectra — the

lower for the falling edges and the upper spectrum for the rising edges.

Start the acquisition and you will see peaks grow their height indicated by color-coding. With you can

toggle between the 2- and a 3-dimensional view.
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Fig. 2.14: MAP and Isometric View of a pulse width measurement

Go back to the 2-dimensional MAP view and then, click on Options — Display... and select ‘>> Overlapped

(Fig. 2.15).

Mapview x|

Graphic Type:

Ibilmap dot vl

# Dimension:

|4EISE

[V Irvvert Fioi Pisel

3 Qverlappedl
»» Single |

> lzometric |

Cancel |

Fig. 2.15: MAP View display options

The spectrum display changes to a 2-dimensional spectrum with rising and falling edges that are drawn
overlapped (ref. Fig. 2.17). With the Display Options window you can choose which edges should be in the
fore- and background (Fig. 2.16). Always the foreground spectrum can be measured using a mouse cursor.
By pressing the left mouse button you can move the cursor and see the corresponding data of time bin and
counts below the spectrum.
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Fig. 2.16: Single Display Options
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Fig. 2.17: Single View of a pulse width measurement
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2.5.5 Using a two-dimensional position sensitive detector

Position-sensitive detectors often work by a delay-line readout. An example is shown in Fig. 2.19. To get a
two-dimensional histogram usually at least two TDC's (time-to-digital converter) and a multiparameter data
acquisition system is needed, for example the FAST ComTec 7072T and MPA-3. Now let's see how the
MCS8 can be used to do the same without external TDC's.

X-Start

X-Stop

VvV

| & [coneactee]

¥-Star

¥TIDC  X%TDC

CAMAC or VME

¥-Stop

TOTZT FAST ComTec
FAST ComTec MPA-3

Cathade preamgiifier
CF - discriminator

Anode flilter and preampiifiar

AST CanTee

]

+HV-Anode electrode blas supply

FAST ComTas:

-HV-Drift electrode bias sUpply

Fig. 2.19: Two-dimensional position-sensitive detector

Let's assume that the detector has in both x- and y- direction 150 wires and a delay-line of 2.7 ns between
each wire, i.e. a total delay of 405 nsec. The MCS8 offers 80 psec time resolution, i.e. 5120 time bins would
be the maximum possible range that could be used. For the 150 wires a resolution of 1k x 1k is certainly
good enough, so a range of 1280 and a bin width of 4 is reasonable. A common trigger signal must be
connected to the "START" input, the x-stop signal to the "STOP1" input, the y-stop signal to "STOP2".

Click the "Range, Preset" toolbar icon.

See Fig. 2.20 for possible settings. Set the bin width to 4. Make sure that the checkbox "Sweepcounter in
data not needed" is not checked. The sweep counter actually is necessary to enable the unique assignment
of events from separated input channels to the same trigger event.

Click the "Inputs" button to open the dialog for "Input Thresholds and ROI Presets".

The input channels CH1 and CH2 must be enabled, and suited thresholds for the signals must be set. In
principle both edges of the signals could be evaluated and a "software constant fraction" method could be
used to get an improved time resolution (see Fig. 5.9).
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Fig. 2.20: Settings for acquisition with position-sensitive detector

Now a two-dimensional histogram for the two parameters must be defined. Open the "Spectra" dialog by
clicking the corresponding toolbar icon.

=3
[

Click "Add Multi" to define a dual-parameter spectra. In the "Multi Display Setting" dialog select CHN1 for the
x-parameter and CHN2 for the y-parameter. Select 1280 for both Ranges.

Dualparameter and Calculated spectra
No. CHM  Range  Type MName Candition Add Mult.. — w Awis —y A
3 1.2 1280:1280 MAP  ATxaA2
Param.: IA‘I 'l Param.: |A2 'l
Add Calc. ... |
Bange: |1290 'l Rangs: |1230 'l
Threshold: ISD Threshald: |5D
Delete | Mame: [41 242 Conditian: lﬁ
—Zoom —Zoom
Delete Al | I~ = Offset: I I~ wOffset: I
Compr. by 27 I Compr. by 27 I
] Cancel | andltlons...l Cancel |

Fig. 2.21: Creating a dual-parameter spectra

Fig. 2.22 shows a view of such a dual-parameter spectra in the MCS8 software, Fig. 2.23 a photo of the
corresponding experimental setup. An example spectra named "tongs.mpa" can be found in the sample data
supplied with the software.

Instead of using only one signal for each position coordinate, one could read out the detector from both sides
and get two signals for each direction, i.e. in total one trigger signal and four stop signals. The difference of
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the time from the left and right side gives an improved position parameter, and one could calculate in addition
the sum of the signals from both ends and set a condition on events inside a ROI (Region of Interest) around
the sum peak in the sum spectra. All this can be done with the MCS8, an example is shown in Fig. 5.15.

[EEMPANT - MCS5 - [A1 1 A2 (3)]

_=1B1x]
=181 x]

Al

Towl: 274544284
ROL 274544284
Rate: 0

Toll: 2613057142
ROl 261305142
ae:

Data length [oytes) 4
Data Lost »

a0

E

700

600

500

am

am

2m

100

[
11168

[Acauistion: OFF

Fig. 2.23: Experimental setup
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2.5.6 Fluorescence livetime imaging microscopy

Another special application should be mentioned here, fluorescence livetime imaging microscopy (FLIM). A
laser fires short light pulses with a high frequency of, say, 76 MHz onto a target. The photons radiated from
the target are detected and counted versus the time after the primary light pulse. The decay time gives
information about the target material. The laser beam scans over the target and this way an image of the
target can be created. To do this using a MCS8, an external clock frequency of 76 MHz must be used.

-i0jx

File Edit Format Yiew Help

fpgafw=MCSBA_FPGA_D3_44.hin 2]
;set devices to number of MCS8 modules connected (max, 4)

devices=1

; Ser MCSE Type: 4=MCSE, =MCSBAL, 6=MCSEAS

tyﬂe=4,4,4,4

;The status s read out every updaterate msec, 1f possible.

updaterate=1000

rexternal clock: set excrelk=1

extclk=1,0,0,0

i set tofnum to number of ToF dnputs including START for each module (2..8)
tofnum=58,58,5,5

;i Set speed=4 for 80ps, 3 for 100 ps, 2 for 200 ps, 1 for 400ps, O Tor 300 ps
speed=4,4,4,4

4] H 4

Fig. 2.24: Editing MCS8.INI for the FLIM application

First, edit the MCS8.INI file and set extclk=1 to indicate that an external clock is used, see Fig. 2.24.

After starting the software you will be prompted to connect the external clock signal to the CLOCK 1/O
connector at the rear. If the signal level is ok, the frequency will be recognized as 76 MHz and the MCS8
clock is now synchronized to the laser frequency. Now 164.5 time bins of a width of 80 psec will exactly
correspond to the period of the 76 MHz laser frequency. It means that every two periods can be folded
together and this way a time resolution of 40 psec can be obtained, as two neighbored periods are shifted by
a half bin versus each other. The folding means just a resorting of the bins: bin 1, bin 165, bin 2, bin 166, ... ,
bin 163, bin 329, bin 164. The next 329 bins can be respectively added to the histogram and so on. A very
long sweep can be done to avoid the end-of-sweep dead time, for example a sweep length of 168448 bins
corresponding to 2 x 256 periods. This can be done with a data length of 4 bytes, so the maximum
continuous count rate is limited by the USB bus to 240 MB/sec / 4 bytes = 60 MHz. The maximum burst rate
is 300 MHz. Sequential mode can be used to record the image synchronized to the target mover and the tag
bits can be used to mark the data with the beam position. Two up/down counters can also be used to count
position movements from stepping motors for recording the beam position. Folding and interleaved folding is
supported in the software, see chapter 5.1.4 .
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2.5.7 Installing more than one MCS8 module

The software is able to operate up to 4 MCS8 modules with a single computer. Just connect them at an USB
port, switch on the power, and install the driver when you are prompted. When starting the software, you will
be asked to edit the MCS8.INI file as more than one MCS8 modules are found, and the notepad editor will be
automatically started with MCS8.INI loaded. Edit the line "devices=1" accordingly and save the file.

=0l

Fle Edt Format Yiew Help

fpgafw=MCSBA_FPGA_03_44.bin a
15et devices to number of MCS8 modules connected (max. 4)

devices=2

i Ser MCSE Type: 4=MCSE, S=MCSEAL, 6=MCSEASR

tyﬁe=4,4,4,4

;The status s read out every updaterate msec, if possible.

Updaterate=1000

rexternal clock: set exctolk=1

extclk=0,0,0,0

; 5et tofnum to number of TOF inputs including START for each module (2..8)
tofnum=8,8,5,8

i Set speed=4 far 80ps, 3 for 100 ps, 2 for 200 ps, 1 for 400ps, O for 800 ps
fpeed=4,4,4,4

4 H 4

Fig. 2.25: Editing MCSB8.INI for 2 devices

That is all you have to do, next time when you start the software all modules will be found and can be
operated.

2.6 Models and Upgrade Options

The MCS8 is available with seven physical stop inputs beside the start input. The useable number of stop
inputs can be between 2 and the maximum (7). The resolution is 80 ps, available are also 100 ps, 200 ps,
400 ps or 800 ps. The size of the FIFO can be 1 GB, 2 GB or 4GB. See the following table showing the
available models.

Model Description

MCS8GOLD 7+1 Input 12.5 GHz TOF-Multiscaler, 80ps, 4GB Fifo, USB 3.0, DLL, TAG + COUNT
MCS8xT0 x+1 Input, x=2..7, 12.5 GHz TOF-Multiscaler, 80ps, 1GB Fifo, USB 3.0, field upgrade
MCS8xT 1 x+1 Input, x=2..7, 10 GHz TOF-Multiscaler, 100ps, 1GB Fifo, USB 3.0, field upgrade
MCS8xT2 x+1 Input, x=2..7, 10 GHz TOF-Multiscaler, 200ps, 1GB Fifo, USB 3.0, field upgrade
MCS8xT4 x+1 Input, x=2..7, 10 GHz TOF-Multiscaler, 400ps, 1GB Fifo, USB 3.0, field upgrade
MCS8xT8 x+1 Input, x=2..7, 10 GHz TOF-Multiscaler, 800ps, 1GB Fifo, USB 3.0, field upgrade
MCS8FIFO4 FIFO expansion to 4 GB

MCS8TAG 16bit TAG input option

MCS80VX Option oven controlled oscillator for MCS8

MCS8DLL DLL for LabVIEW/“C*/Visual Basic for MCS8
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It is very easy to upgrade an MCS8 for more inputs, improved time resolution, or FIFO size. Buy a new
Licence key and select in the start menu under Programs.. FAST ComTec MCS8.. the item "Upgrade MCS8
Licence”. The software starts and you will be asked to enter the new licence key. Just enter the new key and
after restarting the software the new option will be available.

The next table shows some additional options that include hardware or software.

Model Description

MCS8-40ps Option 40ps resolution, 4x ext. Splitter, channel pairing, 1start, 3 stop inputs
MCS8UP Additional cost for in-field upgrade (+ price difference of versions involved)
MPA4-C1 TAG / Counter Cable, converts D-SUB to 18 separate BNC cables.
MPA4-C2 TAG / Counter Cable, converts D-SUB to 18 separate LEMO cables.
MCS8COUNT 6 x 200 MHz Counter (48 bit)
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3 Hardware Description

3.1 Overview

The MCS8 is a USB 3.0 device with a super-speed USB 3.0 port. It is able to measure multiple events in up
to 8 input channels at a time resolution of 80 ps. The logic is capable to accommodate an incredible burst
edge rate of 12.5 GHz. Such a burst can last for up to 10.48 us before any event might be lost. And that for
each input channel independently. No dead time between the time bins and secure prevention of double
counting is established by the sophisticated input logic.

A unique feature is the MCS8'’s capability to measure falling and rising edges simultaneously. Thus, Time-
over-Threshold or pulse width measurements are easily accomplished.

MIFAST comtec MCS8

START STOP 1 STOP 2 STOP 3 STOP 4 STOP 5 STOP 6 STOP 7 SYNC 1

.6 .@ .@ .@ .@ ) ./@ .@ @

Fig. 3.1: MCS8 front panel

Each input channel has its own onboard discriminator with individually adjustable threshold levels.
Adjustment is supported by a monitor capability of each discriminated signal.

Besides, two SYNC outputs with a large variety of output signal options (all software selectable) and the
‘GO’-line (compatible with other FAST ComTec products) allow for easy synchronization or triggering of other
measurement equipment. These provide also improved built-in test capabilities.

Furthermore a very versatile 8 bit digital 1/0 port allows for a whole bunch of experimental control, monitoring
or whatsoever tasks.

Moreover the 16-bit TAG input allows more multi-detector configurations, sequential data acquisition etc.
And there is the optional 4 GB large FIFO that extends the onboard storage capabilities.

The MCS8 contains many very high-speed logic circuits, which usually need large supply currents and thus,
produce high thermal power loss. To dissipate this thermal energy the complete metal case is used for
passive cooling. This improves reliability since no mechanically moving devices like fans are involved. The
downside is that the case can get quite warm.

The metal case of the MCS8 works as a passive cooler. Please provide ample airflow around the
device. Do not cover the case. Do not place it inside a closed cabinet eftc.

3.2 START / STOP Inputs

The START (trigger) and STOP 1...7 (event) inputs are SMA types located on the front panel. The input
impedance is 50 Q to ground. The inputs are edge sensitive with software selectable rising, falling or even
both edges. The threshold is software tunable in a range of £1.5 V. In most cases the threshold should be set
right in the middle of the input pulse amplitude.

The sensitivity of these inputs is better than 10 mV. Please refer chapter 8.3.1 for example scope pictures
and related spectra.
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VCL- VTH >
Fig. 3.2: START / STOP inputs

For input protection low capacity (approx. 1pF per diode) clamp diodes are provided. The clamp voltages
follow the threshold level by £1.5 V. Thus, the input voltage level should not exceed the threshold level by
1+1.5 V or the diodes will become forward biased.

WARNING:
Take care not to exceed the maximum input voltages as described in the technical data.

Discriminator Propagation Delay Dispersion

The input discriminators propagation delay varies slightly with input overdrive voltage and slew rate. When
overdrive varies from 10 mV to 200 mV and slew rate varies from 2 V/ns to 10 V/ns the delay can vary for up
to 30 ps, which is %5 of the bin width. This specification applies for both positive and negative going signals.

For overdrive voltages above 200 mV the delay variation due to overdrive dispersion is mostly negligible.
Monitoring the Inputs

To ease the adjustment of the threshold levels the discriminator outputs are sampled at a frequency of
390.625 MHz cor. 2.56 ns and can be output on the SYNC outputs. Preferable SYNC_1 should be used as it
is a fast-NIM output and provides best speed and edge rates.

Due to the 2.56 ns sampling the delay of the monitor signal relative to the input pulse will vary by 2.56 ns as
well. The minimum output pulse width will be 2.56 ns and thus, even for very narrow input pulses only 300...
500 MHz scopes are necessary to see the monitor signals. Be aware that for pulses smaller than 2.56 ns the
detection probability will be below ‘1’ i.e. "pulse width [ns]/ 2.56”. NOTE: this is only true for the monitor
output and not for the spectrum acquisition. For spectrum acquisition the pulses can be as narrow as 80 ps
and still are 100% detected.

e
File Hinion Setip utescale Optiane o |

Ellole|m| ==l v=|] |

L
| scate: [5:00 no/aiv il Delay: [24.000 o 40| Triggor...| chamet 1 | %

Fig. 3.3: MONITOR signal of a STOP input
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Input Slew Rate Requirements

Due to the high bandwidth nature of the input discriminators, a minimum slew rate of the input signal should
be met to ensure proper switching and that the input does not oscillate when the input signal crosses the
threshold level. A minimum slew rate of 50 V/us should ensure clean signal transition.

For other reasons the slew rate should be high as well. The extremely high bandwidth of the device means
that broadband noise can have significant impact on the detection accuracy when the slew rate is low. The
input termination resistors generate 120 pV of thermal noise over the discriminator’s bandwidth at room
temperature. With a slew rate of 50 V/us, the inputs will be inside the noise band for over 2 ps. In reality the
temperature will be higher and thus the thermal noise.

3.3 SYNC Outputs

The SYNC outputs provide a large variety of output signals for a lot of synchronizing, triggering, monitoring
or whatever application. The selectable output signals are as follows:

e 0 static "0"
e 10 MHZz 10 MHz

e 100 MHz 100 MHz
e 200 MHz 200 MHz

e 195.3125 MHz or 156.25 MHz for 80 ps or 100 ps resolution
e 390.6250 MHz or 312.50 MHz for 80 ps or 100 ps resolution
e PLL Ref Clock 10 MHz or external clock

e START monitor of the discriminated START input sampled at 390.625 MHz

e STOP1 monitor of the discriminated STOP 1 input sampled at 390.625 MHz
e STOP2 monitor of the discriminated STOP 2 input sampled at 390.625 MHz
e STOP3 monitor of the discriminated STOP 3 input sampled at 390.625 MHz
e STOP4 monitor of the discriminated STOP 4 input sampled at 390.625 MHz
e STOP5 monitor of the discriminated STOP 5 input sampled at 390.625 MHz
e STOPG6 monitor of the discriminated STOP 6 input sampled at 390.625 MHz
e STOP7 monitor of the discriminated STOP 7 input sampled at 390.625 MHz
e GO GO-line state

e START-OF-SWEEP  2.56 ns pulse at the beginning of a new sweep

e ARMED ready for START

e Sweep_ON acquisition ON

o WINDOW measurement time window

e HOLD_OFF active HOLD-OFF time

e EOS_DEADTIME active from the end of a sweep till re-arm

e TIME[O] 2.56ns = 2° x 2.56 ns periodic timer signal active only when sampling
o TIME[1] 5.12ns = 2" x 2.56 ns periodic timer signal active only when sampling
e TIME[29] 2.75s = 2% x 2.56 ns periodic timer signal active only when sampling
e SWEEP[O] bit 0 of the sweep counter

e SWEEP[1] bit 1 of the sweep counter
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o SWEEP[11] bit 11 of the sweep counter

All these signals may be output on the fast-NIM SYNC 1 output on the front panel and most of them on the
TTL SYNC_2 output on the FEATURE connector as well. They can also be inverted. The signals with higher
frequencies than 100 MHz are not available at the TTL SYNC_2 output. It is recommended to use the TTL
SYNC_2 signals for monitoring the Start and Stop signals only during setup, but not during a real acquisition.

Due to its relatively high signal amplitude the TTL Sync_2 output might negatively influence experimental
setups and thus, worsen the spectra quality due to crosstalk.

Fast-NIM
SYNC Out

Unare)

32mA

-5V

Fig. 3.4: Fast-NIM SYNC _1 output schematic

The sweep counter is incremented when a new sweep is started / triggered. The fast-NIM SYNC_1 output is
a current mode output and supplies standard fast-NIM (0...-0.8 V / 16 mA) signals into an external 50 Q load.
The output impedance is 50 Q. For fast-NIM signals a logic ‘TRUE’ corresponds to a low voltage (-0.8 V),

e.g. while a sweep is running ‘ON’ will result in —0.8 V (="TRUE) output. You can switch to negative logic by
selecting ‘inverted’ in the corresponding settings.
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3.4 TAG Inputs

A unique feature of the MCS8 is a 16-bit TTL TAG input with a time resolution of 5.12 ns.

“LVTH logic: GND GND
V=D a7 Socket Mounted Termination Option
ESD Protection:
- 2000V Human Body Model - - GND
- 200V Machine Model 1 RN3 t RN4
Bus Hold on Inputs D 1.0k D 1.0k
N[O (] (o] [ (ve] (03} (2] o] |4 (o] [To] ooy N E
o
4 TAG T0 TAG T0 20 0
2
4 TAG Tl TAG T1 21 ® 0
< TAG T2 TAG T2 22 9 0o
4
4 TAG T3 TAG T3 2, 0 0o
4 TAG T4 TAG T4 24 ® 0
6
4 TAG T5 TAG T5 25 0 0
7
4 TAG T6 TAG T6 26 © 0
8
4 TAG T7 TAG 17 27 9 0
0
4 TAG T8 or. CNT_INS TAG T8 or CNT _INS 28 0
10 lo
q TAG T9 or CNT IN4 TAG T9 or CNT IN4 29 0
11
< TAG T10 or CNT IN3 TAG T10 or CNT IN3 30 9 0o
12
4 TAG Tl11 or CNT IN2 TAG Tl11 or CNT IN2 31 0 0
q TAG TI2 or CNT GATE1 TAG T12 or CNT GATEI ® 0
4
q TAG TI13 or CNT IN1 TAG T13 or CNT INIL o 0
4 TAG T14 or CNT GATEOQ TAG T14 or CNT GATEO 4 0 0
6
4 TAG TI5 or CNT INO TAG TI5 or CNT INO 5 © 0
7
4 TAG TCK _ or. CNT COM GATE TAG TCK  or CNT COM GATE 6 0 0
8
D—] TAG TEN _ or CNT LOAD IN 7 9 0
o
4 TAG TEN _ or CNT LOAD IN &
=1
e—— R176 1 1
R1206 - SOR.0.5W > 5Vims I G e
or optional SIL-9 socket mounted 1- 1- 1- T 1- I_LT ]- 1- 1- ]— 1- T DSUB-37F (8.1mm)
GND +5.0V

Fig. 3.5: TAG input schematic

When in use the TAG inputs are stored with each detected event at a resolution of 5.12 ns.
3.5 ‘GO’-Line

The ‘GO’ line is a system-wide open-drain wired-AND signal that can start and stop a measurement. This line
is available on the FEATURE connector.

The ‘GO’ line may be enabled, disabled, set and reset by the software. The system-wide open-drain ‘GO’ line
enables any connected device to enable and to stop all participating measurement equipment
simultaneously. This allows for easy synchronization of electronic devices previously often not possible.

When watching of the ‘GO’ line is enabled for the MCS8, a low voltage will halt the measurement. When
output to the ‘GO’ line is enabled, starting a measurement (i.e. the MCS8 is armed) will release the ‘GO’ line
(high impedance output) whereas a halt of the measurement will pull-down the ‘GO’ line to a low state. Since
it is an open-drain output wired-AND connection with other devices is possible. Also refer Fig. 3.6.

The ‘GO’ line is available on most of the other FAST ComTec products as well.
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3.6 FEATURE I/O Connector

A very versatile 8 bit digital 1/0 port is implemented on the 15-pin high-density female D-SUB connector. The
pull-up and series resistors (ref. Fig. 3.6) of the digital 1/0O ports are socket mounted and thus, can be easily
adapted to specific needs.

This 1/0O port is fully software controllable and each single (1-bit) port is individually configurable. Each
individual port can be configured as input only (tri-stated output) or open-drain (pull-up) output with read back
capability. Wired-OR/AND connections are also feasible.

It might be used for external alert signals, sample changer control, status inputs / outputs etc.

NOTE:

| Please contact factory if changes to the resistors are needed. I

Also on the FEATURE connector there is the TTL SYNC_2 output.

Socket Mounted

00 2RNZ

DIG D : 1
o DIC DIO1 = kA
LVTH logic: 5 5165 v
Vin=-0.5 ... +7V DIG IN4 DIO3 G +5.0V.
ESD Protection: DIG DI04 ==
-2000V Human Body Model DIC DIo 7
- 200V Machine Model I T 5 P2
DIG NS DIO 9 |:|LIA
1.0k s
8
Z Socket Mounted ] IR
DIG QUTO R R 00 DIOO <
G OU 2] — [15 0 0 1 0
DIG OUT? —14 _ DIO [ 7|
G O 4] — 03 03
G O 5] — 04 04 1 ol
G O = © o = FEATURE
DIG_OUT6 7 =110 __DIO6 DIOG
OUT? i — DIO7 07 7 o | CONNECTOR
2R 0
+3.3V 14 o)
1o
R96 15 o)
GO OUT 22k
_— [ DSUB-ISE/HD
GND)| 3
GO IN GO 2 GND GND
N
SYNC2 K RosHm SYNC2 OUT
> —3

22R

Fig. 3.6: Schematic of the FEATURE /O connector

3.7 Time Base / Reference Clock

The internal reference is a 10 MHz crystal oscillator. This can be output at the CLK rear side BNC connector.
Or an external clock signal may be used. This external reference frequency might be in the range from 5 to
100 MHz in steps of 1 MHz.

To derive the outstanding temperature and long-term stability the MCS8 is optionally equipped with an on-
board ovenized crystal oscillator (OCXO). This OCXO stabilizes the 12.5 GHz PLL (phase locked loop)
synthesizer that clocks the sampling circuitry.

The reference is a 10 MHz clock. Either the internal (on-board) or an external reference is software
selectable, see section 5.1.1 . See in chapter 8.2.3 for the signal impedance and amplitude. The input
impedance is 1.3 kOhm. As this may cause a problem due to reflections when using an external clock from a
clock generator with a long cable, it is then recommended to use a 50 Ohm resistance and a Tee connector.
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3.8 200 MHz Counter / Timer

The MCS8 optionally includes six 48bit synchronous 200 MHz counters. 2 counters are presettable.

All inputs are TTL like and are terminated with 50Q to ground. For each counter input the polarity is software
selectable.

The counters actually either count the software selected rising or falling COUNT input edges (counter mode)
or work as 200 MHz timers.

For two counters counting can be individually gated or switched between up- and down-counting by
individual GATE inputs. Also a common gate is provided. The usage can be individually selected.

Also a common LOAD is individually selectable. This actually clears the chosen counters.
The system wide GO-Line may also control the counting action. This can be set individually for each counter.
If counters are used, only up to 8 tag bits are useable as they share the same connector.

IMPORTANT: TAG_CLK/CNT_LOAD and TAG_TEN/CNT_COM_GATE are high impedance inputs with bus-
hold circuitry. If used, they must be driven by a low impedance source, for example use a T-connector with a
50 Ohm resistor.

r
LVTH logic: GND GND
Vin=-0.5 ... +7V inati i
T Bttty Socket Mounted Termination Option
-2000V Human Body Model - = GND
- 200V Machine Model 1 N3 t[RN4
Bus Hold on Inputs D 1.0k D 1.0k
N SRR NEE oo~ < =]
o
<—TAG 10 TAG T0 200
2
<G—TAG TI TAG TI 21 © o
<TG ™ TAG T2 2[° °
:
< TAG T3 TAG T3 B2 o
<—TAG T4 TAG T4 24]° o
<G TAG TS TAG T5 %[ o
7
< TAG T6 TAG T6 6] ° o
8
<G—1aG 1 TAG T7 77 ° °
] . ] 3o
< TAG T8 or __CNT INS TAG T8 or _ CNT INS 28]
1
<G—TAG TO or __ CNT IN4 TAG T9 or _CNT IN4 29[ °
1
<}—TAGTIO or ONT IN3 TAG TI0 __or _ CNT IN3 30[° °
12
<G—TAGTIL or CNT IN2 TAG TI1 __or _ CNT IN2 31 ° °
<}—TIAGTI2 _or CNT GATEI TAG T12 __or __CNT GATEL 9 o
2
<}—TAGTI3 or CNTINI TAG T13 __or _ CNT INI © °
< TAG T14 __or __ CNT GATEQ TAG T14 __or _ CNT GATEQ ar° °
——21-0
TAG TIS __or _ CNT INO TAG TIS __or _ CNT INO 35
< 2o
<4 TAG TCK__or _CNT COM GATE TAG TCK _or  CNT COM GATE 61~ o
8
[>—' TAG TEN _or __ CNT LOAD IN 710 o
9o
<}—TAG TEN _or CNT LOAD IN 5
=
n
Input Termination: ‘ GND

R1206 --> 50R / 0.5W --> 5Vrms
or optional SIL-9 socket mounted
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Fig. 3.7: 200 MHz Counter / Tag bit Connector
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Edge Legend:
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Fig. 3.8: 200 MHz Counter — Simplified Control Logic
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4 Functional Description

4.1 Introduction

The MCS8 measures the arrival time of STOP input events relative to a previous START signal. The
resolution or time bin width is 80 ps. The full dynamic range is 53 bits which results in the incredible
maximum sweep time of 8.3 days. 30 bits of the timer are also accessible via the SYNC outputs (TIME[O...
29], ref. Chapter 3.3). The measured data is transferred into the computer in list-mode, i.e. as they are
acquired per each input channel.

A unique feature of the MCS8 is that the START channel can be sampled as well and thus can be used as a
eighth input channel.

Since the time base for all 8 inputs is the very same and since each data transferred into the PC contains the
channel number and a long time information relative to a common start (even software start) for the first time
correlation's between several input channels can be acquired with one single instrument. Time differences or
correlation's between specific events in up to 8 different channels can be measured. And this always at the
full 80 ps resolution even for long time periods.

4.2 Modes of Operation

4.2.1 Stop-After-Sweep Mode

This might be the mode many people have used before with single channel instruments.

When the MCSS8 is armed it waits for a START input signal. When one occurs the sweep is started /
triggered, meaning the time starts to count. Now the arrival times of the STOP input signals relative to the
start are acquired on all channels that are enabled. A STOP event can be either a falling or a rising edge or
both. Even further signals into the START input can be acquired. Since the type of edge is detected and
marked in the acquired data even Time-over-Threshold or pulse width measurements can be accomplished.

An acquisition delay time might be selected in steps of 5.12 ns to accept only STOP events that arrive after
the selected delay.

ARMED TYSASSSSSVNNNVVRVVTR RNV VLV NN / NSSYVSSVYVNYNYY
START IN 7 i i
STOP IN 'l el Al vl e
- INT. DELAY—=»
INT. START rv v
I INT. DELAY—=»

INT. STOP il il Al il v v I
INT. TIMER 0 B D &5 6 5 &5 &5 &5 &1 &I 13 0 X2 X X2 X5 Xe
VALID EVENT f f f f $
SYSTEM ON
WINDOW —
LIVETIME
(rel. START)

ACQ. HOLD | EOS

DELAY RANGE OFF | DEAD

SWEEP TIME | | | NEXT SWEEP ——>

Fig. 4.1: Simplified timing diagram

When the selected measurement time range — selectable in steps of 2.56 ns - has elapsed the sweep and so
the data acquisition ends. After a short (46 ns) end-of-sweep dead time the MCS8 is ready for a new start
and will begin a new sweep as soon as the next START event occurs.
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To reduce the overall average data rate a HOLD OFF time might be selected — as well in steps of 2.56 ns -
that allows a new start only after this additional time has elapsed after the end of the sweep.

Acquisition delay, time range and hold-off are 48 bit values in 2.56 ns units each.
Acq.Delay + TimeRange + Hold-Off < 248 x 2.56 ns = 8.3 days max.

Since the time window in which events are actually acquired is programmable in such a wide range it is
possible to count stop events at very high input rates even at late arrival times. This is due to the data
reduction executed. The fact is that all events that occur outside the programmed time range window are
discarded.

Example 1:

Average STOP data rate of 100 MHz. Interesting time window is 1 ys at 1 ms after the START / TRIGGER
signal:

In a time range of 1 ms the 100 MHz input rate would result in 100,000 STOP events which would cause
data loss due to filled FIFO's. When programming an acquisition offset of 1 ms and a 1 ys measurement time
window the resulting number of events per sweep is only 100. Thus, no data loss at all will occur. And even
with highest speed sweep repetition rates an average data rate of only some 1000 sweeps/sec x
100 events/sweep = 100,000 events/sec has to be stored.

Additionally a trigger hold-off time, also programmable in increments of 2.56 ns, can be selected to further
reduce the average data rate by accepting only a new start / trigger after this additional time has elapsed.

Example 2:

Average number of STOP events per sweep is 1,000. Say your computer allows an average transfer rate
over the USB of 10 Mevents/s a maximum of 10MHz / 1000 = 10kHz sweep repetition rate can be accepted.
With a sweep length of e.g. <5 ps and start signals every 5 us the average data rate would be 200 MHz. A
trigger hold off after every sweep of 95 ys will reduce the start rate to 10 kHz and thus the average count rate
to 10kHz x 1,000 = 10MHz.

Sweep counter

A presettable 48-bit sweep counter is incremented at every start of a sweep. In fact the sweep counter
counts the real start of a new sweep rather than the completion of the sweeps. When a preset is enabled and
the preselected number of sweeps has occurred any further start of a sweep is prohibited.

The lowest 12 bits of the sweep counter may be output and watched on the SYNC outputs. They are
particularly useful when some experiment should be periodically changed after a fixed number of sweeps.

4.2.2 Endless Mode

In the endless mode data acquisition is started only once, e.g. by a software start i.e. asynchronously to the
rest of the experiment. Then all arriving events are recorded and stored with an absolute time relative only to
the initial start. Since the dynamic range is up to 53 bit or 8.3 days the available absolute time range will be
sufficient for every imaginable experiment.

4.2.3 Tagged Spectra Acquisition

16 TAG inputs allow for sequenced spectra acquisition, multi detector configurations etc. The 16 Tag's are
sampled synchronously to the START / STOP inputs. The time resolution is 5.12 ns.

E.g. in a multi detector experiment it is feasible to measure which detector (even if more than 5) has fired
and still maintain the incredible 80 ps bin width. This allows also for ultra fast coincidence measurements
with very little external logic required.

Atag clock is provided on the tag connector that can be used as a strobe signal.

In case of using the TAG bits part of the upper 32 bits of the 64 bit data word are replaced by the Tag's, see
chapter 5.2 .
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4.3 FIFO Concept

A multi-stage FIFO concept is used to optimize for the two main difficulties of those data acquisition systems.
On the one hand ultra high burst count rates (here 12.5 Gevents/s) should be acceptable for a period of time
as long as possible. In the case of the MCS8 each individual START / STOP input has its own 2.56 ns x 4k
FIFO. These are able to store burst rates of as high as 12.5 G edge events per second for up to 10.5 ys
before any event might be lost. Each FIFO word is comprised of the complete event structure in a 2.56 ns
period. It is worth noting that these ultra fast FIFO's are really independent for each channel.

EDGE DETECT Fast FIFO's

START — /RS I—> 3.2ns x 4096
oA \ 6x 50MHz DECODER
STOP 1 —p _\_f I—> 3.2ns x 4096 DECODE OPTIONAL
DDR3 FIFO
STOP2 — -4 I—» 3.2ns x 4096 DECODE I
oA 1..4GB FIFO
A
STOP 3 —» YA~ 3.2ns x 4096 DECODE i — USB 3.0
2k FIFO
STOP 4 — YA~ 3.2ns x 4096

DECODE
STOP 5 — -4 A I—> 3.2ns X 4096

STOP 6 —»| - YA~ f—> 3.2ns x 4096 ~

A 4

v

A 4
A 4

A 4

DECODE

\ 4

Y

DECODE
/

T
TR

STOP7 —»| -4 oA »| 3.2ns x 4096

12.5 GHz

Fig. 4.2: FIFO concept

On the other hand a high average count rate must be stored without loss of events. The decoding and binary
time coding of the raw data as buffered in the first FIFO stage is accomplished by 6 decoder machines
working in parallel at a sum rate of over 300 MHz. As this parallel decoding has the consequence that data
are mixed, it is possible to use only one decoder to assure better ordered data in the list file. This is usefull
especially if coincident data from different inputs are evaluated, for example for a position-dependent
detector. When using only one decoder the maximum sum count rate is limited to 50 MHz. Since the
bandwidth of the USB 3.0 transmission is limited to something like 240 MB/s a large second FIFO is provided
that is able to store a high number of data.

The optional up to 4 GB large DDR3 FIFO is designed to be used in an optimized way depending on the
number of bytes that is transferred for each single event. |.e. for 64 bit = 8 byte data words upto 4 GB/ 8 =
512 Mevents can be buffered. For 32 bit = 4 byte data up to 1 G events, can be stored in a 4 GB DDR3
module.
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5 Software Description

The software is a layer of several parts. A driver (WINUSB.SYS) provides the communication via the USB
port. A server program (MCS8.EXE) controls the hardware and the data. A graphical user interface
(MPANT.EXE) controls the server via a DLL (DMCS8.DLL) and provides graphical displays. This chapter
describes now the server program.

The window of the MCS8 server program is shown here. It enables the full control of the MCS8 to perform
measurements and save data. This program has no own spectra display, but it provides - via a DLL
("dynamic link library”) - access to all functions, parameters and data. The server can be completely
controlled from the MPANT software that provides all necessary graphic displays.

=

File Settings  Action

TEST
Time: 0.00
Sweeps: 0.00
Startsr  0.00
Status:  OFF
A1

Fifofull:
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Tatal:
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Rate:
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Fig. 5.1: MCS8 Server Window

5.1 Server functions

To start the software, just double click a shortcut icon linking to the server program. The server program
performs a test whether the hardware works well on this computer, then starts MPANT. Usually you will
control everything from MPANT, but it is possible to work with the server alone and independently from
MPANT.

Fig. 5.1 shows the opened server window. The upper part of the window contains parameters that belong to
all channels. The filename (TEST), “Time” is the run time of the acquisition in seconds as measured by the
PC clock, “Sweeps” is the number of sweeps counted by the hardware sweep counter, “Starts” is the number
of start events counted by the software that can be lower than the sweeps during a running acquisition as the
events in the FIFO buffer are not yet ealuated, “Status” is the acquisition status (ON / OFF / READ OUT).
The lower part contains in boxes labeled with the channel name (A1, A2, ..) counters belonging to each
channel. “Fifofull” is the number of recognized FIFO full events. “Total” is the number of counts in the
spectrum as counted by the software. “Rate” is the number of counts per second within the ROI (region of
interest) that is defined in the settings. The ROl is usually spanned over the total spectrum and rate is then
the total count rate. “ROI” is the sum of counts within the ROI, default value is the total sum.
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5.1.1 Initialization files

At program start the configuration files MCS8.INI and MCS8A.SET are loaded.

Parameters that can be set by editing the MCS8.INI file are the update rate in msec for the refresh of the
status. The number of input channels and resolution is set automatically by changing the MCS8.INI file when
the software is started for the first time.

Oven oscillator: If you have the optional internal oven stabilized oscillator, it is found and used
automatically. The oscillator can be changed in the “Test, Inspect...” dialog.

External clock: If you have a good external reference signal, for example a Rubidium or GPS clock, you can
use it the following way:

Change the MCS8.INI file and insert a line
extclk=1

After power up always the internal clock is used, so you should not yet connect the external clock signal.
Start the software. You will be prompted by a message box to connect the external clock signal to the BNC
connector labeled "CLOCK 1/O" at the back side. If you later exit and restart the software, let it connected.
But after power down please let it disconnected at first. When using the internal clock the same connector
outputs the internal 10 MHz signal.

The file MCS8A.SET contains the default settings. It is not necessary to edit this file since it is saved
automatically. Instead of this .SET file any other setup file can be used if its name without the appendix
‘A.SET’ is used as command line parameter (e.g. MCS8 TEST to load TESTA.SET). The command line
parameter can be used either by calling the program from a “DOS box” or by changing the properties of an
icon on the desktop that points to the program.

_inix

File Edt Faormat Wiew Help

fpgafw=MCS84_FPGA_03_44.bin B
y5et devices to number of MCS8 modules connected (max. 40

devices=1

;o Set MCSE type: 4=MCSE, 5=MCSBAL, 6=MCSBAS

tyﬁe=4,4,4,4

iThe status is read out every updaterate msec, if possible.

updatarate=1000

vexternal clock: set exctclk=l

extclk=0,0,0,0

i Set tofnum to number of TOF dnputs dncluding START for each module (2..8)
tofhum=8,8,8,8

i Set speed=4 for BOps, 3 for 100 ps, 2 for 200 ps, 1 for 400ps, O for 800 ps
speed=4,4,4,4

Fig. 5.2: MCS8.ini File

5.1.2 Action menus
The server program normally is shown as an icon in the taskbar. After clicking the icon it is opened to show
the status window. Using the “Start” menu item from the Action1 menu a measurement can be started. In the

status window every second the acquired events, the counting rate and the time are shown. Clicking the
“Halt” menu item the measurement is stopped and via “Continue” proceeded.

5.1.3 File menu

Clicking in the File menu on the Data... item opens the Data Operations dialog box.
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This dialog allows to edit the data format settings and perform operations like Save, Load, Add, Subtract,
Smooth and Erase.

The Radio Buttons MPA, Selected Spectra and New Spectra provide a choice between handling of the
complete data set (MPA) or selected spectra, or to load new selected spectra for compare.

Mark the checkbox Save at Halt to write a MPA file containing the configuration and all spectra at the stop of
a measurement. The file name can be entered. If the checkbox auto incr. is crossed, a 3-digit number is
appended to the file name that is automatically incremented with each saving. The format of the data can be
ASCII (extension for separated spectra .ASC), binary (.DAT), and CSV (.CSV).

If Separate Header is not checked, the Header and data is saved together in a file with extension .MP,
otherwise the file with extension .MP contains only the header and the data is written separately into a file
with appropriate extension.

The buttons Save, Load, and Erase perform the respective operation. With Add and Sub spectra can be
added or subtracted from the present data. The checkbox calibr. can be checked to use a calibration and to
shift the data then according to the calibration. The Smooth button performs an n-point smoothing of
selected single spectra. The number of points to average can be set with the Pts edit field between 2 and 21.
Check the Write Listfile checkbox to write a listfile during a run.

il I

speci :
— Filename —Filename
ITEST.mpa Browsze... | Ispec1_a.m|:| Browsze... I
[~ Save atHalt Save | Load | v MP& Save | L oad | i MP&
I autainet oo ™ Add | _sub | {" Selected Spectra calbr [~ _add | Sub | ¢ Selected Spectia
_E@I {~ MNew Spectra Farmat PtSIE_MI _Eﬁl = Mew Specta
IBi"'laf.'r' 'I ™ Seperate Header

[~ Beplay...

ok | Cancel | SageSett.l OK | Cancel I SaxeSett.I

Fig. 5.3: Data Operations dialog for MPA data (left) and selected spectra (right)

The menu item File — Replay... opens the Replay dialog. It enables evaluation of list data.

x

[™ Use Modified Settings

Filename
’]E:kDev\mcaE‘xmcsE\TEST.l&t Erowae...l

Lo
€ Startit Range from: ID_DDD Freset; IEI.EIEID
Spesd: |1|:||:|D *10kB/sec

ok | Cancel |

Fig. 5.4: Replay Settings dialog

Enable Replay Mode using the checkbox and specify a File name of a list file (extension .LST) or search
one by pressing Browse... With the radio buttons it is possible either to choose the complete list file by
selecting All or a selected Start# Range. Specify the sweep range by editing the respective edit fields from:
and Preset: . The Replay Speed can be specified in units of 100 kB per sec. To Use Modified Settings
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enable the corresponding checkbox; otherwise the original settings are used. To start Replay press then
Start in the Action menu or the corresponding MPANT toolbar icon.

The menu item File — About... opens the About MCS8 window where some information of the System can be
found. Particularly the serial number is important for support purposes. This serial number is unique for each

MCS8 system. A click on the “Installed...” button opens a dialog showing all installed features.

=g todel MCSE #1004
T Pt 013

Yergion 1.005 For “Windows =P ista /7 /8410

Copyright € 2071-2013 FAST ComTec

Inztalled. .. I

Installed Options

TOC Inputs: T+
TODC time resolution: 80 ps
T ag bits: Installed
FIFO: 4 GE

Fig. 5.5: About MCS8 dialog box and Installed Options

The MPANT menu item in the file menu starts the MPANT program if it is not running.
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Fig. 5.6: Settings dialog

5.1.4 Settings dialog

The Hardware... item in the Settings menu opens the MCS8 Settings dialog box. The mode of the
measurement can be Endless if the corresponding checkbox is crossed, or Sweep mode. In Sweep mode
usually via an external start signal a sweep is started, after completion the next sweep starts with the next
start pulse. The Sweep length is defined by the Range times the Bin Width. Endless mode means that the
sweep is started once and runs forever until the acquisition is stopped by software. The time counter will
count for ever (when using 54 bits for the time information up to 20.8 days) and in a list file the full time
information for every stop event is written, but the channel pointer for the histogram wraps around and keeps
counting along from zero. This mode can be used together with the sync out to synchronize the experiment.
If Softw. Start is marked no start signal is necessary. The time-counter for the spectra is masked
corresponding to the chosen range. The signal for the synchronization of the experiment can be obtained
from one of the two Sync Out outputs.

Via the Sync out - combo boxes you can specify the signal you want to observe. See chapter 3.3 . You can
observe the START and STOP1...STOP7 signals. Use it as a monitor and vary the input thresholds to find
the best threshold settings. The Sync Outs can deliver 10 MHz, 100 MHz, 200 MHz, 97.656 MHz, 195.3125
MHz, 390.525 MHz, PLL Ref Clock, START..STOP7, GO, START_OF_SWEEP, ARMED. SWEEP_ON
indicates a running sweep, WINDOW indicates the active measurement time window, HOLD_OFF is the
Trigger hold off time window, EOS_DEADTIME is the dead time at the end of a sweep. TIME[0]..TIME[29]
are the Bits 0..29 of the time counter. Furthermore, the bits of the sweep counter can be monitored at the
Sync outputs by specifying SWEEP[0]..SWEEP[11]. The time counter is incremented after 32 basic dwell
times i.e. after about 2.56 nsec. The signal for the synchronization of the experiment can be obtained from
one of the two Sync Out outputs. The level can be logical inverted by checking the invert checkbox.

An acquisition mode "Time differences" is implemented for analyzing pulse trails. In this mode the first stop
event is used as a reference point and for following stop events the time difference to the reference is
calculated. The displayed spectrum is then a relative time distribution of stop events related to the reference
point. Even wrap around mode works in this differential mode. The first stop event that falls out of the chosen
time range after a reference event is taken as a new reference point.
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A List file can be written by checking the corresponding checkbox Write Listfile. If No Histogram is
checked, no histogramming is made. If Start event generation is checked, a start event is inserted as a
zero into the data stream and counted by the software. The measurement can be stopped automatically after
a specified number of sweeps by checking Starts preset or Sweep preset. In the former case the start
events are used, in the latter case the hardware sweep counter.

A series of measurements can be acquired into separate memory parts by checking Sequential cycles and
specifying the number of cycles. Each single measurement should be terminated by any of the preset
conditions, the complete run stops after performing the specified number of cycles or is repeated accordingly
if the specified number of Sequences is greater than 1.

Tagged spectra allows to sort the spectra into up to 65536 separated parts, depending on tag bits. MPANT
will show the spectra in a 2 dimensional view. You can either select one hot mode or binary for the tagging
scheme. In "one hot" mode you get n+2 rows for n tag bits: the first row contains the data for no tag bit set,
the next row is data with tag bit 0 set, the next with tag bit 1 set, and so on. The last row is the data with
more than one tag bit set.

In "binary" tagging scheme, y is the pattern of tag bits seen as a binary number.

The data acquisition can be ended after a given time via the Time preset. In the edit field Range the length
of the spectrum can be entered. A Bin width of 1 means the highest time resolution. The Bin width can be
chosen in powers of 2 up to 1677216 times the elementary dwell time. If an Acq. Delay is specified, data are
acquired in a sweep not before the specified time. Hold after sweep allows to wait a specified time after a
sweep before the next sweep can be started. If the 80 ps option is installed, the Time resolution can be
selected between 80 ps and 100 ps.

If the MCS8 clock is synchronized with the measured data, for example by using an external clock or
controlling the apparatus by a sync-out signal, it is useful to enable the ”Folded” checkbox. If it is crossed,
an edit field ”Periods” and a checkbox ”Interleaved” appear.

The data word length of MCS8 data can be 4 or 8 bytes and is chosen automatically depending mainly on
two parameters, the selected sweep range length and whether you have checked "Sweep counter in data
not needed”. See the table in chapter 5.2 . If you need any correlations between events from different input
channels, it is important that sweep counter data is inserted into the data. The sweep counter in the event
data word is the only way to uniquely identify events from different channels belonging to the same sweep,
as they are inserted independently into the data stream as fast as possible from each input line.

By pressing the "Inspect" button a special dialog is opened that allows to inspect the data format in detail.
You see in addition information about the voltages and temperatures of the FPGA and the MCS8. Pressing
the Read button can refresh that information. It is also possible here to test and select the oscillator.

x
—MC_&Woltages # Temp. — —Ref. oscillator——————————————
wint10: 0939  Intemal
wal 8 1.80 &
w1200 11.86 * Uven
wA; 514 " External
wad 2.30
W3 20 Test I Setup PLL I
w1E: 1.81
ddr_w15: 1.50 — Listdata farmat———————
awld 182 patch = 1c, datalength=4 bytes
att 172 1,20 bit0.. 3: channel# [ 4 bit]
ana we0 153 bitd: edge O=ups/1=dn [ 1 bit]
ddi_w75: 0.77 bt . 20: timedata  [1E bit)
av 105 1.05 bit21..30; zweep: (10 bit)
tpga: 404 bit31:  data lost [ 1 bit]
tfpgamir: 26,7
tfpgamas: 41.0
Headl Calibrate Inp.Delays |

Fig. 5.7 Inspect MCS8 Dialog

The Inputs... button opens the Input Thresholds and ROI Presets dialog box. For all 8 inputs you can
Enable Sampling and you can specify for the START and STOP1..STOP?7 inputs the threshold level of the
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input signal and select Falling or Rising Edge. The combo box provides a choice between standard Fast
NIM (-0.3 V) and customized, i.e. Voltage level set by hand between -2 .. +2 V (scroll bar or edit field). It is
also possible to choose both edges. If one of the ROI Preset checkboxes is marked, the measurement will
be stopped after acquiring more events than specified in the corresponding edit field. The events are counted
only if they are within the ROI limits, i.e. >= the lower limit and < the upper limit.

x|

— Input dizcriminators
Enable Sampling  Threshold 4] Edge: Pulze width mode:
¥ Stat |-D.3nnn I |FastNIM | IFaIIing | IUnder threshold - |

[~ Start with rizing edge
7 CH1 [-0:2000 2| [FastMiM =] [Faling 7| |under threshald = |
[# CH2 [0-z000 2| [FastMiM ~| |Faling 7| |under thieshold |
¥ CH3 [-0-z000 | [FastMiM ~| [Faling | Junder thieshold > |
¥ CH4 [-0-z000 2| [FastMiM =] [Faling | |Undertheshald x|
¥ CHS [0:3000 | [FastMiM =] [Faling | |Under threshald - |
F CHE [-0-2000 2| JFasthid x| [Faling | |Under threshold - |
7 CH? [-0-z000 2l [Fasthiv =] [Faling | |Under theshald = |
~CFT
Time after Peak/ .
— ROl Presets Time ta Peak:  Mas. Wwidth:

Input 1: [~ ROl Preset
Input 22 [~ ROl Preset

ROl |0 |2048 J1.000 |600

ROL: |0 |2048 [1.000 |600

E‘E‘E‘E‘E‘E‘E‘E‘ TR

Input 3: [~ RO Presst RO [0 |2048 |1.000 J600

Input 4 [~ ROI Preset |2048 J1.000 |600

Input 5 [~ ROl Preset ROl |0 |2045 J1.000 |

Input B: [~ ROl Preset ROL: |0 |2048 [1.000 |600

Input 7: [~ ROI Preset ROl |0 |2048 [1.000 | [Ei]

Input 8 [ ROl Preset Ral: |0 [2048 [1.000 [0
Cancel | Apply |

Fig. 5.8: Thresholds Dialog

As the edge information is contained in bit 4 of the data (a 1 in that bit means falling edge) it is possible to
distinguish stop events from rising and falling signals and it is possible to analyze the pulse width of the
signals, if Both Edges are chosen. There is a choice between "Over threshold" or "Under threshold" for
the Pulse width analyzing, depending on the corresponding setting in the "inputs" dialog. To see the events
from rising and falling signals separated, just enable Pulse width in the settings dialog and set y-Range to 2
inside the box labeled "2D spectra”. You will get a two dimensional spectra with a y-dimension of 2, for y=0 it
contains the stop events from rising edges and for y=1 from falling edges. You can see here the separation
time between both edges. If you set then the y-Range to a value larger than the maximum pulse width in
channels, you will get a 2-dimensional spectra with the time of the first edge as x coordinate and the pulse
width as y coordinate (see chapter 2.5.4).

A well known method named "Constant Fraction Timing" (CFT) is used in electronic discriminators to get an
enhanced time resolution for a trigger signal made from a detector signal. Due to the capability of detecting
both edges of a peak a similar method can be used in the MCS8 software too. By assuming that the shape of
the signal does not depend on the amplitude, one can get a good estimation for the time of the peak by
assuming that it is always at the same fraction of the time between both detected edges. Select Both + CFT
in the drop-down listbox for the edge detection, and enter a suited value for the fraction "Time after Peak /
Time to Peak" i.e. time-after-peak divided by time-to-peak. For example enter 2 for a peak shaped like
shown in Fig. 5.9, when the time after peak is twice the time to peak. A suited Max. Width for the pulse width
in units of time bins must be entered, to reject spurious signals with too large width. Note that for using CFT
again the "Pulse width mode" must be chosen accordingly as "Under threshold" for low going (negative)
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pulses or "Over threshold" for rising pulses. It is important that no data are lost, as both edges of a signal
pulse must be detected. Make sure that the count rate remains below a value that the "Data Lost" indicator in
the MPANT status window will not get on.

digital output
of comparatar

input signal

t
L threshold

f=1rd (fr +1f ) rizetime fraction
thm=tlr +fu(1f-t1r)  interpolated time of max  blue
2r=t2r +fx (2f-12r)  interpolated time of max green

tim=1tm independent ofinput ampltude

Fig. 5.9: Principle of “Software CFT”
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5.1.5 Scaler Setting

The “Scaler Settings...” button in the settings overview opens the respective dialog box to define the use of
the six 200 MHz Scaler/Counters. This is an option, see chapter 3.8 . A utility program mcs8scal.exe is
started automatically and shows the scaler values, optionally as a rate meter. The scalers can be individually
named, the values are saved into the data file. For an exact synchronizing of start and stop of the scalers
with the acquisition it is recommended to enable Count gated with GO and Remove GO when Preset
reached. Furthermore, the three check boxes concerning the GO-line in the system definition dialog should
be crossed, see chapter 5.1.6 . IMPORTANT: When using the Extern Common Gate or the Extern Clear, use
a T-connector with a 50 Ohm resistor at these inputs. As these are high impedance inputs with bus-hold
circuitry, they must be driven with a low impedance source.

x
¥ Enable counting
— Extemn Common Gate————  ~ Estern Clear
¥ Polarity active High ’VF Polarity active High
— Scaler
Scaler Mame: |SCALER 1 Scaler |m 'I
v B ns Timer Set Al |

[~ Count Palarity Rising edge
[ Count gated with GO

[~ Egtern Clear Enable

[~ Common Gate Use

I Individual Gate Enable ' Up/Dn
¥ Individual Gate Polarity active High & Gate

[~ Scaler 1 in data ward
[ Scaler 1 and 2 in data ward

r— Timer
¥ Realtime preset [ms]: 4000 % Status Window
[ Livetime preset [ms]: I i ™ Fatemeter

Cancel | Log...

Fig. 5.10 Scaler Settings dialog box

-lo/x|
Scaler 201,243,117 ez
|300000000
|300000000
|300000000
B =TS ]
SCALER 1 793,994 037
SCALEF 2 793,934,037 |n04 =l |300000000
SCALER 3 793,994 037
SCALER 4 733,334,037 SCALER 1 477 FEEG7I  Time [s) 2,375
SCoERD T D SCALER 2 0 Realime ms] 2,367
o SCALER 3 0 Livetime [ms): 430
Rate #01 o SCALER 4 il
T E 4016
HI:a.TtiE-i]ua (e 4.000 SCALER 5 0
Livetime [ms): =g SCALER B ]

Fig. 5.11 Left: MCS8-Scaler Status utility, right: as ratemeter
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5.1.6 System Definition

The “System...” item in the settings menu opens the System Definition dialog box. It is possible to select
between 80 ps and 100 ps time resolution here. The use of the Digital Input / Output and the GO-Line can be
defined: It can be used either to show the status of the MCA if the checkbox Status Dig 0 (0..3 for more
modules) is marked. At the respective pins +5 Volt are output if an acquisition is running and 0 V if not. The
polarity can be inverted by checking Invert. Alternatively, it can be used for example with a sample changer
by checking "Value inc. at Stop". Here, the 8-bit value entered in the edit field (a number between 0 and
255) is output at the Dig I/O port. This value will always be incremented by 1 if the MCS8 is stopped. The
Invert checkbox allows inverting the logical level. See also the commands pulse and waitpin how to
handshake a sample changer. The output mode of the Dig I/O ports is Open Drain.

It is also possible to use the digital input 4 as an external trigger for starting the system. If the corresponding
checkbox is marked, a start command for the respective system will not immediately start the system. After
the start command, the digital input will be permanently checked for its logical level. If the level changes from
high to low, the data for the system is cleared and it will then be started. It will stop if the level returns to high
(or vice versa if Invert is marked) and can again be restarted with the next level change. A stop command for
the system will finish the digital input checking. By checking Clear before Start the spectra is cleared before
the start. As an alternative to controlling Start/stop via digital input 4 also the GO-line can be used by
checking GO in the "Start with” box.

The Use of the GO-Line is controlled via the 3 checkboxes Watch, High when ON, and Low at Stop. The GO
line gates directly the hardware. "Low at Stop" means that the GO line is immediately pulled down by the
hardware when a sweep preset is reached, or as fast as possible by the software at any other stop.

x

~DiglD Output —G0-Line————

" Push-Pul {* Open Drain ™ Wetch

[~ Status Dig D [~ lnwvert [™ High when ON

[~ Walue incr. at Stop IEI [~ Laow at Gtop
— Start with

[" Digd [ GO [T Clear befare Start
Cancel | &pply | Sawe Seft, | Bemate. .. |

Fig. 5.12: System Definition dialog box

If more than one MCS8 modules are used, the system definition dialog box comes up as shown in Fig. 5.13.
Here the several units can be combined into a single system or different systems that can be started,
stopped and erased by one command. A checkbox "Any Preset stops all" allows to automatically stop all
modules combined in a system when in any individual MCS8 a preset is reached.
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system Definition |

GO-Line Mot active Sypztem 1 Swstem 2
[ watch -g-
[ High at Start
[~ Lowe at Stop
ny Freset stops al >
[~ AP Il _l _l
I 44 I
Digl0 Dutput el | ce |
" Puzh-Pull {* Open Drain
Start with———
[~ Status Dig 0.1 [T lrevert [T Dig4
[ Walue incr. at Stop II:I I~ Go
[~ Clear before Start

Cancel | Save Settl Remaote. ..

Fig. 5.13: System Definition dialog box, two MCS8 modules

In the shown setting a single system is formed. The modules A and B are combined. System 1 can be
started, stopped, erased, and continued with the respective commands in the Action 1 menu. It is also
possible for example to form two independent systems 1 and 2: Click on the button labeled <<All below the
list box “System1” to remove all units from system 1. They are then shown in the “Not active” list box. Then
select unit A and click on the button labeled >> below the “System 1” list box to include it into system 1 and
perform the respective action for unit B and System 2.

Remote Control

[ Usze Bemate Control
¥ Echo command

[ Echo character
Communication Parameters

COMPort |1

Baud: 9500 D atahitz:
P arity: In_ Stophits:

Cancel |

Fig. 5.14: Remote control dialog

1

OK accepts all settings. Cancel rejects all changes. Pressing “Save Settings” stores all settings in the file
MCSB8A.SET using the control language (see the following section). This file is loaded at program start
automatically and the parameters set.The Remote... button opens the Remote control dialog box. Here all
settings can be made for the control of the MCS6A server program via a serial port. If the Checkbox Use
Remote Control is marked and the MPA3COM.DLL is available (i.e. you have bought the optional MPANT
external Control software), the specified COM port will be used for accepting commands (see Control
language). If Echo command is marked, the input line will be echoed after the newline character was sent.
Echo character, on the other hand, immediately echoes each character.
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5.1.7 Calculated Spectra dialog

The data from the 8 input channels are buffered individually with own FIFO's and fed independently into the
data stream (see chapter 4.3), so it is necessary to have the sweep counter in the data when considering
concidences between events recorded from separate channels. The MCS8 software allows to create dual-
parameter and calculated spectra from coincident events arising from different channels. When using such
coincident spectra, automatically the checkbox "Sweepcounter in data not needed" in the settings is cleared
and a 16 bit wide sweep counter is then available in the data. This way it is possible to use the input
channels like TAC's (Time to Amplitude Converters) with a multiparameter system and create coincident
spectra belonging to events triggered together. The range of the time spectra is limited to 65536 time bins for
this application. Only one stop event per channel is evaluated, it is the first stop event after a time threshold
that can be set in the software.

By clicking "Map Spectra..." in the Settings menu or the corresponding MPANT toolbar icon the
Dualparameter and Calculated Spectra dialog box of the MCS8 server is called. Here additional dual
parameter and calculated spectra can be added, modified and deleted from the list.

Dualparameter and Calculated spectra
Mo. CHM  Range Type Mame Condition Add Muli...
.  1/.2 24512 MaP AT kA2
Add Calc. ...
Delete
Delete Al
] 4 Cancel | Conditions. ..

Fig. 5.15: Dual parameter and Calculated spectra dialog box

Press Add Multi to define a new multi parameter spectra in the Multi Display Settings dialog.

Multi Display Setting

o Az 1 Az

Param.: Ia'l'«'l - I
Bange: |51 2 ~ I

Pararn.: I.t'l'«2 - I
Range: |51 2 'I

[ = Offzet: I
Compr. by 27n: I

Threshald:  [100 Threshald: {100
Mame :|.-“-‘-.‘I WAz Canditian: I vI
—£00m Zoom

[~ v Offset: I
Caormpr. by 27n: I

o]

Cancel |

Fig. 5.16: Multi Display Setting
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For the x Axis and y Axis a Parameter and Range must be chosen from the respective drop down list. A time
Threshold in units of time bins can be entered. You can edit a Name of the new multi spectra, or you can left
the 'Name' edit field untouched to choose an automatically generated name like A1 x A2. If Conditions are
defined, one can be selected as a necessary Condition for incrementing a channel in this dual-parameter
spectra. For zoomed Maps check the x Offset and y Offset checkbox and enter a value for the respective
Offsets and Compression. The Offset point marks the lower left corner of the zoomed map, and the Comopr.
by 2*n means the power of two by which the spectra are compressed. A value of zero means full resolution.

Press Add Calc from the Map and Calculated Spectra dialog to define a new calculated single spectrum in
the Calculated Spectrum Setting dialog.

Calculated Spectrum Setking

= Sum = left + right

i~ Diff = Fange + left - right
™ Copy = left

" Sweep History [l=ft]

left right
Pararn.: I.-’-\-.1 "I Pararn.: I_ "I
Threshold:  |100 Threshald: 100

Bange: |2|:|48 ""I

Hame: [SUMAT_A2 Canditian: | =]

] I Cancel |

Fig. 5.17: Calculated Spectrum Setting

You have a choice between several formulas to combine two parameters: Sum = left + right makes a sum
spectrum, and Dif = Range + left - right can be used to subtract two spectra. The Range and Name can be
defined in the edit fields or default values will be taken. Any such calculated spectrum can be used as a
parameter for a new dual parameter spectrum. If Conditions are defined, one can be selected as a
necessary Condition for incrementing a channel in this spectra. The COPY type of spectra allows to set
conditions for copies of primary spectra. Of course this "copy" can be quite different from the primary
spectra, as only the first stop event after the time threshold is selected.

5.1.8 Conditions

If the RTC and Coincidence options are enabled, press Conditions... from the "Dualparameter and
Calculated Spectra" dialog to define or edit ROI Conditions in the Conditions dialog.

Press Conditions... from the "Dualparameter and Calculated Spectra" dialog to define or edit ROI
Conditions in the Conditions dialog.
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Mo, Spectra ROl M ame
1 S 5UMT_2 10970..1030)  SUM1_2 Sumpeak Add.
2 105UME 4 1[976..10%0)  SUMZ 4 Sumpeak

LCombine...

Edit...

Delete

EfEf

Delete Al

Cancel |

Fig. 5.18: Conditions

To define a new condition, press Add... to open the ROI Condition dialog.

Mao. Spectra ROl Hame
1 5a 1 1[309..333] & 1.1 ROl

Add Fiei..

LCombine. .

it

Cancel | Delete Al

Fig. 5.19: Conditions
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To define a new condition, press Add Roi... to open the ROI Condition dialog.

Param.: |SUM1_2 | [~ NOLin ROl
BOI: |1 (370...1030) =

Hame: ISUM1_2_S unipe ak,

Cancel |

Fig. 5.20: ROI Conditions dialog

Here it is possible to define a Condition as an event inside or outside of an ROl in any parameter spectrum
i.e. a calculated parameter or a "copy" of a primary spectrum. There are two drop-down list boxes for the
Parameter and ROI. Of course the ROl must be defined before by using the MPANT program, it is not
possible here to add any new ROI. A checkbox labeled NOT in ROI allows to define a condition as an event
outside the ROI. Using the edit field Name it is possible to define a name for the Condition. A default name

built by the parameter name and ROl number will be set automatically.

Press Combine... to open the Combine Conditions dialog.

Combine Conditions

[~ NOI

left right
Cond.: |SUMal_az_1 = ® Ll Cond.: |5UMa3 ad 1
ond.; I al_az_ I & ,i‘n.ND ond.; I a3 ad_ I

Mame; I['I 2]
ok I Cancel

Fig. 5.21: Combine Conditions dialog

Here a Condition can be defined as a combination using the Boolean operators NOT, OR or AND of already
defined conditions. The OR will be symbolized in the automatically generated name by a plus sign "+", the

AND by an asterisk "*".
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Fig. 5.22: Test acquisition with calculated spectra

Fig. 5.22 shows an acquisition with calculated spectra. The settings could be used as an example for a two-
dimensional position dependent detector.
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5.1.9 Getting 40 psec resolution

A resolution of 40 or 50 psec by interleaved using two input channels each for start and stop is implemented
in the software. Set endless, time differences with ref start in the settings. In the spectra dialog you will find
a new button "Interleaved". Here you can define two calculated spectra. Use START and CH1 for the start
using the same signal using a power splitter. Suited power splitters can be ordered as an option, see in the
appendix 8.5 . Note that the splitter lowers the signal by 6 dB, i.e. the amplitude is lower by a factor of two.
Using good discriminators with sharp signal edges is recommended, for example the FAST ComTec
TD2000.The signal of CH1 should be delayed by a half bin, 40 ps (or 120 ps, 200 ps..) versus Start. It can be
tuned by small changes of the CH1 threshold voltage. Look first at the single spectra of A8 and A1, make a
Gaussian fit of the signal peak and tune the CH1 threshold so that the position of the peak is a half channel
above the A8 peak. The same way use CH2 and CH3 for the stop signal using another power splitter, and a
second spectra can be defined for CH4 and CH5 with a second stop signal. The calculated spectra is the
sum of the respective time channels belonging to the same event, resulting in a 40 psec resolution. The Odd
and Even Sums in the shown spectra view are displayed to help minimizing the odd/even effect arising if the
delay between the signals is not exactly 40 ps, by tuning one of the threshold voltages. The maximum
allowed time distance between edges of the input signals for recognizing signals belonging to the same
event can be set in the dialog seperately for A8-A1 (Start), A2-A3, A4-A5 and A6-A7.

Dualparameter and Calculated spectra

Mo. CHM  Range Type Mame Conditian Add Multi... |

17 34 2132 [SUM  15UM2_3
12 74 21392 SUM 15UM4_5
13 11A3 8132 SUM 1SUME_T Add Calc. ... I

[nterle

Edi... I
Delete I

Delete Al I

] 4 | Cancel | Egnditiu:uns...l

Interleayved 40psec Spectra

bl ax distance between edges [F80 peec] I ame:
STeRT+STOPT [0

W STOPZ+STOP3 |10 [15UMZ_3

W STOP4+STOPS |10 [151UM4_5

W STOPG+STOP? |10 [15UME_7

Cancel |

Fig. 5.23: Defining spectra with interleaved 40 psec time
resolution
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Fig. 5.24 shows how to adjust the thresholds using a 10 MHz pulser. Define ROIs around the peak in each
channel, then adjust first the A1 threshold so that the centroid is 0.50 time bin away from the centroid in A8,
then adjust the A3 threshold so that the centroid is 0.50 bins away from the centroid in A2, and so on. Note
that the splitter reduces the voltage to the half value. Instead of the centroid also a Gaussian fit may be
suited to get the peak position.
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Fig. 5.24: How to adjust thresholds for Interleaved 40 psec time resolution
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5.2 File formats

The .mpa format is used to save all spectra in a single file. It starts with an ASCII header containing the
settings and then the spectra follow one after the other, each proceeded with a header line like

[TDATO, 4096]

(This means the first single spectrum with a length of 4096 channels.)
[TDAT1, 4096 ]

(This means the second single spectra...)
[CDATO, 16384]

(This is the first dual parameter or calculated spectra with a length of 16384 channels. The enumeration
starts again at zero after all "physical" spectra.)

The format of the data itself can be ASCII, Binary, or CSV (see below). Individual spectra can also be saved
into single files. If "separate header" is checked in the data operations dialog, such spectra data is written
into two separate files, one with extension .mp containing configuration data and one containing pure spectra
data with an extension indicating the chosen format. The .mp file contains the settings in ASCII format using
the control language described in section 5.3

Spectra data files with extension .asc contain in each line one decimal number in ASCIl containing the
corresponding count value in the histogram.

Binary data files with extension .dat are written with 4 bytes per data value, as usual in the Intel world in
reverse order i.e. the least significant byte comes first.

Another ASCII file format is the x y format with extension .csv. It can be read for example with Excel and
contains the channel number and content as two decimal numbers in ASCII per line separated by a TAB
character.

List files have the extension .Ist and start with a header containing the usual report and configuration data in
ASCII as in the .mpa or .mp files. The header ends with a line containing [DATA]. Immediately before the
[DATA] label there is a line time_patch= and some comment lines that describe the data length and the
meaning of the data bits. An example is:

;MCS8 #1004 Sversion=1.005 Fversion=0.13
time_patch=1c

,datalength=4 bytes

;bit0..3: channel# 1..8 ( 4 bit)

,bit4: edge O=up / 1=dn ( 1 bit)

;bit5 ..20: timedata (16 bit), max sweep length 6.5536 us
;bit21..30: sweeps (10 bit)

;bit31:  data_lost (1 bit)

[DATA]

00200016

00200639

00200fbb

00209c56

0020a259

0020abfb

00400016

Then follows the data, depending on the format chosen for the data file either in ASCII or binary. In ASCII
format one data word is written in hex format per line. In binary format each stop event is written with 4 or 8
bytes as specified in the comment lines. As usual in the Intel world in the reverse order, i.e. the least
significant byte comes first.

The following table shows the possible data formats characterized by the time_patch parameter, together
with the maximum possible sweep length. Bit 0..4 contain for all data formats the channel number.
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The following scheme is used for coding the channel number:

Channel Numbers ==> Data Type
ZERO WORD
unused
unused
unused
unused
unused
START
- reserved - counter
unused
STOP 1
STOP 2
STOP 3
STOP 4
STOP 5
STOP 6
STOP 7

TR dD RO ©ONOURWN 2O

Bit 4 is the edge information, 1 means falling edge. A "Data lost" bit provides information if the fast FIFO was

full.
Time_patch | Data Data lost | Tag bits Sweep counter | Time | Max. sweep
value (hex) | length | bit bits length
1c 4 bytes | 1 (Bit[31]) |- 10 (Bit[20:30] = | 16 5.24 us
Sweeps[0:9])
18 4 bytes | 1 (Bit[31]) |- - 28 0.027 s
15 8 byte | 1 (Bit[63]) | 16 (Bit[47:62] = 26 (Bit[21:46] = | 16 5.24 us
Tag[0:15]) Sweeps[0:25])
11 8 byte | 1 (Bit[63]) | 16 (Bit[47:62] = 20 (Bit[27:46] = | 22 335.54 us
Tag[0:15]) Sweeps[0:19])
d 8 byte | 1 (Bit[63]) | 8 (Bit[55:62] = Tag[0:8]) | 20 (Bit[35:54] = | 30 85.899 ms
Sweeps[0:19])
9 8 byte | 1 (Bit[63]) | - 20 (Bit[43:62] = | 38 21.990233 s
Sweeps[0:19])
5 8 byte | 1 (Bit[63]) | 16 (Bit[47:62] = - 42 3561.843721 s =
Tag[0:15]) 0.10 h
1 8 byte | 1 (Bit[63]) |5 (Bit[58:62] = Tag[0:4]) | - 53 200.16h = 8.34 d
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5.3 Control Language

A sequence of commands that are stored in a file with extension .CTL can be executed by the MCS8 server
program or MPANT with the “Load ” or “Run” command. Also the configuration files MCS8A.SET or the
header files with extension .MP contain such commands to set the parameters. Each command starts at the
beginning of a new line with a typical keyword, the case is ignored. Any other characters in a line may
contain a value or a comment.

Following methods are available to execute commands:

Define one of programmable toolbar icons F1..F12 in the MPANT program with the command and
click the icon, see Options..Function keys in the MPANT menu.

Load the command file using the Load command in the file menu.

Enable remote mode in the server and send commands via the serial connection. A special DLL is
necessary which is part of the optional available MPANT EXTERNAL CONTROL software.

Open a DDE connection and send the commands via DDE as described in section 5.4. The
application name for opening the DDE connection with the standard MCS8 server program
MCSS8.EXE is MCS8, the topic is MCS8-. Implemented are the DDE Execute to perform any
command, and the DDE Request with items RANGE and DATA.

Send the commands over a TCP/IP net using a remote shell and the optional available MPANT
EXTERNAL CONTROL software. It is necessary to have a TCP/IP Winsock installed and that the
remote shell daemon program MPA4NET is running. See the readme file on the installation disk.

Send the commands via the DLL interface from LabVIEW, a Visual Basic program or any other
application (software including the complete source code of the DLL and examples optional
available).

From your own Windows application, register a Windows message and then send the command
as can be seen in the DLL source code.

The file MCS8A.SET contains a complete list of commands for setting parameters. An example is:

[MCS8A] 1004 ; Device and serial number

range=4096 ; Spectrum length

periods=2 ; Number of periods for folding

fstchan=0 ; acquisition delay = number of first bin / 64
holdafter=0 ; hold after sweep in units of 64 basic dwelltimes

sweepmode=227ea080 ; (hex) sweepmode & OxF: 0 = normal,

; 1=differential (relative to first stop in sweep)

; 4=sequential

; 5=seq.+diff (Ch1), bit0 = differential mode

; 9=differential to stop in Ch2, bit3 = Ch2 ref (diff.mode)
; OXF = Corr.+diff (Ch2)

; bit 4: Softw. Start

; bit 5: "Don't show" tagbits

; bit 6: Endless

; bit 7: Start event generation

; bit 8: Enable Tag bits

; bit 9: start with rising edge

; bit 10: time under threshold for pulse width

; bit 11: pulse width mode for any spectra with both edges enabled
; bit 12: abandon Sweepcounter in Data

; bit 13: "one-hot" mode with tagbits

; bit 14: start ref (diff. mode) (MCS8)

; bit 15: MCS8, MCS8A1: enable start input sampling

; bit 16..bit 22 ~(input channel enable)

; MCSB8A: bit 16..bit 23 ~(input channel enable)

; bit 26: 100 ps time resolution instead of 80 ps

; bit 27: Folded

; bit 28: Interleaved

; bit 29: MCS8A: don't use trigger, use CH1 to start sweep
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calreg0=fe00

calreg1=0
calreg2=0
calreg3=0
swpreset=1000000
prena=4

syncout=0

cycles=18
sequences=1

tagbits=16
vdac0=8fa

vdac1=8fa
vdac2=8fa
vdac3==8fa
vdac4==8fa
vdac5=8fa
vdac6==8fa
vdac7=8fa
vdac7=8fa
dacOv=-0.2
dac1v=-0.2

dac7v=-0.2
dacv=-0.1
dacv+=0.001
dacOv+=0.001
rtpreset=20.000
digio=0

; bit 30: Use only 1 decoder

; result of input delay calibration, |

; lower 8 bits: start channel (always 0),
; higher 8 bits, first channel after start
; second, third channel

; Sweep-Preset value

; bit 0: realtime preset enabled

; bit 1:

; bit 2: sweep preset enabled

; bit 3: ROI preset enabled

; bit 4: Starts preset enabled

; bit 5: ROI2 preset enabled

; bit 6: ROI3 preset enabled

; bit 7: ROI4 preset enabled

; bit 8: ROI5 preset enabled

; bit 9: ROI6 preset enabled

; bit 10: ROI7 preset enabled

; bit 11: ROI8 preset enabled

; LOWORD: sync out; bit 0..5 NIM syncout, bit 8..13 TTL syncout

; bit7: NIM syncout_invert, bit15: TTL syncout_invert

; 0="0", 1=5 MHz, 2=50 MHz, 3=100 MHz, 4=1/(80 ps or 100 ps * 64),

; 5=1/(80 ps or 100 ps * 32), 6=PLL ref clock, 7=Input 0(Start), 8=Input 1,
; 9=Input 2, 10..13=Input 3..7, 15=GO in, 16=Start_of sweep, 17=Armed,
; 18=SWEEP_ON, 19=WINDOW, 20=HOLD_OFF, 21=EOS_DEADTIME
; 22=TIME[0]....,51=TIME[29], 52...63=SWEEP[0]..SWEEP[11]

; cycles for sequential mode

; for sequential mode (default 1)

; specifies how often to repeat

; after performing cycles acquisitions

; number of tagbits

; (hex) dac0 value (start) voltage=2.048 * (1-vdac/2048)

; bit 16: start with rising edge

; (bit 14, 15) : O=falling, 1=rising, 2=both, 3=both+CFT

; dac1 value

; dac2 value

; ...dac7 value

; ...dac7 value

; dacO value = -0.2 V (start)

; dac1 value =-0.2 V (STOP1)

; dac? value in Volt

; set dac1..dac7 to -0.1V, all dacs without dacO (start)
; increase all dac values without dacO by 1 mV

; increase dacO value by 1 mV (start)

; Timepreset (seconds)

; LOWORD: Use of Dig I/0, GO Line:

; bit 0: status dig 0..3

; bit 1: Output digval and increment digval after stop
; bit 2: Invert polarity

; bit 3: Push-Pull output, not possible

; bit 4: Start with Input Dig 4

; bit 5: Start with Input GO

; bit 8: GOWATCH

; bit 9: GO High at Start

; bit 10: GO Low at Stop

; bit 11: Clear at triggered start
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digval=0
autoinc=0
savedata=0

mpafmt=asc
sephead=0
fmt=asc

smoothpts=5
wndwidth=155
wndheight=273
sysdef=0

[CHN1]
range=4096
active=1

bitshift=0
cftfak=2580100

evpreset=10
roimin=0
roimax=4096
caloff=0.000000
calfact=0.080000
calfact2=0
calfact3=0
calunit=nsec
caluse=1

roi=0 9986 ;starts

[CHNZ2]

The following commands perform actions and therefore usually are not included in the MCS8A.SET file:

; bit 12: Only triggered start

; digval=0..255 value for samplechanger

; 1=Enable auto increment of filename

; 0=No Save at Halt

; 1=Save at Halt

: 2=Write list file, no save at Halt

; 3=Write lit file, Save at Halt

; data fromat used in MPA files

; (dat=binary, asc=ASCII, csv=CSV)

; 1=Seperated Header file (extension .MP) and

; Data file (extension dat, asc or spe) for seperated spectra
; data format used in seperated spectra (extension .MP)
; (dat=binary, asc=ASCII, csv=CSV)

; number of points to average for a smooth operation
; width of server window

; height of server window

; System definition word:

; bit0=0, bit1=0: dev#0 in system 1

; bit0=1, bit1=0: dev#0 in system 2

; bit0=0, bit1=1: dev#0 in system 3

; bit0O=1, bit1=1: dev#0 in system 4

; bit6=1, bit7=1: dev#3 in system 4

; bit 31: any preset stops all

; the following section concerns parameters of CHN1
; Spectrum length

; Spectrum definition words for CHN1..8:

; active & OxF ==0 not used

; ==1..4 enabled, system 1..4

; bit 8: Enable Tag bits

; bit 9: start with rising edge

; bit 10: time under threshold for pulse width

; bit 11: pulse width mode for any spectra with both edges enabled
; Spectrum definition words for calc. Spectra:

; active & OxF ==3 MAP, ((x-xoffs)>>xsh) x ((y-yoffs)>>ysh)
; bit4=1: x zoomed MAP

; bit5=1: y zoomed MAP

; ==5 SUM, (x + y)>>xsh

; ==6 DIFF,(x - y + range)>>xsh

; ==7 ANY, (for compare)

; ==8 COPY, x

; ==10 SW-HIS, Sweep History

; bit 8..11 xsh, bit 12..15 ysh or bit 8..15 xsh

; HIWORD(active) = condition no. (0=no condition)

; LOWORD: Binwidth = 2 ~ (bitshift)

; HIWORD: Threshold for Coinc

; LOWORD: 256 * cft factor (t_after_peak /t_to_peak)
; HIWORD: max pulse width for CFT

; ROI preset value

; lower ROI limit

; upper limit: roimin <= channel < roimax

; calibration parameter: offset

; calibration parameter: factor

; calibration unit
; bit 0=1: use calibration, higher bits: calibration formula

; rectangular ROI from 0 to 9986 with name “starts” (lower left, upper right corner)

; the following section concerns parameters of CHN2
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start ; Clears the data and starts a new acquisition of system 1.
; Further execution of the .CTL file is suspended until any
; acquisition stops due to a preset.

halt ; Stops acquisition of system 1 if one is running.

cont ; Continues acquisition of system 1. If a time preset
; is already reached, the time preset is prolongated
; by the value which was valid when the “start command
; was executed. Further execution of the .CTL file
; Is suspended (see start).

erase ; Clears all spectra of system 1.
savecnf ; Writes the settings into MCS8A.SET
mpaname=filename ; Defines the mpa filename
savempa ; Saves all configuration and spectra data.
; An existing file is overwritten.
pushname ; pushes the actual mpa filename on an internal stack that can hold 4 names
popname ; pops the last mpa filename from the internal stack
loadmpa ; Loads mpa data; the filename
; must be specified before with a command mpaname-=...
addmpa ; Adds mpa data to actual spectra; the filename
; must be specified before with a command mpaname-=...
submpa ; Subtracts mpa data from actual spectra; the filename
; must be specified before with a command mpaname-=...
MC_A ; Sets actual input channel to MC_A (STOP1) for the rest of
; the control file.
MC_B ; Sets actual multichannel analyzer to MC_B (STOP2)
; ... MC_H (ch8)
savedat ; Saves data of actual channel as separated

; spectrum (extension .MP) An existing file
; Is overwritten.

loaddat ; Loads data of actual channel, the filename
; must be specified before with a command datname=...
adddat ; Adds data into actual spectra; the filename
; must be specified before with a command datname=...
subdat ; Subtracts data from actual spectra channel; the filename
; must be specified before with a command datname-=...
smooth ; Smoothes the data in actual spectra
erasedat ; Clears the data of actual spectra.
exit ; Exits the server (and MPANT) programs
alert Message ; Displays a Messagebox containing Message and an OK

; button that must be pressed before execution can continue.

waitinfo 5000 Message ; Displays a Messagebox containing Message, an OK
; and an END button. After the specified time (5000 msec)
; the Messagebox vanishes and execution continues. OK
; continues immediately, END escapes execution.

%1

beep * ; Makes a beep. The character ™' may be replaced with '?', "' or
; left empty. The corresponding sound is defined in the WIN.INI
; file in the [sounds] section.

delay 4000 ; Waits specified time (4000 msec = 4 sec).
pulse 100 ; Outputs a pulse of 100 ms duration at dig 3.
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waitpin 4000

waitpin3 4000

loadcenf configfile

run controlfile

onstart command

onstart off

onstop command

onstop off

oncycle command

oncycle off

lastrun=5

numruns=5

onlast command

onlast off

exec program

; Waits 4000 ms for going the level at dig 7 going low.

; After a timeout a Messagebox warns and waits for pressing OK

; Can be used for connecting a sample changer.

; waits for going the level at pin 3 going low. All Dig I/O ports 0..7
; can be used this way.

; Loads a configuration stored in a config file like mcs8a.set.

; Runs a sequence of commands stored in controlffile. This
; command cannot be nested, i.e. it is not possible to execute
; a run command from the controlfile called with a run command,

; only if it was called with a load command.

; The command is executed always after a start action when the
; acquisition is already running. The command can be any valid

; command, also 'run controlfile' is possible.

; Switches off the 'onstart' feature. Also a manual Stop command

; switches it off.

; The command is executed always after a stop caused by a
; preset reached or trigger. This can be used to program measure
; cycles. For example the command 'onstop start' makes a

; loop of this kind.

; Switches off the 'onstop' feature. Also a manual Stop command

; switches it off.

; The command is executed in sequential mode after each cycle.
; can be used together with 'waitpin' command to synchronize with a
; beam- or target mover.

; Switches off the 'oncycle' feature.

; Defines the file count for the last run in a measure cycle. After a
; file with this count or greater was saved with autoinc on, instead
; of the 'onstop command' the 'onlast command' is executed.

; Defines the file count for the last run in a measure cycle. The
; last count is the present one plus the numruns number. After a
; file with this count was saved with autoinc on, instead of the

; 'onstop command' the 'onlast command' is executed.

; The command is executed after a stop caused by a preset

; reached or trigger instead of the 'onstop command', when the
; last file count is reached with autoinc on. This can be used to
; finish programmed measure cycles.

; Switches off the 'onlast' feature. Also a manual Stop command

: switches it off.

; Executes a Windows program or .PIF file.

; Example: exec notepad test.ctl

; opens the notepad editor and loads test.ctl.

closeall ; close all spectra windows in MPANT
openall ; open all spectra windows in MPANT
fitrois ; Makes a single peak Gaussian fit for all ROls in the active
; Display of MPANT and dumps the result into a lodfile. This is
; performed by the MPANT program and therefore can be
; made only if this application is running.
fitrois MC_A ; Similar to the fitroi command, but using the argument allows to
; specify which spectrum should be evaluated independently of
; which child window is activated in MPANT. MC_A means STOP1
autocal ; Makes a single peak Gaussian fit for all ROls in the active
; Display of MPANT for which a peak value was entered in the
; MPANT Region Edit dialog and uses the results for a
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; calibration. This is performed by the MPANT program and
; therefore can be made only if this application is running.

autocal SP_1 ; Similar to the autocal command, but using the argument allows
; to specify which spectrum should be evaluated independently of
; which child window is activated in MPANT

deleteallrois ; deletes all ROls in the active MPANT window.
deleteallrois MC_# ; allows to delete all ROIs of a specified spectra (1 for # means
;A1)

selnamedroi roiname ; select a named roi with (unique) name roiname in MPANT
yproj CH_1 ; create a projection of the selected ROl in first shown spectrum window in MPANT

The following commands make sense only when using the serial line or TCP/IP control or DLL control
interface:

MC_A? ; Sends the status of MC_A via the serial port and make it actual.
MC_H? ; Sends the status of MC_H via the serial port and
; make it actual.
? ; Send the status of the actual channel
sendfile filename : Sends the ASCII file with name ‘filename’ via the serial line.

The execution of a control file can be finished from the Server or MPANT with any Halt command.
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5.4 Controlling the MCS8 Windows Server via DDE

The MCS8 program can be a server for DDE (Dynamic Data Exchange). Many Windows software packages
can use the DDE standard protocols to communicate with other Windows programs, for example GRAMS,
FAMOS or LabVIEW. In the following the DDE capabilities of the MCA4 program are described together with
a demo VI (“Virtual Instrument”) for LabVIEW. It is not recommended to use the DDE protocol for LabVIEW,
as also a DLL interface is available that is much faster. The following should be seen as a general description
of the DDE conversation capabilities of the MCS8 server program.

5.4.1 Open Conversation

application: MCS8
topic: MCS8-

Any application that wants to be a client of a DDE server, must open the conversation first by specifying an
application and a topic name. The application name is MCS8 and the topic is MCS8-.

=T
Eile Edit ©perate Tools Browse Window Help
@[ m][@2] [bal@] o [ 130t Application Fort |~ | [£o |[Ta~ | [#5 ][]
[ |

4 | i3

Fig. 5.25: Opening the DDE conversation with the MCS8 server in LabVIEW

5.4.2 DDE Execute

The DDE Execute command can be used to perform any action of the MCA4 program. Any of the Control
command lines described in section 5.3 can be used. For example a sequence of control commands saved
in a file TEST.CTL can be executed by specifying the command
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Fig. 5.26: Executing a MCS8 command from a LabVIEW application

RUN TEST.CTL

The MCS8 program then executes the command and, after finishing, it sends an Acknowledge message to
the DDE client. This can be used to synchronize the actions in both applications.

DDE Request

The DDE Request is a message exchange to obtain the value of a specified item. Only two items are defined
for DDE request up to now: RANGE and DATA. The value is obtained as an ASCII string, i.e. it must be
converted by the client to get the numbers. All other parameters concerning the setup can be obtained by the
client application by reading and evaluating the configuration file.

RANGE
The RANGE item can be used to obtain the total number of data.

IES'_, mcsddde.vi Block Diagram ;IEIE'
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Fig. 5.27: Getting the range of spectrum data with LabVIEW
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DATA

With the DATA item the data is obtained. The value of this item is a multiline string that contains in each line
a decimal number as an ASCII string.

5.4.3 Close Conversation

il

File Edit Operate Tools Browse Window Help
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Fig. 5.28: Getting the data with LabVIEW

After finishing the DDE communication with the server program, it must be closed.
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Fig. 5.29: Closing the DDE communication in LabVIEW

The following figure shows the “Panel” of the described VI for LabVIEW.
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ke mcsddde.vi Front Panel

File Edit ©Operate Tools Browse Window Help

Fig. 5.30: Control Panel of the demo VI for LabVIEW
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5.5 Controlling the MCS8 Windows Server via DLL

The MCS8 server program provides access to all functions, parameters and data via a DLL (“dynamic link
library”). So the server can be completely controlled by the MPANT software that provides all necessary
graphic displays.

NOTE:

The complete documented source code of the DLL including a library with fundamental VI's and an

example VI for LabVIEW and an example Visual Basic and C program is available as an option.

The DLL DMCS8.DLL is an interface providing functions to communicate with the server program. Most of
these functions send messages to the server as you do it when operating the server program by sending
Windows messages via mouse clicks. Please do not expect any functions in this DLL for controlling the
hardware directly. All software using the DLL interface requires that the server program is running. The DLL
was mainly developed as an interface between the server program and MPANT, not as a nice developing
tool for customers. But by looking at the programming examples and some hints in the DLL documentation it
should be easy to develop own programs that are able to control the server like MPANT does.

The server program has a built-in command interpreter. The syntax of these commands is described in
chapter 5.3, and in the MPANT on-line help (look for: "How to use the command language.."). It is
recommended to send commands like "range=16384" to the server via the RunCmd DLL function, i.e.
RunCmd(0, "range=16384"); if you want to set parameters like a spectra length. The alternative method is to
store all settings parameters into the DLL by calling the DLL function StoreSettingData(setting, 0); and then
calling NewSetting(0); to send a message to the server to read new settings from the DLL. This method will
not work for changing a spectra length to avoid the problem of any undefined memory pointers. The range
parameter should be changed by the server program only (or by sending a "range=.." command). The
recommended usage of the DLL is reading parameters like Status, Settings, Strings, Cnt numbers, ROI
boundaries using the corresponding DLL functions, but for any actions or setting any parameters the
command interpreter should be used.

It is important that the DLL is loaded first by the Server program and that it is loaded from the same path by
all programs using it. Otherwise it does not work to access the shared memory. The dmca4.dll is installed by
the installation program into the standard Windows folder for 32-bit or 64-bit DLLs, respectively. Please make
sure that there is nowhere else any file dmcs8.dll.
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6 MPANT Software

The window of the MPANT program is shown here. It enables the full control of the MCS8 via the server
program to perform measurements and save data, and shows the data on-line in several windows.

The server program MCS8.EXE automatically starts MPANT. If you try to start MPANT before the server is
started, a message box warns that you should start the server first If you want to use the server without the
MPANT display program, you may rename the file “mpant.exe” into “mympant.exe”. It will then not be found
by the server and not started. MPANT can be closed at any time without affecting the data acquisition and
can be restarted out of the server menu or by a shortcut on the desktop.
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Fig. 6.1: MPANT main window

MPANT has viewing capabilities for single- and two-dimensional spectra. For ROI's the ROISum, Net sum
and the mean counts per channel (i.e. ROISum divided by number of channels) and the centroid is displayed
(<x> for single spectra, <x> and <y> for two dimensional). A single spectrum can be converted into a two-
dimensional one by specifying the x dimension in the display option dialog. It is possible to drag a rectangle
and zoom into this rectangle. Rectangular ROIl's can be set and the ROISum and Net ROISum is displayed.
The Net Sum is calculated the same way like in the single view, by subtracting a linear interpolated
background from the both outmost channels in x-direction. This Net sums are then summed up in y-direction.
The ROI editing dialog is changed into a Rectangular Editing dialog for MAP and ISO displays. The Cursor
can be moved in x and y direction using the mouse and the arrow keys, in ISO display only using the arrow
keys.

A status window at the left side gives all information about the status of the MCS8. Below the different
counting rates you can see the present temperature of the FPGA. A "Data Lost" indicator shows if the FIFO
was full at any time during an acquisition, a progress bar shows the filling of the large FIFO.
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Fig. 6.2: MPANT Map and Isometric display

A toolbar provides fast access to many used functions in the menu. A status bar at the bottom gives help
about the meaning of the toolbar icons. A cursor appears when clicking the left mouse button inside the
graphics area. The cursor can be moved using the arrow keys. To get rid of the cursor, make a double click
with the right mouse button outside the graphics area. To define a region, press the right mouse button, and
while keeping the button pressed, drag a rectangle. In zoomed state a scroll bar appears that allows scrolling

through the spectrum.

In the following the several menu functions are described together with the corresponding toolbar icons.

6.1 File Menu

Load..., Add..., Save Display As..., Save MPA As...

These menu items provide the usual functions for loading and saving data, either a complete data set when
loading or saving a .MPA data file, or separated spectra when loading or adding a .MP data file. The 'Load'
function creates then a new spectrum for compare, whereas the 'Add' functions adds the data to the
spectrum selected by the active window. For saving a selected spectrum into a seperated file, click on the
respective display window and select “Save Display As..” from the MPANT File menu. If you want to have the
data file seperated from the header containing the configuration, first open the data operations dialog using
the toolbar icon showing the 4 yellow diskettes, select “Selected Spectra” and check “Seperate Header” as
shown in Fig. 5.3. When saving data, you have the choice between several formats like binary (.DAT), ASCII
(\ASC), and CSV (.CSV) format by selecting it from “Save type As...”. To read a CSV file with Excel, load it as
a text file and configure TAB characters as seperators.

When you load data, select a header file (extension .MP). This file contains the information about the size
and format of the data file, which is then automatically read. With “Add” the data is added to the present data.
The data read from a file is shifted according to the calibration, if it is available and 'Use Calib' is checked in
the Data Operations dialog, see Fig. 5.3. This dialog can also be used to load spectrum data from a file into

an existing display window.
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New Display:

With the Open New menu item or the corresponding icon a new Display window can be created and shown
as the active window. In the “Open New Display” dialog box the spectrum for the new display can be
selected.

Range Mame
anci
4096 ADC2
8152 Turku fallout, Chermobyl+3day:
4096 Single &

256123 MBGO
1284128 Pillay

Cancel |

Fig. 6.3: File New Display dialog

Open All

By selecting the Open All menu item, all available Displays are shown. The windows of the last opened
Display become active.

Close All

By selecting the Close All menu item, all Display windows are closed.
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Compare...

The Compare... menu item opens a dialog that enables to show two spectra with different colors in the same
window. The active display window can be checked as a primary window and there is a list of other spectrum
windows that can be inserted as secondary windows.

Compare

Drizplay list: Dizplays to be compared:
ADC2(9)

<- Remove |
Add Al - |

v &DC1 (8]
ak. | Cancel |

Fig. 6.4: Compare dialog

Using the features of the software it is possible to create a shifted spectrum that has a characteristic peak at
the same place as the primary spectrum, see 5.1.7 . This way a view as shown in Fig. 6.5 can be created.
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Fig. 6.5: Compare two spectra
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The Print menu item opens the print dialog. It allows to arrange several pictures on a page into zones. The
number of zones in vertical and horizontal direction can be specified. The Color can be black/white, RGB
(colored) or Gray scale. RGB is recommended also for black laser printers. Some info lines containing date,
file name and title can be added. For each page a temporary file PRINT1.WMF, PRINT2.WMF... will be
created. This file is in Windows Meta file format and can be exported into some other Windows applications.

— Paper zones —— Page: 1
Iv Enable. | D Range Type Mame |
det e i3 [0000-01 2E[0000-01 28] M Fillay (6] b
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00g 00000-04098][000-000 5
— Thickness factar ui:] (00000081 92)[000-000] 5 Tk fall
Vet Horiz oo [00000-04036][000-000] 5 abcz2 (e
— — - - ADCT M
o = = 011 [00000-04095][000-000] 5 R T
K
Fantsize factor
| —
— Calars
C Bw & BGR 4dd | Adda) | Remove | Removest| oo |
™ Gray [MoAD  Page Left Top  Width | 8
Urits 001/005 001 408 153 1379 GE2
o o 002007 001 4.08 11.00 1379 E.E2
inch & cm 408 2046 1379  BG2
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¥V Date
% | Filshame = Paper marging - Zone marging —————
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[~ PageMum
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¥ Comment 2 ,—I
[~ Comment 3 ok Cancel |

Fig. 6.6: Print dialog
Setup Printer...

The Setup Printer menu item enables to configure the printer.
Exit

The Exit menu item exits the MPANT program. The server and any measurement data remain active,
MPANT can be easy restarted out of the file menu of the server program.

6.2 Window Menu

The Window menu enables arranging the Display windows.
Tile

=

With the Tile menu item or by clicking the corresponding icon, all opened and displayed MPANT Display
windows are arranged over the full MPANT client area trying to allocate the same size for each window.

Cascade
=]

The Cascade menu item or respective icon arranges all windows in a cascade display.
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Arrange Icons

By the Arrange Icons menu item, the minimized MPANT Display windows are arranged in a series at the
bottom of the MPANT client area.

Window list

At the end of the Window menu, all created Display windows are listed with their names, the current active
window is checked. By selecting any of the names, this window becomes the active window and is displayed
in front of all the others.

6.3 Region Menu

The Region menu contains commands for Regions and ROI's (Regions of Interest). A Region can be defined
by marking it in a display, with the mouse using the right mouse button and dragging a rectangle over the
area one is interested in. A ROI, i.e. an already defined region in a single spectrum can be shown zoomed by
double-clicking with the left mouse button on the corresponding colored area in the bar at the bottom of the
spectra display. A single mouse click with the left button on the corresponding colored area makes this to the
selected ROI and lets the counts contained in this ROI be displayed in the information lines of the respective
window. Advance the selected ROI to the next or previous one using the "+" or "-" key from the numeric
keypad.

Polygonal and curved ROIl's in MAP displays are implemented in addition to the rectangular ROl's. The
boundaries can be polygonal, circular, annular or pie. Make a choice of the shape using the Menu
Region...Shape or the corresponding toolbar icon. Define the ROI using the right mouse button, the TAB and
the END key (please read the help in the status bar) and save the ROI using the toolbar icon "Create new
ROI" I . Advance the selected ROI to the next or previous one using the "+" or "-" key from the numeric
keypad. The ROI boundary is displayed by lines or circles and the ROI area can in addition be displayed in
inverted color by enabling the checkbox "Invert ROI Pixel" in the MAP Display options dialog. The sum and
net sum of counts within the selected ROI is displayed. The net sum is calculated by subtracting a
background integral by summing line integrals S(y) for each y coordinate using the mean value of the counts
at the lowest and highest x coordinate of the ROI.

Zoom

<

The Zoom item or respective icon enlarges a Region to the maximum Spectrum Display size.
Back

ﬂ

The Back menu item or clicking the corresponding icon restores the last zoom view. Each time a Back
command is clicked the view is stepped back one step.

Zoom Out

Py

The Zoom Out menu item or clicking the corresponding icon enlarges the actual zoom view by a factor 2, if
possible. You can also use a mouse wheel for zooming in at out.

Home

=

Clicking the Home menu item or the corresponding icon restores a Display to the basic configuration
showing the complete spectrum.
Shape

Selecting the Shape menu item opens a sub menu with the items Rectangle, X-Slice Y-Slice and Rectangle,
Polygon, Circle, Annular and Pie to choose the ROI shape.
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Rectangle
rlll‘
haend

Sets the region shape to a rectangle with arbitrary dimensions. To enter the rectangular region, press the
right mouse button, drag a rectangle, and release the button to define the region.

X-Slice

Sets the Region shape to the rectangle with maximal height.
Y-Slice

Sets the Region shape to the rectangle with maximal width.

Polygon

Sets the Region shape to polygonal. To enter a polygonal Region using the mouse, press the right button for
each point, the TAB key for a next polygon and the END key to close it.

Circle

0

Sets the Region shape to circular. To enter a circular Region using the mouse, click the right button at the
center, move the mouse and press the END key to finish.

Annular

®

Sets the Region shape to annular. To enter an annular Region using the mouse, click the right button at the
center and first circle and press the END key at the second circle.

T

Sets the Region shape to pie. To enter a pie Region using the mouse, click the right button at the center and
first radial end-point, press the END key at the second radial line end-point.

Create

2

The Create menu item creates a new ROI from the current marked Region.

DeLete

By selecting the Delete menu item or the respective icon, the current active ROl is deleted and the previously
defined ROl is activated.

Edit...

&

With the Edit item, a dialog box is opened which enables editing the ROI list, i.e. create a new or delete,
change and activate an existing ROI. Also the peak values for an automatic calibration can be entered here.
A ROI can be edited and added to the list. It can also be made to the “Active ROI”, that is the special ROI
that is used by the server program to calculate the events within this ROl and look for an event preset. The
ROl list can be cleared and it can be written into a file with extension .CTL, which can be directly loaded into
the server to restore the ROl list.
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Fig. 6.7: Slice and rectangular ROI Editing dialog

Clicking on it in the ROl list can change the selected ROI. In the MPANT spectrum display the total and net
sum of the selected ROI is displayed.

ROI names are implemented. The name can be entered in the ROI editing dialog. Press "Modify" to insert a
new name from the edit field of the selected ROI into the list.

Edit Polygonal Regions of Interest

Tupe: IPD[‘,‘gDnEﬂ [3] j Mame: Ibanana
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Proint

£ |28 ¥ |16
Add

Inzert I Change I Cancel

et Segmentl Delete | Dglete.&lll

ROl Type Name SUbRO|  Points W R
0500 04 circle 1 00280016 Modiy
050 04 D0 (001 7.0043)
0502 03 banana (0027.0072) Clear
0503 0B pie 00 [0039,0047) c

00 (00450026

00 (00360015 Clear Al
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Fig. 6.8: Polygonal ROI Editing dialog

For polygonal, circular, annular and pie ROIl's there is a special dialog to select and edit all the parameters.
The ROI definition parameters can be saved into a .CTL file and reloaded using the File menu like any
control file. Note that the selected ROI can be advanced in any activated spectra display by pressing the "+"
and "-" key from the numeric keypad.

X-projection, Y-Projection
==

Projections of ROI's in dual parameter spectra to the x- and y-axes are implemented. There are menu items
"X-Projection" and "Y-Projection" in the Region menu. They create new single spectra displays showing the
respective projection of the selected ROI in a dual parameter spectrum in the active window.
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By selecting the Fit... menu item or the respective icon, a single Gaussian peak fit with linear background is
performed for the currently marked region. The fitted curve is displayed and a dialog box shows the results:

FERMPANT - MCS8 -0l x|
File ‘Window Region Options Ackion 7
ﬂm|ﬁ|@| g-;,l &|ﬂ| AJAJm]eH; o [ P T e e e P i |
E > mjI x [F1]F2|Fa]Fa] [Fs|Fe]F7]F8] [Fa]Fi0[Fi]F12)
OFF
MBGD e -0 x|
Time: 5.938 . r . T T T T T
Sweeps: 1]
Starts: 1
_A‘I -
Total 3936521
ROI: 3936521
Rate: 1]
_Azi
a 500 1000 1500 2000 2500 3000 3500 4000

;Dutia_‘: gggggg} TotalSum: 3,936,521 Cursar:

: (e Start Time: 01,/14/2020 16:28:25 Conts:
Rate: 1]
Y S
Total 3936.494
L EE =TT
Rate: 1]
_A47 T T T T T T T T
Tatak 1]
ROI: 1]
Rate: 1] |
8 x
Tatak 1]
ROI: 0 - Range: (o548 <=1 < [2581
Rate: 1] a 500 1000 1500 2000 2500 ix
—pap—— | TotalSum: 3,936,434 Cursor: [~ FudHM: |2.4D2 +0.0018
Total g|f Start Time: 01/14/2020 16:28:35 Counts:
ROl 0 0.036 +7.1e-005 hsec
Rate: 1] " Pos |2585.21B +0.001
_A?i )
ROl ] 5T ] Area: 978665 £ 989
Rate: 0 500,000 . ' ' ' ' ' 5 lterations. 3 = 1595
P —— Logfil
Totat 3936522 ogfile: [DATATHT Options._|
RO 3336522 Save | Mew Fit | Cancel |
Fate: 0
4GE FIFD: o

2510 2820 2530 2540 2550 2560 2570 2580 2590 2600 2810 2820 2630
Data lenath g | TotalSum: 984121 Cursar:
Diata Lost: ¢~ | Odd 472241 Ewer: 511,820 Conts:
Tfpga: 432
Owen Osc = =
B a1 (S 510 || EYIENT slolx|

REPLAY: OFF

Fig. 6.9: Single Gaussian Peak Fit

The full width at half maximum FWHM and Position of the Gaussian can be changed and a New Fit can be
performed, they even can be fixed to the entered value by marking the respective check box. The Position
and FWHM are displayed in channels and also in calibrated units, if a calibration is available. The area of the
Gaussian is also shown. For all values also the standard deviations are given. The value of Q is the
normalized chi**2. To take into account the systematic error of the line shape, you may multiply the errors
with the square root of Q. Click on Save to append a line containing the results to a Log file with the specified
name. OK closes the dialog and lets the fitted function in the display also if it is refreshed, whereas after
Cancel the curve no longer will be shown in a refreshed display. Options... opens a new dialog box to define
the information in the log file.

Peak Evaluation...

A

By selecting the Eval... menu item or the respective icon, a general peak evaluation with linear background is
performed for the currently marked region. The calculated background curve is displayed and a dialog box
shows the results:
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Fig. 6.10: Evaluation of a non-Gaussian peak

The Position and FWHM are displayed in channels and also in calibrated units, if a calibration is available.
The area of the peak is also shown, as well as the FWTM and FWTM / FWHM ratio. Click on Save to append
a line containing the results to a Log file with the specified name. OK closes the dialog. Options... opens a
new dialog box to define the information in the log file:

x|
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Fig. 6.11: Log file Options

Two radio buttons enable to select between Gaussian fit and general peak evaluation. The several quantities
are written in standard text format with Tabs as separators and a Newline character at the end of each line,

so the file can be read with standard calculation programs like EXCEL as a text file. Click on Print Header to
write a header line.
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Fit ROls
With the Fit ROls item, for all ROI's a Single Gaussian Peak Fit is performed and the results are dumped into
the log file.

Auto Calib

Makes a Gauss fit for all ROI's in the active Display for which a calibration value was entered in the ROI
editing dialog, and performs a calitn):ration using the fit results. You have then only to check “use calibration” in
the calibration dialog opened with # to use it.

6.4 Options Menu

The Options Menu contains commands for changing display properties like scale, colors etc., hardware
settings, calibration and comments.

Colors...

{33

The Colors menu item or respective icon opens the Colors dialog box.
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Fig. 6.12: Colors dialog

It changes the palette or Display element color depending on which mode is chosen. The current color and
palette setup may be saved or a new one can be loaded.
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Physical Color Selection
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Fig. 6.13: Color Palette dialog

To change on of the colors, select "Palette colors" and click on one of the colors. In the Color Palette dialog
box the RGB values can be edited or for a 256 color video driver one of the Physical palette colors can be
chosen.

Display...

L

The Display menu item or the corresponding icon opens for single spectra the Single view dialog box.

Here the graphic display mode of single spectra can be chosen. The 'Type' combo box gives a choice
between dot, histogram, spline and line. The 'Symbol' combo box gives a choice between None, Circle,
Triangle down, Triangle up, Cross, Snow-flake and Diamond. The symbols can be filled by checking Fill,
error bars can be displayed by checking Error Bar.

'Dot' means that each spectra point is shown as a small rectangle or the specified symbol, the size can be
adjusted with the size combo box. 'Histogram' is the usual display with horizontal and vertical lines, 'spline I'
means linear interpolation between the points, and 'line' means vertical lines from the ground to each spectra
point.

If the displayed spectra range contains more channels as pixel columns are available in the video graphic
display, usually only the maximum value of the channels falling into that pixel columns is displayed. But it can
also explicitly specified by marking the check boxes “Max Pixel”, “Mean Pixel” ,“Min Pixel” or “All” which
value will be displayed. It is also possible to display all three possible Pixel values in different colors that can
be chosen in the colors dialog. For the “Mean Pixel” a Threshold value can be entered; channel contents
below this value then aren't taken into account for the mean value calculation. As plotting all values costs a
lot of computing time for very large spectra, it is replaces automatically by “Max” and “Min” pixel for spectra
with more than 1 million counts.

ﬂ
™ Max Ficel Threzhold:
[ MeanPixel |1
[ Min Pixel
W al
[~ Eil Cusztorn Formula... |

" Enor Bar 2 Dimengion:

[0
Cancel | » M|

Fig. 6.14: Single Display Options dialog

The button labeled Custom Formula... provides spectra that are calculated in a special DLL named
FMPA3.DLL. This DLL allows to calculate spectra and to display it with the MPANT program. The source
code of this DLL is part of the optional DLL software interface, so it is possible to program customer defined
functions.
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Installation: Copy the FMPA3.DLL into the working directory. Use: This DLL allows to calculate spectra and to
display it with the MPANT program. Select a single spectrum and open the Display options dialog. Press
then the button labeled "Custom formula...". A dialog box "Custom-transformed spectra” is opened. Here the
formula for the calculation can be selected and the parameters can be edited. A new display window showing
the calculated spectra can be created. Error Bars can be activated in the display options dialog, for the
calculation of the error bars also the DLL is used. Example: The supplied DLL is for acquisitions marked by a
tag bit in a high bit of the data. It allows to calculate the Sum=x+x', Difference=x-x' and relative difference
Delta=F*(x-x")/(x+x") of spectra marked by the tag bit.

It is possible to change to a two dimensional view of the spectrum by specifying the x Dimension and clicking
the button ">> MAP" from the Single Display Options dialog.

For MAP displays the Display Options dialog is changed and enables a choice between four Graphic types:
bitmap dot, vector dot, bitmap contour and vector contour. Bitmap Dot is recommended as a standard,
because it makes a good and fast display. The check box Invert Roi Pixel changes the color inside ROI's to
make them better visible. Vector Contour paints colored contour lines. To calculate the lines takes a lot of
time and causes the mouse pointer changing to an hourglass. But it gives very impressive colored pictures
suited especially for presentation and when looking carefully at spectra details.

Mapview x|

Graphic Type: % Dimengion:
128
wector dat v Irnvernt Foi Pisel

hitmap contour
wector contour

»» Single |
ok I Cancel | >>jsometric|

Fig. 6.15: Map Display Options dialog

From the MAP View dialog it is possible to change to Single view by clicking ">> Single" or change to
Isometric View by clicking ">> Isometric". This can also be done directly via the respective toolbar icon -
For pulse width measurements with a y-dimension of two for the two edges a button will be displayed for
switching into the "overlapped" single view, see section 2.5.4 .
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Fig. 6.16: Isometric Display Options dialog

In isometric mode several single spectra are drawn behind each other. The Precession angle around the
vertical axis can be chosen in multiples of 90 degrees. This rotation can also be done directly using toolbar
icons ® and # . The Tilt angle is between the x and y-axis and can be chosen between 15 and 89 degrees.
The Height specifies the percentage of the z-axis length respective to the whole drawing, it can be entered
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between 0 and 99.

With hidden it can be specified whether the hidden parts are not drawn. If

"Monochrome" is checked, the spectra are painted monochrome, otherwise in color.

Axis...

By the Axis... menu item or the respective icon, the Axis Parameters dialog box is opened.
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Fig. 6.17: Axis Parameters dialog

It provides many choices for the axis of a display. The frame can be rectangular or L-shape, the frame
thickness can be adjusted (xWidth, yWidth). The font size can be chosen between Small and Large. A grid
for x and y can be enabled, the style can be chosen between Solid, Dash, DashDot and DashDotDot. Ticks
on each of the four frame borders can be enabled, the tick length and thickness can be chosen. The style of
the axis labeling depends on enabled ticks at the bottom respective left side: If no ticks are enabled there,
only the lowest and highest values are displayed at the axis, otherwise the ticks are labeled. 'Use calibration'
changes the axis ticks and labels into calibrated values. A check box "Start maximized" allows to define if the
MPANT main window should start in maximized size. It is necessary to save the MPANT options to make

these settings permanent.
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Scaling...
=80

The Scaling menu item or the corresponding icon opens the Scale Parameters dialog box.
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Cancel |

Fig. 6.18: Scale Parameters dialog

It enables changing the ranges and attributes of a Spectrum axis. By setting the Auto scaling mode, the
MPANT will automatically recalculate the y-axis maximum value for the visible Spectrum region only. To keep
the same height of the visible region for a longer time, deselect the Auto scaling mode. Then with the scroll
bar thumb one can quickly change the visible region scale, otherwise the scale will be changed
automatically. The Minimum auto scale mode helps to display weak structures on a large background.

Lin/ Log scale
!-1I:I

—d0

For a Lin scale all data intervals have the same size. With Log scale the intervals will be small for small y
values and large for large y values. All options have effect only on the active Display.
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Calibration...
oz

40 2

Using the Calibration menu item or the corresponding icon opens the Calibration dialog box.

Calibration of ADC1
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Fig. 6.19: Calibration dialog

Choose between several calibration formulas. Enter some cursor positions and the corresponding values.
The actual cursor position can be entered by pressing 'Cursor' or the last fitted peak position by pressing 'Fit'.
Click on Add to insert the calibration position into the list, then on Calibrate. The obtained coefficients can be
inspected together with the statistical error, or they can be changed and entered by hand. If ‘use calibration’
is on, the calibrated values are displayed together with the channel position of the cursor. For MAP spectra
the dialog is slightly different and allows to select by two radio buttons between the calibration of x- and y-
axis. For a selected parameter there is only one calibration: If any ADC is already calibrated in a single
spectrum and it is used also in a MAP spectrum, the calibration is the same here.

The fastest way to get a good calibration is to create ROIl's around peaks with known energy and enter the
energy in the ROI editing dialog, see Fig. 6.7. Then use the “Auto Calib” function in the region menu. You will
immediately get a calibration and the dialog opens as shown in Fig. 6.19.
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Comments...

Up to 13 comment lines with each 60 characters can be entered using the Comments dialog box. The
content of these lines is saved in the data header file. The first line automatically contains the time and date
when a measurement was started. The second line contains the title of the spectra. Note that editing this line
changes the spectra name. This is the only method to change the name of physical ADC spectra. The
description of each comment line can be changed by editing the fle COMMENT.TXT.

x

Starttime: ID?‘!D2H1 986 12:14:32

Mumber: ITurku fallout, Chernobyl+3days

Sample: I

Flace;

Ref.Date:

Amount:

Unit:

Geametny:

Remarks:

[mare]:

!
!
!
!
!
Detector. |
!
!
!
!

[rare]:

: Cancel |

Fig. 6.20: Comments dialog
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Hardware...

18

The Hardware settings dialog box allows to make all the respective settings (ref. 5.1.4 ).

Data...

=

|nputs. . I Test, Inzpect... |
Sunc] [Fast NIM]:I'IU MHz j [ inwert
Sync2 (TTL) IEI j [ inwvert
[ Softw.-Start [ wiiite Listfile [&5C11]
[T Endless [~ Mo Histogram

[ Time differences & Feffh] © Ch
[+ Start exent generation

[ Startz preset; I—
W Sweep preset: 20000000

— 20 start/ztop Spectra
[~ Taghits:

Il Bl ik y-Range:

[T Seguential cycles I-I
I'I—

Sequenzes

[T Sweepcounter in data not needed
[T Use anly 1 Decoder

[T Timepreset: |2EI.EIEIEI
Birwwidth: |1 'I Fifosize:
Range: [4096 I
™ Folded

End of Sweep [s); IS.SEBE-DD? PLLfreq = 1.25e+010
_ Time Res.

Acg. Delay [nz]: IEI & 80 ps

Haold aft. Sweep [ns): IEI ¢ 100 ps

Setup name;
MCS8 Load Settings |

Cancel | Lpply | Save Settingsl

Fig. 6.21: Settings dialog box

The Data Operations dialog allows to edit format settings and to load and save spectra data, ref. 5.1.3 .
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Data Operations

=101 %]

— Filename
|TEST.mpa

[T Save at Halr Save | Load | + MPa

I autoiner. cafin [~ Add | 5ub | " Selected Spectra
Eormat: Erase | " Mew Spectia

I.-'-‘-.SI:II "’I

[~ Eeplay...

| ] I Cancel | Save Sett.l

Fig. 6.22: Data Operations dialog

The System Definition dialog box allows to make all the respective settings, see 5.1.6 .

System Definition

X
— Digld Output Time B, —G0-Line
" Push-Pull {* Open Drain {* 80ps L g
[~ Status Dig O [ Invert 100 ps [~ High when O
[T Walue incr. at Stop IEI [T Low at Stop
— Skart with
[T Dig4d [ GO [~ Clear befare Start
Cancel | Apply | Save Sett, | Bemate...

Fig. 6.23: System Definition dialog box

Spectra...

The Spectra dialog box allows editing the list of calculated and dual parameter spectra, see chapter 5.1.7
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Dualparameter and Calculated spectra

Mo. CHN Range  Type  MName Condition Add Ml |
9 allal ZBEx2B6E  MAP & lxal Add Time... |

10 RTC/al 256x266  TIM RTCxa_l
1M al.2 16354 OrSum  OR_3C
12 al E5A36 HIS Hv_a 1

Edit... |
Delete |

Delete A1l |

i[' | Cancel | Egnditions...l

Fig. 6.24: Spectra dialog

Si;fl...

The Slice option allows to create new single spectra displays, showing a slice in a dual parameter spectrum.
Click on a dual parameter spectrum display to make it the active window, then select the Slice menu item or
toolbar icon. The Slice dialog box is displayed.

Select "x=const” or "y=const” for the slice direction, and the coordinate. Clicking the "create" button creates
the new display window. In the title bar of the new window the name of the dual parameter spectra and the
slice coordinate is shown.

The slice position can be changed using the scroll bar in the Slice dialog, or by entering the value in the edit
field and pressing the button, which is labeled "Set” after creation of the slice view.

Clicking its close field can close the Slice dialog. Created slice spectra displays remain visible and their
coordinates can be changed later using the Slice utility again. The position of the Slice dialog with respect to
the MPANT main window can be saved in the MPANT.CFG file. Rectangular ROl's are visible in the slice
spectra display and can be created here.

sice x|
% = const. ID
Createl

& p=const. | |

Fig. 6.25: Slice dialog
Replay...
The menu item Options — Replay... opens the Replay settings dialog (ref. 5.1.3 ).

x

¥ BeplayMode [ Use Modified Settings

Filename
’]E:\Dev'\mcaél\mcaAl\TESTF'B B lst

Lo

" Start#t R ange from: ID.DDD Freset: ID.DDD
Speed: I'IEIEID “10 kB/zec

ak. | Caticel |

Fig. 6.26: Replay dialog
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Tool Bar...

FEEFEIEREEE o | vy [0 (=) P2 Y s e )
: o

= ACITES [F1|F2|F3]F4] [Fs|Fe|F7|F8| [Fa]F1o[F11[F12|

Selecting the Tool Bar Menu item opens the Tool Bar Dialog Box. It enables arranging the icons in the Tool
Bar.

x

¥ Enable ¥ Help over Toolbar

V¥ Help over Statushar
Commands: Cusztomized Toolbar:
J [Separator] g‘ fidd 3> J [Separatar] g“

[Mew line] s Change<< ﬁ Open Mew

ﬁ Open New JiEe EI Tile

Bemave

=3 T Cascad
EI - j Removedlc< EI oAt

i

[

Ok I Cancel | Eunctionkeys...l

Fig. 6.27: Tool Bar dialog

If it is enabled, an array of icons in the MPANT Menu is shown. Clicking the left mouse button with the cursor
positioned on an icon, the user can perform a corresponding MPANT Menu command very quick.

It is also possible to include icons for free programmable function keys F1...F12 into the Toolbar. The function
keys can be programmed in the Function keys dialog with any one of the commands described in 5.3 . It can
be accessed either by clicking the "Function keys..." button or directly from the Options menu.

I

F1: Ilun f.ct

Fa Ilun f2.ctl

Fa Irun f3.ctl

F4: Irun fd.ctl

F5: Irun f5.ctl

FE: Ilun fE.ctl

F7: Ilun f7.ctl

Fa Ilun fa.ctl

Fg: Irun f3.ctl

F10: Ipulse 100

F11: Iwaitpin 1000

Fiz: Ilun f2.cH

Cancel I

Fig. 6.28: Function keys dialog

The functions can be executed by clicking the corresponding icon in the toolbar or by the corresponding
function key on the keyboard simultaneously with the CTRL key. The MPANT window must be the active on
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the desktop and have the focus, i.e. it must be the top window. Uncheck the “Confirm Start” check box if you
don't like the message box asking for a confirmation before starting a new acquisition.

Status bar

With this menu item the Status bar at the bottom of the MPANT main window can be switched on or off. A
corresponding check mark shows if it is active or not. The Status bar usually shows if an acquisition is active.
When the left mouse button is pressed while the mouse cursor is within a toolbar icon, it displays a short help
message what the meaning of the toolbar icon is.

Status window

The status window at the left side of the MPANT main window can be shown in a small or large size or can
be hidden.

Save As...
Saves all parameters defined in the Options menu to the MPANT.CFG or a user defined config file.

Open...
Loads a new configuration.

6.5 Action Menus

Start
Ld

The Start toolbar button erases the data and starts a new measurement.
Halt

n

The Halt toolbar button stops a measurement.

Continue

|

The Continue toolbar button continues a measurement.

gle

The Erase toolbar button erases the data.

If more than one systems are defined for starting and stopping combined MCAs together, more groups of
start / halt / continue / erase icons appear in the toolbar for the respective systems.
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NT - MCA4.

R WO ' R e )P ) 7 2 e ) A
B efefa]o] (> mf1n]5¢] (] w[ir]>¢] [o-[mef1R[5¢] [ w]ir]5¢] [FA]F2]Fa]Fa] [Fs]Fa]Fa|Fs] [FajFuFi[F

B

L}

[}
TetslSum 0

0
0
TetalSum 0
Counts: Caunts:

Fig. 6.29: MPANT with four systems enabled
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7 Programming and Software Options

The MCS8 can be controlled by user-written programs using the DLL software interface with example
programs for Visual Basic, LabVIEW and C that is available as an option.

The MPANT Windows software runs also on Linux using Wine and libusb, if Wine is expanded by DLLs as
described in the readme.txt accompanying the software that can be free downloaded from our website.

94 MIFAST ComTec GmbH



Appendix

8 Appendix

8.1 Performance Characteristics

8.1.1 General

Resolution6 FWHM: at 1 ms =10,000,000 chs over 60 min: ...........cceeeeeeeeeeeeenneeen. typ. 135 ps
at 100 ms =1,000,000,000 chs over 60 min: ......ccceeeeeeveenrennnen. typ. 160 ps
at 1 sec =1,000,000,000 chs over 60 mMin: .......ccccceevveeieneernnnnn. typ. 340 ps

B g F= g ol (o = g T 1= USSR 2% x 80 ps =200.16 h=8.3d

Differential NON-NEATITY: .......cueiii e e st e e e e e e e e e e e e e e e as <zt1%

Trigger delay: (rel. to 1st detectable STOP) .....oooiiiiiii e eeeeeeeees none

Dead time: end-of-sweep to re-arm (“stop-after-sweep” Mmode) .........coocuvuiiiiiiiiiiiiie e 46 ns

end-of-sweep to re-start (in “endless” MOAE) ......coooiiiiiiiiiiii e none

DEIWEEN tIME DINS ..o s et et e e e e e e e e e b e e e s e b e e e e e e nnees none

Loss less burst time: (individually for each input channel) ... >10.5 ys

D= ot o [T = | (= P > 300 MHz

Sweep repetition time: ... (Acq. Delay + Range + Hold Off + 46 ns)

8.1.2 Time base

Reference oScillator type: ... ..o e ovenized crystal oscillator
NOMINAL FIEQUENCY: ... ettt e s e e e e e e b e e e e e e e e e e e e e aeeeaaeas 10.000 MHz
Frequency stability:

in operating temMpPerature FANQGE: .......oooi i e <+ 0.03 ppm
VS. SUpply voltage Change £5 %0 ....oooiuiiiiiiie e e <+50-10-9
(VST o] 8 =T 10 PPN <+1.0+10-10/s
Yo [T 10T PSP R TR PPTRUPSRR <+2.0+10-9 /day
......................................................................................................................................... <+2.0-+10-7/1st year
B 111 = << 2 psrms
o T2 TSI T T (10 Hz) -105 dBc/Hz
.......................................................................................................................................... (100 Hz) -130 dBc/Hz
......................................................................................................................................... (> 1 kHz) -140 dBc/Hz
L= L T o TR 11 3T RO SRRR <1min.@ 25 °C
................................................................................................................................................... <2min.@O0°C
Sampling frequenCy: (NOMINGAI) ......ooi i e et e e e et e e e e e eeeeeeeeeeeeeeeeeeeees 12.5 Ghz

5 Input signal is a highly stable 10MHz GPS disciplined sine wave oscillator in a laboratory surrounding
7 Full width at half maximum. All FWHM data is derived from a gaussian fit.
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8.2 Specifications

8.2.1 Absolute Maximum Ratings

Input voltage: any multi I/O port (DIG /O 0...7): ccueeeeeiiiieiiieeeeee e -0.5t0 +55V?
GO-LINE: et -0.5t0 +55 V¢
any TAG input POt ..o e -0.5to+55V
any discriminator input: ..., -3.0...+4.0V

Differential input voltage: any discriminator input: ... (VIN — VThreshold) = £ 2.0V

DC input current: any MUlti /O POI ... e + 10 mA
aNY TAG INPUE POM.cciiiiiiiiicee e + 40 mA
any discriminator input: ... + 100 mA

8.2.2 Recommended Operating Conditions

POW T SUP LY. e e e e e e e e e ———ee e e e ant—eeaeeaabaeaaatrrrrarrrrrrre +12V / 2A
Operating tempPerature raNgE: oot e e et e e e et eeeennane O0to +50°C
GO-LINE 10ad: et min. 1 kQ to +5.0V

o) SO min. 2 kQ2 to GND

8.2.3 Signal Connectors

START | STOP (discriminator) inputs

LO7o 1o 0= o] PSPPI female SMA
Edge sensitivity: (software selectable) ... falling / rising / both
Voltage range: e e ea e VIN=-20...+3.0V
Threshold VOItage: e Vth=-10...+15V
Clamp VOIAGE: e e ean VCL=Vth+15V
T 0] 0= = o Tt PR 50Q0+3Q
Sensitivity: (ref. Chapler 8.3.1) oot e et e et e e e e s e tae e e e e e eantaeeeeeeeenenennnne <10 mV
L 125 =T (=TSSP approx. 5 mV
Off St VO A e e 10 mV
1= T U =Y o | ST 30 pA
Equivalent input bandwidth: (0...400mV input, tR=tF=25ps, 20/80%0).......cctvuteiririiieaiiieeee e 8 GHz
Toggle rate: (>50% OULPUL SWING)  .eeeieiiiiiiieiiiii ettt e e e e e e s s e e e s s 12.5 Gbps
Slew rate reqQUIFEMENT e e e e e e e e e e e e et e e e e e e e aa e e e ans > 50 V/us
Overdrive dispersion: (VOD =50 MV ... 1.0 V)t e e 10 ps

(VOD =10 MV ... 200 MV) ceiiiiiiiieeiieriie e e e 15 ps

8 Max. DC undershoot below GND must be limited to —0.5 V or 10 mA. During transitions internal device pins may undershoot to -2.0 V
and overshoot to +7.0 V, provided it lasts less than 10 ns and the forcing current is limited to 200 mA.
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Slew rate dispersion: (2VINS ... MO V/NS) ettt e 15 ps
Pulse width dispersion: L0 o T I 1 SRS 15 ps
Fast NIM Sync_1 output
@70 7T o (] PP PP female SMA
IMpedancCe: e ——————————— back-terminated 50 Q
Output signal: fast NIM / current mode ..., -16 mA into external 50 Q
Output HIGH voltage: (50 Q10AA) wuvriieiieee e e typ. -0.0V
Output LOW voltage: (S0 O 3 [ - Lo SR typ. -0.8 V
Output short circuit current: VOUT = GND..cooiieecee et e typ. -32 mA
Fall fimME: e ————————————————————a e eeere i ataa <200 ps
RIS tME. e e ~ 300 ps
Sync_2 output
Location: ref. FEATURE (multi) I/O port connector
T g o= = o Tt PR ~50Q
Output HIGH voltage: loutHiGH = =24MA L s min. 2.4 V
..................................................................................... typ. 1.6 Vinto 50 Q
Output LOW voltage: louttow = A8MA Lo e max. 0.45V
Recommended current: Vour = LOW e e e <180 mA
Voutr = HIGH. .. <-90 mA
LT 14T PR ~1ns
= | (0 =S ~1ns
Reference clock 1/O
Input frequency: (auto detected) ......ooooeii e 5...100 MHz
L@ 011 oW 8 =To U 1=T o o Y TP EPP PP 10 MHz
g 0] o =T F= T o= SRR (dc blocked) 50 Q
Output HIGH voltage: (50 Q108A) e typ. 2.0V
Output LOW voltage: (S0 O 3 [ = Lo | S typ. 0.4V
Input amplitude: (clipped Sine Or SINE WAVE) .......uuuiiiiiiiiieeaaaae e typ. 3.3 Vee
Digital 1/0 0...7
Location: e ref. FEATURE (multi) I/O port connector
R Pull: (default pull-up 10 +3.3V) .o 1.0 kQ
R 1/O: ( default Series reSiStor) ........ccueiieiiiciiiee e 22 Q
GO-Line
Location: e ref. FEATURE (multi) I/O port connector
LN AP e open drain / wired-AND
PUI-UPD TESISIOr: e e e e e e e e e e e 22kQto +5.0 V
INPUE HIGH VOAGE: et e et e e st e e e s s bt e ee e e sabee senneeenes min. 2.0 V
INPUE LOW VOTAgE: et e e e e e e e e e e s st e e e e e e e e s eaanre eeeeeeees max. 0.8 V
Output LOW voltage: loutLow = BIMA L s max. 0.4 V
TAG inputs 0...15
LOCAtiON: ref. TAG input port connector
o 1 5 1 T SR PRUPR 50 Q
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Input HIGH voltage:
Input LOW voltage:
Time resolution:
Sampling uncertainty:
Pulse width:

TTL TAG clock output
Location:

Output frequency:
Output period:

Output HIGH voltage:
Output LOW voltage:
Output HIGH current:
Output LOW current:
Octal Counter inputs
Count frequency:
Input impedance:
Input pulse width:
Input HIGH voltage:
Input LOW voltage:

..................................................................................................... min. 2.0 V
.................................................................................................... max. 0.8 V
......................................................................................................... 512 ns
TAG 0 COr. STOP: . e +512ns

....................................................................... ref. TAG input port connector
.............................................................................................. 195.3125 MHz
......................................................................................................... 5.12ns
lout HIGH = T28MA . ..o e min. 2.0 V
loutLow = BAMA ... e max. 0.4 V

............................................................................................. max. 200 MHz
............................................................................................... 50Q/05W
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8.3 Diagrams

8.3.1 Discriminator Sensitivity and Monitor Output

In the pictures below STOP 1 is monitored on SYNC_1 output. When the input signal height falls below
10 mV, adjustment of the threshold level gets tricky and the monitor signal shows a large uncertainty in pulse
width (ref. Fig. 8.2). Keep in mind that the hysteresis is about 5 mV.

. e
\ v 4l Delay: [23.000 oo [rigeer...[ srop | % ‘

Fig. 8.1: 13mV input pulses and cor. SYNC_1 MONITOR outputs

z 2
vl Dotay: 23,000 ne o] Trigger...| sTp N <] % I

Fig. 8.2: 10mV input pulses and cor. SYNC_1 MONITOR outputs

These pictures are taken with a 2 GS/s, 500 MHz digital scope
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8.4 Physical

Case material: e aluminum
SIZE. e 260 mm x 48 mm x 275 mm
R AT | PP U PP 1.7 kg
Shipping case: Paper box with two foam pack, typ. 420 mm x 320 mm x 160 mm, 3.4kg

8.5 Accessories

Included:
« USB 3.0 (A/A) cable, USB 2.0 compatible,
+ Power supply 100-240V, ./ 12V, min 2.0 A

»  Power supply cord ( if necessary)

e D-sub15 HD plug with plastic cap

* N+1 cables BNC-SMA, $R316 where N is the number of STOP channels ordered
* 1 cable SMA-SMA, RG316 (30 cm)

* 1 SMA-BNC adapter

*  D-sub37 plug with plastic cap

Optional:

* Oven-disciplined internal 10 MHz reference oscillator
* TAG/ Counter cable BNC or Lemo
« TD2000, 2 GHz timing discriminator

* 40 ps option: Four power splitters together with the software described in chapter 5.1.9 allow 40 ps
time resolution
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P —— e e,

- s ok
o> s

Fig. 8.3: Power splitters for 40 psec option
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Fig. 8.4: Counter Cable BNC or Lemo
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8.6 Trouble Shooting

* The'POWER ON' LED does not light up:
1) check that power is applied to the external power supply
2) check the 12V supply cable is properly plugged in
3) check that the external power supply works — check it's output voltage

* The MCS8 is not found by the host computer
1) check that the USB cable is properly plugged in
2) Remove the MCS8 power supply, wait 10 s and reapply power

When the software is started for the first time, it is normal that several windows pop up indicating that the
MCSS8.INI file is adapted to the special MCS8 device characterized by the number of Stop inputs and time
resolution. It takes also some time to load the firmware and perform calibrations.

When the PC is shut down, also the MCS8 power must be switched off.

If the communication to the MCS8 is lost by any reason, the MCS8 power must be removed for at least about
10 seconds and the software restarted. It is not enough just to remove and plug in the USB cable. This is
also the same with MCS6A.

If the customer wants to control the software via the DLL, he should first start the MCS8 software before he
starts his own control program. The server can be started from a command prompt in the standard path of
the MCS8 software. It is essential the the DLL is loaded first by the MCS8 server program, and that it is
loaded then from the same path by his control program. The DLL must be in the folder where it was installed
by the setup program, it must not be copied or moved to any other location. It is the standard Windows path
for DLLs, for 32 bit DLLs on a 64 bit Windows it is Windows\SysWOW64, otherwise Windows\System32.

At each start of the server, and each time when switching between 80 ps and 100 ps time resolution, a
calibration procedure is done to measure the input delays and save the result to equalize the input delays. It
is done usually very fast using a process in the firmware, but it can also be done in the software by pressing
the button “Test, Inspect...” in the settings dialog and then “Calibrate Inp. Delays”. The results of both the
firmware routine and the software routine are then shown and it is possible to select either the software result
by pressing OK or the firmware result by crossing the “Use FW” checkbox and pressing OK, see Fig. 8.5.
The firmware routine is done automatically, so it is usually not necessary to do use the button in the “Test,
Inspect..” dialog. Signals at the inputs can disturb this calibration, especially if they are positive and strong. In
this case it is recommended to switch off the signal sources at start up of the software or when switching
between 80 ps and 100 ps time resolution.

Edit Calibration Delays x|

Result:

d-2-222-248
a2
&3
ad
&5
AE
a7
fts]

D'DI"\JI"\JI"\JI"\JI"\JDE

1T

Use Pwd [

Fig. 8.5: Calibration of input delays
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8.7 Personal Notes
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