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1 Tukan-8k Analyzer
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The multi-channel pulse height analyzer (MCA) and multi-channel scaler (MCS)
is a device for running spectroscopy or timing measurements performed in
nuclear laboratories and institutions of radioactive contamination control.

The TUKAN8K analyzer consists of two parts: analyzer hardware and the
software. The program can control unlimited number of analyzers ata time.

The analyzer hardware is available as a device to be connected to the PC via
USB interface (Tukan8k-USB|Ezﬁ). But, if needed, it can be produced as a card to
be plugged into the host PC into PCI slot (Tukan8k-PCI[L63).

Both types of analyzers are controlled by the same program.

Operating mode:

Signal from detector of radiation, respectively amplified and formed in
spectroscopy amplifier is carried to a slot placed in front of the analyzer, where
is transformed in analog to digital converter. Memory buffer in the device stores
spectrum being collected. The Tukan8k software ensures control, "on-line"
visualization and analysis of experimental data.

Supported operating systems:
The analyzer can operate in MS Windows 2000 / XP / Vista/ 7 (32 and 64 bit)
environment. Itis "plug and play"’ device type.

The program itself can operate with various types of analyzer, including oldest
ISA version, which was earlier supported by program for MS DOS.

Itis also possible to select "undefined" device type what in practice denotes
program execution without the analyzer hardware. Then the program works in
the "off-line” mode but it requires USB Protection Keyl[221 connected to the
computer.
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11 Modification of latest Tukan8k analyzers

== Modification of latest Tukan8k_USB analyzers are obligatory for the device
which serial number is greate then 237.

Hardware modifications:

concerns to different functionality and handling of TTL Lemo sockets placed in
front panel of the analyzer which are described in Appendix C of User’s Guide
and are as follows:

Port A (Gate or Even) - no change in comparison to the previous versions
for remaining sockets the same functionality is given for both modes of running

Port B (SCA-OUT) - Input: positive TTL pulse 100 ns width generated
after
detection of input analog pulse which amplitude
stays between selected thresholds. Itis output of
single channel analyzer.

Port C (RUN) - Input: starting acquisition by external pulse
(rise edge of TTL positive signal)

Port C (RUN) - Output: stopping acquisition by external signal
(rise edge of TTL positive signal)

Modifications of the program (version 2.2.2):

type and version of an analyzer is recognized by the program - for those
analyzers which serial number is greater then 237 contents of setting
parameters form[31is changed (User's Guide chapter 3.5 and 5.1):

= in MCAmode of running ,TTL Lemo configuration” group of options lacks

= in MCS mode of running ,TTL Lemo configuration” and “External stop”
groups of options lack but options concerned with external triggering are
inactive.

The serial number of the analyzer can be viewed in ,Spectrum information” box
available in ,File” menu or ,Inform.” box available in ,Help” menu.

== Modifications were performed in respons for users requests.

11
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2 General description of program

The main purpose of the program is to allow the user to perform: acquisition
control, collection, visualization and archiving of experimental data, to run
spectra analysis and to generate reports containing acquisition results.

The following chapter contains description of the program architecture, rules of
data flow between modules of the program and specification of data files
structure.

2.1 Program files

The Tukan8k program consists of the following files:

Tukan8k.exe - the main program

Tukan8k.PLK - resource file for Polish language version
Tukan8k.ENU - resource file for English language version
TukanFit.dll - mathematical library for spectra analysis

During installation procedure the following dynamic-link library files are added to
the main directory of the program:

pthreadGC2.dll - POSIX threads for Windows 32 library

mingwm 10.dll - library file for Windows

SiUSBXp.dll - USBExpress library from 'Silicon Labs Inc.'

FTD2XX.dll - USB direct access library from 'Future
Technology Devices International Ltd.'

borindmm.dll from ‘CodeGear'

They are necessary for proper program functionality.

During installation process several working directories are establishes for the
program and program initial settings are saved the to the Windows Registry.

Language of interface of the program and working directories settings can be
changed due to configuration options available in the program.

12
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2.2 Program modules

The program has modular construction — selected purposes are realized by

separate program modules.

The whole program is supervised by "manager"”, which is responsible for
proper functionality of each module, data exchange among them, initialization of
display parameters etc. One of important elements of the program is the
modules selection panel published below, where tasks performed by each
module are also presented.

Acguizition
path

i

Analyzer

En=Flk]

Calibration

Analyziz

Repart

|

Definition of acquisition path,

description of laborstory and measurement
geametry,

analyzer zettings,

zelected of acquisition parameters.

Acquisition control of measurement, spectrum
vizualization and "on-line" analysiz,
addition, subtraction and smocthing of spectra

Energy, peak shape and efficient calibrations,
setting and editing of calibration parameters,
Muclide and standard libraries

Guality and quantity analysis of peaks,

a dozen of mathematical functions far fitting
zingle or double pesks vailable,

automatic pesk search.

Avtomatic reports of easurements,
report and plot configuration,
creation of HTRL and t=t files

Module selection can be performed by

1. click on an icon representing selected module placed on the module

selection panel
2. menu selection: Module | Go to...

General description of functionality of each module is presented in the following

chapters:

Hardware module[14)

Analyzer module[18)
Calibration module[16)
Analysis module[1™
Report module[ 1)
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2.2.1 Hardware module

Purpose:
define an acquisition path, set values of all measurement parameters, full on-
line acquisition control.
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Functionality:
» adding, deleting and ordering acquisition paths,
» filling descriptive options (laboratory, user, geometry, detector),
» filling data concerned to mass of a sample,
» type of analyzer selection,
» analyzer parameters definition,
» mode of running (MCA, MCS) selection,
» calibration control (for selected acquisition path),
» selecting of automatic acquisition stop criteria,
» acquisition control (start, stop, reset),
» on-line monitoring of acquisition (parameters and spectra),
» "live" spectrum preview for selected acquisition path.

see also:
Acquisition Qath%
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2.2.2

Analyzer module

Purpose:

acquisition control and visualization, initial spectrum analysis, spectra basic

manipulation.

selection spectra
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Funcionality:
» acquisition control,

» modification of selected acquisition parameters: length of acquisition time,

automatic acquisition stop criteria,

» spectra displaying in channel and energy scale,

» visual comparison of current acquisition with spectra loaded from files
» automatic or manual defining of Regions of Interest,

> initial "on-line"” spectrum analysis containing calculation of base

parameters of a peak

» adding, subtracting, smoothing and compressing spectra,

» automatic peak search,

» nuclide identification,

» saving live spectrum to a file,

» loading spectrum from a file,

» export/import to/from files in ASCII format.

see also:
Measurement| 46}
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2.2.3

16

Calibration module

Purpose:
energy, peak shape and efficiency calibration run, veryfication of the spectra
calibration
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Functionality:
» inserting and edition of calibration data,
> selection of a type of calibration equation (formula),
» energy, peak shape or efficiency calibration execution,
» visualization of the results — formula coefficients and diagram of
calibration curve,
» inserting calibration parameters to a spectrum,
» saving/loading spectrum to/from a file,
» automatic peak search,
» nuclide library,
> library of calibration data,
» editor of nuclide library and libary of calibration data.

see also:
Calibration [108)
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2.2.4 Analysis module

Purpose:
quality and quantity analysis of a spectrum, nuclide identification, peak table
creation
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Functionality:

» automatic peak search based on peak shape calibration,

» peak fitting with modified Gauss function,

» double peak separation,

» selection one from dozen fitting functions,

» nuclide identification based on selected nuclide library,

» nuclide library editor,

» efficiency, activity and concentration calculation for selected peak,
> ROI editor,

» peak table editor.

see also:
Analysis a0
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2.2.5 Report module

Purpose:
preparation and configuration of reports from acquisition, report printing, saving
reports to files

Configure report

0=
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Functionality:

» automatic report creator for selected acquisition spectrum,

» configuration of the report contents: elements selection,

> personalization of peak table structure (contents, placement, units etc.),
» personalization of spectrum diagram,

» possibility to input extra descriptions,

» report printing - selection of printer device and additional printing options,
» saving reportas HTML type file,

» saving report as text type file.

see also:
Regortlﬁﬁ
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2.3 Data files

The measured spectra and various information about them can be saved in the
specialized files:

Spectra

MCAspectrum  "*wdm", binaryformat (native format of the program)

files

MCS spectrum  "*.wds", binaryformat (native format of the program)

files

spectrum data  "*.dat" ASCllformat (one column contains counts in

files channel values only)

spectrum data  "*.Ist" ASCllformat  (number of sequential channel and

files count value are placed in two
columns)

spectrum data  "*.Ist" ASCll format  (three columns: number of channel

files - energy - counts)

spectrum data  "*.tab", ASCllformat (table with counts groupedin 10

files

Calibration and ROl tables

calibration files — binary format — "*.cIb"
ROI definition files — binary format — "*.roi"

Reports

report files — HTML format— "*.htm"
report files — text format — "*.txt"

Libraries

nuclide libraryfiles — text format — "*.tnc"
calibration standards libraryfiles — text format — "*.eff"

Configurations

columns)

hardware setup configuration files — text format — "*.cfh"
report configuration files — text format — "*.cfr"

Auxiliary directories
The Tukan program installer creates auxiliary directories Library and Spectra.
Libraryfiles: ".tnc" and "*.eff" are stored in Library directory.

Spectrum files, data files and reports are stored in Spectra directory.

The other files are stored in program default directory.

19
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see also:
Spectra files formats 23
Setting directory of program [148)

2.4 Spectra files formats

File format of wdm - (binaryfile of MCA-type spectrum)

Nr of byte Length in

bytes
0.3 4 integer
4.5 2 word
6..8005 4 *8k integer
(32768)
8006 4 longint
8 double
1 byte
n
n
n
n
n
8 double
4 integer
4 integer
4 integer

20

Data format

Contens

version code

number of channels of a spectrum
counts (up to 8192 channels * 4 bytes/
chn)

(length depends on number of
channels)

check code
sample mass
sample mass unit

ASCII (n*byte) type of analyzer
ASCII (n*byte) serial number

ASCII (n*byte) geometry

ASCII (n*byte) name of spectrum
ASCII (n*byte) spectrum description

date and time of start of acquisition
(format: TDateTime:Year:Month:Day:
Hour:Min:Sec)

acquisition time (in s) —real
acquisition time (in s) - live

indicator if calibration performed and
check code

energy, peak shape and efficiency
calibration data
list of ROIs
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File format of .wds - (binary format of MCS-type spectrum)

Nr of byte Lengthin Data Format Contens

bytes
0.3 4 integer version code
4.5 2 word number of channels of a spectrum
6..8005 4*8k integer counts (up to 8192 channels * 4 bytes/
(32768) chn)
(length depends on number of
channels)
8006 4 longint check code
8 double sample mass
byte sample mass unit
n ASCII (n*byte) type of analyzer
n ASCII (n*byte) serial number
n ASCII (n*byte) geometry
n ASCII (n*byte) name of spectrum
n ASCII (n*byte) spectrum description
8 double date and time of start of acquisition
(format: TDateTime:Year:Month:Day:
Hour:Min:Sec)
4 integer acquisition time
4 integer number of sweeps
4 integer Inumber of channels of MCS
4 integer DwellTime
1 byte units of DwellTime

Formats of spectra text files are described in chapter Export to ASCII format[72)
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2.5 Start of the program

The Tukan8k program can be started directly from the file Tukan8k.exe typically
placed bythe installation program in directory c:\ProgramFles\Tukan8k or

from the icon ELL“L also placed by the installation program at the desktop.

When started, the program verifies if any analyzer is connected to PC or if USB
Dongle[22Yis plugged in.

If none of them is present, the message below will be displayed on a screen
and the program will not start.

Confiem x|

Aectipally, the anabyzer s not defined in the program,
\_’_'(J £ you wank bo define an anslyzer now §

T

Similar effect will arise when analyzer is corrupted or USB slotin PC is out of
order and device is not detected by the program.

see also:

Connecting analyzer[251
Appendix B: Instalation of Tukan8k analyzer and program [148

2.6 Work with USB Dongle key

The Tukan8k program can be run in PC where instead of the Tukan analyzer,
the USB Dongle is connected to.
The USB Dongle is supported by version 1.7 of the program, or higher.

The Tukan8k program activated with the USB Dongle acts as a tool for "off-

line" analysis of the spectra. The functionality of the program is the same as
with an analyzer connected.
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3 Acquisition path

Acquisition path is a set of devices and their settings applied in a
measurement process, which form experimental spectrum as a result of their
activity. It consists of the following elements: detector, high voltage supplier,
spectroscopy amplifier and pulse height analyzer.

In the program concept, acquisition path is a structure uniquely defined by the
parameters like: type of analyzer and its settings, detector type, measurement
geometry, mass of a sample etc.

The program allows to handle many analyzers at a time on one PC. For better
clarity, in a new version of the program (2.0) the new way of data presentation
was introduced. The new way is more flexible in comparison with earlier
versions in aspect of simultaneous control of many analyzers, like:

¢ different type of analyzers configuration,

* presetparameters display,

e current parameters display,

® access to data,

e common control of several acquisitions.

Inspection of current status of acquisition path and changing of its parameters
is possible in Hardware module[1 only.

Acquisition control commands are available in 'Hardware' module as well as in
Analyzer module[15).

3.1 Defining of acquisition path

Defining of acquisition path which means a process of selecting of particular
parts from which it consists of, is the very base activity which influence for
functionality of the analyzer. Usuallyitis performed once, because the program
saves actual settings for future use.

List of configuration and descriptive parameters are grouped in a tree structure.
Extended structure with many branches, which can be freely collapsed or
expanded, allow quick access to all data, even then, when many acquisition
paths is supported simultaneously by the program.

On figure below a part of "Acquisition path" module screen is shown. Tree
diagram is seen in both modes: collapsed and expanded.
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Tree structure performs important rule during acquisition path configuration
process. All parameters for selected acquisition path are available for a userin
dynamically changed forms which are displayed due to context of selected

branch of a tree.

Itis possible to move through the tree by mouse or keyboard. Expanding and
collapsing of selected branch is done after mouse click on "+" or "-" field or after
pressing <+>, <->> (arrow) or <->, < <- > (arrow) key. Due to selected branch,
corresponding form is displayed in a center of the program screen.

To change any parameter's value, the user has to edititin a form and accept
modifications performed by click of "Apply' button available at a top part of each

form. For user comfort, those parameters, which value was changed are
distinguished by a different background color (one form can contain many
parameters, and many of them can be changed ata time).

Types of forms available in current version of the program:
- acquisition path description: laboratory, detector, geometry, sample mass[33)

- analyzer type and mode of running selected[25)
- setting of acquisition parameters |30

- analyzer parameters in MCS mode[5N

- stop criteria in MCAmode[3A
- acquisition path calibration[351
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- measurement session configuration| 37

3.1.1 Acquisition path name - spectrum name

During creation of a new acquisition path (see Adding and removing acquisition
path[40Y) the program automatically assigns its name as "New path" (or "Nowy
tor" if the program is switched to the polish language version).

If another acquisition path with this name already exists, then index part of the
name is automatically added, e.g. "New path [1]", "New path [2]" etc. Indexes are
added in sequence of their creation and are not related to the place of their
existence in the acquisition path tree.

When defining an acquisition path, which is dedicated for specified type of
measurements or for dedicated type of apparatus, itis veryrecommended to
change name of an acquisition path for a such one, which describes by its
name performed measurements, e.g. "Air filter", "Soil samples", "Detector tests"
etc. The new name for acquisition path can be setin a form described in chapter
Measurement description prameters [33Y

After connecting an analyzer to a new acquisition path, the program allocates in
memory "measurement spectrum" object to which the program automatically
put data collected in memory buffer of specified analyzer. Name of a spectrum
automatically given by the program is identical to a name of acquisition path, so
acquisition performed in selected acquisition path is identified by a name of its
path. This name can be modified in a form described in chapter Connecting
analyzer[25).

In "Acquisition path” module, at the bottom of each form being displayed in a
middle part of a screen, a boxis displayed, which is dedicated to display actual
measurement spectrum.

More information about "live spectrum" and maintenance of all measurement
spectra are available in chapter Measurement spectrum[56,

=i« Remark: in the program, many acquisition paths can be defined, but spectra
will be shown onlyin those, where analyzer was defined.

3.2 Connecting analyzer

The program allows to control the analyzer, which is:
1. connected to PC,

2.installed in PC (see: Appendix B: Instalation of Tukan8k analyzer[15h)
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and
3. selected in the tree diagram.

If 1 or 2 condition is not performed, the program will not start and the following
message will be displayed: "Neither Tukan analyzer nor USB Authorization Key

found.” (see: Startof the program [22Y).

Accessing analyzer when the program starts

=g« If the analyzer is connected to PC and properly installed, butis not defined in
the program, the following message will be displayed when the program starts:

Confirm x|

3 | Achually, the analyzer ks ot defined in the program.
\_’,'/ D0 you want bo define an anakrzer now 7

T

-ifon response "No" button is selected, then the program starts, all functionality
is available for the user except those which concern to acquisition,

-ifon response "Yes" button is selected, then "Analyzer type selection/
configuration"” dialog window appears, in which itis possible to:

1. expand list of analyzers supported by the program (mouse click on a button
with an arrow) and select a proper one. When done, contents of a form is
filled by elements suitable for selected type of analyzer,

2. click Detection button to display a dialog box containing a list of devices of
selected type which are currently connected and recognized by PC,

3. selecta proper one from a listand press "OK" (attention: even then, when
a list contains only one item, it has to be selected) - dialog box disappears
and an appropriate serial number will be displayed in the "Serial no" field of
dialog box no 2 displayed below.
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fif <Measurements of filters of air>  Analyzer b =10l x|

Anabizer type | Tukanfk USE

- Mode of suneing - 7
o 0K  MCA WS 2

Seslno [l =

[ o | X coc| 2 e |

Insert an analyzer from the tree
Selecting analyzer from the tree diagram takes a course very similar, and runs

as follows:

1. selectin the tree an "Analyzer" item and click with left mouse button,

2.in a central part of a screen a form shown below will appear,

3.from alist of "Analyzer type" select a proper one and continue process as
described before.

A Tukan 8k Analyzer - =10ix|
Fle Modde Measnement Configwaion Help |I3go§.
5 I Msasuomers of Rhecs of o8 S e—— Measurements of [Mers of air| | [~ Measureme. . I
[l Deszrpiion il L Analyzer: Tukanfk-USE | | St ok ready
= IR Ainabzen Tukan8kUSE Redtme[s] O
7 ‘?Iﬁm:'eﬂmu Anehze type [TukanBhcUSE - I Sine oo e
£F Sedslng 230 Deadtime [%] | 100,00
¥ Mode of runeing MCa | [ Mode of mnning E:.smnno: g
& & -
& BB Parammeitess oA HE [+] Measur, sa... ok started
' Stop crbedin
5], Calbiation: [~ Tests of det... [N
Messuremant Sedino [0 = Detrction
X G = LN | (et
Catrsion [l ) Heve ot

Additional remarks about connecting analyzer to the program are placed in next
chapter: Detection and identification of analyzer device[27).

3.3 Detection and identification of analyzer device

The Tukan8k-PCl as well as the Tukan8k-USB analyzer can be detected by the
program. For both types detect process is performed in the same way. For the
Tukan8k-USB analyzer itis described in the chapter Connecting anal;zerlZ_S'ﬁ.

27



TUKAN 8k

Each copy of the Tukan8k-USB analyzer contains its serial number, which
allows for unique identification.

The program reads that number during detection process and displays itin
"Serial no" field ("Acquisition path" module).

The Tukan8k-PCl analyzer is identified by its local address set on the board
(number from 0 to 7).

So, the list of devices which appear in "Detection” window is the list of serial
numbers of Tukan8k-USB analyzers or list of local addresses of Tukan8k-PClI
analyzers.

=i« When after click on "detection” button instead of a list of analyzers the
following information is displayed: " No devices of selected type" it means
that the program does not detect any analyzer of selected type. In such a case
itis recommended to verify if an analyzer is properly powered (itis mostly
important for Tukan8k-USB powered via USB) and if is properly plugged in.

Information about type of analyzer and its serial number is added to each
acquisition spectrum and both are saved to a file (file "wdm"[2M or ".st"@'ﬁ).
Thank's to that, each spectrum "knows" in which analyzer was collected.

Serial number of an analyzer is also available in Information about main
spectrum [71 dialog box and when opearatin with several acquisition paths
[4N allows to identify in additional way, from which acquisition path observed
spectrum comes.

3.3.1 Hardware registers of the analyzer

28

The program allows to read the hardware registers of an analyzer. The proper
command is available in "Acquisition path" module only:

menu: Measurement | Analyzer internal register...

Information being presented in windows is read-only, current status of internal
registers is shown being refreshed about every 1s.

Appearance of the window may depend on an analyzer type and mode of
running.

For the Tukan8k-USB analyzer, this window contains hardware register names
and addresses with their values. Parameters are splitinto two groups:
Parameter Registers and Result Registers. Meaning of each bit of them is

described in a window which can be displayed after click on 2 button.
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Tuskan 3k USE - hardware registers mondtar - for aog. path: Measurements of b
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In case of the Tukan8k-PCl analyzer, this window contains two tabs. The name
of the first agrees with the current mode of work. It contains a list of the internal
memory cells. Second tab shows the PCIl bus communication registers.
Meaning of particular bits in a register shown in binary mode is described at the
right part of the form.

Tukan 3k PC1 - hardware registers monitor - for acg. pathe Mowy tor (1
MCA | PO configurstion|
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L] 18 8 0
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Upper wWindow Bourdey | TSN (RN =151
Lindt of courts in pebeched egon | [T [ETORCEGITY (-1 ceo0000]

Cess vy [ (KON -0

Counts

Coss v | (EENCTTEENN 10
RRS  o0 0 00 o0 0

Ovesonchore | Y KRN |-
Coss ot [ RN
Courts ps o | [T I~

foxd
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Information shown in the dialog window "Analyzer internal registers" has
auxiliary meaning only and is destined for advanced users only.

3.3.2 Default values of parameters

The program allows to load "factory defaults" - default settings for given mode of
running (MCA or MCS). Itis available in "Acquisition path" module only:

menu: Measurement | Default settings...
When the command is selected, window containing a list of parameters

accomplished with their default values appears on a screen. Loading
displayed values to an analyzer takes place after selecting "Load" command.

ometers: =IE|
H- Meds MCA -

Evramiboseanis sygrshy wejrciowego o gatng

Humbss of channels: 8152

Liwrer Lerend Theeshold - chaeewet 100

Upper Lerval Theeshold - charmet S000

Thiesholds detred lor rumbet of chanrsls selecled: 8152

Time tiop crlemem schive: mo

Slop cribenum - time seleclion: e

Slop coibernam - e bt 300

Courks integon Hop soq. critemen ensbled: ma

Lewrer ROI boursdan: 0

Upper ROl bourday: 8131 =

Limit of coumts in RO 1000000

Poit B envabded: o o
[ ot ] % come| 2uew |

Pt C enabled: ro

Meaning of particular parameters is described in the following chapters:

see also:
Appendix C: Technical parameters of Tukan8k-USB Analyzerlﬁh
Setting of parameters [31Y
Stop criteria[34)

3.4 Mode of running (MCA, MCS)

Irrespective of the type of analyzer (USB, PCI), two modes of running are
available:
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.multi-channel pulse height MCA (see Tukan8k-USB MCA model156l or
Tukan8k-PCl MCA model1eh,
or

© multi-channel scaler MCS (see Tukan8k-USB MCS mode[i5A or
Tukan8k-PCI MCS mode[163).

Mode of running selection:

Changing mode of running can be performed in "ACQUISITION PATH" module
only. To do that:
1. select "Mode of running" item in the acquisition path tree (see figure
below),
2. in aform displayed in a center of a main form of the program select one of
two: MCA or MCS.

N Tukan 8k Analyzer Il [T =IRl=]
Fie Modus Messwemert Configeston Help ._Cﬁc;lh.
= I Meanacments of ftees of ar Measurements of [bers of air| | (-] Messwens.. . R
E i [iil Descripiion | Analyzer: Tukonk-USB | | atus ek ready
emistion = W Ansbezen TukanBh-USE 1 ReallmeEs{ 1]
&5 i o Live Tine [3] 0
i i o | anszer e [Tukanscuse - I~ i Dositon (3 16000
4 Eff-Pe |
E Shop crbesin Mode of mnning [cT':;:lm* ot s
Analest 7, Caltwation: L  MCS Time start 0a:00:00
Meatiaseent saHon _ Exeai [5] o

Changing mode of running is a very easytask - itis enough to selectin "Mode of
running" form appropriate radio button:"MCA" or "MCS" - but keep in mind that it
results in many changes in the program, because mode of measurement
becomes different. Changes refers to the acquisition path tree view, forms
content, parameters of measurement, rules for calibration of acquisition path.

== Basic and most frequently applied mode of running is MCA, so in
"Acquisition path" and "Measurement" chapters this mode of running is first of
all described. Multi-channel scaling (MCS) mode[59is described in separate
chapter of this manual.

3.5 Setting of parameters

Modification or changing parameters of an analyzer can be performed in
Hardware module[18 only.

Settings of basic parameters of an analyzer, like lower and upper threshold, are
displayed in the acquisition path tree at the "Analyzer/Parameters" branch. When
Click on "Parameters" item, the dialog form will appear which contents depends
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on the type of analyzer and selected type of running (MCA, MCS).

=R Meatutements of fers of s — M of fiters. ..
® ] Deseription o) || |58 Careal | S to ks | Analyzer: TukanBk-UISE
= MR Anclmes: TukanSk-USE
B Tpe - Lowwst b thesshold
¥ Mode of nunning: MCA Rangs faiv] 0.0 - 5533,00 Humber cf charmels (#1352 =
= EB Parsmaters Range [chr] 0-@191 L
¥ Nurber of chan: 8152
' Lower Level Thieshold: 100 (122,00 mv] Vollage ] |—""‘22W [ Input s3gnal gating -
P Uippes Level Thieshokd: BO00 [3765.00 —— & Hogating
™ Siop ceiberin Charnel 100 = Ao
3, Calbualion: | € Comcidence
Messintment sessian  Anliconedsnce
i Spectia [~ Uppes level theeshold L
Rangs 0000 - 5565900 r
m 0-5i91 1~ TTL lemo configration
™ SCA_QUT jPort B)
Vologe ] [S755.00 = I~ RUN [FoeLC)
Charmel [eoo0 =1 ™ BUSY [PortD)

On figure above, form for Tukan8k-USB analyzer running MCA mode is shown.
The following parameters can be set there:

Lower and upper level threshold — values of the appropriate threshold may be
change by writing their absolute value in millivolt [mV] or by defining particular
number of channel from (or to) which a spectrum will be reduced. When
changing number of channel, corresponding voltage value will be updated
automatically. Minimal and maximal range values are available on the form.

Level thresholds can be also setin the following way:
» select "Analyzer" module and start acquisition,
» when observing spectrum, set position of both markers to a such ones
where you expect thresholds to be,
» return to "Acquisition path" module, press " Set thresholds to markers"
button - the following message will be displayed:

x

= w |

» press "Yes" button - displayed number of channels in the box above will be
input as the new values for thresholds.

Number of channels — number of channels of area where spectra are
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accumulated (1024, 2048, 4096 or 8192) selected from a pull down list.

Input signal gating — selecting mode of gating of analog input signal; then only
those signals, which are in coincidence or anti-coincidence with gating signal
are being registered. Usually analyzer operates without any external gating (No
gating setting).

TTL Lemo configuration — these options are responsible for output signals at
TTL connectors. Detailed description of those signals may be found in Appendix

C: MCA - Multichannel Analyzer mode[158

=g After changing anyvalue, suitable part of a form gains different - yellow color
background, what means, that parameter was intended to be changed, but not
confirmed yet. Input of changed values to the program occurs after selecting

"Apply" button.

see also:

Appendix C: Technical parameters of Tukan8k-USB Analyzer[158

Default values of parameters [30%
Hardware registers of the analyzer[28)

3.6 Measurement description prameters - Sample
mass

Measurement description parameters include those parameters of
acquisition path which describe conditions in which measurementwas done
and characterize sample being examined. They are placed in acquisition
reportand (some of them) are stored in a file of spectrum.

Form containing measurement description parameters is available in

"Acquisition path" module after selecting "Description” item in the acquisition
path tree.
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Most of boxes on the form are text edit boxes, in which user can input
describing and identifying information.

Sample mass: - numerical value and unit type entered in this place are
applied in quantity analysis of examined spectrum to calculate concentration
of radiative material in a sample (see Activity and concentration caIcuIatelEQ).

Value of sample mass inputto a spectrum, is also shown in Information
about main spectrum [72 box.

3.7 Stop criteria
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In the Tukan program acquisition can be stopped manually (see: Acquisition
control[461) or automatically after reaching selected in "stop criteria” values.

Selected stop acquisition criteria can be setindividually for particular
measurement (see chapter "Measurement" Setting of stop criterial?ﬁ), or for
complete acquisition path defining defaults for measurement of samples of the
same type.

The program allows to settwo independent criteria for automatic acquisition
stop:

- time (with possibility of distinguish between two types of time calculation: real
or live) and

- total counts, which compares number of counts in defined region with a limit
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setbythe user.

To set (change) stop criteria, select "Stop criteria" item in the acquisition path
tree. The form displayed on a figure below will appear:

= I Meannsmente of e of s Measurements of fillers of air
i1 (7] Desesiption o dpply | X Cancel I Analyzer. Tukanfk-USE
= MR Anshyzer TukanSkUSE —
&-¢F Type Aepiion lise ol in pesgion
I Mode of iureing: MCA ¥ Active W Active
= (B Paxamwier:
B Husrbee of chan: 5192 Time mode Hoeme chanesd [0 = |
B Lower Level Theashold 100 [122,00 * Live =
R Upper Level Theashold 8000 (9755, End chaneel 5131 =
F# Shop crleriac  Aeal
G Calbration: Limit of counts |1000000 =
% Measueement pesson
Bl Specta Liedt of tene:fs] (200 _dI"

In the form, one or both criteria can be set simultaneously:

Acquisition time control:

The program performs control of acquisition time onlythen when Active check
boxin Acquisition time group of options is set.

Only one of two, live or real time flow can be controlled ata time.

Amount of time should be placed in Limit of time field given in seconds units

(available range is from 1s to 16777215s (224-1)).

Counts in region control:

When Active check boxin Counts in region group of options is set, it means that
the program performs control of number of counts in selected region. Region is
defined by two parameters: Home channel and End channel.

Acquisition is stopped when number of counts in selected region exceeds value

setin Limit of counts field (available range is from 1 to 2321 of counts).
After selecting values, press "Apply" button.

see also:
Setting of stop criterial 51

Acquisition process inspection 48"

3.8 Acquisition path calibration

Acquisition path is defined for specified type of measurements performed in
precise conditions of a job, i.e. analyzer and detector types or specific geometry
of measurement.

Energy calibration (as well as timed and efficiency) performed on acquisition
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spectrum is provided to acquisition path and in case when no any diametric
changes were done (e.g. differentlevel of amplification of input signal) can be
automatically added to sequential spectra obtained in acquisition path.

=i The program does not control changes performed in real acquisition path.
User needs to control byitself if calibration of acquisition path is still proper for
given conditions.

On figure below is shown the form being displayed after selecting "Calibration"
item in the acquisition path tree. The form allows a user to examine calibration
parameters, watch calibration curve and to perform Remove calibration
command from acquisition path.

il Tukan 8k Analyzer T - =101 x|
Fla Modue Messuement Configusbon Help 88 C =
? 5 Mesurements of tes of of - > : Moasurements of fiers of air | | [-]Measremerts ...
2 &[] Descrpton o |58 Cet | | Reweve caesin Syl ] | e stop on request
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P Mode of unving: MCA o Tarae  [D:\Dane TUKANTWidna DEMD\SREL:3 SRAMS ft source.cb b T
= BB Pasmetst @5 o
E ¥ Number of chan 152 T 0
Andna gb‘t‘;t;:;x‘mé [Erviogy Callesticn | Pesk Shope Colluation | Efbciency Calbuation. | [-JA‘E::-W g&mozed
& Stop ciesi Break[<] ofto
-] &, Callvaion: 0
Erflk) B Mssirmmert sassion e
Cablrstion ¥
B Spectra G
. o
By io
5 o
Bnakyis @
0
s e
& O 11000 2060 31000 4200 5 000 0 000 7 000 £ 000
Chareei rumber
forteuda

Spectrum fis name;  Fller DAx [ke'¥]
HO 20 300 400 500 600 THO 600 900 10001100 1100 K300 B4DD 1500 1600 1700 1300 1900

o aw

= & 500 1000 1 200 7000 2 600 3 00 1 £00 4 000 4 600 5 000 & %00 1 000 & 500 7 030 7 %00 4 000

The following rules are obligatory:

1. calibration introduced to acquisition spectrum becomes current calibration for
acquisition path,

2. this calibration is saved when exitthe program and is loaded when the
program is started again,

3. this calibration is automatically input to each experimental spectrum being
collected in given acquisition path.

see also:
Calibrationfiod)



Acquisition path

3.9

Measurement session

Term 'Measurement session' defines sequence of common measurements
performed in the same conditions and at the same analyzer parameter settings.
Each cycle consists of the following steps:
acquisition start

acquisition stop after defined period

saving spectrum to a file

removing spectrum from buffer of an analyzer
acquisition restart after defined period (break)

On figure below is shown the form being displayed after selecting
"Measurement session" item in the acquisition path tree:

=

=

4l

Tests of detecior

7] Description
4 Labtatony: Laborstory «
o User name: &nna Jarka
. Detectee: CdTe [
# Geomeln s smple:
&, Sample mazs: not aval

5 R Anabzer: TukanS S8

® F Type
g Simulstion
¥ Mode of munning: MCA
=-EA Parameters
& Number of chan: 8
& Lowse Lavel Thaest
& Uppes Level Thiest
& Siop cotens
CA, Calbuation:
% Meamumement sezsion
Mew path
Spechia

_ ooy | Xcen |

Testz of detector
Analpzrer: Tukanik-UISHE

g

ot | o | e |
Mestidamert satsion dahs
NOT STARTED
 Slart bype
= Manusl
" Schedued CEE| || ;=
[~ Cycles
Humbes of sweeps I‘2 =I 10+ nt vabd pasameter]
P pstseepro - [hoees = [amaziz =
Length of singks cycle - Bresk between sweeps [5]
~ Temeds —— 0 =
" Live Wabue 5]
& Fesl |1000 ]
’E;Mam with malhematical sesuls |
on
Spechn fles
Base nome of a fie Measeement pesmon
.Shui'u'ndu: I' ‘; Husmbes of gtz |3 ‘; |
Faldes name [CADocuments and Setfngs\a Users ==-]
Fila fomal [pectram binary e 7 wikm) =

) Testect o... KK |

Stabis
Real tims ()
Live Time (5]

The form contains the following information and values:

Measurement
session status

status description

Star

t type

button

Manual - start of measurement session is performed w hen
acquisition is started after selecting START of acquisition
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Measurement status description
session status

Scheduled - start of measurement session is performed
automatically at the selected date and time

Cycles
Number of number of sw eeps can be set in a range from 0 to 1000.
sweeps Value 0 means, that this parameters in omitted, sw eeps wi ill

be periodically repeated as long as a user stops acquisition
manually, selected "last sw eep not later then" occurs or
number of sw eeps exceeds terminal value.

Last sweep no | sense of this parameter appears in simultaneous control of
later then time by the program. After reaching selected date and time,
start of next sweep will not occur, but currently performed
w ill finish normally

Length of single time set in this place is automatically moved to acquisition
cycle stop criteria[ 51N of single measurement and this w ay

becomes obligatory for acquisition performed outside of
measurement session

Break between period betw een end of last and begin of next acquisition.

sweeps [s] Permitted range is from 10 s to 10000 s.

Current status of measurement session can be observed on the panel at the
right side of the screen when operating in ACQUISITION PATH or ANALYZER
modules. Date being displayed in that panel are described in chapter

Acquisition control during measurement session 54,

Each measurementfrom a session can be saved to a file and results of
particular measurements can be saved in a text file. Settings for those files are
placed at the bottom of the main form and consists of two tabs:

Spectra files i File with mathematical results.

Spectra files: - after switching Output on option, the program saves
automatically spectrum to a file which name consists of Base name of a file
and sequential number. Files are stored in directory selected in Folder name.

Spectra can be saved in binary form (*.wdm) or in one of ASCII form (see Export
to ASCII format[72Y).

Names of spectra saved due to settings shown in the Figure above will be as
follows:

D:\DaneTukan\ZywnoscSeria_001.wdm, D:\DaneTukan\ZywnoscSeria_002.
wdm, ... etc.
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Saving numerical result parameters of acquisition in one text file:

After finish of each acquisition of measurement session itis possible to
calculate parameters of selected peaks and save them to a text file.
Hle with mathematical results: - after switching Output on option, the program

saves automatically peak parameters to a file with a given name. Thatfile is
saved in directory selected in Folder name.

For each region to be analyzed, parameters can be defined individuallyin a
dedicated dialog form available after click on Parameters selection button (see

Figure below).

C\Doecrmeris s Sellings\il Usegh =]

E- I Measurements of fess of o Measurements of (ilbers of air| | [=]Messurems... [ETH
& [l Descrption _ o | X | ‘Analyzer: Tukongk-USB | | stats
. Laborstory: Ernironmental Lal ol time [5] 2132
2 Uses e Zoka Ange Puo | G || g2Rem Bes T [£]l | 1916
7 Ditsetor Gelli) MP_2301) = Soedtime[%]_. 7127
7 Giomeliy/S ample: fler O Meamsement tecsion status o
o e — NROL 14125150
__u Semplemazs 1009 [-] Moasur. 5... ok staited
= Anshzer; TukanBk USE Tirmee: staet 00:00:00
E Tipe : Break[5] [
& Verson 0 s Smeep L]
£ Sesdne 19 1+ Marwal
.‘ysmuim_ € Scheduied - 5 = i =
B et ik Fororcters electon fr acaitionpat S
=] "W 'l
& Hurberol chan: 192 | [ Ccles -
I Lower Level Thosshoid 1 Humber of sweeps
2 Upper Leved Theeshaid 8 | | -
B Stop critesia = Last swetp e
), Cabbeations later then
Meagunement sesie
Bl Specira [ Length of srgle cpcle
- Time mads | 10
 Live Vaka [5] =
 Real 1000 5|
" e eI
¥ Output on
| File corkaring pasmelens
la e PaiamSerie
Foldsr ranme

Generally, in MCS mode[59 of running the measurement sessions are defined
in the same manner. Spectra are saved to disk as “.wds” files. Set of available
parameters to be calculated for selected regions is differentin comparison to

MCA mode of work

see also

Acquisition control during measurement session 58
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3.

10 Working with several analyzers

The program allows to control several analyzers connected to different
acquisition paths.

Adding and removing acquisition path[ 43
Select analyzer to control[419
Several measurement spectra control[ 43

3.10.1 Adding and removing acquisition path

40

Controlling by the program a second (or any other) analyzer needs to be
preceded by defining additional acquisition path.

This can be done in ACQUISITION PATH module only.

Adding acquisition path

menu: Fle | Add acquisition path...

K Tukan Bk Analyzer

Fie Module Messuremerd Conbgurstion Help

fdd ac h..
Dealebe: acquiskion path J
Load hardware configuration. .. * Sl
Sarvir harcherare configuration as...
Distesbe acquiskion path data ”“""m
Exxil:

5 Type

B Vesiore [ Sttt beper
% & Sensdre 19 (= Manusl
Enef +-F Simulshon A
Coalbeation F Mode of nureing. MOCA v

= [ Pwomeler: i

" = Humbes of chan.: 5192 Crclez

This command adds "empty" acquisition path and assigns to ita name "New
path" followed, if necessary, with a new "not assigned" indexin brackets.

Next, itis necessaryto assign an analyzer to the newly defined acquisition path
and define its other elements in a way described in the chapter: Defining of
acquisition path[23

Removing acquisition path

menu: Fle | Remove acquisition path...
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x4

3y A you se delete selected soquisition poth
w2 (ndec: 1; name: New patt)

[

Removal of acquisition path is realized irrespective of its contents and status of
acquisition.

Remarks

=& removal of acquisition path from the program does notinfluent on a status
of an analyzer, in particular does not stop acquisition

=g« in case when only one acquisition path is defined, it can not be removed

=g« restoring previous settings of an acquisition path is possible only by

means of utility Configuration files of acquisition patho[451

see also:
Defining of acquisition path[23%

3.10.2 Select analyzer to control

After defining several acquisition paths and several analyzers it could arise a
problem with which of them we would like to operate at the moment. Operation
with one analyzer means here changing measurement settings and start, stop
and reset of acquisition.

Selection of acquisition path can be done in the following ways:
» mouse click on anyitem of acquisition path in the acquisition path tree, or
» mouse click on any boxin acquisition control panel (see: Hardware
module[14Yand Acquisition process insgection@), or
» in text context menu of the acquisition control panel (as shown on a figure)
- item " Set as selected".

Acquisition path being selected is marked in the acquisition control panel by a
background color, which in this case is a little lighter then for other paths.
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.0 Tukian Bk Analyzer ]
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For selected acquisition path, the following elements of the program are being
adjusted:

e contents and status of icons grouped in toolbar of acquisition control,
¢ contents and status of items of Measurement menu,
¢ contents and status of items in context menu of the acquisition control panel.

Context menu as shown in the figure appears after right button mouse click
done on the acquisition control panel.

Contents of context menu depends on a place from which was displayed. All
items in a context menu are divided into five groups of items. Two upper refer to
acquisition path it concerns, the other are common for all acquisition paths.
Contents of acquisition control panel is described in chapter: Acquisition

process inspection 48,

Itis possible to control only one selected analyzer or several analyzers at the
time. Manner of control are described in chapters: Acquisition control[468Y and

Common acquisition control 53,

Selection of acquisition paths for common control can be performed from
Measurement menu or from context menu described above. In both cases
Common control item should be chosen which contains sub items for adding
and removing selected acquisition path and Show panel sub item to selectand
unselect acquisition paths from a list.

Panel shown in figure below allows to make selection easier.
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3

Bl Messumments of e ol ad
L0 Testsof detectn
Hew path
Select al | Deselsct sl |

I o Ok I xcml ? Hee

-8 Acquisition paths selected for common control are distinguished by common

yellow color of background.

3.10.3 Several measurement

spectra control

When operating with several analyzers itis comfortable to have possibility for
simultaneous observing all (or selected only) spectra. After selecting Spectra
item in the acquisition path tree, in a central part of a screen spectra for all

analyzers could be seen.

FREDLILHHFrE=E < escrener.. E—
L
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45 16 304 M1 G 714 B0 M7 NI B SR BE Live Time (<] 144
T8 Lirvék kv Tirnm [5] | 300
¥ Mode of nnring MCA gggdm[%] Is;éw
) ER Puamste: l CortenROl 105264
¥ Stop criteria - = ! Il Ll - [+] Messur, g82.., nok sarted
L) Cabestrt o 1000 IO 300 4000 5000 G000 T BOW
Maasrament sessior 3 IW T [ T [=] Tests of dete... R
= M Tests of detector rom fozre ] o [4ns ) From [pezgel ] o Juiaes stz hop on req...
o . Real time 2520
& [ Deseiption x| TestD Live Time E:} 2265
EHE Andyzer. TukanSkAISE Dead time [3] .02
- Type : P 8381
¥ Simdation ot CourtsmROT 16642400
¥ Mode of wrring MCA I 1 pop [+] Maasir. sac... not stasted
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o)) cﬁ'ﬁmimm o 1000 000 3000 400D S00D AEOD TOOD B 000 Shabus
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i I e [£] 144
= W Hewpath = New palh Desdtime[%] 3343
B[ Dessption CFS 126159
R Andyren TueanSkdISE Counts In ROT 3375221
07, Calibratmore [+] Measur. ses... ok sharted
" AT
o 1000 Z0N0 300 4000 SO0 6000 T(00 8000
From [3276 E To hglsﬂ

At the top of the screen a toolbar is displayed containing icons allowing to
control way of plot of spectra. After moving mouse pointer on each of them, a hint
explaining its functionality will appear.
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S REMk I HHPEE 8 < |

Icon

K m

E E E BEHC

E I @ B

A

Hint
Select all
spectra
Show
chosen
spectra

Horizontal
layout

Vertical
layout

Show full
spectrum

Markers at
the center of
plot panel

Expand On
spectrum
between
markers
Expand Off
spectrum
between
markers

Automatic Y
scale

Set Y scale

Set
logarithmic
scale
Include the
grid

Spectrum
zooming

Command description
selection of all spectra for common control

selection of a spectrumto be controlled (changing scale and
markers position).Selected spectrumis displayed with yellow
background

display all spectra in horizontal manner
display all spectra in vertical manner
display full spectrum

setting markers on positions of 1/3 and 2/3 of selected range

expanding on a part of a spectrum lying betw een both markers
to full diagram space

expanding tw ice number of displayed channels

switching to automatic Y scale selection adjusting to the highest
value of a part of a spectrum being displayed on a screen
(increased 20% for the highest value)

setting exact values for Y scale in a range "from", "to" (dialog
window appears on a screen)

switching Y scale type betw een logarithmic and linear

sw itching on/off displaying of coordinate grid

sw itching on/off zoom:

w hen zoomis switched on, the cursor has a follow ing view
4—T—r i
~, the markers do not move and you can arbitrary enlarge
selected part of a spectrum: to zoom, drag the pointer w ith the
left mouse button pressed over the part of the spectrumw hich
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Icon Hint Command description

you may to magnify

Commands related to changing marker positions and scale are performed for
one or several selected spectra.

Spectrum selected to be controlled is marked by yellow background.

Selection can be performed by pressing icon with "X' on a toolbar or at selected
spectrum.

In "From™ and "To" boxes placed below a spectrum, position of markers is
displayed in channel and energy scale (if a calibration for a spectrum exists).

3.11 Configuration files of acquisition path

Current configuration of acquisition path can be saved to a file. It can be
performed by running "Save hardware configuration as" menu command
available in Hardware module[14only a dialog box appears on a screen:

menu: Fle | Save hardware configuration as...

The boxlooks very similar to the standard Window "Save as" dialog box giving
possibility of selecting path and name for a file. Extra field "Description" allows
to introduce additional information describing acquisition path. This information
might be useful when loading configuration from a file.

When opened, "Description” and "File name" fields contain text equal to "Acq.
path name" parameter.

Files containing parameters of acquisition path have default ".cfh" extension.

Configuration of acquisition path earlier saved to a file can be easilyloaded to
the program. It can be performed in "Acquisition path” module onlyin "Save as"
dialog box available after selecting the following command:

menu: Fle | Load hardware configuration...

The boxlooks like the standard Windows "Load" dialog box with additional two
fields atthe bottom. "Acquisition path name" field contains text entered to a filed
of the same name when saved to a file. Second field is dedicated to display
parameters of acquisition path saved in a file.

see also:
Defining of acquisition path[23%
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4 Measurement

All acquisition control and diagnostic commands are available in "Acquisition
path" and "Analyzer" modules.

In this chapter, the following can be found:

® acquisition control for one analyzer i.e.. start, stop and reset|T6'ﬁ,

e Common acquisition control[53) - applied when operating with several
analyzers ata time,

» command for visual acquisition process inspection[48Y,

e how to perform measurement session[54,

e backup acquisition commands protecting collected data against lost;
mechanism oftime backugl?ﬁ; rules for creation, displaying, archiving and
analyzing of measurement spectrum [56).

Most of commands relevant to acquisition control is available via icons,
menu "Measurement” or by context menu of acquisition parameters panel

[48),

4.1 Acquisition control

46

Commands related to manual or automatic measurement control can be

performed in ACQUISITION PATH or ANALYZER module only:

» viaicon placed in toolbar,

» from Measurement menu,

» from context menu of the control acquisition panel, which displays current
status of measurement. Contents of this panel is described in Acquisition

process inspection[48),
» from keyboard.

Acquisition control commands:

Ico Menu: Re
Measur Key Command description mar
ement ks
Start start of acquisition 1)
Stop stop of acquisition 2)




Measurement

clear of acquisition data buffer and zero time
4 = Reset - .
counters in an analyzer and in the program

@ Stop display of dialog window for setting of stop
criteria criteria[51%

1) Acquisition can not be started if "Status” field on measurement parameters
panellTS'ﬁcontains information: ,not ready'. In such a case itis necessaryto
perform Reset command and wait till "ready” text is displayed.

2) Stop acquisition performed by "Stop” command is signalled in that field by
message "stop on request"”

Notice, that grey color of an icon ( . or @ ) means that command linked to it
can not be run.

All acquisition control icons stay grey if the program has no analyzer attached (i.
e. an analyzer is disconnected).

If the program controls several acquisition path[431then additional items in
menu and additional icons related tocommon acquisition controllﬁﬁappear:

Figures below explain possible configurations of acquisition control toolbar
depending on program status or an analyzer state:

88 L | only one acquisition path is defined, but
no any analyzer is linked to it

28O | only one acquisition path is defined and
an analyzer is ready to start acquisition

PEe O | only one acquisition path is defined and
an analyzer is busy (acquisition is
performed)

there are several acquisition paths
defined, but common acquisition control
options are not set

&P O = B E E Nooating e there are several acquisition paths
V\le defined and common acquisition control

options are set

@SUFE6S

—

In last figure combo box for setting type of measurementis shown, which is
descripbed in chapter "Acquisition path": Setting of parameters[31. This field
can be hiddenhisible thanks to context menu for toolbar.

Acquisition can also be started and stopped automatically by mechanism of
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measurement sessions |37 or by setting of stop criterial 51,

4.2 Acquisition process inspection

The acquisition parameters panel is a frame placed at the right side of a screen
in ACQUISITION PATH and ANALYZER modules.
It contains fields describing actual status of acquisition and its parameters; all

data are periodically refreshed

LK Rl :
[-]rseasurements ... G
Shrahus ready
R time [£] 0
Liwes T [£] o
Doeand] irrees [50:] 100, 00
CF5 o
Counts in ROT 1]
[+] Measr. sestion  nok started

The acquisition parameters
panel conteining basic items

ICCRE 3
[-] Measrements ...
Status reaty
ool timen 2] o
Live Tr-'-s_[s] } ]
Deadbme[%] 100,00
o 0

Counts in ROL o

[—] Meanr, soesion  nok starbed

Tievt Shasilt 00 0000
Broak [5] oo
Sweep 1]

The acquisition parameters
panel conteining extended
items

In particular lines of the acquisition parameters panel, the following information

can be found:

Parameter name Parameter status | Description
(left column of panel) (right column)

acquisition is running

acquisition is stopped, information
displayed in "Status" item describes
cause of acquisition stop

here: Measurements
of filters of air

[--] Path name: VOID analyzer is not defined - no any

information about status of
acquisition is displayed; the
acquisition parameters panel
contains only one item

unrecognized

the program can not recognize a
type of an analyzer, so no link with
device is performed
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Parameter name
(left column of panel)

Parameter status
(right column)

Description

Status

status line itemis empty if:
acquisition is on and runs normally
or analyzer is not defined or not
recognized by the program

ready

analyzer is ready to start acquisition

stop on request

user stopped acquisition performing
STOP command

live time limit

acquisition w as automatically
stopped after reaching selected
period of live time of measurement
defined in automatic stop criteria
form

real time limit

acquisition w as automatically
stopped after reaching selected
period of real time of measurement
defined in automatic stop criteria
form

limit of counts

acquisition w as automatically
stopped after reaching count limit
criterion in a region defined in
automatic stop criteria form

channel ovf [ ]

acquisition w as automatically
stopped because overflow in
channel has occurred; number of
channel is given in square brackets
[1 (refers to USB analyzer only).
Overload occurs w hen in any of
channels number of counts exceeds
1048575

not ready analyzer is not initiated - it is
necessary to perform"RESET"
command

unrecognized acquisition is stopped (OFF status),
but reason is not know n

] 0+ 16777215 duration of the acquisition run (in
Real time [s] seconds) q (
0+ 16777215 global amount of time (in seconds)

Live time [s]

w hen the device is active, i.e. the
time w hen ADC is active or ready
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Parameter name
(left column of panel)

Parameter status
(right column)

Description

Limit live time [s]

limit of live time set in stop criteria
[51 - displayed only then, w hen
automatic stop criterion is set; in
such a way, acquisition can be
stopped after expiration of selected
live time

Limit real time [s]

limit of real time set in stop criteria
[5M - displayed only then, w hen
automatic stop criterion is set; in
such away, acquisition can be
stopped after expiration of selected
real time

Dead time [%] 100,00 + 0,00 proportpnal ratio of' real and live time
subtraction to real time
0 + 100000 (counts per second) number of
CPS counts registered by an analyzer in
a period of 1 second of real time
- oo . . . .
Counts in ROI 0+2732-1 total counts in region defined in stop

acquisition criteria dialog box

Limit of counts

limit of counts in region set in stop
criterial 51 - displayed only then,

w hen automatic stop criterion is set;
in such a way, acquisition can be
stopped after reaching count limit
criterion in selected region

Range of ROI

region defined for count limit criterion
set in stop criteria[51" - displayed
only then, w hen count limit criterion
is active

[+] Measur. session

not started

see: Acquisition control during
measurement session|54

Context menu of acquisition parameters panel




Measurement

P Contents of displayed context menu
@ siop depends on a region of the panel in which
) Resst mouse pointer is placed at the moment of
B Stop arkeris click of right button. Itis mostly important
b when operating with several acquisition
Fiearsrement session confiqurstion paths, because two upper sections of the
@ start measurmment session context menu refer to one acquisition path
HGENEAUA seron reset only - that one, which is selected by
Common conkrol 4 mouse pointer (see Common acquisition
Foarda control[53Y).

Collapss &l

In the first upper section of the context menu are grouped commands referred to
acquisition control described in Acquisition control[46),
in the second commands referred to measurement session described in

Acquisition control during measurement session 54

The last two parts contain commands referred to appearance of the panel.
"Panel configuration..." command provides access to dialog box containing list
of all parameters possible to displayin the panel. Each of them can be easily
visible or hidden.

=g In the ANALYZER module, if acquisition is not running or itis not necessary
to control its parameters, the acquisition parameters panel can be hidden.

Hide acquisition parameters panel:
menu: Module | Measurement panel

see also:
Measurement control in MCS mode[ 62
Acquisition control[46)

4.3 Setting of stop criteria

Automatic stop criteria[ 38 are described in Acquisition path[23Ychapter. They
can be defined for selected acquisition path thanks to mechanism of defining its
properties in forms displayed in the program when moving though the
acquisition paths tree in ACQUISITION PATH module.

When operating in ANALYZER module itis easier to setthose parameters in the
dialog window displayed:

by click on the icon IEI from Measurement menu or from context menu of
acquisition parametrs panel[48),
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When "Stop criteria" command is performed, the dialog window as shown
below appears on a screen. Its contents is described in chapter Stop criteria[34%

E.1 stop criterta - for acg. pathe Measurements of filber -0l x|
 Acquisition time 1 Coanls in negion
@ Acive Z
Time: mods Homechannel [0 =1
¥ Live
[End channel IB!E] _.:fl
" Real
Limit of couni [1000000 =
Lmkeltmes) 300 =]
Sor | X cancel |

Activating acquisition time control:
» in Stop criteria dialog box select "Active" check boxin "Acquisition time"
group of options
» select "Time mode": "Live" or "Real"
» fill "Limit of time [s]"
» press OK button

Activating counts in region control:
» in Stop criteria dialog box select "Active" check boxin "Counts in region”
group of options
» fill "Home channel" and "End channel" - bounds of selected region
» fill "Limit of counts" for selected region
» press OK button

After pressing OK button selected options are set for appropriate acquisition
path and are displayed in the acquisition parameters panel.

Remark: both stop criteria can be set simultaneously. Acquisition will be
performed till selected time limit occurs or total counts in region is reached.

see also:
Acquisition - stop criteria [34)
Acquisition process inspection[48)
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4.4 Common acquisition control

The rules for assigning several analyzers into one program was described in
chapter "Acquisition path” (see Several measurement spectra control[43Y).

If the program controls several analyzers, each of them can be controlled
individually but common start, stop and resetis also possible. Selection of
acquisition paths for individual or common control is described in chapter Select
analyzer to control[41Y.

Acquisition paths selected for common control are distinguished in the
acquisition parameters panel (see Acquisition process inspection[481 by yellow
color.

Menu:
Ico . Remar
Measure Key Description ks

ment

rv Common common start of acquisition in selected
=l start acquisition paths

r,v Common common stop of acquisition in selected
A stop acquisition paths

common clearing of spectra buffers and
S Common .
reset reset of time counters for selected
acquisition paths

The rules of actions for described commands are the same as for individual
analyzer (see: remarks in the command description table in Acquisition control

[46Y).
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OPCFBREO 5 Irrespectively of that, if acquisition paths
i - I are selected for common control or not,

[ 2ol .. M automatic stop criteria need to be set

Rl Line 2] L individually for each of them.

Livw Tirnes [5] 14

Dead time [%] 45,49

(i =57 3 ;

— - The f!g_u_re near by offers a view of

[+] Measur. session  reot started acquisition parameters path for three

(-] Tests of detector [ E acquisition paths (analyzers) supported

St shop on request by the program. First and third are

ff:ﬁm%:} . selected for common control and in

Bead time [%:] 9,02 addition firstis selected for individual

PS5 H361

Conns in 0L 16662400 control

[+] Heasur. sesson  rot starbed

[--]tew path E—

Shabis

Fuead bime [5] 16

Live Time [5] 4

Bead time [%] 8,43

Ps 128386

Counts in ROT 19466255

[+]Heasur. sesson  rot starbed

45 Resumation of measurement after program exit

After starting the acquisition, the program can be closed. Exiting the program
does notresultin acquisition stop — acquisition once started runs autonomous
until one circumstance will occur:

» exceeding limit of automatic stop criterion[51 (time flow or counts in
region)

kP acquisition stop by user

» counts overflow in a channel.

When measurementis on and the program is reopened, actual status of
acquisition is detected and ifis on, actual parameters of current acquisition are
displayed in the acquisition parameters panel.

4.6 Acquisition control during measurement session

Definition of measurement session and way of controlling its parameters is
described in chapter "Acquisition path" Measurement session[37).
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The dialog box

File Modus Measwemend Socieen FOl Ansvas Conbguistion Help

— ﬁ‘i-tﬂ‘?h E AR B %[0
% C,-F.asetcH:- o o
path —

Am.i-si.imtim..
Sl ‘ -
= N

crrraer

The acquisition parameters panel described in
chapter Acquisition process inspection[48%
contains in the last bottom part the item: "[+]
Measurement session". On figure near by
expanded state of this item is shown containing
parameters of measurement session.

containing parameters
of measurement
session described in
mentioned chapter is
also available in
ANALYZER module in
Measurement menu (
"Measurement
session” |
"Configuration") orin
context menu of the
acquisition parameters

panel.
I E |
[--] Measrements ... [ECTR
Status
R.edtme[s] 7
lveTme[s] &
D time [%:] 14,50
CPS 2002
Conuiks in ROT 435

[--] Mensir, session
Time shart 0

Break [5]
GeesEn

Parameter r Parameter " Description
(left column (right colu

[--] Path na
here: Meag

. (items referring to measurement are described in: Acquisitid

not started| measurement session is off

measurement session is configured and ready to start - w aiting
for manual or automatic start at predefined time

M measurement sw eep is running

Break lasts break betw een sequential sw eeps - remaining period is
[--] Measu displayed in a field Break [s]

command w as performed

[NETQEIEe] measurement session w as interrupted by a user - STOP

performed

measurement session w as finished correctly - all sw eeps were
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Parameter 1| Parameter | Description
(left columr] (right colu
00:00:00 | situation w hen measurement session is not started (in brackets
. exemplary time of start is show n)
Time stal
this filed remains empty w hen acquisition is going to be started
for the first time ("Waiting for 1 start" condition)
x1/x2 x1is not zero during breaks betw een sw eeps only - then it
displays number of seconds left till end of brake
Break [s] ) .
x2 displays length of break in seconds set for measurement
session
Sweep |O number of current sw eep of measurement session

Generally, for MCS mode[59), the measurement sessions are defined in the

same manner. Spectra are saved to disk as “.wds” files. Also set of available
parameters to be saved in a text resultfile is differentin comparison to MCA

mode of work.

4.7 Measurement spectrum
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Acquisition spectrum is created automatically by the program for each
acquisition path. This is a spectrum which collects data taken directly from a
buffer of an analyzer device.

Rules for assigning names to acquisition spectra is described in chapter:
Acquisition path > Defining of acquisition path > Acquisition path name -
spectrum name[25).

Actual parameters of "live" spectrum: time of beginning, duration, number of
channels, CPS, id of analyzer where spectrum is being collected, geometry
settings etc. are available in dialog window Information about main spectrum
[72). In that dialog, name of acquisition spectrum and additional description can
be provided/changed if needed.

Acquisition spectrum, during measurement, is "live" spectrum - its contents is
refreshed in 1 sec. periods.

Experimental data collection process can be watched in ACQUISITION PATH
and ANALYZER modules only—in the rest of modules, acquisition spectrum is
treated similarly to all other spectra loaded to the program, i.e. as formed, not
changing spectrum.

Calibration of acquisition spectrum becomes atthe same time acquisition path
calibration[35),

If acquisition path contains calibration and the ROI table, then they are
automatically introduced to each spectrum being collected in such an
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acquisition path.

For "live" spectra displayed in the ANALYZER module "on line" analysis
is performed. The program, after every data refresh, calculates current number
of counts in channels placed between the markers and performs peak analysis
displaying results in the peak parameters panel; it allows a user to observe flow
and value of width of peak at half height. Peak parameters are calculated based
on Peak analysis ‘on-line’'[9M method described in "Analysis" chapter.

All spectra being analyzed by the program are grouped in spectra container[67,
Acquisition spectra are placed there always at the top - they can not be moved or
removed from the spectra container.

see also:

Working with the spectral67
Measurement spectrum periodical backup[57

4.8 Measurement spectrum periodical backup

To protect against lost of experimental data (e.g. in case of power failure) the
program can automatically, in preset periods, save acquisition spectrum to a
file.

Defining options for acquisition time backup:
menu Configuration | Acquisition time backup

Acquisition bine backup - for path: Measurements of Mter x|

Enable 2aving m Each coge bo seaparshs ez [

Backup rale 1 _|3 Imén]

Spectum fs name | \Documents 2od Setings\A Users\T ukanBk\ TimeCopy 2]

[0 | Xcmer| 7 b |

Enable saving - when checked, it assures, that the program, in preset periods
defined in Backup rate field, will automatically (i.e. without the user activity) save
actually collected spectrum to a file with a name given in Spectrum file name
field.

The file containing acquisition time backup can be created earlier, butif does
not existthe program creates itself. By default, backup file is created in the main
folder of the program and is named ,Tuk.wdm" (or "Tuk.wds" in MCS mode of
work) .
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Each copy to separate file: - when checked, actual spectrum will be saved to
different files at each rate of time. Names of those files consist of base
spectrum file name followed by sequential number.

By default, this option is not checked, so acquisition time backup is always
saved to the same file which contents is overwritten everytime.

=& Acquisition time backup occurs only then, when acquisition is on.

see also:
Measurement spectrum 560
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5 Multi-channel scaling (MCS) mode

Basic mode of running of the analyzer is pulse height analysis mode (MCA).
Changing mode of running from MCAto MSC (multi-channel scaling) mode is
possible onlyin ACQUISITION PATH module in a way described in Mode of
running (MCA, MCS)[30\ chapter.

After switching to MCS mode of running, the following changes are performed
automatically in the program:
> list of parameters available in the acquisition path tree,
» contents of the acquisition parameters panel,
» forms for setting parameters displayed in the middle of the screen in the
ACQUISITION PATH module,
» format of collected spectra (different set of parameters saved with
spectrum),
» calibration is switched to automatic timed calibration,
» algorithms of peak analyze and set of parameters displayed below the
spectrum.

Acquisition control and rules for working with experimental spectra are the same
as for MCA mode of running.

Notice: mode of running change from MCAto MCS is possible only then, when
analyzer assigned to the program was equipped in this facility. This remark is
not valid for Tukan8k-USB analyzers which are always equipped in MCS mode
of running.

see also:
MCS - Multichannel Scaling mode [1631 for Tukan8k-PCI[L60 analyzer
MCS - Multichannel Scaling mode[15M for Tukan8k-USB[15% analyzer

51 Analyzer parameters in MCS mode

Parameters available to be setin MCS mode of running:

Number of channels — number of channels defining one acquisition cycle —
channel nr 0 is always the first and is not related with lower level threshold
value.

Range established in this place is marked in the diagram by horizontal line
displayed in the same color as markers are.
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Number of sweeps — number of sweeps which combine one measurement —
setin arange from 1to 1048575 (2%-1).

Lover level threshold, Upper level threshold — set by entering a channel
number or voltage value in mV.

Threshold level values can also be set by copying position of markers in MCA
mode of running. This command can be performed by clicking Set thresholds
as for MCA button placed at the bottom of that dialog window.
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Dwell Time — duration of processing in one channel — can be setin arange
between 2 us and above 8000 s, a user must select unit oftime and set value.

Normalization factor - number by which "Dwell Time" is multiplied.
Normalization factor allows to eliminate possible inaccuracy in measurement of
"Dwell Time" by an analyzer, when a user affirms such inaccuracy.
Normalization factor can be set above or below value 1, so can correct internal
clock in an analyzer when is slow or fast. In most cases, this factor can remain
1.0 which is neutral position.
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Signal input — selection of a type of pulse input socket:
Analog (BNC): - analog input
TTL (A-sub) - TTL input

Triggering — selection of a type of acquisition cycle triggering: internal
(automatic) or external

Advancing — selection of a manner of advancing channel: internal (automatic)
or external pulse

Multi sweeps — selection of a manner of next cycle activation: Yes -
automatically or No - by external pulse

Accumulation — switching on (Summing) and off (Overwrite) of accumulation of
counts in channels in sequential cycles

Stop mode — selection between three types of rules when acquisition stop is
performed:

Immediate,

After current channel update

After current sweep

Input signal gating — selection of gating mode for input signal, i.e. onlythose
signals are registered which appear in coincidence or anti coincidence to gating
signal. Most often the analyzer operates in "no gating” mode.

TTL Lemo configuration — enabling these options cause to appear output
signals in TTL sockets of the analyzer. Detailed description is available in
Appendix C: Tukan8k-USB MCS mode[15M.

see also:
Measurement control in MCS mode[ 62
MCS mode[163 for Tukan8k-PCl[1681 analyzer
MCS mode[157 for Tukan8k-USB[153 analyzer
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5.2 Measurement control in MCS mode
The acquisition parameters panel is a Y Yo :
frame placed at the right side of a - :
screen in ACQUISITION PATH and =] Tocts of dutnctor [ERENENEEES
ANALYZER modules. L::L:E.m| g-m
It contains fields describing actual Winber of d -
status of acquisition and its ST cmn [
parameters. b .

[+] Messur. sestion  not tarted

When MCS mode of running is set, the
acquisition parameters panel contains
the following parameters:

In particular lines of acquisition parameters panel the following information can
be found:
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Parameter name

(left column of panel)

Parameter status
(right column)

Description

[--] Path name:

here: Test of detector

acquisition is running

FF

acquisition is stopped, information
displayed in "Status" item describes
cause of acquisition stop

OID

analyzer is not defined - no any
information about status of
acquisition is displayed; acquisition
parameters panel contains only one
item

z

unrecognized

the program can not recognize a
type of an analyzer, so no link with
device is performed

status line itemis empty if:
acquisition is on and runs normally
or analyzer is not defined or not
recognized by the program

ready analyzer is ready to start acquisition
completed acquisition w as finished normally
Status stop on request a user stopped acquisition
performing STOP command
not ready analyzer is not initiated - it is
necessary to perform"RESET"
command
unrecognized acquisition is stopped (OFF status),
but cause is not sure
Time [s] 0+ 16777215 total time of acquisition in seconds
Curr. channel nr of channel currently being
processed
Number of chan. 1+8192 selected number of channels (for
one sw eep)
Sw eep count 1+ 1048575 selected number of sw eeps
Dw ell Time 2 ps = 143 min duration of processing in one
channel; value selected by user
Remarks:
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1. Acquisition interrupt performed by STOP command effects to reset
of: time counter, current channel pointer and sweep counter.
2. After stop of acquisition performed by STOP command, next start must

be preceded by RESET command, i.e.measurement parameters
reset and data buffer clean.

5.3 Acquisition spectrum MCS

Rules for creating MCS acquisition spectrum are the same as for MCA mode of
running described in chapter Measurement spectrum [567.

In dialog box_Information about main spectrum|72'ﬁthe following information is
available: time of acquisition start, total time of acquisition, selected parameters
of measurement, average number of counts for Dwell Time and type of analyzer
and its serial number. Similar as for MCA mode of running, in this boxname of
spectrum can be modified and description can be added.

MCS spectrum is saved to files in ".wds" format (see Spectra files formats 20\,
In spectra container[67 both types of spectra (MCA or MCS) can be saved. The

program adjust automatically set of parameters and units displayed below a
diagram regarding type of spectrum.

54 Calibration and analysis of MCS type spectra
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Calibration of MCS spectrum

The program automatically defines time calibration in which time values are
calculated directly depending on Dwell Time.

Time scale is displayed on a top border of the spectrum plotting panel. Applied
units are selectable in configuration dialog box:
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Messuemert | Diplay  Anshbsis | Language | Fle kocation |

Pk pataaters | [Peak paamelens displag
 Automatic calculshe pararestes ¥ Peak position

¥ futomatic caloulste actvity and concentration ™ Backgiound ine
 dutomatic paak idert [~ Ewhn pecition

[ Parsmelrs n enengy uris [ Eeap it rasully

[ Model G0 aptions i

% Pask paismebers baced an netho court - Medel GO G Bg kg ¢ MEg
" Paak parsmetsrs bated on lobal count - madel G_c
" Paak position [Ch] in medeim - model GO_m [~ Energy urdts

Idemificaion cilsia ML L

~ 1MPWHM = 1/2PwHM et
—r
Muchde Brany

g U T sk L oo\ Shandasch v’ | 5] Dbt seltings. |
o 0k | X cuncel| P Heo |

In CALIBRATION module — commands for defining or deleting calibration for
MCS-type spectra are disabled. For such kind of a spectrum calibration can not
be edited.

Every change of Dwell Time leads to automatic change of time calibration of a
spectrum.

Analysis of MCS type spectrum

Changing type of main spectrum between MCA and MCS effects in different set
of parameters displayed below a spectrum, i.e. those parameters which are
calculated on-line for selected peak. Besides, set of available parameters to be
putin the Peak Table and in the reportis changed as well.

During "on-line" analysis the program calculates the following parameters for
MCS spectra:

integral of counts for part of spectrum bounded by the markers (including
channels on which the markers are placed) and

Counts per second (CPS) for the same region.

For information purpose only, value of Dwell Time calculated in seconds is
displayed as well.
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ROI:4 1] From: 10,19 (2545000 Integral of counts; 158044500
Tax 1267 (254500  CPS: BIE2S00000 [orz)
“| = Unit  [roe] oT: 0.0000040 [£]
iSpectrum: POMIAR_L_MCS |Acquisition start: 2010-05-05 13:01:51

Bounds of selected region (From, To) are displayed in the same units as
applied for time scale of a spectrum. Time units can be switched to counts in

channel thanks to the button placed on a toolbar above a spectrum.
For MCS-type spectra, the user can define Region Of Interest (ROI) and create
based on them Peaks table[108).
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6 Working with the spectra

The program can display and analyze either spectrum actually acquired or other
spectra, loaded from files. Each of them can be copied to memory and stored
there until program shut down.

Therefore, the program distinguishes three types of spectra: acquisition,
memory and disk:

Acquisition spectrum — spectrum obtained during current measurement
process

Memory spectrum — a spectrum being copied to memory

Disk spectrum — a spectrum loaded from a file

Each of above spectra is identified by its name and description.

To facilitate manipulation of many spectra, in the program Spectra container[67
is defined, in which the user can store up to 15 spectra of different types.
Therefore, the selection of a spectrum to work with (working spectrum) is
reduced to pointing atitin a list of spectra stored in spectra container.

The selected spectrum, called main spectrum, is distinguished, is displayed
and analyzed. Other spectra selected in spectra container can be only displayed
in a background of a main spectrum.

6.1 Spectra container

The spectra container holds all spectra, which are available during the work with
the program. In addition to the measured spectrum, the container may contain
all the spectra (or their copies), which the user wants to display.

The spectra container may hold up to 15 spectra.

If program is shut down and invoked again then all accessible spectra are
copied to memory.

Open spectra container dialog box:

icon: r!:!j

menu: FHle | Spectra container...
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ol

P S C Spectium name IMI.&ITIDI
1 Il Mew acquisition ¥ v B Load from file |
4 I caitration standard v
@1 Il SREu-3 SRAMS v Copy to mem. |
A SREw-3: SRomE - flat source W 1] Save o fle |
&= Il POMIAR_1_MCS W
&5 [l Mixzdn_Calib v Evportascl |
&= Il Fa226 900 1us "
E4 I Fia226 900 2us W

ms W (R Clear container |

m Hain zpectum |
W Spectum color |
@ Spectum style |
ui Irfarrn. |

g/ Ok I x Eancell '? Help |

In the dialog window of spectra container there is a table with a list of spectra
and a set of buttons to manage the spectra and assign attributes to particular
spectrum. The table header contains letter symbols of the attributes (may be

seen by clicking on the table header):

P displayed spectrum (it can be plotted) — w hen a spectrumis not

displayed,
its name is italicized *)

S plotting style — the spectrum may be displayed in four styles:
line segments, points, bars and filled areas:

C spectrum color

M main spectrum, its name is in bold.

A current acquisition spectrum.

T temporary spectrum - copy of a spectrumin memory.

D spectrum from a disk file.

*) ,Displayed" and ,not displayed” spectra.

All spectra included in the spectra container can be seen in the list of reference
spectral 71, thus visible on a screen, but they do not have to. The reference
spectra list contains only those spectra, which have 'display attribute set. To
change "display' status, click the appropriate box on the P column in the table.
This allows displaying only theses spectra, which are interesting in a given
moment, while all other spectra remain in the container.
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Commands available in the spectra container:

[Hae . .
= Load from file Open spectrum@from afile
l@ Copy to mem. Copy spectrum to memory *)
Fﬁ . .

= Save to file Save spectrum[7d\to a file

]

Export ASCII Export to ASCIl format[ 72

Delete selected Remove selected (highlighted) spectra

2] Clear container Erase the spectra container — all spectra, except
measurement spectrum and main spectrum, are removed
from the container

@ Main spectrum Assign to a selected (highlighted) spectrum an
attribute of a main spectrum — it can be done also by double
clicking the spectrum name

Spectrum Color  Change color[84)of the selected spectrum
£ Spectrum Style Change plot style[84 of the selected spectrum

Inform. Show spectrum information[72 dialog box—
spectrum name can be renamed and spectrum description
can be changed

*) Copy command causes displaying the dialog box Information about main
spectrum [72), in which word '‘Memory is automatically added to a name of a
spectrum. In this boxuser can select another name for a spectrum and add
description.

=§= memory spectra are hold by the program only during current session - if
you want to leave them for a future purpose save them to files before exiting
the program.

see also:
List of reference spectra 7N

6.2 Open spectrum

Opening a spectrum from a file may be done from menu or from the dialog box
of Spectra container[67A.
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Open spectrum from a file
[Cydk
icon: rr-'-:"

menu: Fle | Open spectrum....

If this command is performed from File menu than the opened spectrum is
immediately displayed on a screen — it becomes a main spectrum and its name
is appended to the list of reference spectramﬁ.

If a spectrum opening command is performed from Open button of the Spectra
container dialog box| 671then a given spectrum is only appended to the list of
referenced spectra and itis not displayed on a screen.

In both cases, the open dialog window is displayed. Itis a lightly modified
default box of the Windows system, oriented for files opening. Modification
consists of the monitoring sub-window, which allows to plot selected spectrum
and watch its parameters such as measurement session hame, its creation
date, time of acquisition and information about the spectrum type.

All spectra with *.wdm format created by SWAN and TUKAN ver. 1.4 and 2.0
analyzers (these are predecessors of the TUKAN 8K program) can be opened .

Reading a spectrum in text formatis possible only by operation Import from
ASCII format[74).

Opening a spectrum is possible in ANALYZER, CALIBRATION and ANALYSIS
modules.

6.3 Save spectrum
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Saving an experimental or any other spectrum placed on the spectra container
to a file can be done from menu, from the icon placed on a toolbar or from the
dialog box of Spectra container[67

Saving spectrum to afile:

. [
icon: F":

menu: Fle | Save as...

Command is performed in default dialog box of the Windows for saving files.
Spectra being collected in MCA mode of running are saved with default ".wdm"
extension, and measured in MCS mode with ".wds" extension.

Binary spectra files formats 23
Export to ASCII - files formats [72
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Before saving a spectrum, itis recommended to fill in Information[72 dialog box.
This will give you a possibility to check status of a saved spectrum, attach a
name to it, which is different from a file name, and describe the spectrum.

6.4 List of reference spectra

Each spectrum, either measured or retrieved from a disk file, is inserted into
Spectra container[67), accessible via dialog box. On the icon toolbar there is s
drop down list of all opened spectra. Initially, this list contains the name of a
main spectrum accompanied with a small square showing the color of the
displayed spectrum. Measurement spectra are signed by X in that square.

List of referenced spectra is a way for quick selection of displayed spectra.

Lug, B Fier e

buatton 1con to
drop down
list of spactra

= 20030205 - Th-232
W A0 GAMMA 24k 08_09_2008
Il Nal(Tl) 60Co

Close to the drop down box containing spectra list, on the same toolbar the
following icons are placed:

I!_H. display an information 72 window concerning main spectrum

51-!- open dialog box with contents of a spectra container[67

i ,
=1 sawe spectrum to a file

run data refresh of measured spectrum (button is active in ANALYZE and
CALIBRATION modules only*)

2%  simultaneous display of all spectra from the list; all spectra other than the
main are displayed in background

*) In the ANALYZER module, user can observe live measurement spectra, data
are refreshed every 1 sec. After switch to CALIBRATION or ANALYSIS modules
measurement spectrum stops to be "live". "Refresh” command allows to update
data in the buffer to actual state.
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6.5 Information about main spectrum

To show information about main spectrum, select:

icon:

menu: Fle | Spectrum Information...
Spectrum information command performed from the Fle menu or toolbar,

opens a dialog box "Main spectrum information". Invoking this command in the
spectra container allows to change the information about any spectrum.

Main spectrum information il

Spectrum file names: IE:\Documents and Setingshall Uzers\TukanSk\S pectrabSREW-3 5

Spectum name: ISHEu-3; SRAm-E - flat zource

Spectium description; | Calibration certificate: DF3-1-81/82

—Acg.parameter

Date of acquisition start:  2006-01-25 10:30:50 Analvzer type:  Tukan8k
Live time: 1659 5 Senal number: 003
Realtime: 1BE9 ¢ Geometry:  Marinelli
Murnber of channels: 8132 Sample mazz: 450 ml
Count per second:  719,7 counts/s F > |
Parameters edit I
r—Calibratiot
energy: TYES
peak shape: YES
efficiency: YES Show all calibrations |

J oK | x Eancell '? Help |

In "Main spectrum information" box user can change name of a spectrum and
add description. Itis recommended to do it before saving spectrum to a file.
For spectra being actually measured parameters in the right column (type of
analyzer, serial number, geometry and mass sample) are introduced
automatically from acquisition path settings and can not be changed here.
Parameters edit button is active only then, when information refers to a
spectrum loaded from a file.

6.6 Exportto ASCII format

Collected spectra can be saved to files in one of three ASCII forms.
Export ASCIl command is available in the Fle menu (in ANALYZER and
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ANALYSIS modules only) or in the spectra container[ 67,

Export spectrum in ASCIl form:

icon:
menu: Fle | Export ASCII...

When performed, the following dialog box appears in which a user selects
one format:

LL'I Export spectrum to ASCII format — ||:||i|

S pectrum to export: " SREu-3 SRAM-E.vedm "'

[~ add measurement data heading to the ASCI file

Format of the datarecord: —— ] [~4rea of the spectrum to save:

1 column [counts only] - * dat [~ Full spectum

& 2 columns [chan. number - counts] - * kst [ Selected 5“35; M arkers |
3 columns (channel - ensrgy - counts] - *lst Fram channel: lﬁ
" Tahle [counts anly] - * tab To channel: IB‘I El =

Save to directan: ID:\Dane TUEANAE xport ASCI

5N flename;  |SREW-3SRAmE lF
’WI X Cancell ? Help |

ASCIl spectra export options:

Counts in channels saved to text files are by default preceded by header
containing name of a spectrum, measurement description and date. Setting this
option off causes, that to text files only counts in channels are saved.

Format "*.dat": - file contains one column with counts in channels

Format "*.Ist": - file contains two columns of data are placed: one with number
of channel and second with number of counts, or file contains three columns:

number of channel, energy and number of counts in this channel.

Format "*.tab": - file contains counts in channels values are placed in ten
columns.

Area of the spectrum to save:
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In all formats the whole spectrum or its part can be saved:

6.7 Import from ASCII format

The program performs function of importing spectra saved to files in ASCII
format described in Export to ASCII format[72}, i.e."Ist", ,dat", ,tab" and
Jpt" (report files) type.

icon:

menu: Hle | Import ASCII...

When performed, the "import spectra” dialog window is displayed containing
textual description of procedure concerned with importing data from ASCII files.
As described there, to the program can be imported data from any ASCII file, not
necessary saved in the formats described earlier
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ASCII spectrum data editor x|

é Open file | Instruction |

— Data from ASCI file:
C:4Projekbh T ukan'WidmatSREU-3; SRAM-E - flat zource Eng.tab

Tukansk Z006-06-05 =
Spectrum: SFEu-3; SRim-6 - flat source, counts in channels Frow: 1450 To: 1500

152 145 180 152 137 151 171 177 206 =

4| | »

— Spectrum data
Spectium name; ISHEu-S; SR&m-E - flat sowrce Eng.tab

Spectrum desc.: Il

Acquizition date: |2UUB'DE'D5 Live time [z]: I Murnber of channels: |1500
(farmat: pppp-mm-dd) Real time [} | From: ISF!E Te: [1500

329 521 101l 1701 2591 4243 5813 7188 8040;'

7514 G156 4731 3130 1955 1094 G611 341 205
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The ,import spectra” dialog window is divided into two parts: upper displaying
plain contents of ASCII file from which data is being imported and bottom,
containing data as processed by the program. Based on that data, after
selecting the ,Import" key, the program creates a spectrum (in ,wdm" format)
and places itin the spectra container. When quitting the program, such a
spectrum will not be saved. If needed to be saved in ,*.wdm" format, user must
run appropriate command.

"Instruction" button will open detailed instruction how to proceed in case of
another file formats.

6.8 Smoothing spectrum

Smoothing spectrum operation is accessible in menu Analyze in ANALYZER
or ANALYZE modules only.
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Smoothing spectrum:

menu: Analysis | Smoothing...
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6.9 Adding and subtraction spectra

Addition and subtraction commands are available in the same dialog window.

This window is accessible in Analyze menu in ANALYZER or ANALYZE
module only.

Add and subtract spectra:
icon:
menu: Add /Subtract spectra...

Spectra (S1 and S2) for adding or subtraction may come from the Spectra
container[677.

Mathematical rule is done based on the formula: (S1 * A + C) +/- (S2 * B) seen
in the dialog box.
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Subtraction of background spectrum

Normalization multiplier B is automatically calculated as a quotient of "live
time" value of a spectrum S1 to a "live time" value of a spectrum S2.

So, a background spectrum should be inputas S2 spectrum.

Adding of constant value

Constantvalue C is applied only then, when "Add constant value C" check box
is set.

If S2 contains no spectrum it will be performed rule of adding constant value to
a spectrum W1. All operations are processed in float numbers but final
results are rounded to integers and negative numbers are zeroed.

Command is performed after press Add or Subtract button.

After command is performed, the description field of the result spectrum
contains algorithm description and performed values of parameters. This field
is editable, can be modified by a user.

Result spectrum is stored in memory after pressing OK button. Name of result
spectrum is automatically created as mixof name of spectra being
processed. This name can be changed before saving spectrum or later in

77



78

TUKAN 8k

information about spectrum [72 dialog box.

6.10 Compressing spectrum

Operation of spectrum compression may be run onlyin ANALYZER or
ANALYZIS modules.

Compressing spectrum:

icon:

menu: Analysis | Compressing...

Operation relies on adding of counts in 2, 4 or 8 following channels and
storing results in a new spectrum.

rompressing spectrum
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e

- Compresion kel
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The dialog window shows shape of the result spectrum. Itis saved in memory
after pressing OK button.
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6.11 Printing a spectrum

Each spectrum (or their composition), displayed on a screen can also be
printed:

icon:

menu: FHle | Print spectrum...

This operation opens a dialog window showing a print preview and allowing
printer selection and setting printing parameters. The spectrum is printed in the
same proportions as seen in the preview (all printing colors are identical if

available on the printer).

=i0ix)
Printer;. HP Lases)at 5P = Setigp... ] Pyt | Close I

Er—
" Poiai
% | arddseaps
Mg (%)
5= s o

Hezet Margne |

¥ iew Margins

rDetal——— .
More I ol T = ——

Itis recommended, for printing speed reasons, to display a spectrum in the line
segment plotting style.

More advanced printing options are available in the REPORTS module.
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7 Plotting a spectrum

80

Aspectrum is displayed in the special panel, which has spectra scrolling bars
(vertical and horizontal) and buttons for changing of the scaling range. Using
keyboard or mouse you can see any fraction of the spectrum enlarged to
required level. Both scrolling bars are joined in the bottom right corner of a panel
by a # button , which restores the display of the full spectrum.
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To change the spectrum scale and its plotting style:

» move the markers controlled by a mouse directly on the displayed
spectrum (zoom icon),

click the appropriate icon on the toolbar:

choose a command from context menu of the display panel:
choose a command from the Screen menu:

use the keyboard[143

YV VY

Before displaying, the spectrum is analyzed and display scale is automatically
adjusted to vertical and horizontal spectrum maxima.

Maximum of X scale is equal to a number of channels in a spectrum (1024,
2048, 4096, 8192, etc). Maximum of Y scale is setto 20% over maximal value
of a spectrum, minimum is 0 and can not be negative.

At every change of a main spectrum, displayed scale is adjusted automatically
to its contents.
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Displaying energy scale

If the spectrum contains energy calibration then in the field of the spectrum plot
two horizontal scales are displayed: bottom scale in channels units (black
color), upper scale (navy blue color) is displayed in units setin program
configuration form (see Configuration analysis options Eﬁ).

If a spectrum has no calibration, than upper scale is not displayed.

7.1 Markers

There are two markers implemented (the left — L and the Right— R), which are
displayed as the two thin vertical bars and may be moved across a spectrum
using either a mouse or a keyboard via Cursor keys [143)

When you position the cursor (via mouse) on the marker then the cursor shape

is changed either to ‘/‘ left, or to '\‘ right. In this situation, you may move
selected marker independently from the other. When cursor is placed between

+:

markers, than its shape is changed to " and you move markers jointly.

4-T—> .
The cursor shape "=" means, that zooming has been turned on and markers
cannot be moved. To move markers again, turn zoom off.

One marker can be moved either independently from the other or both markers
can be moved together with constant distance between them — one marker
cannot go past the other and they are always present on the screen. Therefore,
setting the marker channel position beyond the screen causes the change the
displaying scale.

In ROl window below the spectrum, the position of markers is displayed (in
channel or energy) and the number of counts atthese marker positions.
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see also:
Markers navigation keys [142)

7.2 Display control

Changing of display scale can be performed by buttons and scroll bars of the
spectrum display panel (see Plotting a spectrum @'ﬁ), icons placed on toolbar,
cursor keys, main and context menu.

Toolbars dedicated for display control

it ot ot | AL UL B B 1 1
B |k ks - 88 & 0

LI
HH
A

Icon N Command description
Screen
Full show a full spectrum
spectrum
IE Expand On twice expand on a spectrum®)
spectrum
Expand Off | twice expand off selected part of a spectrum
=1 | spectrum
Set set markers on given positions: a dialog box appears on a screen
markers w here user can input required positions and confirm w ith OK

button
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Menu:

Icon Command description

Screen

Markers set markers on positions equal to 1/3 and 2/3 of a range
IE on centre

screen

Expand On | expand on a part of a spectrum selected by markers to full size of
spectrum | ascreen

Expand Off | twice expand off number of displayed channels

IH spectrum

Automatic = adjust automatically Y scale to the highest value displayed on a
Y scale screen additionally enlarged by 20%

Set Y scale set Y scale in a given range "from' "to": a dialog box appears on

a screen w here user can input required positions
Logarithmi | switch Y scale betw een logarithmic and linear

IEI c/Line
scale
Grid set on or off a grid of coordinates on a screen
set on or off a zoom:
Mou . . . Finiy
ouse if a zoomis on, then shape of a cursor is 5 , both markers do
zoom ) N
not function, pressing right button of a mouse a user can select
any part of a spectrumand enlarge it
Print print a spectrum displayed on a screen (see Printing a spectrum

spectrum )

hide or expose ROIs of a spectrum. That command does not
Hide ROI change a structure of ROIs but only hide or expose colorful parts
of a spectrum

Spectrum see Spectrum plot style changing[8%
style

Spectrum | see Colors of the plot panel [84)
B panel
colors

Refresh delete and redraw a spectrum in a spectrum plotting panel -
@ screen sometimes necessary after closing dialog box displayed earlier on
the same area

Show display calculated values of centroid of peaks and related to them
peaks nuclide
position

*) Command expands a picture in a way, that preset marker positions (and the
area theyenclose) are preserved and are always visible on the screen. Each
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pressing of the icon causes the number of channels remaining between
markers to decrease twice symmetrically on both sides until marker reaches
any panel border. In such a case decreasing is continued one-sided (at side of
that marker which does not reach end of panel). When moving markers leads to
exit any of them outside of a panel, then command does nothing.

7.3 Spectrum plot style changing

Default plotting style is line - spectrum is plotting connecting spectra points. Itis
the quickestand most recommended type of plot.

Change of main spectrum plotting style is performed by &4 icon placed on a
toolbar.

Style of any other spectrum can be changed in spectra container[67.

Bkl After selecting "down to triangle" at the right of an
B bne icon, menu containing available styles of plotting
= 1900 5 poink appears. To change style of plotting click on

P poink (big) selected style from a list.
Plotting style of each spectrum may be changed
atanytime, however this attribute is not retained
after program shut down.

7.4 Colors of the plot panel

84

Set of colors of a spectrum plotting panel consisting background color and
marker color is an independent attribute of each module of the program. Color
settings are saved after program shutdown (they are included in the
configuration parameters) and are restored when the program is started again.
For a spectrum is differently, color is its attribute, so the same spectrum is
always displayed in the same color in all modules of the program.

Changing colors
icon: |'"

menu: Screen | Colors
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Flot panel colors selection

[

Backgrourd II:I =

Markes I- - e
Masin gpechm E ?.____..-....

ok | X concel| 7 tiew |

see also:
Display spectrum options/138)

In plot panel colors
selection dialog box only
color for main spectrum can
be selected - colors for
other spectra can be setin
spectra container[ 67
When changing color of
background itis important
to watch if to none of
spectrum placed in the
spectra container is given
the same color; in this case
such a spectrum becomes
notvisible on a background.
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8 ROI

AROI (Region Of Interest) is a fragment of a spectrum of special interest, since
it contains a peak or group of peaks. Itis defined uniquely by two parameters:
channel number at the beginning of the region and channel number of the end
of the region — both channels are a part of the region.

The ROl table is a set o ROIs created for a spectrum. It can be built
automatically by executing automatic peak search[108 command or manually
using markers and commands described in next chapter.

The ROl table can be saved to the same file as a spectrum is, or can be saved
in a separate file (see ROI files[88Y) and then moved to the next measured
spectra.

The program uses the idea of "working region of interest". Itis a part of a
spectrum contained between markers together with the channels, where the
markers are set. For such region, the program continually calculates and
displays the parameters using _"direct" model[o3. These parameters are
calculated after each change of the marker position or after each change of data.
Working region of interest does not belong to the ROl table.

Colors of ROIs
ROIs are shown as color-filled area under a spectrum.
By default, three colors are applied to signify different states of ROI:
¢ "unanalyzed" ROI - color beige or grey (depends on Windows color
scheme)
¢ "analyzed" ROI containing one peak - color green
e "analyzed" ROI containing doublets (two peaks) - color blue
Colors are user configurable (see Display spectrum options [138).

Parameters of ROl are displayed in Peak parameters Qanelmﬁ. Parameters of
all selected regions are placed in the ROI Table.

8.1 ROI controlling commands

All commands related to ROI can be performed via icons on toolbar,
commands available in main menu of the program or commands available in
context menu for the spectrum plotting panel.
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Toolbar dedicated to perform commands on ROI:

Axﬁ|%%&9ﬁﬂ|@é§ﬁéﬁ%m*

. Re
Menu: —
Icon Command description mar
Screen
ks
save region selected by markers to the ROI Table (available
[A] save roi E 1)
also from keyboard by key)
delete ROl selected by markers (available also from
[PA] Delete Roi 2)
keyboard by key)
E Delete all delete entire ROI table
ROI
set markers position on ROl lying to the left of left marker
= Al | (| —+
Prev ROl (available also from keyboard by combination of
keys)
set markers position on ROl lying to the right of right marker
Alt | (| +—
Next RO (available also from keyboard by combination of
keys)
Home ROI set markers position on the first ROl in a spectrum
End ROI set markers position on the last ROl in a spectrum
Peak run command Automatic peak search[108
search
Calc ROI calculate parameters of a peak for a ROl surrounded by 3)
parameters | markers
Calculate calculate parameters for all ROIs in a spectrum
parameters 4)
all ROI
Nuclide run command Peaks identification[Lo3 for a ROI surrounded
identificatio = by markers
n

Switch ROl | switch units of peak parameters displayed below the
param. unit | spectrum plotting panel: energy or channel. Appearance of | 5)
- keV/chn an icon depends on a kind of unit actually selected

&
i

show dialog box containing peaks table[1081 for actually

Peak table .
displayed spectrum
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Remarks:

1) Saved region is highlighted. Each region is automatically numbered. Given to
ROI number is visible at left part of a panel of peak parameters [9d). Each new
ROl is added to the ROI table, such that the whole table is sorted by the first
channel number of ROI. ROI can be nested and overlapped; the same ROI
cannot be saved in the table twice.

2) There are no special mechanisms for edition of ROIs. If it appears that any
ROl is improperly defined, a user should delete it, move markers to proper
positions and save region again.

3) ROl newly added to the table by Save ROl command is automatically
"recalculated", i.e. parameters for a peak contained in a region are calculated
(in ANALYZER module itis "direct" method, in ANALYSIS module itis function
selected). Calculate ROl parameters command allows to calculate those
parameters again .

ROIs saved in acquisition path and those loaded from a file are not
"calculated” by default.

4) Calculate parameters all ROl command allows to calculate parameters for
all regions applying e.g. differentfitting function (see Advanced analysis Wﬁ).

5) Selection of unit can also be done in Configuration dialog box (see Display

spectrum options [138).

Except methods explained above, the program offers mechanism of fast
switching of markers for the chosen ROI with buttons in navigation panel (see
Peak parameters panell9d%) and keyboard (see ROl system navigation keys 148
).

8.2 ROl files

88

ROl files are binary type files. To a file are saved: ROl borders and type of
function applied to calculate peak parameters.

The program assigns default extension ".roi" to ROI files and name compatible
to a name of a spectrum.

ROl files are saved to working directoryfiad of the program.

Commands for loading and saving ROI tables are available in ROl menu
only.

Save ROl table to file
icon: =
menu: ROI | Save tofile...

Sets ROl table from file to a spectrum



ROI

. it
icon: [L=2
menu: ROI | Load from file...

The operation of inserting data from a ROl file to the ROI table of the program

may simplify analysis of the set of measured spectra, if the same ROIs are used
for calculations.
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9 Analysis

Mathematical analysis is always performed on the main spectrum actually being
displayed. It consists of: calculation of single peak parameters, manual or
automatic peak search and nuclide identification. These commands can be
performed in ANALYZER, CALIBRATION and ANALYSIS modules.

In ANALLYZER and CALIBRATION module peak parameters are calculated
performing "on-line" method - directly from experimental data, see "Direct"
method of peak analysis [90.

In ANAL YZE module set of available methods is enlarged by single peak and

doublets Gauss fitting operations - see chapter Advanced analysis [o4.

Results of spectrum analysis are placed in peaks table[108which is
developed based on the ROl table, what means that every peak needs to existin
ROl structure. The ROI Table can be created manually or automatically thanks
to ,Peaks search (1001 command. This table together with set of data describing
measurement s available in REPORT[122Amodule.

9.1 Peak analysis '‘on-line’

.Direct" method of peak analysis, applied mostlyin ANALYZER module, is
based on calculation of peak parameters directly from experimental data without
using any special mathematical functions. Such algorithm is veryfastand can
be performed on "live" spectrum after every data refresh or every change of
markers position.

see also:

Peak parameters panel 90y
Peak parameters calculate oy

9.1.1 Peak parameters panel

90

In ANALYZER and CALIBRATION modules parameters of peaks presentin ROI
are displayed in panel of ROl parameters.

This panel (placed below a spectrum) consists of two parts: navigation and
parameters.
Navigation part contains total number of ROls in a spectrum (in brackets) and
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number of a ROl on which markers are currently set. Current number of ROl is
preceded by# sign; if the field after this sign is empty, it means that markers are
not placed exactly at the borders of ROI. In such a case markers define so-
called "working area"[86), thatis any part of a spectrum.

=g« If markers are not placed on selected ROI, then panel of parameters
contains "live" values calculated "on-line" for working region of interest, but if
markers stay exactly on ROl bounds - panel contains parameters calculated
earlier, saved in the Peak Table.

Thanks to navigation buttons a user can easily move markers among ROls.

Humber of
selected ROI

GITE |

e

Zelected ROL

14)

Froeei  B55.46 (125
To  SE9E3(114
Uk [e]

Cir 867 45 [429) Muchde: Eul52(857 3ke) EM[Rp 0016
Fehm 1.54 Integral 4500 Aty 2F1B2417958g
Fretriv 342 Asny 30 Concant 27182 +1.795 Baba

Prav |/ Haxt
ROI

h
[ Panel of parameter selected ROI ]

Parameters available in the ROl Parameters Panel:

Name Value Description Rem
arks
From: XXXXX.XX position of a channel defining beginning of 1)
’ region - displayed in energy or channel units*)
(xxx) number of counts in channel "From"
. XXXXX. XX position of a channel defining end of region - | 1)
To: . . .
displayed in energy or channel units*)
(xxx) number of counts in channel "To"
- [kev] or [chn] type of unit applied to data displayed in tw o 1)
Unit: -
beginning columns of the panel*)
GO symbol of mathematical model applied to 2)
calculate peak parameters**)
Ctr: XXXXX.XX peak centroid - placement of middle part of a
’ peak
(xxx) number of counts in channel placed closest to

peak centroid
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92

Name Value Description Rem
arks
Fwhm: XXXXX.XX w idth a peak at half of maximum 3)
(0.xx%) percentage ratio of half peak width to
placement of middle part of peak (Fw hm/Ctr *
100%)
Fwtm: XXXXX.XX w idth a peak in 1/10 of maximum 3)
(xxx) name of a nuclide identified for ROI - in
Nuclide: brackets is given know n energy value for that
nuclide
Intearal: XXXXX. XX total counts in all channels belonging to ROI
grat: (Net plus background field)
Area: XXXXX.XX net total counts in a peak
(XX.xx%) relative error of net field
Cps[c/s]: | (xx.x) number of counts per second
Remarks:

1) Energy (or time for MCS mode of running) units are selected in the program

configuration dialog box (see Configuration analysis options [13%).
2) List of used symbols of mathematical models applied to calculate peak

parameters is described in chapter Mathematical models of peak analysis
[95). In ANALYZER module peak parameters are calculated based on "direct"
method only (symbols GO, GO_c lub GO_m).

3) Segment of a line showing peak cutin 1/2 and 1/10 of its maxima can be
enabled by selecting proper option in the program configuration dialog box, in
Analysis 3N tab.

In ANALYZER module peak parameters are calculated based on "direct"
method only. Rule of this method is available in chapter: Peak parameters

calculate[93),

If a spectrum being displayed has linked efficiency calibration and in
configuration analysis options 13N there is "Automatic calculate activity and
concentration" setin, then in peak parameters panel efficiency, activity and
concentration (specific activity) are also displayed.

The parameters displayed in this panel correspond to the ones calculated for
the current setting of the markers, and are recalculated each time when markers
are moved when the option "Peak parameters - Automatic calculate
parameters” is turned on (see Configuration analysis options [139). If this option
is turned off, peak parameters may be calculated by executing command
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Calculate ROI; then they are displayed only up to the moment of markers move
or to refreshing of "live" spectrum.

Calculate ROl parameters

icon:

menu: Analysis | Calculate ROI

All parameters of a peak are calculated in channels unit, and from such form
can be recalculated into energy units. In the program these parameters are
displayed in channels or energy units.

9.1.2 Peak parameters calculate

Base model for "direct” on-line calculation of peak parameters is model GO
(see Mathematical models of peak analysis)[93) This model is available in two
variants: GO_c and GO_m selected in Configuration analysis options 13N,

Model GO - "direct" (i.e. without fitting function) model of peak parameters
calculation. Peak parameters are calculated based on counts in channels
belonging to a region set by markers (together with those channels on which
markers are placed on).

ROL# [0 | From: 651 (8390) Ch: 70978 (14855)  Muchide: V]
Ta 791 [BE16) Futhen: 59,03 Irtegral
*| ] Unit  [cha] GO Fetr:  103.56 Ares
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Peak parameters calculation:

Name Mode of calculation
set based on line function leaded betw een interpolated first and last
Backgro B
und channels of peak. Interpolation is calculated based on three channels
lying outside of a region and a channel on w hich marker is placed.
Integral calculated by summing counts in all channels laying w ithin peak

boundaries

computed as a sum of net counts in a peak:

Area= Mfegral- w

Area 2

w here BL an average count number in 3 channels laying to the left of a
peak, BR an average count number in 3 channels laying to the right of a
peak, Nis a number of channels inside a peak

peak position (center) calculated using the net counts with a w eighted

ctr. average method
peak half width calculated using net counts. The program calculates

Fwhm w ith line interpolation method position of tw o channels laying on a half
of peak height on a left and on a right of peak's side — their subtraction
defines Fw hmvalue

Fwtm peak w idth calculated for 1/10 of its height calculated w ith the method

similar to Fw hm value

Model GO_c — similar to Go model, the only difference is, that for calculation of
Ctr., Fwhm and Fwtm total counts for channels belonging to the region are
taken into account.

Model GO_m — Fwhm and Fwtm parameters are calculated similar as in GO_c
model. Placementof Ctr. is fixed in a channel with highest number of counts.

9.2 Advanced analysis

Advanced analysis is accessible onlyin module ANALIZIS. Its includes ie.
Gauss function fitting and double peak separation.

see also:
Mathematical models of peak analysis [951

Selection of fitting function models |98
Peak parameters displaylo8d
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9.2.1 Mathematical models of peak analysis

Advanced analysis methods are available in ANALYZE module only. Applied
functions are available in Appendix A: Library TukanFit.dI[143, containing set of
procedures which fitthe model's parameters to the experimental data. All fits
return parameters of fitting functions with Chi*2 and Chi”2 per degree of
freedom errors and calculate peak parameters such as Fwhm, Fwtm, full area
under the peak and others.

The implemented version of the library uses thirteen models of peak fitting
functions. These models contain data fitting algorithms for a single or double
peak Gauss function and different functions for background treatment. Each
model is distinguished byits symbol, which is later available in a set of peak
parameters.

The following table contains list of all models available in the program.

Symbol of | Description of model
model

models available in menu: Configuration / Options / Analysis 3%

GO "direct” calculation - based on net counts
GO ¢ "direct" calculation - based on total counts
GO_m "direct" calculation - peak position in a maximum counts

models available in ANALY ZE module panel (see Selection of fitting function
models[ 96)

Gl Pn Gauss function with polynomial background, n - degree of polynomial
(n=1+3)

Gl F Gauss function with background defined as Fermi function

Gl fF Gauss function w ith background defined as fixed Fermi function

G1 _EPn Gauss function with background "Exponential function w ith

polynomial", n - degree of polynomial (n = 1+3)

G1 _PLPn | Gauss function with background "Pow er function with polynomial”, n
- degree of polynomial (n = 1+3)

G2_Pn 2 Gauss function and polynomial background, n - degree of
polynomial (n = 1+3)

G2_F 2 Gauss function and "Fermi function" background

G2_fF 2 Gauss function and "fixed Fermi function" background

G2_F Pn 2 Gauss function with common Fwhm and polynomial background, n
- degree of polynomial (n = 1+3)
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9.2.2

96

Symbol of | Description of model
model

G2_Q Pn |2 Gauss function with depend fields and polynomial background, n -

degree of polynomial (n = 1+3)

G2_EPn 2 Gauss function and "Exponential function w ith polynomial”
background, n - degree of polynomial (n = 1+3)

G2_PLPn |2 Gauss function and "Pow er function with polynomial" background,
n - degree of polynomial (n = 1+3)

G2_D_EPn |2 Gauss function with fixed centroid difference and polynomial

background, n - degree of polynomial (n = 1+3)

see also:

Appendix A: Library TukanFit.dll[143

Selection of fitting function models

In Mathematical models of peak anal;@islﬁﬁchapter 16 mathematical models

for peak analysis is presented.

In ANAL YZE module peak parameters panel differs to one available in
ANALYZER module. Only left part of this, i.e. ROl navigation part, stays
unchanged (see Peak parameters panel[9dY).
The fitting function selection panel consists of five parts. Selection of

mathematical model is reduced to pointing appropriate options. Three

exemplary settings are shown below:

] Gauss
= feeed 3G Fobromisldeges: |2 3]

1 et cervord difesence

Cale A 7~ Fitting frsctioer ~Backgound lunction ~2Gausr 1 [ Fiedd redation Certiok] difeience—
: T;ﬂ Fee - - ﬁ o - l—_| = e l—_l_:I
2l auts ) m =
 feed 2 Gouss t j' ,r: I alll— |
ool L L
oy
3
Selection of G1_fF model
Q e Filfing fursction i~ Backgeound function 2Gauss Field redation Cenbioid difessnce
- 3 = -
o | o | 1| sttt (| o] || s 2
ot < m‘ ™ dependark fisids 2 I__I =
2 m 2 Goauss Periocial degree: |3 e ook difsnnce _=
Selection of G2_F_P3 model
[Q‘MHUI Fiting furction |~ Background function 2 G ~ Fieid pedation Certiokd difeorce
Yoo | |Com || e =1 ([ st || o [ 5 [ [ =
1+ dependert hislds dapa? 040 =

Selection of G2_Q_P2 model
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Model selection:

Fitting function:

no fit - selection of GO model, i.e. model without fitting function - after
selection, all other options remains unavailable (grayed)

1 Gauss - selection of one from five models for fitting single peak

2 Gauss - selection of one from eight models for fitting doublet

Background function:
drop down list contains five items:

v Polynomial

v/ Fermi function

v’ Fixed Fermi function

v Exponential function with polynomial
v/ Power function with polynomial

Polynomial degree - selected in range from 1 to 3 - available only then,
when background function is polynomial

2 Gauss

no additional depend

common FWHM - selected with polynomial background only
dependentfields - only when polynomial background function is selected,
then "Held relation” becomes active,

fix centroid difference - applies to polynomial background function only - "
Centroid difference" becomes active

Centroid difference
distance between centroid of peaks needs to be given in channels

Selection of "2 Gauss" option influence to other fields of the panel. If second,
third or fourth option is set, the program automatically selects "Polynomial” item
in "Background function" field.

Step by step description of analyse process:

1. set markers on bounds of selected region,

2.in the fitting function selection panel select parameters of function,
3. press Calc ROI button,

4.ifresultis not satisfactory, repeat steps 1 + 3,

5. insert analyzed region to the ROl table.

Description of fixed model option (available at the left of the fitting function
selection panel)
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» when off, the program cancels previous settings of fitting function model
and sets model GO (no background) after every movement of markers
» when on, settings of fitting function model do not change

The result of the fitis displayed as a diagram of fitting function. Calculated
parameters of function are displayed in peak parameters panel described in
chapter Peak parameters display[98).

9.2.3 Peak parameters display

In ANALYZE module the peak parameters panel is displayed at the right side of

a screen.

Fitting results are shown in two forms:

v’ graphic - fitting functions are displayed on a screen — Gauss function with a
blue line, background with a grayline

v/ text - available in the peak parameters panel

Modet  GZF_P3 Inio Figure near by shows contents of the
o 1T e peak parameters panel after applying

To 143049 ke fitting function: 2 Gauss with common
Ch“ZM: Fwhm and background as polynomial of
Inbegrak  215510% 3 degree.

Chr 1764 20,050 ke

E::‘ :E?; gﬂig :j At the top is seen symbol of applied

- R model, near by is placed "Info" button
Muckde:  Cobl (1173 ke which allows to display description of
Eff; 0.0c1 mathematical models.

Bty JOM20 8304 Bg
Cormcent 3071 0089 Bg/m

Cir 133053 0049 ke
Fushin BIAS 0022 keV
Fstn 12720 #0040 ke
e 74T 1248
Huchde: Cobl [1332 4ckey
Effi 0.5

Aty INe10 55 7158q
Corcent: 3316 #0557 Bg'ml

1] | +|

Context menu is available after right mouse button click at any place on the
panel:
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This way a user can display (and plot) mathematical parameters of fitting
function and obtain description of applied model.

If the results are not satisfactory, change the fitting function model or marker
setting and press Calc ROI button again.

All values are calculated in such units as setin Configuration analysis options

[137. By pressing button, itis possible to obtain values calculated in
channels.

Calculated data are saved to the ROI Table in the same units as were
displayed, but user can change itin Report configuration options (see Peaks
table confi urationlﬁt'h).

Detailed description of all models implemented in the program is available in:
Mathematical models of peak analysis[ 951
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9.3 Automatic peak search

Automatic peak search allows searching for peaks by marking ROI that should
contain peaks on a spectrum. Itis done using very fast algorithm thatis based
on rectangular autocorrelation function. If beginning parameters are set
correctly, then ityields proper results with spectra obtained by both types of
detectors: semiconductor and scintillation.

The input parameters of the algorithm determine the result, which is the number
of peaks found in a spectrum and the width of marked ROI.

Peak search

icon: £
menu: Analysis | Peak search...

After performed, appears a dialog box in which a user can define conditions
and can start search process by click on OK button:

AK@|%%mw|@£m@%m|
reoewcn T

[Crala npust bor pesk peaich function

Quakty levet CI=
Pesk width pasameter [chnf ET =
Allention:

Resticrvirsg Ehe cusrent bable of RO and fing up i
| wath e ot wall causs perfomning an operation.

W0k | X cucel| 7 Hew .

Quality level — determines confidence level of peak search. It can be setin
range from 1 to 20; lower value means more sensitive of the method.

Peak width parameter [chn] — sets each peak starting width — the parameter
should be close to the mean width of the peaks in the spectrum.

Both above parameters are closely related with a spectrum and are stored with
itin the spectra container. The program preserves those values and when

command is run again on the same spectrum, they should not be set again.

Automatic peak search command can be started in ANALYZE as well as
in ANALYZER and CALIBRATION modules. In both cases process
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proceeds a little differently. In ANALYZER and CALIBRATION module as a
result of command performance is creation of the ROI table, from which
next the program calculates peak parameters applying "direct" method (see
Peak parameters calculate[93Y), run nuclide identification and input results to
the peak table.

In ANALYZE module, in the peak search dialog box additional option is
available:

Automatic peak fitting — if set, this command marks those ROIs, which contain
doublets. Next performs fiting command for all regions applying G1_fFmodel if
single peak is found or G2_fF model for doublets (see Mathematical models of
peak analysis[95Y). If not set, command is performed in the same way as in
ANALYZER and CALIBRATION modules, thatis without fitting.

As the result of automatic peak search, found ROIs are displayed in a spectrum,
and the peaks table[108)is builtin memory. The peak table contains calculated
parameters for all ROIs.

94 Nuclide libraries

Nuclide libraries available in the program are loaded from files. Files have "tnc"
extension. They are placed in directory "Library" established during program
installation process.

In Configuration analysis options [13A user may declare name of library
automatically read into the memory during each program execution.

Option "Libraries editor..." available in "Analysis" menu shows dialog window in
which a user can watch and edit nuclide library or change it on another one.

Preview and library edition:

icon:

menu: Analysis | Libraries editor...
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_l_Muclide library editor — |DIE|
File
by name:
| C:\Projeki AT ukanh Bibbotek AGAMMA THC =
MNuchde | Energe [keV]| Intensty | T142 | Uk T142 | =]
NEED ®3F 000 433.3 year —
WEEEE 3050 057000 1081 yea
| |Bat3s /O 02300 10,91 year
| |Ewse BER 008 1321 yeu

Bal32 53.20 0,02200 10,91 year

32 day

b159 6212
| Taig2 B780 041000 15 day
Hgla7 T 024700 2.7 daw
B[BES @00 034100 10,91 pesi
[ | o180 879 023700 721 day

Ml afr|mfef|=-faf|x]e]

D;:: b | Concelchanges _ |
Energy - Gava &% I

SOk | X concel| 7 mep |

Sorting data

The library dialog window allows to sort data using: names of nuclides,
energies, line intensities and half lifetimes.

Sortis run by clicking a header of given column or by choosing a sort criterion in
"Data sort" field.

Edition of the library of nuclides
The following commands are available in editor:

> insertitem ("+" button in navigation toolbar)

» delete item ("—" button in navigation toolbar)
» modify selected item

Libraryfile should be saved after any changing - program informs about thatin
communicate after closing dialog window.
All changes may be canceled using button Cancel changes.

Creation of new library of nuclides

Menu of the dialog window contains item New library. This command or
combination of keys <Alt+N>removes all the library data from memory of the
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program (clears the data table).

Buttons available in the navigation bar of the data table is useful for filling new
data. Using <Tab> key or mouse pointer simplifies movement on the tables
fields.

New library should be saved to file with default extension "tnc".

Note: = to file are saved onlythose items which have filled all data fields.

Format of the library file
Libraryfile contains ASCII text. Each item is represented by a new line. Columns
are separated by two spaces.

see also:
Peaks identification[103)
Peaks tablefi0d)

95 Peaks identification

Identification of nuclides is done only when two conditions are passed:
1. spectrum has a calibration
2. nuclide libraryltodis loaded to memory of the program

Program identifies automatically all peaks each time after recalculating of the
peak parameters onlythen, when

Automatic peak ident is enabled in Configuration analysis options [13A. ROI
selected between markers is analyzed and all ROIs in the peak table also.

If Automatic peak ident is disabled, then identification could be run manually
from ROI navigation bar:

e K k| Ae b e ol | AZ AE AR AW 54 [
L

or from identification dialog box:
menu: Analysis | Identification...
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Nuclide identification x|

Library name:

IStandards.tnc 2”"
Nuclide | Energy[kev]| Intensity | 712 [ UnikT1/2]<

| #|Ba133 53,16 0,02200 3848 day

|_|Am2d 59.54 0,35300 4333 year

| Bal33 79.62 0.02600 3848 day

| Bal133 81,00 0,34000 3848 day

|_|Cd103 88.03 0.03300 1.24 year

|_|EuB2 121.78 0.28370 4331 day

| Cob7 12211 0.85700 270 | day

| |Ees7 13647 011100 270 day

|_|Ews2 244 B3 007510 4931 day

|| Bal133 276.40 0.07100 3848 day

KT _>I_I
R [ » |~ | e |

Identification criteria Identificatiorn

1724 PuHM & curent ROI

= 1/2 PHM " peak table

i Set ISD _Ij [kew]

Fun identifization |

Identification criteria:

The identification procedure searches the library for the nuclide with the closest
energyto the peak energy. The program searches the libraryin the energy
range:

where: E— peak energy, AE — width of the energy window

Width of the energy window AE is defined in the identification criteria and is:
1/4 Fwhm or 1/2 Fwhm of the identified peak, or has the value setin the Set

window

The identification results are displayed in the peak parameters window and

E +/- AE

saved in the peak table.

see also:

Nuclide libraries[10h
Peaks table[108)
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9.6 Activity and concentration calculate

The program calculates efficiency and activity for ROl region (peak) if:
1. handled spectrum contains efficiency calibration,
2. identified nuclide exists in selected region.

Efficiency for given energy E is calculated based on calibration fitting function
applied in Efficiency of detection calculationft2d)

elE.q; = exp'z_ i3 In}E)

Activity is calculated based on formula:

Ao M
Bl Lty
where:
e[E] - efficiency of detection for energy E
N - number of net counts in peak (net area)
Ig - line intensify (or quantum efficiency)
tm - time of measurement (lifetime) in seconds

Concentration (activity for sample mass unit) is calculated onlythen, when in
a spectrum there is defined mass of a sample.

Sample mass value is put automatically into a spectrum ifitwas defined in
the acquisition path (see Measurement description - sample mass @).

To anydisk spectrum, sample mass parameter can be added in Information
about main spectrum [72 dialog box.

All parameters mentioned above are automatically calculated only then, when
in analysis options[13N option Automatic calculate activity and
concentration is checked. If this option is not set, those values and all other

peak parameters are calculated after performing Calculate parameters
all ROl command available in the main toolbar, in the ROI navigation toolbar or
in the ROl menu.

see also:

Efficiency calibration process 119
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9.7 Peaks table

The peak table contains parameters of the selected ROI regions: left and right
marker position limiting ROI, width a peak at half of maximum, integral end the
like.

Peak table displayed in ANALYZER, CALIBRATION and ANALYSIS modules is
an auxiliary structure - allows to control all ROIs selected in a spectrum. Final
peak table treated as documentation of performed measurements is created in
REPORT module.

The ROI table may be created manually or automatically by the Peak search[100)
command.

Peak table - show dialog boxwith peaks table

icon:

menu: Analysis | Peak table

or the ROl toolbar:

AXM|&$%&I&?%|@&E&&&E%@R%

The contents of the peak table is related to the main spectrum. It will change
with respect to change of the main spectrum.

=

&

Hr From[keV]lTo[keV] |Ctr[keV] |thm[ke\u’] |Fwtm[keV] |Area |Nettoerror ||ntegra| |Cps Jes] |Nuclide|Md | i|

TaiE2 |g778  [3927 274 499 33609 +125 12300 . i

b £8.10 2286 Am241

2 11706 16256 13483 #1562 14857 106448 | +2023 1230352 (@121 CoS7 13

3 JB1EE 3146 276382008 53,01 1216219 |+7034 2335767 15418 Bald3 |13

4 ;091 (39290 FEE0Z 3290 59,98 49EGES | #4362 1536733 10143 Bal33 |13

5 G426 (71255 (BE31@ 4717 8598 E57387  |R957 1260118 (8318 05137 |13

B 78456 @316 @3/ 5516 10054 (262707 #5193 9EIEET (6400 Mn54 |3

70 111836 124062 117429 BG12 12051 BRE3RE | 5394 1100149 (7262 CoBD (12| _

o1 4 of
W 0K I X Cancell ? Help |

Firstitem in the table shown on figure refers to doublet included in ROI nr 1.
Contents of the table can be displayed in channels or energy units selected in
Configuration analysis options[137.

If analyzed spectrum contains efficiency calibration then set of parameters in the
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peak table changes as follows:

_ioix]

&

Hr Frnm[keV]lTn[keV] |Elr[keV] |thm[keV] |Area |Nettn sror |Effic |Activ[Bq] |Ennc [qu’kg]lNucIidelMd | ﬂ

Ta 4126 10249 5476 270 93809 126 . - = - 3

b 8317 247 Bal33

2 1312 17540 14849 (7936 1054848 | £2023 0,110 574460 (5745 Co57 |£3

3 26139 (3EFE 28514 2791 1216219 | 7034 0,087 129565 12850 Bald3 £3

4 37E 3959 FE04Z 3144 4BERES | 4362 0,077 BEEI5 66895 Bald3 f3

5 BI774 70281 |BEAZ0 4549 BA7IR7 | +R357 0,051 100020 1000 Cs1%7 |13

6 77302 (87818 82282 5438 K707 45193 0,040 43879 43879 MrEd | £3

7. 110879 123980 116877 | 70.26 BESIRE | #5094 0,021 273/O 2733 Cobl | £3 -

o1 | o
g/ oK I x Cancell ? Help |

Edition of peak table

This program version does not allow direct edition of peak table, because itis a
direct copy of the ROl table; you can delete and add new ROI directly on the
spectrum.

see also
ROI controlling commands| sl
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10 Calibration

All commands concerning the calibration are grouped in Calibration module[16).
In ANALYZER and ANALYSIS modules visual control of calibration[113is
available for the main spectrum .

The program can realize three types of calibration: energetic, peak shape and
efficiency:

Energy calibration is necessary process for nuclide identification in examined
sample. ltrelays on assigning energy value to each channel.

Peak shape calibration describes function defining dependents of width a peak
at half of maximum to energy. Itis applied in automatic peak search algorithms.
Efficiency calibration is necessary for procedures of calculation quantitative
parameters of examined sample, i.e. activity and concentration.

CALIBRATION module main screen is divided into two parts: calibration editor
panel and calibration spectrum panel:

i Fukoans Bk nsatpeer

[I
o plockie Colbesion Scweess BI| feafm Coviguastion Hep | |8 TeaD =1 i i

O L Y ki = LaHH PT
Coltesiens de. 20901123 103002
Eraegy Calbasticn | Prosh Shage Caltwstn | Efesecy Callvston Calibration
o editor
s anel
o P
=
L3
fu
= -
-
L3
E
o
¥ : i i
L] - o 1.8 T L
e S
I
Calibration
specirum
panel
O A0 NS R0 N0 KNS 0 NS R0 TS 0 HOS N00 mwmwﬂwnmm-rw‘trcf
RO M [fame  2zpos Ce 225553 11 e Cpaeiiy 4
fa 245N Fefvn nrs nieys "
1 e e Fom 195 e ES JI'
Ftatoni: Eoreeet atustin  peteus: Ten (et mart: 20111 150 OR2TT  Livw e B4 3 Sz B, i

The calibration editor panel contains calibration parameters and set of related
commands. The panel consists of three tabs sheets, one for each of calibration
types.

108




Calibration

=& Tab selection means changing of set of displayed information respectively
for energy, peak shape and efficiency calibration. Changes refers to: data table
contents, type of calibration equations and coefficient of calibration function
diagram.

Spectrum displayed in the bottom panel may, but has not to be calibration
spectrum.

=g« Calibration available in editor and calibration within a spectrum loaded to the
bottom panel are independent, i.e. can be the same but not have to. White field
separating both panels contains description informing if calibration in a
spectrum is CONSISTENT or NOT CONSISTENT with calibration available in
editor.

Such program philosophy causes, thatin CALIBRATION module is possible to:
« insert calibration from editor to a spectrum displayed in the bottom panel
« insert calibration from editor to any number of spectra sequentially loaded
to the bottom panel

«» transfer calibration beetwen spectra 113,
< insert calibration from calibration files to spectra.

10.1 Calibration operations

Commands related to calibration process are available in CALIBRATION
module or from menu Calibration:
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Eciton of tee calibration:
[~ Calbration fle——

Calibrations
operation
panel

Menu
Calibration

In calibrations operation panel there are distinguished two groups of

commands: related to calibration editor and related to a spectrum:

Calibration file group:

Load

load calibration from calibration file (file with .
clb" extension) to calibration editor: includes
data table contents, type and degree of
equation, coefficients of equation together with
error factor and calibration curve data

Save

save calibration to calibration file; name of a
file is user selectable (default name is the
same as for a spectrum displayed in the
bottom panel).

Calibration data group:

ROI from
spectrum

get ROl parameters (Ctr and Fwhm) from a
spectrum displayed in the bottom panel to data
table of calibration editor
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Data from open dialog boxto display selected nuclide
library library - there a user can move energy values
from nuclide library to data table of calibration
editor
Delete delete all data and results in calibration editor
Set insert calibration available in calibration edit
calibratio panel to a spectrum displayed in the bottom
nto panel. Command can be run repeatedly for
spectrum different spectra.

Calibration in spectrum group:

Delete delete calibration in a spectrum displayed in
the bottom panel - actual spectrum status
becomes NO CALIBRATION

Show show full calibration of a spectrum displayed in
the bottom panel in separate dialog window.
This is useful to compare calibration available
in calibration editor with calibration setin a

spectrum.
Move copy calibration data, like: type and degree of
calib. to equation, coefficients of equation from
program spectrum to calibration editor. Itis useful for

copying calibration to another spectrum.

10.1.1 Inserting calibration to spectrum

Insert calibration command refers to loading description of calibration equation,
i.e. type of function and coefficients to a spectrum.

Calibration should be available in calibration editor and a spectrum to which
calibration is inserting should be displayed in the bottom panel.

Inserting calibration to spectrum:
menu: Calibration | Set to spectrum
operation panel Set calibration to spectrum

After executing this command, at the upper axis of the spectrum diagram
additional energy scale is displayed (in blue) and peak parameters displayed
below a spectrum are recalculated to be given in energy units.

Command can be executed repeatedly for many spectra by loading them from

111



TUKAN 8k

the spectra container to the calibration spectrum panel.

Change calibration in spectrum
If a spectrum already contains calibration, after execution of Set calibration to
spectrum the following question is displayed:

TN

9 Are you sune change callbration in spectrum?

e |

1

For every spectrum placed in the spectra container calibration can be set many
times. Permanentincluding occurs then, when calibration parameters with
counts in channels is saved to a file.

Before changing, itis possible to verify existing calibration in a spectrum. To do
that, itis necessaryto run Show command to display a dialog box of visual
control of calibration[113.

10.1.2 Transfer calibration beetwen spectra

In some cases (ie. series of measurement) is needed to transfer calibration
from one spectrum to another. This operation can be done in the following
way:

] read a spectrum containing calibration to the spectra container[67and
then read this calibration to the spectrum panel in Calibration module
[163,

] press the button Move calib. to program placed in the calibration
operation panel - calibration from a spectrum will be transferred to the
calibration editor panel

] read the target spectrum to the spectrum panel,

] run operation Set calibration to spectrum 11k

see also:
Calibration operations|[108
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10.1.3 Delete calibration

Calibration can be removed from a spectrum in CALIBRATION module only and
onlythen, when a spectrum is displayed in the calibration spectrum panel.

Delete calibration in spectrum
Pi

H frc
icon: [
menu: Calibration | Delete calibration in spectrum

operation panel ("Calibration in spectrum" group): Delete

Calibration can be also removed from a spectrum byinserting empty calibration.
To do that, itis necessaryto perform Delete command (available in a panel
related to calibration editor) and then perform Set calibration to spectrum
command.

Delete calibration command is preceded by "Are you sure that you want to delete
calibration in the spectrum?" message which atthe same time is a notice and
allows to cancel performed command. This message is displayed a dialog box.
Calibration is removed after " Yes" response to this question.

=i Remark: Delete command available in "Calibration data" block of commands
removes data in calibration editor only, but do not remove calibration from a
spectrum.

see also:
Inserting calibration to spectrum[11R

10.1.4 Visual control of calibration

The dialog window with calibration preview is showed below. It shows
coefficients of the calibration equations and function plots for three types of
calibration.
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il Show calibration of main spectrum: Filber Dfsx

y =2

Erwrge Cabbratior | Pesk Shape Calbestion | Efficenicy Cabbraton
b 1600
Polpnomial degree:. 2 10w
Cioshicwents: 1400
AD= 4059 +8.85 E b
Al = 0232 +-002 & 10600
AL = < 1E-(8 -5 0E-05 B 20
LTI ]
400
200
1

0 F00d 2000 3000 4000 000 & 000 H;'ll 00
TRETEET

Channel
| O || % coa| 7 He |

This window is presented after executing operation Spectrum calibration
show, which can be find in ANALYZER and ANALYSIS modules, in menu

Analyse. Calibrations presented in this window always concern to the main
spectrum.

Show spectrum calibration in ANALYZER and ANALYSIS module
icon:

menu: Analysis | Show calibration...

Show spectrum calibration in_.CALIBRATION module
icon:

menu: Calibration | Show calibration
operation panel: Show

see also:
Calibration[108

10.2 Inserting of calibration data

To calibration editor, calibration data can be insert in the following way:
e manually,

¢ from calibration spectrum (moving placement of peaks) and from nuclide
library,

e from calibration file.

Coefficients and parameters of calibration equations can be also input from
any spectrum containing calibration.
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Table of the calibration data is common for three types of calibration:

Mr| Ctichn] | Eng[kev] | Fwhmlchn][Metta | Effic.[%] |
HE 56150 356,00 53,54 11155257 0,009
| 2 70913 38385 5712 4175535 0,017

3 292,58 EE1.E4 84,94 @1 V55,8 0.00239
; 2% 6

286,16 —1173.21 119,47 7620721 00041

B 5| 255203 133246 :

data form column E and @ are related to the energy calibration,
data form column El and El are related to the peak shape calibration,
data form column @ and E are related to the efficiency calibration.

The above table is never showed in program as a whole - only parts related to
selected calibration type exist.

Data can be edited directlyin a table fields. New position are added after
pressing "+" button on the bottom navigation panel. Navigation on the table
fields can be done using "Tab" key or mouse pointer.

! =
|« > #]<]a] ]|

add new record remove record

Order of filed date is free. After pressing Calculate button (see Energy
calibration process[119) the program checks and sorts data with respect to the
values in the first column.

10.2.1 Inserting data from calibration spectrum

To automate process of calibration data input, you have to use the ROI table and
a nuclide library, which contains descriptions of those nuclides, which are
presentin a standard of calibration. The rule of operation is following:

] Make a measurement of the calibration spectrum,

] Choosing calibration lines and define them as ROI regions[86. It could be
done manually or automatically (ie. in the module ANALYZIS run Automatic
peak search[10B with fitting peaks),

] Switch to Calibration module[167and make a calibration spectrum with
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10.

ROIs visible in the spectrum panel,
] Run operation ROI from spectrum:

icon:

menu: Calibration | ROI from spectr.
calibration operations panel[10% ROI from spectr.

This operation automatically fills data table[11h using the following parameters
from ROIs: positions of centroid to column El FWHM values to column El
and net areas to column E‘

] Column El will be filled after operation Data from library (see Inserting
energy from nuclide library[118)

] Values in column E‘ will be filled after Calc. efficiency operation (see
Efficiency of detection calculation[128)

see also:
Energy calibration processlﬁﬂ
Peak shape calibration process[118
Efficiency calibration Qrocessm

2.2 Inserting energy from nuclide library

The program allows to move energy values related to calibration peaks from
nuclide libraryto calibration data table.

Set of calibration operations [103 contains one button, which adjust its function
due to type of calibration actually selected on the calibration editor panelm.
For energy and peak shape calibration itis Data from library, for efficiency
calibration itis Calc. efficiency.

it o s

B0 fom spsct

Data fiom iwary I

After execution of Data from library command dialog box appears as
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presented below. The left table contains calibration data. The right table
contains data taken from the nuclide library. User can select another nuclide

library with = button.

Calibration data editor . 5‘
Huclde Bbeay
[ \Frojekiy\Tukan\BbictekNWZIRCE 1, THE
Cabbeation data table [CProfeky &l
W] Culchal | Englkev]|Febmichnl] =] Nuchide | Energy [kev]] Intens. | T102 Junit1sd <]
K 50813 12178 642 I |cos7 13647 011100 270 day
2 10258 24469 71 <Em| [ |ewnim 24468/ 007510 4931 |day
3 146345 344,27 702 | |Bs133 27640 007100 3249 day
| |Ba133 W2E5 01830 3948 day
Eul52 W4T 026580 4931 |day
W E IE00/ 0E200 3945 day
Bal3d IEIES 005320 3545 day
[ [Euts2 44388 0021 4531 day
WG 51338/ 100000 6519 daw
[|esaz BE1LGA  0BS100 3019 yem
- | |ewis2 TWRE 01290 433 dw | o
H|-1|hvl;-||-|-|—|‘;|.|_<'|(-| | e | e | om | e | e ]

[Wox | Xcomcel| 7 nen |

To move energy value, first select with the mouse or keyboard an appropriate
row in the table of calibration data (left one), then in the library table select the
correct row containing data for selected nuclide. Pressing the Eng button,
copies the value of energy for selected nuclide to the calibration data table.
Command should be performed separately for each item (row) of the
table.

see also:
Energy calibration process 11

10.3 Energy calibration process

Energy calibration is calculated using data pairs: peak position - energy. If these
data points are placed into the table automatically, the program calculates their
errors and takes them into account while calculating the calibration curve.

Fitting of energy values to the peaks position is done using polynomial function:

y6 A= Ax’

where: y— energy value in [keV], x— channel number, Ai — i-th coefficient of
equation, i — equation degree, (i = 1,2,3)

117



TUKAN 8k

After inserting of calibration data[l1®: peak position - energy, process of energy
calibration relies on calculation of coefficients of calibration equation.
Polynomial degree number should be defined in editor panel (see figure
below).

by

ot
[Poimonesl =
Polyrioenial degies:

] =I Caleudats -3
Cioelficaeris:

[&0= 3917 +413
w0232 +011
A ZE 07 +-2.9E-05

Calculate calibration equation coefficients
menu: Calibration | Calculate
context menu of calibration panel: Calculate

After invoking Calculate command, the program verifies whether the table of
calibration data is complete and whether the number of rows in the table is
enough to fit the polynomial of required degree — if itis not then the message is
displayed on screen:

) CETE—
Mok enought datal Cannot perform caboulations. Too few data poinks!  Canmnot perform caloulstions.
=

or

After performing calculations, the equation coefficients values are displayed on
a screen with errors and calibration curve.

In case when a curve does not fit calibration data properly, then operation may
be repeated with different polynomial degree.

After finish of calibration process, operation Inserting calibration to spectrum 11
should be performed.

10.4 Peak shape calibration process

Peak shape calibration is calculated using data pairs: peak position — Fwhm. If
automatic peak search command was executed before, then table of data is
filled automatically by data pairs: peak position - peak half width. The command
is executed in the same way as in a case of energy calibration with only one
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difference, that you have a choice between two types of calibration equations:

polynomial:

yixa)=> ax

square root of polynomial:

yCsae)= > ax’

where for both types, equation degree can be setin a range from zero to three.

There are two ways of invoking process of peak shape calibration:
« from calibration panel: - mouse click on tab Peak shape calibration
« from menu Calibration | Peak shape calibration

To perform calibration, do the following:

b fill data table - input data pairs: peak position (Ctr) - width a peak at half of
maximum (Fwhm) for that peak. Both data should be given in channel units.
When entering data from ROI selected on a spectrum, this table is filled
automatically.

P choose model (type of calibration equation) between "Polynomial” or
"Square root of polynomial®).

Peak Shape Calbration | Efficency Calbeation

=
55,75 F ohnomad =
11583 5 quiane 1ok of roorminl

Cosificients:
[B0 = 23650 <87

» select Polynomial degree (0, 1, 2 or 3)

b calculate coefficients of equation by pressing Calculate button

b calculated coefficients of equation are displayed on a screen together
with error factors and preview of Calibration curve[123)

105 Efficiency calibration process

Efficiency calibration is calculated using data pairs: energy — efficiency. Correct
efficiency calibration requires sure identification of the energetic lines in the
calibration spectrum and calculating detector affectivity for each line. Detector
efficiencyis a ratio of counts under the line peak to gamma-ray photons with
corresponding energy emitted from a source. This quantity strongly depends on
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energy and measurement geometry.

Calibration fitting function in this case is an exponent of polynomial of logarithm:

¥Oo g = EKP[Z g, In* (x))

where: y— efficiency, x - energy value in [keV], gi — i-th coefficient of equation, i —
polynomial degree (can be chosen from 0 to 6).

Efficiency of detection is calculated based on parameters of calibration peaks
and data coming from libraries of standards or input directly from keyboard.

To invoke process of peak shape calibration:
1. mouse click on tab Efficiency calibration in calibration panel,
2. selectin menu: Calibration | Efficiency calibration

Calibration data table can be obtained by:
Inserting data from calibration spectrum [1151and Efficiency of detection
calculationr2d)

Efficiency calibration should be performed in the same way as energy
calibratioanﬁselecting appropriate degree of calibration equation (from 1 to 6).

s | [ Effcioncy Calbxation
s
[Exp. cf pobmomisoflog. =] \
Protprecmial degens:
= Calculste
Coetficients:
A0 = 170,800 +1,1E+03

o 113,300 +1 0 1063
LR .

After performing calculations, the equation coefficients values are displayed on
a screen with errors and calibration curve[123lis drawn.

In case, when a curve does not fit calibration data properly, then operation may
be repeated with different polynomial degree.

After finish of calibration process, operation Inserting calibration to spectrum i1h)
should be performed.

10.5.1 Efficiency of detection calculation

Efficiency of detection defined as quotient of number of pulses calculated for
photo peak to number of gamma ray quantum of certain energyrelated to photo
peak emitted by radiation source. This value strongly depends on energy of
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gamma ray and on geometry of measurement.

Determination of the efficiency requires: data coming from calibration source

measurement with correct peak recognition and data coming from certificate
of the source given by the producer of the source.

¢[E] - efficiency of detection for energy E
E[E]_ Ad- I t, N - number of net counts in peak (net area)

ly - intensify (or quantum efficiency)

tm - time of measurement (lifetime) in seconds

Ad - nuclide activity given by formula:

where:
frd_Tn] Ao - activity of the standard according to
T the certificate (in BQ)
{ — 1/2 .
Ad=Ao-e Td - date and time of the measurement with

additional lifetime of measurement (in
seconds)

TO - date and time coming from the
certificate (in seconds)

T1/2 - nuclide half-lifetime in seconds

Calculation of efficiency of detection for particular energy lines of calibration
spectrum is necessary for calculation of efficiency calibration[113)

Efficiency of detection calculation:
menu Calibration | Calc. efficiency
calibration operations panel: Calc. efficiency

Operation "Calc. efficiency" is an element of the main menu and the
calibration operation panel, but only when "Efficiency calibration” tab is
selected (for other tabs, the same button has linked different meaning).

Calibestion daty

Running this operation causes showing a dialog window. Program will
automatically fill the following fields in this window:
] data of the calibration spectrum: name, date and time, lifetime,

] data according to the calibration peaks: photo peak energy and net area,
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[ 2 certificate data (if has been loaded to the memory earlier)

Efficiency calibration data editor ﬂ
Calibration spectrum Calibration standard
Spectium name: SREu-3; SRAME - flat source "'C:hMy InstallShisld 11 ProjectshTukan8k wspalne\Libran\SRE ﬁl
Ei:t:;l;;cqulsllmn slart; fggg-iﬁ -2510:30:50 & tamdard e SFIEw 3 SFAME
. Description: carbonit filter - diameter 60 mm [flat]
Feference date: 2003-07-09 00:00:00
Different time [for standard and spectrum] (s] = 804773039 Mass or volume: 011 g
Density: 1} glom™3
Calibration data table Standard data table
Ni_[Eng[kev] [Netta  [EfilEng] [Nucide |EnglkeVl[intens. |~ Nuklid [ Eng (kevl[ Intens. [T1/2 dayl] Ao Bl [Frr o 12«
5316 313 | p|am241 59,54 035300 15335 4.500 0.80

Eu152 121,78 0,28370 4341 3700 0.80
24459 141086 Eulf2 24483 007510 4341 3,700 0.80
4427 z2M0 Eulf2 34427 0126580 4341 3,700 0,80

7
2 12178 124245

3

4

5 411,11 BO5m Eul52 41111 002234 4341 3,700 0.80
B

El

a

LI T 1 I=

2 |-

443,95 2559 | |Eulsz 44398 0,031 4941 3,700 080
964,05 2028 | |Eulsz T78.83 012960 4941 3,700 080
086,83 10602 | |Eul5z 85738 0.04160 4941 2700 0.80

.
E

K1 :

S S S T O S [ | Y S [ |

[~ See fields with erars values Calc efficiency Standard editor
0K I X Eam:ell 7 Help |

If there is no standards libraryloaded in memory, it can be read from a file by

=
pressing button j , or by pressing button Standards Editor and then fill
data from certificate (see Standards editor(123).

Flling calibration data table

Asetof date is required for making efficiency calibration for energyline. They
are read from a nuclide table and standard certificate (see Efficiency of
detection E&). Columns containing this data are seen in the table. Horizontal
scroll bar may be needed to reach all of them:

Effi[Eng) [Mudide [Eng[kev]|intens.  [T1/2 [day]a [kBq) [ad kB[]

| | 0.0303 Eul52 443398 003121 4341 3,700
| | 0.0305 Eul52 44398 003121 4341 3,700
0.0177 Eul52 772,83 012360 434 3.700

0.0144 Eul52 867,38 0.04160 434 3700
0.0143 Euwl52 36405 014620 434 3,700
0.0158 Eul52 1112.08  0.13560 4341 3,700
| | 00133 Eul52 1112.08  0.13560 4341 3,700
b 0007 Eul52 1408.03 0.20580 4341 3,700

Kl o »

Data can be copied from the right to the left table by selecting given rows in

each of them and pressing button Ll lying between tables.
If values of energyin the left table are correct and agree with the right one, then
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pressing button il will copy all data.

Calculating efficiency
Except data from the tables, itis needed a time since the standard
measurement (from certificate) to the moment of given measurement of the
calibration source. This time is calculated automatically by the program.

Calculation if the efficiency must be done separately for each energetic line.

Select the row in the table and press button

Calc efficiency

First of all the program calculates activity Ad for given energy and then
efficiency. Both values are stored in the orange columns of the table.

Eificiency calibration data editor .

E

Calibration speciium Calibration standard
Specium name: EMS-A2 ziodio punklowe ["Ci\Projekty\ Tukar\Kalbeaci\EA Reaklo\EMS 226" 3]
Ei:: :;wmau: ggln-zs 09:45:44 Ty T =
Desciiption: LAEA The B souscas consliluling the SET
Rederence date: 1983.07-01 00:00:00
IDiffenant time (ioe slandand and spectrum) [£] = 712319101 iass o wolume: L}
Diensky: 0 gilem™3
Calibration dala labla Standard data table
] _[Netto__[EflEng) [Hocide [Englkev][inens. =] Hukd [Eng (ke[ Intens. Iwztdaﬂj Aolkﬂn]lmr»J
4 411 13518 00018 Ewls2 [EEEC T | [Ewis2z 77883 012360 462500
sEIEEE] v 0007 Ewls2 44398 00:21 < | [[Jewisz  se7.38 noaten m 462,500 zm
3 77869 44070 0,0010 Mn54 83483 099975 | [Ewis2 96405 014620 493 462500 200
7 G673 13145 0,0009 MnS4 B34E3 099975 cc | [[|Eui52 108583 040960 4931 462500 200
8 S54.056 40404 00008 EulBZ 95406 014620 | [En52  ma0s 013560 493 42500 200
8 IE5EY 247X 007 EwiS2 111208 013560 | |Ewis2 140203 020880 493 462500 200
10 111208 3333 00007 B2 111208 013550 | [Mn54 B3B3 039975 3125 356800 100
1 140803 42163 0.0006 Ha22 127454 099340 M|Mazz 127454 03930 %503 3300 100
|I I » (I I *
S| ST | S | | = | = | o |« | [ m | e |
™ See fiekdz with erors vakes Cale efficiency Standad edbor
| W OF I xt-mcd| 7 Heip |

After calculating efficiency for all nuclides, OK button should be pressed. It

turns focus back to the Calibration module.

Calculated calibrating points will be seen on the plot. It helps for additional
control of all process.

see also:

Efficiency calibration process 118

10.5.2 Calibration standars libraries

The library of the calibration standards is useful during calculating efficiency of
the detector for given energy lines of the source. The library data are filled
based on the certificate of the standard. Calibration sources usually have a
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standard contents of the nuclides. Having a package covering a standard
sources causes, thatin a future, only little update is required during
calibration. Access to the library editor is possible only form Calibration
module.

Preview and edition of calibration standards

icon:

menu: Analysis | Standards editor

Selection command Standards editor opens the dialog window. In this window
is possible to:

* create new library and fill it with date from standard certyficate

¥ view and/or edit of existing library

» load library from disk

Creating new library

User should fill data fields in the "Standard data editor" window, corresponding
to the standard parameters and save as a new file. If (some) fields were filled
before then New standard option should be execute. This will remove all data
from memory.

For simplicity, user may use Get data from nuclide library (available at the
bottom of the dialog window) and fill only field with activity of the standard lines.
Set of parameters of library of standard except data necessaryto calculate
efficiency contains also name and description of library allowing this way better
identification of library.

124



Calibration

b Standard data editor -Inlﬂ
File  Hew standsd

File standard ranme:

[T \Projekiy\T ukanK abbuacia JEA Reak o EMS.A2 efl” =
Standased name [EMS-A2 gamme-ensing source

Desciiptiont  [LAEA The B sourcss constituting the SET Ho: 12

Rieferance dale: [13ez07.m JIF] (I [T =
Mass o volume: [ Urit[g =l
Denziy o Urit[gferi™3 x|
Standard diata table:

Nukid | Eng[kev] | Interss. [ 7172 [dey] | o ol | Enso )] =]

| Jewis2 41 002 A3%1 4B2500) 2000

| Jewsz 4338 003 4931 462500 2000

[ Jewisz TR 01290 43%1 | 4E2500) 2000

| Jewsz 86738 004160 4931 462500 2000

[ Jews2 SE405 014620 43%1 | 4E2500) 2,000
sz tosEsr 0amsn 4931 4E2500 2000

| Jews2 | 1mzoe 013560 43%1 4625000 2000
[Jewisz | 140803 0.20580 493 | 462500 2000

[ |Mnsa 83483 099976 N25 A0 1000
[Mjnazz 127454 093940 9503 330200 1000 =

T8 N | e = ez

Giel data from nuchde By

Save o He

see also:

[ ox | % conce| 7 nes |

Efficiency of detection calculation 128

10.6 Calibration curve

Calibration results are displayed on a screen as the coefficients of calibration
equation and calibration curve diagram.
Calibration nodes taken from the calibration data table are displayed on a

diagram. Either diagram axis coordinates automatically adjust to the calibration

curve or, in case ifthere is no curve, to calibration nodes.

There is a splitting bar between calibration and spectrum panel to change the
heights of both panels. You can zoom any part of calibration spectra. To do this,
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drag the mouse over the partto zoom. Right clicking of the mouse allows
dragging the calibration plot freely horizontally and vertically.

Context menu of calibration curve panel:

Operation "Print curve" opens a dialog window showing a print preview and
allowing printer selection and setting printing parameters. The curve is printed
in the same shape as in the preview (all printing colors are identical if available
in the printer).

_L_TeeChart Print Preview 10| =|
Frinter: Gereric PostScnpt Printer ﬂ Setup... | FPrrint | Cloze I ‘

—Orientation:
' Portrait

¢ | andscape

e
Fieset Margine | B
o v
¥ “iew targins e i
om
L] 0 Eo) L= Eoui) 1 000 | X0 [ 1]
SR |

[~ Propartional
[~ Smooth
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11 Report

Report of measurement may be printed after switching to REPORT module.
This module consists of two parts:

e print preview panel representing page of paper and

¢ thumbnail preview panel with miniatures of all pages of the report.
Thumbnail preview helps with navigation on multi pages report.

Report contains header with information about spectrum and measurement,
calibrations information, table of peaks and figure of the spectrum.

Report content may be easily changed, each part of report is fully configurable
(see next subsections). Report module allows to print generated reports by
windows print dialog. User may scale the print preview by changing Zoom drop
down menu.

see also:
Report configuration [128)
Printing report133
HTML and Text format of the reportm
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G Tukan 8k - Report P int: 208003
Speonm rems ENS AL Do paddeve

Speonm deidpin il Bl wyEa

b namea at dite T O0E-0R-15 0

Lipe e BT

EFualm fE

Brergy culimaitn: e L e R Lk ]

B2 374 SRR OG0V s = JETd SR ee 1 11 & S0
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111 Report configuration

There are two ways to configure content of the report:
click on button Configure report
from menu: Configuration | Configure report...

The Report configuration window contains 4 tabs sheets:
»  General
»  Acquisition information
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» Calibrations
» Peaktable

Each tab corresponds to the section of the report presented in the main panel
and allows to configure the section:

w3 SRAME -flat sowce ] |J || 50% cl & ek
| S

]
_J._REPORT - configuration oy ] 51
Configuration

Acquisition informationl Ealibrationsl Peak tablel HTMLl

— Report containg—————————— Paper orientation
¥ Acquisition infarmation ' Pora
[ Calibrations © Landscape
v ROl table
¥ Spectium

General tab gives possibility to plug-in and plug-off parts to the report by setting
on or off to options related to particular parameters.

In this tab itis also possible to set orientation of the paper (only A4 paper size is
supported now) and decide if spectrum plot should be included.

Acquisition information tab allows to add to report some descriptive
information, like name of a spectrum file, identification of a person who
performed measurement, name of acquisition path etc.

Calibration tab allows to configure information about calibration of a spectrum -
onlyifa spectrum contains it.

The most extended tab is Peak table, which has been described in section:
Peaks table configurationfi38)

Clicking OK button (common for all tabs of Report configuration dialog box)
closes window, stores all setting and generates new report regarding new
settings.

Ateverymomentitis possible to save actual settings of report to configuration

file[132,
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Report module allows also to configure contents of diagram of a spectrum -
see: Spectrum plot configurationfsh

11.11 Peaks table configuration

The window Report confiquration@contains the tab Peak table.

Peak table gives possibilityto mange the contents of the ROl/peak table,
recapitulating information about all ROIs in a spectrum. Particular visual
controls allow to select units in which parameters will be plotin columns. User
may choose which column will be displayed and if error factors should be
added to report.

_l REPORT - configuration =10 =l
Configuration
Genelall Acquisition informationl Calibrations | HTMLl
¥ ROI table
RO limitz in — Table columns [withemars] —————————
chn % ke O MeV [ [#
Centroide. _in [V Centride CC 6 [kev]
 ochn % ke O MeV ¥ Amea O % [zounts]
#Cté\’it}' in(" B O ME I Irkegral & T [zounts]
g — .q g [~ Background 5 € € [counts]
ﬁaisghmup.'t'plg'ﬁ':j—‘ I~ FwHM G OO0 ke
r— Table columns I~ FwTM F0 0 fkeV]
¥ ROl number [~ Cps & [countsds]
¥ From ™ To ¥ Activity  C * [Bg]
¥ Mol ¥ Efficiency & [z
I~ Chi"2:N I boecionln € € B
¥ Muclids etection lim [Ba]
¥ Concent. O & [Bgfgml]
v Model description [~ FdHb/E & CCl
[V Row shadow [~ Sigma & ke
¥ “ertical lines
¥ Horizontal lines | I Fixed number of significant digits ‘
ROI numbe From ITD IEentroide IArea INucIide |
Eﬂ 2
' 0K I x Eancell ? Help |

Bottom part of Peak table tab allows to select sequence of columns in a
table - applying "drag and drop" mechanism, a user can easily move
columns to any place in a table.

All report settings can be saved to configuration file[133 of report.
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11.1.2 Spectrum plot configuration

Report module makes possible configuration of the contents of the figure with
spectrum, which is add

to the report.

Configuration window is run from:

icon:

menu: Configuration | Configuration spectrum...

_oix]
i o [ LI H M= &<
D whlbe - 0[]0
Energy [keV]
200 400 BO0 500 1000 1200 1400 1600 1800
10000
1
| =
S 10004 y\l’
[=]
(5]
e
o
$ 1004
e
£
=
T
1 T T T T T T
o 1000 2000 3000 4000 S000 G000 Tooo So00 |
Channel number I
(3| |ov ] v 5

x Eancell ? Help

Report spectrum configuration dialog window makes possible to set many
properties of plotted spectrum. These settings are similar to other settings in
the Tukan 8k program: spectrum size, colors, add grid, add peak description
etc. (see Plotting a spectrum [8dY).

Changed size of Report spectrum configuration window influence on
proportions of a spectrum displayed in a main window of Report module and in
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print copy.

11.1.3 Configuration file

Settings of the report configuration may be saved in configuration file.
It could be done only from menu of the configuration window:

menu of the configuration window: Configuration | Save
configuration...

_J._REPORT - configuration i ] 1
Configuration

Default configuration

ioh

Peak table | HTML |

Save configuration... k

Load configuration.. .

efror: | ho [%]  [urits]
[¥ Energy Calibration i - -
[~ Efficigncy Calibration = o “

Configuration file may be loaded by:
Configuration | Load configuration...

Additionally, the program contains built-in standard configuration settings,
loaded by:

Configuration | Default configuration

Configuration data are saved in files with extension *.cfg. These files are
saved in working directory by default, but may be saved anywhere else.

11.2 Printing report

132

Report printing process can be started from the icon of the toolbar of Report
module or from "File” menu of this module.

Print report:

icon:

menu: Fle | Print report

=& Remark: Changing orientation in Windows Print... dialog does not effect —
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program forces configured in Report module orientation.
11.3 HTML and Text format of the report

The measurement report may be saved as HTML file or as a plain text - in both
cases saved contents is similar to its preview on a screen.

Report saving may be done using icon available in Report module or Fle
menu:

Save report in HTML form:
7

icon: =2
menu: Fle | Save as HTML...

or:
menu: Fle | Save as HTML file and show in browser

HTML report looks similar to print preview in the program. Graphical elements
(mathematical formulas and spectrum figure) are saved as JPEG files
(Tukan8k version 1.6 or higher).

Second option, Save as HTML and show in web browser, opens
automatically default browser with displayed just saved report.

Save report in text form:
icon: F'E
menu: Fle | Save as text file...
or:
menu: Fle | Save as text and open in editor...

Reportis saved as non-formatted (plain) text in a file with extension .txt and
does not contain graphical elements.

Second option: Save as text file and show in editor saves file and opens itin
default editor (e.g. Notepad). Contents of the reportis editable.
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12 Program configuration

Program configuration contains: general style of modules view, the spectra
display view and default parameters for mathematical analysis and peak
identification.

Windows Reqistry usage

For the storage of the chosen parameters and screen appearance setup,
Windows Registryis used.
In Windows Registry the following parameters are stored:
¢ number of defined acquisition paths,
e parameters of each acquisition path, like: name, description, identification
of an analyzer, mode of running, acquisition settings and other,
e general status of the program, dimensions, colors etc.
¢ program configuration options, like display and analyzes options,
language of the interface of the program, etc.
¢ the spectra container contents.

=g« Process of loading/saving parameters from/to Windows Registryis
performed automatically during switching to other modules or at shutdown of

the program.

Menu Configuration - available options

Menu of each module except REPORT contains Configuration item with only
one sub item: Options... When performed, dialog window appears on a screen,
which contains five tab sheets:

» Measurement
» Display

» Analysis

» Language

» File location

Options available in each of them are discussed precisely in next chapters.
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12.1 Measurement configuration options

Measurement configuration options can be presetin 'Measurement' tab sheet of
'‘Configuration’ dialog box activated via the main menu of the program:

menu Configuration | Options... | Measurement

Configuration x|

Measurement | Display | Analyziz | Language | File location I

—Spstem sounds:

¥ End of acquisition signaling

—Acquisition spectium saving option;

v Always ask for zaving the acquisition spectrumn when exit program

[~ After saving acquisition spectrum to file leave the copy in the spectra container

[ Ak for leaving the copy in the spectia container

Analyzer tests options:
’7 W Automatic calculation nonlinearity differential (DML

Drefaul settings... |

x Eancell '? Help

System sounds:
End of acquisition signaling: - by default, this option is not checked

ACQUISITION spectrum saving option:
Always ask for saving the spectrum when exit program: - by default, this
option is checked

Analyzer tests options:

Switching this option on causes, that in the peak parameter panel placed below
a spectrum (in ANALYZER module only) additional line appears, in which DNL
value is displayed. DNL means differential non linearity of a spectrum calculated
"on-line" for a part of it surrounded by markers and given in percentage value. By
default, this options is not checked.
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12.2 Display spectrum options

Spectrum display options can be controlled and modified from the menu:

menu Configuration | Options... | Display

SO
Messuemert  Diplay | Aralysis | Language | Fie kocation |

Display opbions

¥ [Bresenve markers positior]

[ Preserve scale when spectum changed

¥ Presorve scale when mockie changed

ooy
&} -
ROignge [N =]

ROl 3]

Dsdau seifings.. |

o Ok I xtml ? Heb

Selectable options:

Parameters of displayed spectra:

v Preserve markers position
- If this option is setthen last markers position is preserved after change of
displayed main spectrum or after switching to another module.
- If this option is_not set then after each change of the main spectrum or
each change of a module, the markers are displayed in the default position,

i.e. the left on the channel laying at 1/3 and the right on the channel laying at
3/4 of the channel range width.

v Preserve scale when spectrum changed
- If this option is set then the horizontal and vertical scaling is retained upon
changing the displayed spectra.
- If this option is not set then, after each change of the displayed spectrum
the new one is shown in full scale.
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v Preserve scale when modules changed
- if this option is set then horizontal and vertical scaling is retained upon
program module change, i.e. moving from ANALYZER to ANALYZE module,
spectrum is displayed in the same scale.

Colors:

Colors in which ROI regionsl?ﬁﬁare displayed are obligatory for all modules of
the program and do not depend on which color spectra are plotted.
In the program there are three default colors used to distinguish states of ROIs:
e ROI "not calculated" — color beige or gray (depends on scheme of colors
in Windows)
* ROI "calculated" containing single peak — color green
* ROI "calculated" containing doublet — color blue
Clicking on buttons with arrows it is possible to select different color from
palette of 16 colors.

see also:
Colors of the plot panel [8f)

12.3 Configuration analysis options

Analysis configuration options can be presetin 'Analysis' tab sheet of
‘Configuration’ dialog box activated via the main menu of the program:

menu: Configuration | Options... | Analysis
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[& |

Messuemert | Diplay  Anshbsis | Langusge | Fle kocation |

Pk, parsmstsss Peak pmameten: display
 Automatic calculshe pararesters ¥ Peak position
b fatomatic caloulsbe activity and concentrsbion [~ Backgiound ne
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The Configuration of analysis dialog window consists of the following groups of
options:

Peak parameters:

v/ Automatic calculate parameters — switches on/off automatic calculation of
peak parameters lying between the markers, performed after every change
of marker placement or spectrum refresh.

v/ Automatic calculate activity and concentration — if option is on, a
spectrum contains efficiency calibration and in region surrounded by
markers exists peak, which is identified, then the program together with
calculation of peak parameters calculates activity and concentration.

v/ Automatic peak ident — switches on/off mode of automatic peaks
identification performed after every recalculation of peak parameters. The
necessary condition for this is nuclides Iibrarym to be loaded from
selected file.

v/ Parameters in energy units — if set, then the program always displays peak
parameters in energy units (if a spectrum is calibrated) when the main
spectrum is changed.

Way of calculation of peak parameters by "direct” model[90Y

v’ Peak parameters based on net count — Model GO — peak parameters are
calculated based on net counts in channels as itis described in "Analyze"
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chapter - Peak analysis 'on-line'[ o0

v/ Peak parameters based on total count — Model GOc — peak parameters are
calculated based on real counts in channels (without background
subtraction), peak position (Ctr) is calculated as weighted average of counts
in channels

v’ Peak position (Ctr) in maximum — Model GO_m — peak parameters are
calculated based on real counts in channels (without background
subtraction), peak position (Ctr) is placed in a channel containing the
highest number of counts

In the peak parameters panel (below panel of a spectrum view) and in the peak
table, mathematical model based on which calculation was performed is
always visible.

Identification criteria:
Selection of width of energy window necessary for automatic peak identification
procedure (see Peaks identification[103).

Nuclide library:
File with default nuclide library for identification procedure (see Nuclide libraries
[1oky.

Peak parameters display:
The program allows to observe "on-line" analysis of peak (position, background
cut function, Fwhm) at every movement of markers or every spectrum refresh. It

is possible onlythen. when peak parameters are calculated by "direct” method
(models GO, GO ¢, GO m) (see Peak parameters calculate[93").

v Peak position - if selected, then vertical line of constant dimension
(depending on ,panel of a spectrum view" size) is displayed which points to
that channel which is placed closestto peak centroide (parameter ,Ctr")
calculated by the program. If "Ctr" for peak between markers can not be
calculated, then line is notdrawn.

v Background line - displaying background cut function line for region
surrounded by markers. Integral above this line is net total for peak.

v Fwhm position - displaying Fwhm line, i.e. line connecting point in left edge
with pointin right edge, both placed in a half of peaks height.

v Keep fit results - the fitted curves are shown between markers immediately
after calculation. If this option is not set, itis displayed up to the changing
position of markers. Selection of this option causes, that curve will be showed
until next "Calculate" command will be run.

Units selected in this place are obligatory for all program modules and for
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all analyzed spectra.

Selected unit for energy is applied in peak parameters introduction and for
energy scale description display.

The same rule is valid for units of time for MCS spectra.

In Reports, however, units can be set independently to mentioned above
(see Peaks table configurationf3d).

12.4 Selecting language of program

The program can operate in either English or Polish.
Switching between languages:

menu: Configuration | Options... | Language

Program will be closed after selecting the new language. One should execute it
again.

The program starts in the language which was used at the program exit.

Once changed, a new language setting is effective in all layers of the program:
on a screen, in messages, in data tables.

Attention =& If program is dedicated to service one language only, then panel
Language is empty.

125 Setting directory of program

During program installation process, working directories are created on disk.
Placement of these directories depends on selected option during installation:
for all users or “for me" only.

In "File location" tab sheet of Configuration dialog window, user can change
default directories placement.

Irrespective to group settings (selected in group of options "Localization") each
directory can be defined independently.
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After closing "Configuration” dialog window by "OK" button, selected directories
become default for the program.
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13 Keyboard

Acquisition navigation keys143)

Markers navigation keys 142)
Displaying spectrum navigation keysfia3)

ROI system navigation keys[143

13.1 Acquisition navigation keys
F2
2 Acquisition start
F3
& Acquisition stop
F4
o Acquisition reset
F5
= Common acquisition start
Common acquisition stop
Common acquisition reset
13.2 Markers navigation keys

select control to left marker

select control to right marker

move marker one channel to the left

move marker one channel to the right

O D B

select control to both (coupled) markers - next press selects
control to one marker
(the middle key of numeric pad)

I

move coupled markers right
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13.3
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g

=]
=
B3

-
=
H

=]
=
=

-
=
H

Bl

g

I

move coupled markers left
push markers aside

bring markers closer

increase twice the number of channels displayed between
markers

decrease twice the number of channels displayed between
markers

expand a spectrum between markers to the whole width of the
panel

display spectrum in a full scale

Displaying spectrum navigation keys

—

HEDR EREER

decrease horizontal scale
increase horizontal scale
decrease vertical scalej

increase vertical scale

move spectrum to the right
move spectrum to the left
move spectrum up

move spectrum down

expand twice a spectrum selected between markers

squeeze twice a spectrum selected between markers

expand a spectrum between markers to the whole width of the
panel
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Ctrl ﬂ _ .
— display spectrum in full scale

13.4 ROI system navigation keys

insert area selected by markers to the ROl table

delete ROl area selected by markers

F B
Eln

move markers on next ROI to the right

=
=

move markers on next ROI to the left
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14 Appendix A: Library TukanFit.dll

In the Tukan program, all principal mathematical algorithms are included in
independent DLL (Dynamic Linked Library) library: TukanFit.dll.

Library consists of three main modules, containing:

O Gauss fitting functions (non linear models),
O Polynomial fitting functions and their variants (linear models),
Ud Automatic search forgamma lines.

Module of fitting non linear functions

Rules applied In the module rely on well known methods of minimization:
Marquardta, BFGS and simplex in minimum chi-square method. Allows to fit to
experimental data free combinations of single or double Gauss functions with
the following background functions:

Zﬂz‘xi

% Polynomial: ,

®,
0

3;
R 2Ew gy o

< Fermi function: ,

« Fermi function with width parameter related to width of a line:
&, 4
+3 ‘ A= —
1+ exp{Afx— %)) ag-lem
expl alx—x,)) +Z aixi

« Exponent function with polynomial: ,

A (x—xpjﬁ +Zaixi

< Exponential function with polynomial:

In all above mathematical formulas x is independent variable, other symbols
respond to fitted parameters, o is width of Gauss function.

In case of fitting double Gauss lines itis available a set of special variants of
above functions:

« with constant ratio of fields of spectrum lines,
« with common width of both spectrum lines.
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Module of fitting linear functions

In case of calibration fittings (energy, efficiency or peak width calibration) those
mathematical methods are applied, which reduce problem of least square
method to solving system of linear equations. It is possible, because in every
model an equation was managed to be transformed to a linear type of its
parameters.

The module contains the following functions:

yixa)= Zﬂixi

< Polynomial: ,
< Exponent function of polynomial of logarithms:

H(xap) = explX g ()

yixma)= fE aixi
< Square root of polynomial: .

Module of automatic search of gamma lines (Peak Search)

Separate module is a set of procedures for automatic search of lines in a
spectrum. They use mechanism of auto correlation function. Based on many
tests and trials it was introduced rectangular process of negative, positive and
again negative value. Such a choice gave very efficient and simple algorithm
which does not perform manytime-consuming multiplication calculations.
Algorithm was adjusted by mechanism which takes into account width of a
peak, what essentially corrected its good results.

Mathematical description of certain models:
Model G1_Pn — ,Gauss and polynomial" - single peak fitting by Gauss function

with polynomial background. Depending on a degree of polynomial, model is
described bya symbol: G1_P1, G1_P2 or G1_P3
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F
i

expli[l.j (x-xt fcrijl + Sax
&

Model G1_F- ,Gauss and Fermi" — single peak fitting by Gauss function with
background defined as Fermi function

|§|

i

,w: . - z N+ A+

XQ T expli[lj (x= 1) fcr:l E_Imp —
il
Lo

Model G1_fF- ,Gauss and fixed Fermi" — single peak fitting by Gauss function
with background defined as fixed Fermi function

A

&

P
= apll5 (x- x) fat) + A+Z1+exp[z =

PR,
I

o

Model G2_Pn — ,2 Gausses and polynomial" — peak fitting by ,double Gauss"
function with polynomial background. Depending on selected polynomial
degree, model is described bya symbol: G2_P1, G2_P2 or G2_P3
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expl[l:lﬁ (x-x)t f.:rf:l t Nax

F
MEIGHFEJT

Model G2_F- ,2 Gausses and Fermi" — peak fitting by ,double Gauss" function
with Fermi function as a background

F &%
Eﬁ!mexpliﬂ.j-(x—xljz.-‘af] + A+ EH::{pI:]!I:x x)}

Model G2_fF-,2 Gausses and fixed Fermi" — peak fitting by ,double Gauss"
function with background defined as fixed Fermi function

expl:D.j-(x—xlj]z.-’a'f] + A+

R S
DT po )

A —
) ' Uz‘\'rz_ﬂ'
Where, in all above formulas:
Xp%=1,2 centroid of the Gauss functions,
0,=1,2 w idths of the Gauss functions (FWHM = 2,355 s),
P,P,=1,2 fields of the Gauss functions,
a parameters of the background polynomial,
A offset,
5, steps highs in the Fermi function,
A speed of the Fermi function increasing.
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15 Appendix B: Instalation of Tukan8k
analyzer and program

Installation process consists of two steps:

1. the Tukan8k program setup,

2. installation of drivers of an analyzer and/or USB protection key.
Sequence of them is optionally because each of them is performed
independently.

After installation of the program and drivers, during the first program run
22t is necessary to define a type of an analyzer supported by the
program.

=g« For proper installation, administrative privileges are necessary.

Hardware requirements 143
Instalation of Tukan8k program [1501
Instalation of Tukan-8k-PCl card 152
Instalation of Tukan-8k-USB box15%)
Instalation of USB Protection Keyls3)

15.1 Hardware requirements

There are no special requirements for proper functionality of the Tukan 8k
program. The program functions correctly on any present PC. The minimal
recommended free space of a hard disk is 40MB.

In case of Tukan8k_PCl analyzer itis obligatory presence of spare PClI slot
compatible to 2.2 version of specification for that type of bus and such a
computer mechanical construction, which allows to plug in the analyzer.

In case of Tukan8k_USB analyzer, a spare USB slot of type Ais needed.

In case of applying USB Protection Key, a spare USB slot of type Ais needed
only.

Operating system:

TheTukan8k_PCl analyzer is supported by Windows 2000 (SP 4) or Windows
XP (SP 2 or higher) operating system only.
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The Tukan8k_USB analyzer is supported by Windows 2000/XP/Vista Business
(32 bitand 64 bit versions)/7 Professional (32 bit and 64 bit versions).

15.2 Instalation of Tukan8k program

To install the program, place the "Tukan installation disk” in CD and run "Setup.
exe"

=8 - For proper installation, administrative privileges are necessary for a user
actuallylogged in. In case of lack such privileges, appropriate message is
displayed (depending on the version of Windows) and installation process is
canceled.

Installation processes typically for Windows operating system. Installation
program recognizes localized version of Windows. In case when it is Polish
version, the program interfaces with a user in Polish. If it is other version,
the program switches itself to English.

ATTENTION:

=i - |fthe Tukan program version 2 or higher was already installed, then after
running the installation program. a user will find a message informing, that
installation can not be continued: previous version of the program should be
uninstalled first.

=& - The Tukan program can be installed in any place. If the Tukan program
version 1.9 or lower is already installed, then a user can leave itin its typical
placement (which is c:\\Program Files\Tukan8k) and install version 2.2 of the
program in different localization. The installation program informs a user about
such a chance in dedicated message.

Installation process is simple, intuitive and is self-explaining at each step.
On a figure above available program versions are seen:

The difference between standard and extended version relies on types of
supported analyzers only. ALL FUNCTIONS RELATED TO MEASUREMENT
CONTROL AND ANALYSIS OF RESULTS ARE IDENTICAL IN BOTH VERSIONS.
Standard version of the program is intended for users who apply Tukan8k_USB
analyzer. Extended version allows additional support of previous versions of the
analyzer (if notreally necessary, itis recommended to install standard version of
the program).

Depending on an option selected earlier, defining if the program should be
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installed for all users or for one user only, the following directories are created:

C:\Documents and Settings\All Users\Application data\Tukan8k\
C:\Documents and Settings\All Users\Application data\Tukan8Kk\Libraries\
C:\Documents and Settings\All Users\Application data\Tukan8k\Doc\
C:\Documents and Settings\All Users\Application data\Tukan8k\Spectra\

or

C:\Documents and Settings\user\Application data\Tukan8k\
C:\Documents and Settings\user\Application data\Tukan8Kk\Libraries\
C:\Documents and Settings\user\Application data\Tukan8k\Doc\
C:\Documents and Settings\user\Application data\Tukan8k\Spectra\

During installation process to those directories are copied exemplaryfiles of
libraries and spectra as well as documentation of the Tukan8k program.

15.3 Instalation of Tukan-8k-USB box

For proper functionality of the analyzer it is necessary to install "D2XX'
drivers developed by "Future Technology Devices International Ltd." The driver
version should be 2.8.14 or higher. The drivers are available in the Installation
disk in "Drivers\FTDI" directory.

Administrative privileges are necessary for a user performing installation.

After the first connection of the Tukan8k_USB analyzer to PC (via USB A-B type
cable delivered together with the analyzer) Windows informs about recognition
of a new device and takes up an attempt to search for a driver. Irrespective of
Windows version, typical process of driver installations takes place similarly.
First, a useris asked to allow Windows to search Internet. Itis recommended
not to allow. Next a user is asked to point to place where the system could find
the driver. At this place the user should point to "Drivers\FTDI" directory available
in the Installation disk.

Successful installation is signalized by adequate Windows message. Atthe
same time, LED in the analyzer lights in green.

The latest versions of "D2XX" driver are available fee of charge at the address: "
http://www ftdichip.com/FTDrivers.htm". Itis recommended to apply the driver
delivered in the Installation Disk, because the Tukan8k program is examined to
cooperate with that version of the driver. Newer driver should be applied only
then, when are concrete circumstances (usually these are Windows upgrades).

see:
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Start of the program [229
Connecting analyzer[23)

154 Instalation of Tukan-8k-PClI card

For proper functionality of the analyzer it is necessary to install "WinDriver"
V. 6.0.2 - Windows drivers deweloped and distributed by "Jungo Ltd.".

Itis recommended to install the drivers before plugging in the analyzer to PCI
slot. You are reminded that delivered drivers support MS Windows 2000 SP4
and Windows XP only.

Administrative privileges are necessary for a user performing installation.

Supporting of the Tukan8k_PCI analyzer in PC where newer version of
Windows (Vista or 7) is installed, is not possible.

To install the driver, run as follows:
- insert the Installation disk in CD device
- open Windows console application (Start/Run/cmd)
- in the console select CD device in which the Installation Disk is placed (e.g.
"d:"if CD device is seenin a system as "d" device
- run "cd" command to make "Jungo" directory current directory (e.g. "d:
>cd \Drivers\Jungo")
- run the following sequence: "D:\Drivers\Jungo\wdreg16 -inf D:
\Drivers\Jungo\windrwr6.inf install"
- run the following sequence: "D:\Drivers\Jungo\wdreg16 -inf D:
\Drivers\Jungo\Tukan8kPCl.inf install"

Please note, thatitis exremelyimportant to use full paths in commands above
(like "D:\Drivers\Jungo\Tukan8kPCl.inf").

After proper installation of the drivers, the analyzer can be plugged in. After
power on the PC, the drivers should be reached by automatically by Windows. In
case when the system asks a user during device installation procedure about
any file connected with the device, indicate "Drivers\Jungo" directory available in
the Installation Disk.

Successful installation is signalized by adequate Windows message. Atthe
same time, LED in the analyzer lights in green.

see.
Start of the program [229

Connecting analyzer 29
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155 Instalation of USB Protection Key

The USB Protection Key allows to run the Tukan8k program version 1.7.0 or
higher in a PC to which the analyzer is not connected (plugged in). Older
versions of the program do not support the Key.

For proper functionality of the Key "USB Express" driver version 3.5.1(or
higher) deweloped and distributed by "Silicon Labs Corporate” is needed.
Administrative privileges are necessary for a user performing installation.

After the first connection of the Key, Windows informs about recognition of a new
device and takes up an attempt to search for a driver. Irrespective of Windows
version, typical process of driver installations takes place similarly.

First, a user is asked to allow Windows to search Internet. Itis recommended
not to allow. Next a user is asked to point to place where the system could find
the driver. At this place the user should pointto "Drivers\SyliconLabs" directory
available in the Installation Disk.

The latest versions of "USB Express" drivers are available fee of charge at
the address: "http://www.silabs.com/products/mcu/Pages/USBXpress.aspx
". Itis recommended to apply the driver delivered in the Installation Disk,
because the Tukan8k program is examined to cooperate with that version of the
driver. Newer driver should be applied only then, when are concrete
circumstances (usually these are Windows upgrades).

Successful installation is signalized by adequate Windows message. Atthe
same time, LED in the Key lights.
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16 Appendix C: Technical parameters
of Tukan_ 8k _USB Analyzer

The Tukan8k-USB box can operate in two modes: as multi-channel pulse height
analyzer (MCA) and as multi-channel scaler (MCS). Additionally there is also
possible to operate the device as the Single Channel Analyzer (SCA).

The device is controlled by host computer via USB. After disconnecting USB, the
device continues data acquisition and collects experimental data, which remain
available after reconnecting the device to the host. When operating
autonomously, the device needs to be supplied by external power supplier.

Specification:
/0 Connections and LED Indicators [158)

Powering the devicefis3)
MCA - Multichannel Analyzer mode[158)

MCS - Multichannel Scaling mode[157
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16.1 /O Connections and LED Indicators

The left part of the figure below shows front panel of the device, while right part
shows back panel with USB socket, power connector and two bicolor LEDs.

AC) = (e

N ) RUN B
I@\:F ;I,I [\?_} @ EXT PWR &

Front panel contains analog BNC input connector and four TTL I/O LEMO
connectors (Ports A, B, C and D). Designation of the TTL connectors depends
on the operational mode of the device and established settings.

Back panel contains USB socket, power connector and two LEDs.
The power connector is discussed in next chapter. The USB socket should be
adequate to the B-type receptacle.

Upper diode LED indicates different modes of operation or failure of the device:
During typical measurement process, when powered via USB connector:
areen color blinking - acquisition is running,

green color lighting - acquisition was not started or has finished or paused.
separate red color short blink - external power adapter was plugged in

Bottom diode LED indicates external power status:

blank -no external power is applied (device is powered via USB connector),
red color lighting - external voltage is outside given range,

areen color lighting - device is powered correctly, the voltage is between +5.5V
and +10V.

16.2 Powering the device

The device can be powered either from the USB port or from external DC power
source. The USB bus power supplyis a primary power source, however an
external power supply prevails —itis ultimately used when applied.

The external power supply, which may be either a DC wall adaptor or a battery,
should be used when device is connected to bus powered USB hub or when it
is autonomously operating without PC or LAPTOP connected.
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The DC external voltage is applied by means of EIAJ RC-5320 Class IV socket/

plug connectors. Note, that internal pin is used for positive voltage. The
requirements for external DC voltage are:

® minimal voltage: 5.5V
® maximal voltage: 9V
® minimal currentload: 200 mA.

16.3 MCA - Multichannel Analyzer mode

Principle of operation is as follows: input analog signal (pulse) is stretched,
converted to digital value proportional to its height and normalized to a number
of channels and maximum pulse height value, which is 10V; such a value
defines the address of a unique channel in histogram memory, which is
incremented by one.

Parameters

ADC Successive approximation type (16 bits) with sliding scale averaging.
Max resolution 8k; 8192 channels, software selectable as 8192, 4096, 2048
and 1024 blocks.

Dead time per event <5 ps (including memory transferi).

Integral non linearity <=+0.05% over the top 99% dynamic range.
Differential non linearity <+1% over the top 99% dynamic range.

Gain instability <=+1% ppm /°C.

Histogram memory 8k channels (volatile): 224

(almost 17 millions counts).

- 1 counts per each channel

Presets

Real time or Live time: data acquisition real or live time presetin multiples of
exact one-second intervals; selectable automatic stop on real or live time
exhaustion; maximal presettime = 16777215 (2>-1) s, i.e. about 200 days.
Region of interest Integral countinside or outside established preset window,

selectable automatic stop on up to 232 integral counts.

Data overflow - Terminate acquisition when any channel exceeds 2241,
Analog Lower Level Discriminator (LLD) and Upper Level Discriminator (ULD)
Computer controlled independent thresholds. Signal processing occurs when
amplitude of input pulse is contained in given range between thresholds (value
of low threshold must be lower then value of upper threshold); both thresholds
are set with 12 bit accuracy.

Data available on-line
« total real time
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e total live time

e counts in region of interest (independent of time stop criteria)
» deadtime for second (in percent, accuracy 3.906 ms)

e number of counts per second

Inputs and Outputs

ANALOG INPUT Accepts positive unipolar or bipolar semigaussian type pulses
of shaping time constants >= 100 ns. DC Coupled. The dynamic range is 10mV
to +10 V. BNC connector.

Port A (GATE) Active HIGH TTL compatible logic gate. Computer controlled
Gating/Nongating and Coincidence/Anti-coincidence mode. Active state of this
signal (HIGH for coincidence and LOW for anticoincidence) must occur prior to
and extend 200 ns beyond the peak of analog pulse. LEMO connector.

Port B (SCA-OUT) — Output; 100 ns wide positive pulse generated when the
gate justified Single Channel Analyzer detects a pulse inside the voltage window
with peak detection provided.

Port C (RUNING) — Output; positive level indicating when acquisition is running.
Port D (BUSY) — Output; positive pulse indicating when analog circuitry is busy
(Analog Inputis above the ZLD or conversion is in progress).

16.4 MCS - Multichannel Scaling mode

The device hardware and software provides medium speed Multi-Channel
Scaling (MCS). The MCS acquisition mode is used for applications requiring a
measurement of intensity vs. time and includes interface logic to TTL pulses
coming from some measuring instrument. The maximum counting frequencyis
8 MHz and is synchronized with the 20 MHz reference clock.

The Multi-Channel Scaler records the counting rate of events as a function of
time. When a scan is started, the MCS begins by counting input events in the
firsttime slot (channel 0) in the digital memory. Atthe end of a preset period of
time, called "dwell time", the MCS advances to the next channel in the memory
and continues the counting. The dwell and advance processes are repeated
until the MCS has scanned through the preset number of channels. Asingle
scan through all selected channels is called a sweep, which may be repeated
selected number of times. In multi-sweep mode the accumulated data may be
either replaced by the new sweep or they may be summed channel by channel.
Starting a sweep, as well as advancing from one channel to the next, may be
triggered internally or externally.

Events given on analog input can also be registered by the device. The ADC

BNC input signal is then processed by the Single Channel Analyzer (SCA). This
mode of operation allows event counting up to a frequency of 1 MHz
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Characteristic

¢ Maximum counting rate — 8 MHz

e Minimal pulse pair resolution — 60 ns

« Minimal dwell time (step) —2 us

« Dwell Time — up to 2% steps optionally multiplied up to 256

e Sweep Length —up to 8192 channels with automatic or externally triggered
sweep repetition

e Acquisition modes — summing or replacing

*« No dead time between channels and sweeps

* Possibilityto use Single Channel Analyzer as an counting input (SCA
formed from MCA with threshold presetting).

Presets

«  Sweep length (humber of channels)

« Dwelltime

e Sweep count

« Inputsignal type

e Triggering mode

e Advancing mode

e Accumulation type

*  Stop acquisition mode

« Low and high thresholds (available for analog input only)
e Gating mode (available for analog input only)

Data available on-line

e total acquisition time

« number of actually processed channel
e number of actual sweep

Inputs and outputs

Analog input - As in MCAmode when used for events counting. Alternatively it
can be use for Single Channel Analyzer mode working in parallel in MCS mode.
Port A (EVENT or GATE) —Input. If Digital input is selected this line serves as a
Counting input. If Analog inputis selected this line serves as a Gating pulse as
described in MCAmode.

Port B (STOP or SWEEP) — Input or Output; if internal triggering is enabled than
rising edge on this line causes to stops acquisition after the current sweep. If
external triggering is enabled this line serves as a SWEEP output being HIGH
when current sweep is in progress.

Port C (TRIGGER In or Out) — Input or Output; if external triggering is selected,
than rising edge of this line starts each new sweep. If internal triggering is
selected this 100 ns positive output pulse informs external circuitry when each
new sweep was started.
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Port D (ADVANCE In or Out) — Input or Output; If external advancing is selected
then rising edge of this line causes to step to the next channel. Ifinternal
advancing is selected this 100 ns positive output pulse informs external circuitry
when each new dwell step was started.

Note: All digital ports have 1 kQ inputimpedance, are DC coupled and have
positive polarity.

see also:
Multi-channel scaling (MCS) mode[5a

16.5 SCA - Single Channel Analyzer

In single channel analyzer mode of running, output B generates impulse (TTL,
positive) as a response on each analog input signal, which amplitude is located
in a given, extreme close threshold’s levels range. Such an amplitude range
defined by the Lower Level Discriminator (LLD) and the Upper Level
Discriminator (ULD) is usually described as measurement channel. Number of
impulses registered in output B in a such range of amplitude is equal to number
of input signals performing the following condition: V,,, <V <V, .
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17 Appendix D: Technical parameters
of Tukan_8k_PCI Analyzer

The Tukan8k-PCl card is produced in two versions: basic - operating as multi-
channel pulse height analyzer running in a pulse height analysis (MCA) mode
and enhanced version where the card can additionally operate in multi-channel
scaling (MCS) mode. In the next release of the device both operational modes
(MCA and MCS) will be available as a basic set.

Device interfaces PC via PCl bus. Interface type: universal; powering +5V
and +3.3V; 32-bit (target) with 33MHz clock, compatible to Specification of PCI
Local Bus version 2.2.

"Plug and play" supported. 64KB of memory projected via BAR 0 into 32-bit
memory space.

Specification:
I/O Connections and LED Indicators [16]

MCA - Multichannel Analyzer mode 161
MCS - Multichannel Scaling mode[163)
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17.1 /O Connections and LED Indicators

The interface of the analyzer is located on mounting bracket and is shown on
figure below. It consists of three types of connectors: BNC type, Lemo and
Canon 9-pin. Rules of particular connectors depend on mode of running
(MCA or MCS) of the analyzer and are described in chapters describing both

modes.
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The analyzer is equipped with additional two LEDs mounted directly to the
board. One should light permanently indicating that the device is properly
initialized and is readyto use. The second LED, when blinking, indicates that
acquisition is running.

17.2 MCA - Multichannel Analyzer mode

MCA — base mode of running for the analyzer card.

Principle of operation can be discussed as follows: input analog signal (pulse)
is converted to digital value proportional to its height and normalized to a
number of channels and maximum pulse height value, which is 10V; such a
value defines the address of a unique channel in histogram memory, which is

161



TUKAN 8k

incremented by one.

Parameters

ADC Successive approximation type (16 bits) with sliding scale averaging.
Max resolution 8k; 8192 channels, software selectable as 8192, 4096, 2048
and 1024.

Dead time per event <5 ps (including memory transfer).

Integral non linearity <=+0.05% over the top 99% dynamic range.
Differential non linearity <+1% over the top 99% dynamic range.

Gain instability <= +1% ppm/°C.

Histogram memory 8k channels (volatile): 22* - 1counts per each channel
(almost 17 millions counts).

Presets

Data acquisition real time or live time preset in multiples of exact one-second
intervals; selectable automatic stop on real or live time exhaustion; maximal
presettime = 16777215 (2% -1) s, i.e. about 200 days. Integral live time
measurement accuracy. circa 250 ns.

Region of interest Integral countinside or outside established preset window,
selectable automatic stop on up to 232 integral counts.
Data overflow - terminate acquisition when any channel exceeds 2% -1.
Control - ADC fully controlled by host PC via PCI bus.

Analog Lower Level Discriminator (LLD) - lower threshold selectable
programmaticallyin range from 0 mV up to 50% of full range with step 1.22 mV.
Analog Upper Level Discriminator (ULD) - upper threshold selectable
programmaticallyin range from 0 mV up to 50% of full range with step 1.22 mV.

Data available on-line

e total real time

e total live time

e counts in region of interest (independent of time stop criteria)
« dead time for second (in percent, accuracy 3.906 ms)

e number of counts per second

Inputs

Analog input Accepts positive unipolar or bipolar semigaussian type pulses of
shaping time constants >= 100 ns. DC Coupled. The dynamic range is 10mV
to +10 V. BNC connector.

Gate Active HIGH TTL compatible logic gate. Computer controlled Gating/Non
gating and Coincidence/Anti-coincidence mode
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17.3 MCS - Multichannel Scaling mode

The device hardware and software provides optional medium speed Multi-
Channel Scaling (MCS). The MCS acquisition mode is used for applications
requiring a measurement of intensity vs. time and includes interface logic to TTL
pulses coming from some measuring instrument. The maximum counting
frequencyis 12.5 MHz and is synchronized with the 33 MHz PCI clock.

Event counting can also be performed on signals coming directly from a
detector/amplifier by using the ADC BNC input. The ADC BNC input signal is
then processed by the Single Channel Analyzer (SCA). This mode of operation
allows event counting up to a frequency of 1 MHz. The computer controlled SCA
window makes signal filtering easy.

The Multi-Channel Scaler records the counting rate of events as a function of
time. When a scan is started, the MCS begins by counting input events in the
firsttime slot (channel 0) in the digital memory. At the end of a preset period of
time, called "dwell time", the MCS advances to the next channel in the memory
and continues the counting. The dwell and advance processes are repeated
until the MCS has scanned through the preset number of channels. Asingle
scan through all selected channels is called a sweep, which may be repeated
selected number of times. In multi-sweep mode the accumulated data may be
either replaced by the new sweep or they may be summed channel by channel.
Starting a sweep, as well as advancing from one channel to the next, may be
triggered internally or externally.

Communication in Multi-Channel Scaling mode occurs via D socket placed on
front panel of the device. Communication protocol is precisely described in
Technical Reference Tukan8k-PCl available in installation disk.

Characteristic
® Maximum counting rate — 12.5 MHz

e Dwell Time —upto 224 steps (one step =1.9 us)

* Sweep Length — up to 8192 channels with automatic or externally triggered
sweep repetition

® Acquisition modes — summing or replacing

* No dead time between channels and sweeps

e Possibilityto use Single Channel Analyzer as an counting input (SCA formed
from MCA with threshold presetting)

Presets

e Sweep length (number of channels)
* Low and high thresholds
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e Dwelltime

* Sweep count

* Inputsignal gating mode
* Inputsignal type
Triggering mode
Advancing mode
Accumulation type

Stop mode

Data available on-line

e total acquisition time

* number of actually processed channel
e number of actual sweep

Inputs and outputs

Analog input — Accepts positive unipolar or bipolar semigaussian type pulses
with shaping time constants >= 100 ns as well as amplified detector pulses
without shaping. DC Coupled. The dynamic range is 10mVto +10 V (Zin=1
kOhm). Overload protection over +12.5V and below -0.5V. BNC connector. Also
used as SCAinput.

Gating input — Accepts TTL positive (+2.5V) level. Computer controlled Gating/
Non-gating and Coincidence/Anti coincidence mode. Active state of this signal
(asserted for coincidence and unasserted for anti coincidence) must occur prior
to and extend 200 ns beyond the peak of the analog pulse. LEMO connector.
Also used for EVENT pulse gating in MCS mode — in the latter case it must cover
the entire pulse.

D-connector (9 pin) (for MCS mode only)

Sca 5 :\"‘“\

o_ls  NEXT
ACQUIRE _4 | o

o L& RESERVED
STOP I I

o 1 apwence
TRIGGER _2 | .

o &  EVENT
SROUND 1 o °

e EVENT-TTL input (1 kOhm inputimpedance, DC coupled, positive polarity);
Input signal to be counted by MCS. Minimum width 40 ns, minimal gap
between two successive pulses 40 ns.

« TRIGGER - TTL input (1 kOhm inputimpedance, DC coupled, positive
polarity); Input signal, starts a new sweep, provided External Triggering has
been set. Minimum width 40 ns.

*  ADVANCE- TTL input (1 kOhm inputimpedance, DC coupled, positive
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polarity); Input signal causes the acquisition to step to the next channel,

provided External Dwell has been selected. Minimum width 40 ns.

STOP — TTL input (1 kOhm inputimpedance, DC coupled, positive polarity);

Input signal causes the acquisition to terminate at the end of the current

sweep. Minimum width 40 ns.

ACQUIRE — TTL output (>2.5V); 100 ns wide output pulse generated when

the MCS data acquisition is invoked.

NEXT — this positive TTL (>2.5V) output pulse generation depends on

selected advancing method:

- auto-advancing — 100 ns wide output pulse generated when the MCS
advances from one channel to the next,

- external advancing — a positive pulse level asserted when current sweep
is processed and de-asserted after current sweep completion.

SCA — TTL output (>2.5V); 100 ns wide output pulse generated when the

non gated SCAdetects a pulse inside the voltage window with peak

detection provided.

RESERVED - reserved for user added feature.
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