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Introduction

This manual is the 3. part of the main Hall documentation set:

1) Hardware manual H

2) Software installation manual |

3) Software program manual S (this manual)
4) Basics manual B

5) Theory manual T

The Software (program) manual provides information on how to use the Hall system and
how to work with the Hall program.

In the following only user class 4 will be described, except at some marked parts. Fea-
tures needing a higher user class are not visible or not enabled (grey text) in input dialogs
and menus. Sometimes inputs are not visible or not enabled because these depend on the
data or evaluation mode. The most general examples are coming from the vdP/Hall pro-
gram module.

In the most menus and input windows you get help information by the F1-key. Then the
electronic manual will be opened at the corresponding page. For this you need a PDF
viewer, either the Adobe Reader, the Foxit Reader or the Sumatra Portable, or a plug-in for
your Web browser.

At some input windows there is a help button. It have the same function as the F1-key. You
get help information by the F1-key also if there is no help button!

In some input windows you get by the F1-key different help information depending on the
selected input group. For example if there is an input group for interpolation then you get
the help text of chapter 2.7.1 if activating this input group and pressing the F1-key.

At many buttons and inputs you get a hint by moving the mouse to this position.

Reference to another chapter of this manual will be denoted only by this chapter, for exam-
ple 1.1.3. If there is a reference to another manual the type of this manual will be addition-
ally given, for example 13.1 for chapter 3.1 of the software installation manual. The equa-
tions, most abbreviated by 'equ.’, refers to the Theory Manual. The chapter reference in-
side this manual is in many cases a hyperlink, that means if you click onto the blue chapter
number, the document jumps to this chapter.

All inputs in this manual will be shown in the Windows classic style. The inputs may have
another look on your computer, it depends on your Windows Themes, see chapter 2.3.1.

A user without experience in Hall can make easily measurement with the easy program. A
quick information for this will be given in chapter 4.1.3.
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1. Program start, structure and Basics

1.1 Program start

1.1.1 Main start window
After activating the Hall icon on your desktop the software is coming up with the start

window and included there an input window. On the top you see the program name, the
program version and date, and the licence number and name.

Hall Effect Measurement System RH 2030 Ph
m Hall 3.2, 2010-09-01 by S. Weiss
Licence 1 for Yeiss TQCh

Select user and start configuration

Uzt IW Refresh stanl Diagnose oK.
— Configuration mode — Frogram mode

" Original ® teasure, full program; Cancel

" Cald start, default " Measure, EasyProg

® Hot start, last canfig " Simulation Help

" Input of configuration " Lite pragram. no key

I= | Bead hotdaia i — Hardware configuration ——

Ii Canfigures ® Standard as install

finn nannsz (" Ag last start
[~ Select software option " Input

[In the most menus and input windows you get help information by the F1-key.

The input window defines which initialization (init) files should be loaded (configuration
mode), which hardware options should be used, and whether the software should work as
a measurement or without the hardware as a simulation and evaluation software. It also
defines the data path.

First type in your user name. You can type in up to 16 characters. These, without blanks,
will also be used for your personal data directory. In the measurement data file and in the
database will be only maximal the last 8 characters saved. If you type in no name then as
name 'Guest' will be set.

The Configuration mode define which user initialization will be loaded. This sets the
program, sample and measurement parameters (except reverse bias voltage).
4 possibilities exist:

Original A predefined configuration file set, that can not modified in any case, only init
files from the system directory Sys\Init will be read. It should only be used, if
the 'Cold start' configuration set is not working properly.

Cold start The cold start files will be used. This mode is the default mode after instal-
lation and for a new user. Cold start files can not be automatically created
after program start but only manually, see 1.2.1. In most cases the cold start
uses the 'Original’ files, see 1.1.2.
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Hot start  This is the standard mode, it is a configuration file set, that can be saved
during the closing procedure, to make sure, that a user can work the next day
or week with the same configuration as the software has been left.

Input con- A configuration file set, saved under a particular name, allows you to start a

figuration previous saved configuration The name has to be defined in the input box
below this flag. It can be saved before during the closing procedure.

Read hot data file loads also the last or predefined user changes of parameters which
normally should be fixed because they hardware dependent, not used at this time.

Select software option gives you an optional second start window, see 1.1.6. Normally
this is not necessary. For a new user it will be automatically opened.

At Program mode you select the kind of using the program. Measure starts the full
measurement program with the hardware. All hardware has to be attached and powered.
EasyProg starts a special measurement program for easy and routine work with restricted
options. You can call this module, called routine program, also from the full program. Look
in chapter 4.1 for a description.

Simulation don't use the hardware, only simulations and evaluations are possible.

Lite program works similar as the 'Simulation' but need no protection key, see in the
Installation Manual.

By Hardware configuration you can select how your hardware will be started. Normally
use the 'Standard'. Here the software expects all in the setup program installed hardware
options attached to the system. But in some cases there is no need for some options or it
is not attached. In that case this input box enables a hardware configuration only for the
actual use of the software without modifying the system setup. But only options that has
been installed can be switched off, new options can not be activated here. This has to be
done using the set up program.

Standard  Starts the software with all hardware options as it has been installed.

Last start Starts the software using the hardware configuration of the last start.

Input Opens an additional input window (after 'OK') for a definition of the hardware
that shall be used, for example working without cryostat, see chapter 1.1.6.
The default input values will be taken from the last start.

The Refresh button refresh the main start window if you change the user name.

With Diagnose you get an input window for diagnose parameters. It is only necessary if
you have start problems, see chapter 1.1.3. At this input window you can also define
remote working.

Note: You can start only one instance of the measurement program. For the lite program
you can start some instances on one computer. You can also start the measurement
program for making long time measurements and parallel (multitasking) an instance of the
lite program for evaluation of your data files. But the lite program must have already
created the lite licence. This will be done at the first start of the lite program, see in chapter
11.3 and 17.1 of the installation manual.

Tip: If start problems occur, select the cold or original start.
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1.1.2 Search strategy for user init files

The following give an example of the search strategy for the user init file 'Globals.Cfg' in
the standard mode 'Hot start'. We assume that UserX is the personal data directory and
the software version is 3.2:

1) UserX\Init\32\Globals.Hot.Cfg
2) UserX\Init\32\Globals.Cold.Cfg
3) Conf\lnit\Globals.Cfg
4) Sys\Init\Globals.Cfg

If the file was found in 1 (1 is the highest priority), this file will be load and the search will
be canceled. In the other case the file will be searched in 2 and so on. With the mode
'Cold start' the search starts in 2.

At the personal init directory there is also the program version number as sub directory. So
you can work with different program versions. After installing a new program number
version the old init files will be copied to the new sub directory at first program start if
possible.
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1.1.3 Diagnose and start problems

This input is only necessary if you have start problems or if you want to look which files will
be loaded or which commands will be send to the hardware. The diagnose is for checking
problems at the hardware communication. All inputs here are only temporary, a new start
will deactivate all.You find a log file of the start in the directory Diag\Start. For the meas-
urement program it is 'Start_A.LOG'.

Start options are only valid for the program start. Start diagnose
With 'Monitor' you get a monitor window on your ~Stertoptions ———————— — :
screen with information about loaded system and ™ Monitor Lok

user initialization files and commands send to the
hardware. 'Delay' gives a 1 s delay after every
action, by 'Ignore errors' the start goes on

[T Delay

Cancel
[ Ignore errars

although errors occur. —Work options —————————— Help
I_ se standard monitars

Work options are valid for the whole program and I Ma repeat of cds

not only at start. With 'Use standard monitors' you

. . . Diagnose Inc:, normal vl

get at working a monitor window on your screen,

No repeat of cmds' do not repeat a command if an et e

error occur.
INDrmaI, program LI

Diagnose is a special work mode to check prob-
lems with the hardware communication. Different I Remote serverfclient
diagnose work modes D1 to D7 and, sometimes
for special customers, S1 to S3 exist. Use these diagnose modes only after authorization
from PhysTech. The program saves then automatically or manually some or all communi-
cation commands into a report file. After leaving the program you get an information
window about the report file name, usually Diag\Report\Diagnose.Zip. Send this report file
to PhysTech.

The most used diagnose mode is D1. It reports the commands for the first and last meas-
urement. So, if PhysTech request you for diagnose mode 1, start the program, make one
measurement (usually a VdP and Hall measurement), save the measurement, leave the
program and send the report file to PhysTech.

Diagnose mode D5 reports only commands of the cryo system (temperature controller).
Diagnose mode D7 reports only errors and semi-errors. It can be activated permanently in
Set_Conf, see chapter 13.2 and 16.5 of the Installation Manual.

Start modes defines how the hardware should be used. 'Normal, program’ starts the
program with the full hardware. 'Comands, all inits' starts not the standard program but a
special monitor program in which you can send commands to the hardware. Here are also
the full hardware will be used and initialized. '‘Commands, no inits' starts also the monitor
program but which no initialization of hardware. 'Commands, cryo init' starts the monitor
program and initialized only the cryo system.

If you get start or hardware problems, the program breaks with an error message and asks
you for making the report file 'Diag\Report\Rep_Err.Zip'. Please save this file and send it to
PhysTech if you have questions to PhysTech. A short description of possible start errors
will be given in chapter 16 of the Installation Manual, additional expert information in
Sys\Doc\Diagnose.Txt.

Remote server/client gives you the possibility to use remote working as server or client.
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1.1.4 Remote working

Here you can define remote working. One use can be to check hardware problems by
PhysTech. In this case you start your program as a server and PhysTech will control it as a
client. The other use can be making measurements from home via internet. In this case
you start the measurement program in your laboratory as a server. At home you start the
simulation program as a client, for this you need the simulation hardlock key.

You get the following input window if you start your system as a server:

Remote by TCP/IP
—Remotetype —————  ~ Connection
(0] 4
® Senrser, measure system: |7 Automatic TCRYIR init
(" Client, measure program [v FTP for up/downloads
C |
I IEwersion & anee
— Client
et params Server name/IF address

IP address

[ Wee senensamtia I

¥ Eeduceicmd numbers

¥ Peducecmdtanster Fart number IEDDEI

With 'Automatic TCP/IP init' your IP address and port number will be send to a hidden
directory of PhysTech server. In this case it is not necessary to inform the client about
these parameters. In the other case you must phone or send a mail to the client with these
2 values. With 'FTP for up/downloads' you use FTP instead HTTP. Make sure that FTP is
allowed.

For the remote connection you have to input the Server name or your IP address and the .
Port number. If you don't know your IP address click onto the 'IP address' button. Make
sure that the port is opened, ask your administrator.

For the client you get following input window:

Remote by TCP/IP
— Remotetype ——— [ Connection P =
oK :
" Server. measure system |7 Autormatic TCRAR init
® Client measure pragram [¥ FTPfor up/downloads
G I
I_ IP wersion b Snee
— Client
ISt params Eervenname]P andess
Refresh

|7 se server config I

|7 Feduce cmd numbers

¥ Reduce cmd transfer Fartnumaer IED[ID

Without 'Automatic TCP/IP init' you must input the Server name or IP address and the Port
number. In the other case it will be automatically read from PhysTech server, see at remote
server. IP version 6 will not be supported by all providers/servers.

'‘Use server config' means that the configuration from the server will be copied to the client.

By 'Reduce cmd numbers' and 'Reduce cmd transfer' the transfer is faster but for checking
problems it can be useful to switch off these options.
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The remote server will stay in a special window as shown below.

After the server and client @ Remote server I [m] 3
were started, you see the
actions and the transfer of

Status: mesasure commands

commands initiated by the Enter: 21.0:01000000
client. 'Enter' is the current :
command from the client, Send. 0.0B00D47F007D
'Send' the last answer from =
the server to the client. The tessane

. . frmer Client he
send and enter strings will be 3 L|J

listed in the memo text field

below the buttons. The text e | % Cancel
field will be cleared after 500

entries. You can initiate a chat

by the 'Chat' button.

At Windows 2000 and XP you should deactivate a screen saver.

If the server was started, you can start the remote client by the 'Start' button. If the con-
nection and the initialization were successful, you get following window for the client:

You start the measurement REE D @
program by the 'OK' button.
After the initialization of the

]

Status: inithy licence 11

hardware the program goes
into a measurement menu as Message
usually. to server J

By the 'Msg' button you can
send a message to the server
(chat mode). This message

Y

has to be input in the top text ki

field. A message received from

the Server WI” be Shown In the DE ......................................

bottom text field. ok | AN |

From the client you can call a chat window similar as above in 'Base tools — Utils —
Remote program'. There are following buttons:

Break: Disconnects the remote connection.

Tools: There you can switch on or off peripheral hardware components, if available. You
can also shut down the remote server by the client.

Msg: Sends a message to the server.

Close: Leaves this input window and goes back to the measurement program.

The server must be started before the client. You can start the client some times without
new starting of the server.
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1.1 5 NeW user Change params for user "Weiss"

~Directaryfaruser | e

If you start the main program with a IR oK

new/unknown user name or if you start r'jfge |Personal + comm dir ¥ |

with start option 'Original’, you see the Cancel

following input: et [subdofbasedan o] | T

Help
IC:'\,PhysTech\HallData ErEwee |
r;r;:suser IE) Exper, test LI

By Path mode you define your data path:

Guest directory: Your measurement data will be saved to Guest data
directory 'HallData\Guest' and the Guest database will be
used.

Common data directory: The common data directory 'HallData\Data' will be used
for measurement data and database.

Personal directory: Your personal data directory, for example

'HallData\UserX' will be used for data and database.

Common + Personal directory: You may switch between these both data paths, the
default one is the common.

Personal + Common directory: You may switch between these both data paths, the
default one is the personal.

Personal, Common, Input: As before, additionally an input of the path is possible.

With Personal path you define your personal data directory:

Sub dir of base data: Defines your personal data path as a sub directory of the base
data path, for example 'HallData\UserX', see chapter 17.3.

Windows Personal: Selects the Windows Personal directory.

Input of dir: Here you can define the path by an input.

The directory for loading initialization files will also be defined by the path mode. This
directory is a sub directory of the data path. At the first mode above it is 'Guest/Init', at the
second 'Data/Init' and at all others a sub directory of your personal data path, for example
'‘UserX/Init' if UserX is the user name.

Note: The Windows guide lines prefer the Windows Personal directory. We prefer that the
data path is a sub directory of the base data path. In this case users can read data from
other users.

Max user class defines the maximal user class which you can use. This is the maximum
value for the user. For the most users it is not necessary to change it. The real value can
be restricted later in the software. The RH 2035 allows usually only a maximum class of 4.

You can modify these user inputs also in the Help menu in 'Configuration info' by clicking
onto the 'User file' button. The user file is in Hall\Work\Users.
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1.1.6 Optional start windows

If a new user starts the program or if you select in the main start window 'Select software
option' you get following input:

Select software options
Use database User class
: oK
™ Mo " Ewaluation |4) expert normal ﬂ

i® Evaluation +files (repor) . |
ance

Diata files of foreign licence Software aptians

Apply as own at saving ﬂ [v Use all software options

Path for database

Help
(® Personal data path

(" Commaon data path

Scale dialogs
[ Standard dialog
[ FlotDialag

i oo |

At Use database you can define if you want to work with the database. 'Evaluation
database' means that only evaluation values will be saved into the evaluation database.
Before saving you get a question or you have to call the save dialog.

At 'Evaluation + files (report)' additionally the measurement action, but not the measure-
ment data, will be saved into the file database as a report. If measurement data will be
saved then automatically this report will be done.

With Data files of foreign licence you define what happens if you read foreign measure
data files and want to save the modified file. This input is only important if you get measure
data from foreign customers. 'Keep licence, no database' means that the foreign licence
will be kept and no entries will be done in your database. At 'Use database' your database
will be used for the foreign licence. 'Apply as own at saving' means that at saving this data
file the licence number will be set to your licence number.

With Path for database you define whether you want to use your Personal or the Com-
mon data path for saving your data. User class defines your input level, see chapter 2.4.1.
With deactivating of 'Use all software options' you can select your software options for
the start.

By Scale dialogs you can scale the standard and the plot dialogs. Either you can define a
percentage size or the option as "Windows'. In the last case the dialogs will be scaled by
the Windows display text size (DPI). Especially at high resolutions screens it may be
important to increase the scale with an individual percentage value bigger than 100 to
avoid too small dialogs. Plot dialogs are dialogs which contain additionally a plot or grid.
Look in chapter 2.3.1 for more information, especially for high resolution screens.

After changes in the 'Scale dialogs' input group, the Apply button will be enabled. A click
onto this button shows immediately the optional start window in the new size.
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Hardware configuration

If you start the program with the option - Celot e svtom
Input of hardware configuration then ry ¥ ................ O K ................
you get an additional input window. Type |main cryo system x|

Silz oz R Cancel

[~ Settemperature at start |295.0
The input of Select cryo system defines [ Setpurnp and heater at star

the cryo system the software should work
with. Types are:

main cryo system: As installed by the set up program.
alternate cryo system: If a second (alternative) cryo system has been installed, it can
be selected here.

input of cryo file no.: Not for common use.

no cryo, simulation: The software is working without a cryo system. The cryostat is
simulated.

no cryo, input temp: As above, but the cryo system is not simulated. The tempera-

ture can be set as a parameter. All measurements except the
temperature dependent ones are possible.

It is also possible to define a new temperature at program start. At every program start
then the set point of the temperature controller will be set to this value.
You can also switch on pump and heater at program start if these options are available.

1.1.7 First start after installation

After starting the measure program first time after installation you get an information that
you should do a calibration because no customer specified calibration file exist.

The electric magnet of the RH 2030 and RH 2010 has to be calibrated, see chapter 4.2.3.
This is not necessary for the permanent magnet of the RH 2035, but you should input the
magnet field written on your magnet, see chapter 4.2.2.

The calibration of the magnet field has to be done the first time after the system has been
installed, or every time the pole tips gap has been changed. It's normally not necessary to
calibrate the magnetic field if the pole tips has not been changed after the last calibration.

You should also do the calibration of the offset voltages once after the system has been
installed, see chapter 4.2.4.

All calibration procedures are in the 'Calib' menu of the program module Base Tools.
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1.1.8 Program exit

Exit program
Before leaving the program you will be asked for — !
saving your current configuration. Here you e T
define how the configuration files including all Mo Cancel
modifications done throughout the last working & Forhot start
with the software should be saved into init files.  Input of configuration Help

By Hot start you can start your current
configuration next time by selecting the start |7 Corfigure-
mode 'Hot start'. It is available as long as it is izl
overwritten. You can also input a name of
configuration.

Tip: We recommend to save once a 'well' running configuration with your preferred style,
face and inputs. Call it for example 'Good'. Then you can start this configuration when the
hot start contains too much unfavorable changes.

If you have changed the material parameters, not the sample parameters, it is possible
that you get a checkbox for confirmation that you want also to save the new material
parameters, see in 2.4.2. Here you can save these parameters only for the selected
configuration, not for a cold start.

In some cases you get at program exit an

additional question for the cryo system. Confirm
This means that the pump or heater was i _
. . @Y% Pump orfand heater of cryo system were switched off.
switched off by the program, the set p0|nt I"\__,. | Atnext program start the temperature could run
has still the old value. It could be that this to the old termperature set paint,
. . 1 | 7
value is very low or very high. If you start e el I S
the program again some temperature i | ’Tl
controllers run to the old set point. Some — —

controllers save its set point although you

have switched it off. Defining the set point to room temperature the cyro system will not
cool or heat at new program start. You can input the value for the 'room temperature' in the
general cryo options, see chapter 2.4.6.2.4. By default it is 305K.
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1.2 Program structure

1.2.1 Main program modules

By starting with 'Original’ or 'Cold start' you see the main menu of program modules. These
program modules will also called in this manual programs but all these are included in the
Hall program, these are not separate programs.

I/V-curves, Magneto, Temp and Time are normally not available with the RH 2035 system
using the permanent magnet.

L=1 Hall =1 E3
® W
IM-curves YoF/Hall Boutine
= a &)
tagneta Temp Time
& i
BaseTaools Exit

Base Tools:

Here you find some tools, for example the calibration of the system and the magnet and a
Hall classic measurement procedure. You can switch between measure and simulation
program. A direct access is possible to other program tools as presentation plot program,
and database. Manually making and saving of single user initialization files are possible
(user class 5). Here you can refresh your lite licence for the portable program.

The following 6 program modules are called measurement modules or main programs:

Vil curves: 2-point and 4-point resistance measurements can be done either for one or
two definable contact pairs, or under automatic variation of all contact pairs.
This module can especially be used for checking the Ohmic behavior of one
or all sample contacts in detail.

VdP/Hall:  Van der Pauw, Hall and contact resistance measurements can be done
either independent or in combination. This module is meant to be the main
measurement module. Contact resistance, sample/layer resistivity, mobility
and carrier concentration can be measured and evaluated in combination or
independently.

Routine: The easy way to measure sample/layer resistivity, mobility and carrier
concentration. The user is guided through all necessary input windows and
test measurements.

Magneto: The van der Pauw resistivity can be measured as a function of the magnetic

field B.
Temp: Van der Pauw resistivity, Hall resistance and contacts resistance can be
measured as a function of temperature. This requires an optional cryostat.
Time: Similar to the temp module, but the time will be variated.
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We call the Temp and Time measurement modules also Tempscan resp. Timescan.

The 6 measurement modules are meant to work independent from each other, although
results from the static program can be transferred into the global (relevant for all modules)
parameter set, especially the sample parameters. All these measurement modules contain
also sample characterizing and test measurements (2- and 4-point I/V) to avoid unneces-
sary moving from one measurement module to another one. Also all global parameters for
data evaluation, viewing the data or configuration of the software are available in all these
modules. This give a software structure, that is similar for all the measurement modules,
except the Routine, and differs only in data relevant tasks.

The Routine module has only restricted options and so another program structure. The
other 5 measurement program modules will be explained in the following of chapter 1 and
in chapter 3.
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1.2.2 Menu structure

All measurement program modules, except the Routine, have a similar menu structure.
The following picture shows as an example the Hall module:

@ Hall program - ID@A_001.HRA - ReadSim

File Edit ¥Yiew Plot Ewvaluate List Measure Tools Help

SHec | BESEH BEE=E|® ¢ N2 =6

The top line gives the program name, the data file name and the mode. 'Read' means that
the data was read from a file and not currently measured, 'Sim' denotes that the data are
simulated. Under this caption line there is the menu bar. Below the toolbar there is the
main canvas. The data during the measurement will be shown on this canvas, after mea-
surement or if you open a data file the standard plot resp. evaluation will be placed on this
main canvas as shown in 1.3.4.

In the status line additional information or hints will be given, see picture in 1.3.4.

Menus exist for File, Edit, View, Plot, Evaluate, List, Measure, Tools and Help. The menus
Edit, Plot, Evaluate, List and Measure are very program specific, the other are very similar.
So you find for the common functions in File, View, Tools and Help a common explanation,
chapter 2. There are also the common measurement menu points explained.

The toolbar contains symbols for the main important actions:

Open a data file.

Save a data file.

Read/View is a special procedure for reading/exploring data, see 2.2.1.
Data tasks for saving and printing data, save evaluation to database.

Print the standard plot on a printer.

Plot program will be called for the standard plot.

Refresh the standard plot.

Last plot calls again the last menu point in the menu Plot.

Last evaluation calls again the last menu point in the menu Evaluation.
Last list calls again the last menu point in the menu List.

Last measurement calls again the last menu point in the menu Measure.
New sample starts the test measurements for a new sample, see chapter 2.1.1.1.
Check measurement calls the check measurement tool, see chapter 2.1.1.
Sample parameters enables the input of sample parameters, see 2.4 4.
Temperature calls the temperature tools, see chapter 2.4.6.

Last menu point shows the sub menus of the last menu.

azl=lo 2l-leals n|airbol D

User button is a user definable button, see chapter 2.3.4.
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Following shortcuts exist for these menus:

F1: Help information, opens this manual at the corresponding chapter.
F2: Repeats the last menu action.

F5: Refresh the plot.

F11: Personal hot key 1, see chapter 2.3.4.

F12: Personal hot key 2, see chapter 2.3.4.

Ctri+O: Open a data file.

Ctrl+P: Print the standard plot or evaluation.

Ctrl+S: Save the current data.

Alt+F4: Close the program.

You can also use the keyboard instead the mouse for calling the menu points. For this you
have to press Alt+'key' as usual for Windows. If you press the Alt-key, you see which
key/character is necessary. The character will be underlined in the menu name. So if you
type Alt+F, the file menu opens.

1.2.3 Program tools

Depending on the kind of work which you do in the main program modules you can call
further common program modules (tools), so different plot programs, list programs and the
database. An explanation for these tools will be given in chapter 5.

Program tools have his own sub window with menu bar and toolbar. The plot or list will not
shown on the main canvas but on the canvas of the sub window.

A marker, movement by mouse or cursor keys, exist at many sub programs or program
tools. In the last part of chapter 5.1.6.5 this marker will be explained.

1.2.4 Windows and Personalization

The size of all windows except pure text dialogs can be changed by the mouse. Normally
you see this option by the additional minimize and maximize button at the top right of the
window. Mixed windows with inputs and plots have also this possibility although there
these both buttons are missing.

Inside of some mixed windows there is a so called splitter, moving this splitter changes the
size ratio, for example between a data grid and a plot as shown in chapter 2.2.1.1.

At some software parts there are additional separate windows which are not fixed to the

main window. You can change the size and position of these windows. If you click on the
symbol of such window you get a short menu with additional features. Often there is the

entry 'Stay on top'. Activating this flag means that this window has the highest priority for
the visibility. This window hides this screen part of all other program windows.
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The size of main and plot windows will be automatically scaled, usually this is sufficient.
Chapter 2.3.1 and 2.3.5 describe how to change the style and size of these windows.

The dialog (input) windows have by default a fix size, but these can be scaled, see 'Scale
dialogs' in chapters 1.1.6 and 2.3.1. This can be important at high resolutions screens
because the dialog windows may be too small by default for such screens. If this scale
option is not activated, the Windows display text size (100%, 125%, ...) has only an influ-
ence on the menu size but not on the size of dialog text or dialog buttons of the Hall pro-
gram.

If the size of the toolbar buttons is too small, you can enlarge the buttons. Look in chapter
2.3.1 for more tips for high resolution screens.

You can define personal shortcuts at the most menus, see chapter 2.3.4.

Usually the current configuration will be saved for the next hot start, see chapter 1.1.7.
But sometimes it can be helpful to make a cold start with the default configuration. Then
you would lose your personal styles, sizes and shortcuts. Therefor it is possible to save
only these parameters for a cold start. This will be described in chapter 2.3.4.

You should save once your complete 'well' running configuration, see chapter 1.1.7.

1.2.5 Parameter guide

The Hall program allows the input of a lot of user defined parameters. These are para-
meters for the measurement, evaluation, plot, sample, view and so on.

Some parameters are only valid for the selected action or for a group of actions. We call
these local parameters. Usually you get after calling a menu action an input window. It
contains the main parameters for the selected action. Most of them are local parameters.
So before a measurement you can input the corresponding measurement parameters,
before a plot you can define it view.

Other parameters are global, these are valid for the whole program, for example the mate-
rial parameters. Most of the global parameters are in the menus 'View' and 'Tools'. The
following lists the main menu entries for the global parameters (in brackets the menu and
chapter of manual):

e Form and panel styles (View, 2.3.1): Defines the main face of the program.
Default plot parameters (View, 2.3.2): Will be used for the initialization of a plot.
Global plot parameters (View, 2.3.3): These will be used for all plots.

New size (View, 2.3.5): Defines the window size of the program.

Program params (Tools, 2.4.2): Defines the global physical, evaluation, simulation
and material (2.4.3) parameters.

e Sample parameters (Tools, 2.4.4): These are global for the physical used sample
in all measurement program modules or local for the current module after reading
data. Here you can call the database parameters (2.4.5).

Some global parameters have to be input at a selected action, for example the sensitivity
before a measurement.

In some cases a global and a local value for a parameter exist. For example, the magnet
field will be varied in the Magneto program module. This local input has higher priority than
the global value and will be used for the measurement.

Hall Manual Software 25



1.2.6 Base Tools

Here you find some general tools. Most of them are also available in the measurement
program modules and will be explained there. The most important menu here is the 'Calib’

menu with the calibration of the system and the magnet.

The toolbar contains buttons for following actions:
User class, Simulation mode, Edit and Presenta- Fila
tion plot program, Database, System calibration,
Field calibration, Temperature, User button.

5 BaseTools

Yiew Conf

Calib MWeasure LUitils

|aelrem| 20|68

The File menu enables the movement between the main program modules.
In the View menu you can set the kind of style, the window size, and personal short cuts

as explained in chapter 2.3.

In the Conf menu you can define the user class and switch between measure and simu-
lation program. At user class 5 there is the feature for manual making and saving single

user initialization files.

The Calib menu contains the 'System calibration', the 'Field cali-
bration' and the calibration of the 'Offset voltage', see chapter 4.2.

System calibration
Field calibration
Offset voltage

The Utils menu enables a direct access to other program tools as Edit data program, Edit
plot program, Presentation plot program and database. Setting of the temperature, calling
the monitor and refreshing the licence for the lite or portable program are here available.

When using the remote client, a chat window can be opened.

When using an electric magnet, the Measure menu enables a Field

test and a Hall classic measurement at user class 5.

Contact measure

Field test
Hall classic

The field test should be done with the reference sample in similar way as the field cali-
bration. You get as result a plot calculated magnet field versus defined magnet field. At the
first 2 test modes ('Standard' and 'Avoid remanence') the measurement goes from the big-
gest negative field (Fmin) over zero field to the maximum positive field (Fmax) and then
back to Fmin. This is not the same field order as at the calibration. The 2. mode deletes
the remanence when necessary. The test mode '+- max field' makes first a measurement
at Fmin, Fmax, Fmin/2 and Fmax/2 without deleting the remanence. Then this order will be

repeated with deleting the remanence.

'Hall classic' measures the voltage for one current at different
fields, no complete V/I curves will be measured. You get a voltage
or R=V/I versus field curve. If activating 'Differential’, the voltage
will be measured at the positive and negative current. Then the
resistance can be calculated by these 2 points which avoids an
error by a voltage offset. A hardware compensation of the voltage
is possible.

The parameter Direction defines the variation of the field. At 'input’
the measurement will be done from start field to the field F.
'0..-,0..+"' measures first from 0 to -F, then from 0 to +F.
'-..0..+..0..-" goes from -F over 0 to +F and then over 0 back to -F.
Additional directions are '0..-..0..+..0' and '0..-..0..+..0..-".
Activating 'Avoid remanence' deletes a remanence if necessary.
The field should be switched off after a measurement or after
leaving the Hall classic procedure. The other inputs are similar as
for a V/I curve.
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1.3 Program Basics

1.3.1 Measurements and data files

The Hall program contains procedures for the measurement and for the evaluation. You
can save the measurement data and read the data files. For the evaluation it is not a
difference whether the data come directly from the measurement or from a read data file.
The sample and measurement parameters will be saved into the header of the data file.
So if you read a data file, it could be that the program works with other sample parameters
as your physical sample in the cryo system. Before reading file data the parameters of the
current physical sample will be stored internally. If you then want to make a new measure-
ment the program ask you for using the parameters of the read file:

Use file params

Use file params for measure

® Mo

(" Measure params Cancel

¢ Measure and sample Input

No: The parameters of the read file will not be used, the parameters of the physical
sample will be restored. This is the normal mode.

Measure params: Only the parameters of the measurement will be taken over, these are
the current start/stop and so on. Use this option if you want to make a measurement under
the same condition as the read file.

Measure and sample: Additionally the sample parameters as sample type, thickness and
so on will be taken over, see 2.4.4 for sample parameters. This mode gives the possibility
to shorten the input time for a measurement of the same or similar sample.

With the Input button you can input the sample parameters before starting the measure-

ment. If you don't use the sample parameters of the read file the parameters of the current
physical sample will be first restored and then you can make the input.

If you have loaded file data and leave the measurement module and goes to another one
then the parameters for the physical sample will be restored without question.

If you have changed sample parameters or other data of a loaded file then these changes
were made only in the memory but not in the file itself. For permanent changes you have

to save the file again.

Note: At a hot start all measurement parameters of the last start will be loaded.
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1.3.2 Data savings

In the tempscan and timescan measurement module the measure data will be always
saved into the file(s) at every temperature at which a measurement will be done. In the
other measurement module the measure data will be normally not automatically saved in a
file. After the measurement you get the following question for saving data:

No: The data will not be saved into a file.

Save: You get the standard Windows dialog for saving

I_ Sawve evaluation to database

o data.
I Showtis dislog after measure All:  Opens the data task dialog for saving and
7" Show dialog before saving printing data and saving evaluation into the

database, see chapter 2.2.3.

QMo || « Save. o Al |

You see the question for 'Save evaluation to database' only in some cases, for example
after measurements of VdP/Hall curves.

You can deactivate the question for saving data by 'Show this dialog after measure'. In the
data tasks menu of the File menu you can it activate again.

The program shows the dialog in the face above only at the first saving after program start.

Save/print data ? If you have already saved a file you get a similar

window. Now you have the additional question for

'Show dialog before saving'. If you deactivate this

option and confirm with 'OK', the program does not open

™" how dialog before saving the standard Windows dialog for saving data but save

TestiD@A_002.HRA the data directly into the file. You see the automatic
generated file name in the line below this option.

® Mo ' Save o &l |

[T Save evaluation to database

|7 Show this dialog after measure

1.3.3 Data file extensions

The Hall measurement data are binary data. The extension for the Windows file system is
HAL. Additionally to this Windows extension the files have a second extension, we call it
data extension. In the sample below, 'TestiD@A_001.HRA.HAL', it is HRA.

The first character of this extension denotes the data type. Different data type files were
used in the different program modules and have different data formats:

: Timescan data file

: Seebeck Tempscan data file

: Data file of presentation plot program

: Data file of Hall module

: Data file of Magneto module

: Seebeck data file

: Tempscan data file

: I/VV-curves of I/V module

<-HwsTTmMmoO

The second character of this data extension denotes the kind of measurement. The
meaning depends on the first character.
The third character is normally user definable, by default it is an 'A'.
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1.3.4 Text header in plots, abbreviations

@ Hall program - TestiD@A_001.HRA - Read Ni=1E3
File Edit ¥iew Plot Evaluate List Measure Tools Help
T L oy =
EHe B8R k@ ® ¢« N 1l|c B
1 | ' | [Mame = @a_001.HRA
= Comm = Standard
E 20r 1D = TestD
% - O:RiL.2/4%,3) - oo = 1001
find +:R(Z,3/1,4)
- 0 G a.o, ] |Date = 2010-09-10
= L viria.1a.z 1 |T¥PE = n-SivdP
sk J|Thick. = 100 um
I J|Temp = 29500 K
, Field = 092 T
10 Fho = 1.56E+01 Ohrm*cm
Rho'= 1.56E+05 Ohm
—
Current L] Sym = 1.05E+00
F = 1.00E+00
T | ||Rh =-197E+04 cmiias
= Rh' =197E+08 cr/as
E.10.0F Tln = 3.17E+14 comd
il L 4 s 2
= . b oitare.ars | |MY = 1.27E+03 cmfvs
E g +R(1.32,%'B)
-10.0F .
-1.0 0.0 1.0
Current [ua] —
|

The file name is TestiID@A _001.HRA.HAL in the example above. At the right side of the

plot you see the plot text header. The following data values are in all plots:

Name : Base file name without ID and data extension HAL.
Comm : Comment

ID : Sample identification, see in 2.4.4

rclD : Record ID in the file data base

Date : Date of measurement

Type : Type of doping (n- or p-type), material name, sample type
Thick. : Thickness of layer = D

There are further values depending of the kind of plot and measurement. The following

give a list of these abbreviations:

Cont. : Contact of sample/matrix (I+,1-/U+,U-)
F : Correction factor

Field : Field of the magnet

my : Carrier mobility

Ns : Carrier concentration

n : Carrier concentration, n-type

p : Carrier concentration, p-type
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n,p(Rho)
n*,p*

n~,p~

Rh

Rh'

Rho

Rho'

R(1,2)
R(1,2/4,3)
Sym

Temp, T
TempC, TC
TempD, TD
TempV, TV

: n resp. p calculated from measured Rho and my of material table
: same as n,p(Rho)

: nresp. p. corrected by Debye

: Hall coefficient

: Rh/D

: Sample/layer resistivity

: Rho/D

: 2-point contact resistance R(+,-)

: 4-point contact resistance R(l+,I-,U+,U-)

: Symmetry factor

: Temperature, if 2 sensors then sensor 2 (sample)

: Temperature of control sensor 1

: Temperature difference after — before measurement

: Temperature difference sensor 2 (sample) — 1 (control)

1.3.5 Data dimensions

The data saved in the binary and ASCII files and in the program memory have always the
same base dimension, for example V for the voltage. The axis numbers on the plot or the
values at the text header can be shown as technical dimensions if this base dimension, for
example nV, uV, mV, kV and so on. Complex dimensions are composed by the base

dimensions.

Following base dimensions will be used:

Area :cm”2
Charge :C
Concentration : cmA-3
Current A
Energy eV
Frequency :Hz
Length :cm
Magnet field T
Resistance : Ohm
Temperature 'K
Time 'S
Voltage 'V
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1.3.6 Temperature measurement

Depending on your cryosystem 1 or 2 temperature sensors will be used:

e 1 sensor: The same sensor will be used for the temperature control and for the
measuring of the sample temperature.

e 2 sensors: Usually sensor 1 is for the temperature control (setting of temperature),
sensor 2 is for the measuring of the sample temperature. It is possible that sensor 1
and 2 will be denoted as sensor A and B on your cryosystem. Sensor 2 will only be
used for the measurement plot and evaluation, the temperature of sensor 1 will be
used at waiting for (constant) temperature and so on. That means sensor 1 defines
when the measurement starts, sensor 2 gives the sample temperature at this
measurement.

The temperature will be measured before and after a measurement (VdP, Hall ...). The
shown temperature (plot) is the average of both, called Temp. This average and the value
'before’ will be saved into the data file. Then the difference 'after — before', called TempD or
TD, can be calculated.

If using 2 sensors then the temperatures 'average', 'before' and 'after' come from the
sample sensor 2. The average temperature will further be called "Temp'. Additionally the
temperature of the control sensor 1 will be measured before and after a measurement.
The average of these both values will be called TempC and will also be saved. The diffe-
rence 'sensor 2 - sensor 1' will be called TempV or TV. Sensor 1 or 2 means the average
temperatures of sensor 1 or 2.

Before the start of a measurement with setting temperature you see the window of Wait

for temperature. The current temperature will be permanently shown until achieving the
set point 'SetTemp'. Depending on the 'cryo times' (chapter 2.4.6.2) parameters and the

waiting time the measurement may start earlier.

At using two temperature sensors both temperatures will be shown. "Temp' is here the
temperature of the control sensor 1, "TempS' is the temperature of the sample sensor 2.
Both temperatures are here not averaged. The control sensor 1 will be used to check the
achieving of the temperature set point.

By clicking on the button 'Start now' the measurement starts without waiting for the start
temperature.

At the Parameters you can activate Wait for temperature
some flags: Farameters

If activating Only manual start then : Set Temp = 1000K Start now
the program don't start when achieving [~ Show plot Temp = 192.4K

the temperature set point. Only a man- [ Showe eerenr Cancel
ual start by the 'Start now' button is

possible.

If activating Show plot or Show 2. sensor, if enabled, the window increases and shows at
the bottom a plot with the up to 100 last temperatures measurements versus time, made
here at waiting for the temperature. 'Show 2. sensor' means here sample sensor 2. If you
activate these both flags then the curves of the control sensor 1 (black) and of the sample
sensor 2 (red) will be shown.

Note: 'Temp' denotes always the standard temperature’, independently if it comes from
sensor 1 or 2.
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If the temperature measurement and its repetition was not successful then the temperature
will be set between 1.1 and 1.4 K. The reason for this problem can be a communication
error or no connection of the sensor.

Normally the Hall system comes without a cryosystem. In this case there is no setting of
the temperature possible.

1.3.7 During the measurement

During the measurement the menus are not enabled

and a new toolbar is visible. At the right side of this P e e e e
toolbar are in most cases a progress bar and further =5

information, for example at a tempscan the current J RANLIN R J'“““'
temperature.

Not all options of the toolbar exist for all measurement modules:

Break the measurement after confirmation by the user.
Hide the standard window and show only the progress window.
Make a measurement if the program is in the temperature waiting loop.

Input (change) of parameters.

R ooQ e

Refresh the plot.

If you click onto the break button you get the following question and buttons for the break
of measurement, but not all buttons are enabled at all measurement modules.

Break meas: Break the measurement immediately, it can  [SEHIELLRIE LIS
be that the last measure point is not valid

and will not be overtaken in the data array. () Breskmeas| ) Break prog
End meas: Break the measurement after the current

measurement block/record is finished, so Endmeas | % Cancel

that this gives a correct end of the

measurement.

Break prog: This function will interrupt the program. Use it only if the normal break doesn't
work and after program problems like access violation. After this interrupt the
program doesn't work accurately. Close the program and start it again after
this function.

Cancel: Close the break window and go back to the measurement.

The Progress window hides the standard window and shows a
small window with a progress bar and the current temperature. Use  |ZLEaana - X
this option if you need your screen for other programs. Then you

T=244 5K, meas T1A
can watch the progress of the measurement, but you need only a

small place on the screen. IlNNnEEEnn
If you close this window by the Windows close button (right top) you @ Bk

go back to the measurement with the full standard window. If you
minimize the progress window then you see it only in the task bar.
You can break the measurement by the Break button.
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1.3.8 Miscellaneous

At many input fields you have to put in numbers. Only a range within of a minimum and
maximum value is possible. If the input is smaller/bigger than the minimum/maximum, the
minimum/maximum value will be applied. Sometimes you get a warning at the closing of
the input window when an input is out of the valid range. Then you get a separate input
window with the chance of a new input. This is especially important to avoid too high volt-
ages or currents on the sample or to avoid too long measurement times. This warning can
be disabled by a special flag.

The Hall program forbids Windows to go into the sleep mode after some time of inactivity
of user interaction. This avoids that Windows suspends the Hall program during long
measurements which would yield to communication errors after wake-up. The display
standby mode will not be changed.
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2. Common functions

All measurement program modules, except the Routine, have a similar menu structure. So
you find in all the same or very similar menus for File, View, Tools and Help. In the
following these common functions and the common measurement menu points will be
explained.

Chapter 2.6 explains common functions from the other menus Edit, List, Plot and Evaluate.
Chapter 2.7 don't describe menu functions but only parts of input windows which will be
used in some input windows.
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2.1 Measurement menu

The measurement menu of all measurement program modules contains specific and 2
common measurement routines.

Measure Tools New sample should be used if you change the sample in the sample
New sample holder. It calls also the same procedure as 'Test of contact' in the
Contact measure  Contact measurements menu.

2.1.1 Contact measurements

Contact measurement

File View Measure Tools Help

||~ # 2 4| RE|EEE| 60N

This measurement tool contains test measurements (V/I curves) and a procedure for sear-
ching the best current. In most cases it is not necessary to go to the V/I-curve program
module because you can do here the most important V/I measurements and save its data.
So you avoid unnecessary moving from one measurement module to another one.

The toolbar contains symbols for the main important actions:

Break the current measurement.

Test of contact checks whether the sample is well contacted.
Search best current.

All 2-point V/I curves will be measured.

All 4-point V/I curves will be measured.

Show R=(Vn-Vp)/(In-lp) instead V/I curves.

Show all curves in one plot.

Plot program will be called for the selected plot.

List data.

Refresh the last plot.

IENENEAE LT JPILS

User button is a user definable button, see chapter 2.3.4.

=

Close the check measurement tool, go back to the measurement program module.
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2.1.1.1 Test of contact

Test of contact
This procedure is a check of the — Measure mode — Params —
ohmic behavior of the contacts. It is 1 contact % Limit available : Start @
also a test whether the sample is well Al linsar =
contacted by the probes and it search _ End current [4]

m Al logarithmic

the best current. [3.00E-03 Cancel

— Search of best current —
Threg test mode_s can _be selected, [V IEe e Current decades Limit/Sens
all using the 2-point resistance mea- Destinatian 5 =
surement (current and voltage at the woltage [v] fo70
same contact pair).

1 contact: One definable contact pair (e.g. 1,2) resistance will be continuously in time
measured at one definable current (e.g. 1.00E-5A). This is very useful for
preparing one contact that failed during the test (all logarithmic) or to check
recovery times (high resistivity material) either for setting the current or the
magnetic field, or to control the drying of the silver paste (it's conducting only
in dry condition).

all linear:  All contact pair resistances are measured in a row at 6 different currents
starting from the negative defined value (e.g. -1.00E-5 A) to the positive one
(e.g. 1.00E-5A). This test is the best for a '’known” sample. ‘Known” means a
sample where the current range is known from measurements of similar
samples (material, type, concentration, thickness). Also high resistivity
material (I<1.00E-9 A) should be tested using this routine.

all logarithmic: All contact pair resistances are measured in a row at different currents,
starting from 1.00E-9 to 1.00E-2 measuring in both polarities. This routine is
meant to be the standard contact test routine. It definitely has to be used for
unknown standard samples and for low resistivity material.

By activating a flag the global voltage and/or power limit will be available also for the test
measurements.

The button Limit/sense opens a new input window. It will be explained in chapter 3.2.1.2.
Start will start the selected contact test

For this 1. test mode you have to input the contact pair and the current, for the 2. only the
current. The field is normally zero.

At the 3. test mode you can input the end current and the numbers of current decades.
The search of the best current can be done by the input of a destination voltage. It will be
used after the end current was reached for a more detailed search. The meaning of desti-
nation voltage will be described in chapter 3.2.1.1.
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2.1.1.1.1 One contact

After starting this test measurement, the measurement parameters are set and the voltage
over the selected contact pair is continuously measured. The measurement parameter and
results, voltage and resistance, are displayed, the resistance versus time plot is shown
and will automatically be actualized. A measurement result for a good sample is shown
below. The measured resistance should be nearly constant with time.

This kind of contact test is meant to be an additional test for 2 selected contacts.

Test of contact measurement
Field - 00T Contact = FR(1.2) o O
Current = 1.00E-0E A, Temp =2702K
Yoltage = 5.00E-04%
® Break
Resistance = 5.00E+02 Ohrm —_—
@ ety
_T. T T T
=
=)
= A4 -
W
o=
496 - B
1 ! | 1 1
0.0 40 8.0
Time [g] =

' OK OK continues the program, depending test mode and test start.
X cancel |  Cancel breaks and leaves the contact test, goes back to the menu.
® Break Break stops the measurement.

is Petiy | Retry goes back to the 'test of contact' main input window.

2 Plotv | Plot V resp. R shows the voltage resp. the resistance.

If you have breaked the measurement, you can copy the shown curve resp. grid data as
ASCII data into the clipboard by Ctrl-C.
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2.1.1.1.2 All linear

This test routine can be used, if the sample is remeasured or the measurement current
range should be the same as for other similar samples for comparison, or for high resisti-
vity material. All 2-point contact configurations are automatically measured in the prede-
fined current range. The measured contact resistances are listed and plotted for 6 different
currents. The contacts are OK and the desired current range is OK (due to the contacts,
see ‘define measurement current’) if for each contact configuration (rows) the resistances
do not vary with the current for more than app. 0.5 %. If it differs more, the current range
may be too low. If some resistances could not be measured (gives ----) the measured
voltage is too high (>10V) therefore the current range could be too high. If a complete row
can not be measured, one contact may be bad. Normally, if one contact is bad, three
contacts pairs (rows) can not be measured, because every of the 4 sample contacts are
used for 3 contacts pairs. Using this combination, it should be easy to find the bad one.
Look at the hardware manual for the definition of the contact pair numbers.

Good contacts should look like this below (simulated data), but normally the data points in
the diagram overlap.

Break is available during the measurement and stops it. The buttons have the same
meaning as explained before.

Test of contact measurement
cur [A] |RL2y |R23) |R(3,4) |R(4,1) |R(1,3) |R(2,4) | o OK
-1.00E-06} 5.00E+02! 5.25E+02 G5.50E+02 5.75E+02 B.O0OE+02) 6.25E+02
-5.00E-07| 5.00E+02 5.25E+0Z G5.50E+02 575E+02 B.OOE+0Z| 6.25E+02 ¥ Cancel
-1.00E-07| 5.00E+02 5.25E+0Z G5.50E+02 5.75E+02 B.O0OE+02) 6.25E+02
1.00E-07 | 5.00E+02 525E+02 B.BOE+D2 5.75E+0Z B.00E+02 6.25E+02 B Ploty
5.O0E-07 | 5.00E+02 5.25E+02 5.B0OE+02 5.75E+0Z B.O0OE+0Z 6.25E+02
1.00E-06 | 5.00E+02 525E+02 B.BOE+D2 5.75E+0Z B.00E+02 6.25E+02 o Retry

1 | c|> o o I o o é-
E O:R{1:E]
5 GO0 - iy A i A r A 4 +:Riz.:
py + R[22
= I b ® b ® b ® ® R[4, 1)
= BRO- - a:R{Ll,%]
I o & LI o & o iBiZ.4)
sonk + + + 4+ + + i
o o o o o o
1 1 1 L 1
-10 0o 10
Current [ud] —
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2.1.1.1.3 All logarithmic

The standard contact test. Again all contact configurations are measured in a row, but this
time for a large current range (+/- 3E-9 to +/- 3E-3). Again the resistances for each contact
pair are listed and shown in a diagram. It should always be used for standard and low
resistivity material. Real data do not look like that below. Normally at low currents the
resistances can not be measured accurate because the voltage is too low. Therefor at low
currents the displayed resistances are very noisy and differ a lot. Coming to higher
currents the data smooth down, the resistances become a stable value. That current from
which the resistance data become stable is the low limit for the useable current range for
vdP and Hall measurements. At very high currents (typical >1E-3A) on some standard
material (and all high resistivity material) the voltage becomes too high (>10V) and the
resistance can not be measured any more. This limits the usable current range at the high
current side. From this behavior the suitable and best measurement current range can be
determined.

The buttons have the same meaning as explained before, except the OK button.

If a contact is bad (see chapter before) then contact the sample again and repeat the test.

Test of contact measurement
cur.[4] |Ri1.2) |R(2,3) |R(3,4) |R(4,1) |R(1,3) |R(2,4) | B 0K
-3.00E-04| 5.00E+02 5.25E+02 550E+02 575E+02 B.00DE+02 B.25E+02
300E-04| 500E+02 525E+02 5EOE+02 575E+02 B.OOE+02 625E+02 % Cancel
-3.00E-03| 5.00E+02| 525E+02 5E0E+02 5.75E+02 6.00E+02) B.25E+02 -
300E-03| 500E+02 525E+02 GEOE+02 575E+02 B.OOE+02 625E+02 B Platy
-1.12E-03| 5.00E+02 5.25E+02 S50E+02 5.75E+02 6.00E+02 6.25E+02 |
112E-03 5.00E+02 525E+02 550E+02 575E+02 6.00E+02 6.25E+02 ¥ £ Retry
T | L} I L} I L} o L+ I =) I [+ I”!{:} (I) I
,E O:RI(L1.2)]
£ R0OF A A A & & & Aa A +emiz:
= ¢ RI2,4)
= i # # # *, * *, >< * ®:R(4,1]
i BeDp d s
i | & & & & & & LT o .Y
sanbk + + + + + + + + h
m] m] m] m] m] m] O m]
10 i A e ot 107
Current [A] —
The software is suggesting a value after 'OK' is Define global current
used. It is selected by looking at that current
where the 2-point measurements above become Best current = 1.1E-03 A
stable. It gives approximately the lowest current Take over this value?
value for a good vdP and Hall measurement. & Mo
Yes (right picture) means, that the displayed MNew search of current
value will be used as a proposal in the vdP and = el Al ) Search
Hall measurement parameter input window. It can & By destinetion valage —_—
be changed there. The decision at which current Destnation IF
the final measurements shall be done is not done cdelizie oA AL
here. Therefore it's always useful to overtake this

value.
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For standard material this current value fits quite well. This is due to that fact, that for
this application the Hall voltage and the 4-point van der Pauw voltage at the same current
are of a similar order. For low resistivity material, this is normally not the case. The Hall
voltage is much smaller. Therefore the current should be selected as high as possible.
That means the user has to look at the high current results in the data above, and to keep
in mind which current still works (Normally for this application up to 1.0E-2 A).

In the example above the search of the best current was already done by the input of a
destination voltage, see chapter 2.1.1.1. Therefore this search is here not possible.

Without this option you can do here at this window the search by a destination voltage by
the Search button.

2.1.1.2 Menu

The menu of contact measurements have some more possibilities as the toolbar.
In the file menu you can save I/V curves, go the plot or list program.

In the measurement sub menu are:

Test of contact: As described above.

Best current: Start directly the logarithmic test of contact.

One, 2-point: Measurement of one 2-point I/V curve. You have to input the contact
pair and the current, for the current see chapter 3.2.1.1.

All, 2-point: All 6 2-point V/I curves will be measured, see chapter 3.1.1.

All, 4-point: All 6 4-point V/I curves will be measured, see chapter 3.1.1.

Test voltage: Simple voltage versus time measurements at a fix current. Can be
helpful to check drifts of the sample. Needs user class 5.

Set current off:  If keeping the current after measurement, here you can switch it off.

In the View menu you can select the y-axis of the plot, either the voltage or a resistance:

V versus I: The standard V/I curve.

R=VII: The resistance will be formed by a simple division.

R=(Vn-Vp)/(In-Ip): The resistance will be formed by the slope between 2 points, the
negative and the corresponding positive current point will be used.

R=dV/dl: The resistance will be formed by the deviation.

It is possible to show all curves in one plot.

2.1.2 New sample

First the "Test of contact' input window will be opened. There is additionally the GoOn
button. This skips the test and goes to the next input window.

You should select 'All logarithmic' as measurement mode and start the contact test.

After applying the best current by the' OK' or 'Search' button the input window for the
sample parameters will be opened. After this the database input window will be opened at
first use.
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2.2 File menu

The file menu covers all the data handling and enables the movement between the main
program modules.

File Edit View Plot Open and Save open the windows standard procedures for
Open Ctr+0 reading and saving data. In '"View — Form and panel styles' you
Save Ctri+S can select the new Vista dialogs, see chapter 2.3.1.
The open and save routines know the data that can be handled
Read special by the actual module, so e.g. tempscan data will not be read in
Overwrite using the V/I module.
Overwrite saves the current data by keeping file name and date.

Read/view

Programs » .
Programs enables the movement from the actual main program

Data tasks module to another one (Base tools, V/I program, vdP/Hall,

Print CtritP Routine, Magneto, Tempscan, Timescan).

Exit Exit opens the program closing procedure.

2.2.1 Read/View

This special procedure gives much more features before or during the reading of the data,
for example a list of favorites, a preview, a data grid with measurement parameters, an
explorer and a file or database search. It gives you also a help to find a special or 'lost' file
or measurement easier and to find out the differences of various measurements.

2.2.1.1 Main window

-%{ Read and view data

Fano- - -
%ﬁgﬁé}l’s&h ﬂ itas IC:\PhysTech'\HaIIData\,We|55\S|\One'\TstID@A_DD1.HRA.HAL ﬂ " Bead
[ Waiss
(= Si Path: CAPhysTechiHallDatayweissiSiOne X Cancel
Corin =
T=tID@A 001.HNA 1D = TstID relID = 1001 ) Explorer
T=s+IDRA 001, HRA Date = 2010-09-24 Type = n-3i-wdP
TstID@A_DDZ.HRA Tewp = 295.0 K Iata = CVH m—l—uuls
TstID@A_DEIB . HRA —_—
TstID@A 004.HRA
— Files
T ' ' ' " T Database
) a [ TreePath
E
= . [~ Allfiles
5 20- o 1 | Sortfiles
o
—Wiew
o L e
il : 1| @ Pt
o ¢ Date, 1D
) Lt
-z0f g ]
o " Eval
o 1 Symbal
. : L L L Iautu vl
-1.0 no 1.0
Current [us] —
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The main window opens a file read program with a special explorer. Using this explorer the
measurement data can be displayed in several ways before it’s read in. It enables an
easier searching for a particular measurement.

On the top a list of previous read in file including paths (Favorites) can be shown to find
data used in former sessions.

On the left side, the data path (top) and a list of files of that folder are displayed. The
button Read or a double click on the marked file opens the marked file.

The main window size shows a plot of one file or a data list of all files. On the right there
are buttons and parameter inputs.

In the Files input box there are some options:

Activating Database TreePath shows only those directories which are used in the file
database. The view is as an explorer, see picture above with selection of 'date and ID'. In
the other case all directories will be shown in the folder view as in the picture with selection
of 'plot'.

By the flag All files all data files without the restriction to the valid ones for the particular
measurement/evaluation main program (like tempscan or V/I module) will be shown.

Sort files by name is also an option.

The graph of marked file can be shown using the Plot option of the View box on the right,
see picture above. This box defines the kind of data that is shown. The plot shows the
main curve of the marked data file. Above the plot there is a text field with some important
sample and measurement parameters.

The files can be marked using the mouse or the cursor keys for an easy data scrolling.
Several plot symbols can be defined in the Symbol input.

If activating 'Plot' and not 'All files' then a multi selection of files is possible. This means
you can mark up to 6 files in the file list box. The marked files will be shown together in
one plot if possible, because all curves must have the same x- and y-axis. Above the plot
there is a small list with important parameters of each shown file, there is on the right a
color explanation for each curve. The multi selection must be done with the Shift or Ctrl
key, as defined by Windows. The Shift key (in conjunction with the left mouse button or
arrow keys) is used to select a contiguous sequence of list items. The Ctrl key is used to
select non-contiguous list items. Reselecting a selected list item will deselect it.
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Above the plot or in the grid view (see below) there is a text field called Data type. It gives
a short information about the data files. It depends on the type of data (I/V, VdP/Hall, ...).
The following list contains only the important entries:

IV files:

C21: One I/V curve of 2-point measurement.

C41: One I/V curve of 4-point measurement.

c26: All6 1I/V curves of 2-point measurement.

C46: All6 I/V curves of 4-point measurement.

CF1: 11/V curve of inline sample measurement.
CF2: Dual I/V curves of inline sample measurement.

VdP/Hall files:

-V-: Only VdP measurements.

--H: Only Hall measurements, 2 field points.

--B: Only Hall measurements, many field points.

-VH: VdP and Hall measurements, 2 field points.

-VH: VdP and Hall measurements, many field points.

Cv-: All 6 2-point and vdP measurements.

CVH: All 6 2-point, vdP and Hall measurements, 2 field points.
CVB: All 6 2-point, vdP and Hall measurements, many field points.

Magneto files:
v--: All 4 curves for magneto resistance.

Tempscan, Timescan:

-V-: Only VdP measurements.

--H: Only Hall measurements, 2 field points.

--B: Only Hall measurements, many field points.

-VH: VdP and Hall measurements, 2 field points.

-VH: VdP and Hall measurements, many field points.

Cv-: All 6 2-point and vdP measurements.

CVH: All 6 2-point, vdP and Hall measurements, 2 field points.
CVB: All 6 2-point, vdP and Hall measurements, many field points.

C--: One orall I/V curves of 2-point measurement.

-F-: Inline sample measurement.

E--: Seebeck tempscan, separate measured.

S--: Seebeck tempscan, measured together with standard tempscan.

Seebeck files:

01-: 1 V/l point, 1 temperature difference.
02-: 1 VI/I point, many temperature differences.
R1-: V/l curve, 1 temperature difference.

R2-: VI/I curve, many temperature differences.

4. or 5. character at Hall and tempscan files:
F: Many fields; D: Drift correction measurement; * : Compensation done/measured
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Selecting Date and ID in the view box, a sample data list directly correlated to the files list

is shown. The grid contains sample ID, measurement date, doping type, material name

and data type:

-E: Read and view data

7l | | P CAPhysTechiHallDatalweiss\Shone\ TsD@A_001 HRAHAL |+ Bead
g rites ‘/
=- S
é----SiIic:Dn Path:  Ch\PhysTechiHallDataleissiSi0One ¥ Cancel
w- SimData ~| S
' 1D |pate |Tvpe |lpara | &) Expl
TstID@A 001.HNA TsrID 2010-09-24 n-Si-vdP | CVE e
ETst.ID[:'#.'l. 001.HPA TstlD 2010-09-24 n-S5i-—wvdP CWVH
TstID@A_DDZ . HRA TstID 2010-09-24 n-S5i-wdP CWVH m Tools
TstID@A_DEIB . HRA TstID 2010-09-24 n-S5i-—wvdP -VH _—
TstID@A_DD*E . HRA TstID 2010-09-24 n-S5i-wdP CVHF
— Files
Database
F TreePath
[~ Allfiles
[T Sorfiles
— Wiew
" Plat
& Date, D
) (it
" Ewal
Swmbal
Iautu vl
Selecting List in the view box gives a list of some I I I I
Ehi Eh [ . M
measurement parameters used for the measure- 4 BOE.O1 loz 298108 | 2.73E+14 | 2 T6E+08
ment files on the left. The List view is not always _1.97E+04  3.17E+14  1.27E+03
possible. 'All files' must not be activated. Lo SEEGOI |1l STEH02 | 8o lTsdldl | 12709
S I t E I th . b I t | 1.56E401 -1.97E4+04 3.17E+14 1.27E403
elec Ing val In € view Dbox lists some evalu- 1.56E+4+01 -1.97E+04 3.17E+14 1.27E+4+03

ation values but is only in some modules available.

Tip: You can change the total size of the Read/View window by the mouse, you can also

change the ratio of the left (file list) and right (plot or grid) size. For the last one go with the

mouse cursor to the splitter between these two parts.
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2.2.1.2 Data Explorer

The Explorer button opens an additional data explorer similar to the Windows explorer and
similar to use. Files can be listed, plotted or deleted, folders created or removed, database
records deleted. The current data path will be shown in the status line. The list shows all
files which matches the Mask, independently if they can be read in the current program
module. After you have changed the mask you must press the 'enter' key to refresh the list.

[l File Explorer

JMaskW

H_%ﬁl\@ﬂJ«@

2 C TsiD@A_00T.HNAHAL
&3 PerfLogs T |TsiD@A_D01 HRAHAL
=42 PhysTech TsD@A_D0T THAHAL

...... (1 Dits TsD@A_D02.HRAHAL

TstiD@EA_003.HRAHAL

...... (1 DitsData TstD@EA_D04.HRAHAL

------ (1 DitsOId
------ 3 Hall

E
E
E
E

E
= [0
= E:
e
e b
e

e lI

C:\PhysTech\HallData\Weiss\Si{One

Search files gives on the right side a file list of the marked directory.

Extended file search restrict the search by sample and measurement parameters.
Include in the list also the files of all sub directories of marked directory.

Show at the right bottom a plot of the marked file, see picture below.

Show at the left bottom a memo of measurement parameters for the plotted file.
Opens the Windows network dialog.

Find a path either by a path or a file mask.

File tools for create/remove directory, delete files and delete records in database.

Okay apply the file if possible, in the other case the path.

o[zl wmn e s L

Cancel, goes back to the ReadView window without apply.
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The next picture shows the data explorer with activated plot and memo field. Plot and
memo are only visible if one file was marked. The file search will be restricted by the
'Mask'. The file names must match this mask, Windows wildcards '?' and "' are valid for it.

C'I File Explurer

Mask [xHAL =g ﬁ@"‘ﬂv’@

B8 C | TtiDEA, 001 HMNA HAL
- PerflLogs 007 HPWAHAL
£1--E3 PhysTech TeHD@A_001 THA HAL

------ {1 Dits TstiD@A_002.HRAHAL

TstiD@EA_003.HRAHAL

""" (1 DhtsData TstiD@A_004.HRAHAL

------ (3 DitsOld
------ 3 Hall

— T T T T
= o
E
& o
[ B zof a -
; # i
[ o
E-. i L W P ll T o |
ID = TstD i @ 1
relD = 1001 ol o |
Diate = 2010-05-24 o
Type = n-SirvdP F o
Temp =2350K . ) . . .
Data = CvH 10 0o 10
Cument [us] —=
C:APhysTechiHallData\Weiss\SiYOne
In File tools you can create or remove an empty directory. EiEEE CllEERT
You can delete the selected file (file list on the right side) or REmaveaierony
all files of the current directory (explorer view on the left) or Delete selected file
all files of the current directory and of all its sub directories. Delete files
In all cases you must confirm the action. If deleting files you Dl Hze [l sn el
can activate the option to delete additionally the correspon- v Delete record in file database
ding records in the file and/or evaluation database. Delete record in eval database

Find and apply path is a tool to find a path Find and apply path
either by a path or a file mask. It lists all sub Find path by o O
directories of the selected directory (called here € Path mask [~ _
base directory) which matches the path resp. file _— X Cancel
mask. The selected directory will be applied as © Fle mesk —
new current (base) directory by clicking onto the Boes diroct Q4 Find
'OK' button ase QIrecion:

This tool can also be used to find the location of E:A\HallData\Weiss

a special file. To search a special file by the ID hase
use the database search of the next chapter. il
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The data explorer allows also an extended file search by special sample or measurement
criterion. All files of the marked directory, and if the button is activated, and its sub direc-
tories will be checked. The 'Mask' is further valid. If all search criteria are fulfilled then the
file will be listed.

For this option click onto the 'Extended file search' button. Then the following input window
opens. If leaving by 'OK' then the extended file search is activated and remains until you
deactivate it. For the deactivation click again onto this button and leave the input window
by 'Cancel'.

Each criterion can be activated or deacti- Extended file search
vated by a flag. If activated then an input Selecthy | ————
defines which condition the file must fulfill. V| Sampletype  [vaP-Hal El OK
Selections for following criteria exist: ¥ Material name | =] Cancsl

e Sample type _

e Material name e o @

e Doping type [ Fields atball  |Manyfields 7]

e Many fields at Hall measurements

e DataStr [~ DataStr PIPRILT

e Special mode

P Special Inuthing j

Following Special modes are available: S|
Nothing, Search by MeasStr or HeadStr.

DataStr and Search by MeasStr or HeadStr is only for special cases. These strings of a
data file will be listed in 'List — File header' at user class 6, an explanation of these strings
will be given in Hal\Sys\Doc\Data.Txt. The input strings must match these strings. Wild-
card characters are '?' and ™' as in the Windows file search.

Tip: The extended file search shall help to find files of special sample or/and measurement
parameters. So it can be important to compare new results with old ones. For searching in
all directories mark the data directory. This search need not the database. Use the data-
base search of the next chapter for searching a special file by its ID.
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2.2.1.3 Tools

By the Tools button in the main Read/View window you get additional tools for the data

handling.
# Browse Browse is for the defining of the current data path.
D Find file Find file search for data files in the file database.
# Database Database calls the database program module.
& Sample apply Sample apply is for changing sample parameters of many files.
% PresPlot PresPlot applies the current plot into the presentation plot program.
Choose directory
Browse opens the following input window for Bath:

defining the actual data path.

The path can directly be defined by keyboard

input. Drive and higher folders can be selected Directories:
by browsing through the file structure as known =X TR
from windows. Drive and folders are (= PhysTech : :
automatically shown in the input line at the top. & HelData Cancel
With the button 'Network' you get the Windows £ Si R
network dialog, 'Explorer' opens the Windows —— Metwork
explorer.
Explarer
Drives:
IIEI c: [swstem) ;I

IC:\PhysTech'\,H allDataiweiss\Si0ne

Find file (at the Tools button) search for data files in the file database using search masks
for the sample ID and ReclID. Base directory is the directory of the used database.

Only files which match the Sample
ID mask and the ReclID mask will be
listed. The ReclD is a file specific
record ID in the database. Sample ID
and ReclD are definite for a record in
the file database.

Wildcard characters are '?' and ™' as
in the Windows file search.

By Valid files as search mode only
files usable in the actual program
module are shown, by All files as
search mode all files independent of
actual program module are shown.

Find looks for all files fitting to the

masks.
Okay apply/read the selected file.

Hall Manual

Find in file database
Masks —————— Search mode
oK
o ISR @ Validfiles _ VoK
ReciD [1771  Allfiles (.o ez
Base directory: @ Find

C:\PhysTech\HallData\Weiss

ShOnehTstDEA,_ 001 HEA HAL
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The entry 'Sample apply' by clicking onto the "Tools' button is for changing sample para-
meters for many files. It can be helpful if you have for example typed in the wrong sample
thickness. The header of all files which names match a given or computed mask will be
restored, the file dates will be kept. Only selected sample parameters will be restored, an
evaluation will here not be automatically done. This function needs user class 5 and is only
enabled after reading data from a file but not after a measurement.

The current file name will be shown in the status line. For the examples above we take
ID@A_001.HRA. Three file search modes exist:

Mask input: You have to input a directory and a file mask for the search. Wildcard charac-
ters are '?' and "™'. The software appends always the data extension 'HAL'.

Same ID:  Only files with the same sample ID and part in the file name will be applied.
The software sets the mask, for example 'ID@A_*.??7?.HAL'.

Same no:  Only files with the same sample ID, part and number in the file name will be
applied, for example 'ID@A _001.?7?7?.HAL'". If the file name comes from a
'set of temp variation', see chapter 2.4.5, then this will be taken into account.
So ID@A_00T001.HRA yields to the mask 'ID@A_00T???.?2??HAL".

If activating 'With sub directories' then files in all sub directories will be searched by the
same given mask. This flag is only visible at mode 1.

The flag 'With sub data directory' is visible at mode 2 and 3, all files in the sub data
directories will here also be restored. For example, the data directories are 'ID@A_*' for
mode 2 and ID@A_001 for mode 3.

'Same 3. extension character' means that only files will be searched which 3. data exten-
sion character is the same as in the current file name, for example 'A'.

Independently of the mask only files with the same sample ID and sample part in the file
header will be searched! All file names found by the search will be listed before changing
the file headers. There you can cancel this operation.

By the 'Sample' button you can check Apply sample params for all files
and change the current sample para-

— File search mode

meters. T_he SeIeCt,ed sample para,_ " Maskinput © SamelD @ Sameno. o8
meters will be applied and stored in the = Wi _
. W
sample header of each file. With sub data. directory Cancel
, |7 Same 3. extension character
The base sample parameters 'Type
and material will be applied always. ~ Directary, File mask Sample

Additional apply parameters are: |E:"-,HallData‘-,Weiss‘-,Tempsu:an EtEmwse
e Sample thickness

Ns(Rho) calculation TN 777 Explorerl

[ ]
e Special calculations (Debye...)
[ ]

Comment —Additional apply params
[¥ Thickness [ Sepcial calcul.
[T Ms(Rho) [T Comment
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2.2.2 Read special

The Read special procedure enables some features for the reading of data, a main
application is the combination of current (already loaded) data with new ones.
Not all possibilities shown in the input below exist in every measurement module.

The Read mode define how the
new data should combined with

Read special

the old current data. Old data

—Read mode ———— [~ Parameters
refers to data in the memory  Newdata (e ols
(already loaded), new refers to ~
’ Old + new
data that will be read in by the | LRl Cancs|

new input of file name.

New data use only the new one
and makes no combination with
the old one.

Old + new, Old — new,

New - old add or subtract the
data, this will done data point
for data point.

iy
~
" Append, all data

e - old

" Append. na avetlap

[~ Smooth data

Streothing stemmth

IED.DD

— Mode for same x-points —

" Only same xvalues

(" Absolute diference

— Farams for same x-paints

I Break by higmer dift
e atis.

difterenze IE'DDDE_EI2
fl e, dliftes
rence [%] I'I.DUDE-D‘]

(" Procentual difference

Append the new data to the old
ones, either all new data or only
those data which x-values don't
exist at the old one (no overlap).

® |nterpolate new x-data

Tip: If appending data and one overlap range has bad data points then read first the file
with the good data and then the file with the bad overlap range. If you select 'Append, no
overlap' then the bad data over the overlap range of the second file will not be included in
the new data arrays.

At the Mode for same x-points you define which data regarding to the x-axis will be used
at addition or subtracting data. That means that the program search which data point of
the new data belongs to a corresponding point at the old data.

Only same x-values: Only data points which x-data are the same at old and new data
will be used.

Data points of old and new data can combined which absolute
difference is smaller than a given maximum.

Data points of old and new data can combined which percen-
tage difference is smaller than a given maximum.

The new data will be interpolated to the old (reference) x-axis
data. This is the favored mode for tempscan data.

Absolute difference:
Percentage difference:

Interpolate new x-data:

Note: Normally it is not a problem to measure 2 V/I curves with same current points. But is
is not possible to measure 2 tempscan files with the same temperature axis. If you
measure file 1 and then file 2 the temperature will drift a little bit. With the mode
'Interpolate new x-data' you make from file 2 data with the x-axis from file 1. For example,
if the first data point of file 1 is 100.0 K and the first point from file 2 100.1 K, then the
program interpolate all y-data of the first point of file 2 to 100.0 K.

At Parameters you can sort, interpolate and smooth (approximate) the data.
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2.2.3 Data tasks (All)

Several tasks, so saving and printing the data and saving evaluation values into the
database, can here done. Not all inputs are possible for all measurement modules. At the
question for saving data after the measurement you can call this window by the button All.

The Actions inputs define what

happens after Clicking 'OK'. The Data tasks: Save, Print, Database

data can be printed and saved. | [ " - Print style ————— oK |

If evaluation exist, it can be IV Print " Top @ Manual

saved into the evaluation data- v Save measure data C B (T Cancel

base. If the evaluation gives a ¥ Save eval to database .

sample parameter likes Ns, it [ Apnly as sample params | [ Level ———————— ~Check exist—

can be applied as sample para- T . 4 oo |1 2 | ® File name

meter and for the simulation.  ID.Contact

If the file was already saved,

then you get the checkbox Commen

'Override measure data' instead Automatic file name Farams for eval bank - Exitmodes —

'Save measure data'. No Al |y [ 3 IV Ask ster
o. a2 measure

If the evaluation was already
saved in the database, you get
the question, whether you want

ID as subdirectory LI

Ii | Exitiliat
|7 YWith measure number Hzinnz T

to delete the existing record.

If saving Arrhenius data in the evaluation database a selection of level is possible.

At some evaluations and deactivating 'All levels' you can define a number and name of
evaluation. The name is only for searching in the database. The number is only for an
easier comparison of results in the database. So you can at the database restrict your
search of results by selection of an evaluation number.

'‘Apply as sample params' applies the results into the sample parameter set.
'‘Apply as simul params' applies the results as simulation parameters. When 'all levels' is
activated, the number of levels will also be defined.

Input of comment for the data header is here also possible.
Automatic file name will be explained in chapter 2.4.5.
Print style defines the position of the plot on the paper (top, bottom, manual).

Check exist search if the new file name or the ID and contact already exist in the
database.

By Ask after measure (Exit modes) you activate the automatic question for saving data
after measurement at V/I, vdP/Hall and magneto module, see chapter 1.3.2.

Tip: Applying into the evaluation database and as sample or simulation parameter is often
also possible at an evaluation plot, see chapter 5.1.5.3.
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2.2.4 Print

This menu opens a special print dialog. The 'Other parameters' button opens a second
window with further (not so important) inputs, the 'Setup' button the Window printer setup.

The page initialization for the

: : , L Print by Wind =
printer is normally 'automatic’. U B R X]
This means depending on the ~ Page initialization ~ Color mode

L : ”
style the initialization will be set. [automatic 51| | [rmono sleckines 5]
So if Top as style is set then the —
start initialization, at Bottom e e i

style the end initialization and at
other styles both initializations

Cth
@ Paorrait © Landscape Ef params

standard, normalizefig

will be done. At selecting Top or - Setup
Bottom the style will be set to [ [Ekelen

Bottom resp. Top after printing. © Manual Faly SE 5

The other possibilities are initia- " Top ) izl e

lization only at start or end, @ Mid CIED &

always start and end (full page)  Botiam e IR

or nothing. The paper will be

'really' printed only after the end
initialization.

With Style you define the size and the position of the plot on the paper page. At Manual
the inputs of the Size group will be applied.

As color mode there are monochrome with black (lines, symbols, text), 256 grey scales,
color without background and color with background color as used on the screen.

Scaling defines the scaling of the plot on the paper in comparison to the screen:

as screen: Same scaling as screen, normally not used.

aspect as screen: The paper print has the same aspect (y/x) ratio as on the
screen.

Search correct font: As above, but the font will be adapted.

Standard, normalized: The standard aspect ratio will be used for the paper print,
independent from the used aspect ratio on the screen. This is
the standard scaling.

If data were interpolated then there is an additional input group called Print data:

Original: Only the original data (not interpolated) will be printed.
Interpolation: Only the interpolated data will be printed with the selected symbol.
As screen: The data will be printed as shown on the screen, normally the original

data with symbols, the interpolated data by lines.

Note: Before printing new data the data should be saved to disk. In the other case you
don't get the file name at the paper page.
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2.3 View menu

In the view menu you can set the kind of style, the window size, default and global plot
parameters and personal short cuts.

View Plot Ewvaluate List

Foit e pEnEl EED Refresh plots the standard plot again on the main window.
Default plot params Params for standard plot doesn't exist in all measurement
Global plot params modules

Refresh plot Fh
Params for standard plot
Personal shortcuts

New size

2.3.1 Form and panel styles

Form styles defines the main henmianditopibagstvies
form style. The standard plot will [ Formstyles—— |~ Canvas aspect rafio

be shown on the canvas of the (" Separate forms (" Wariahle aspect ratio ok
measurement program, see @ Similiar MDI " Standard for PlotProg

picture in 1.3.4. If you select a  Like MDI @ Stendard aspect Cancel
plot or evaluation, the program

opens one of the plot programs ¥ bepimizedl D] [ Auto refresh of canvas Other

by a new form. This form I™ PlotDialog a5 MD| |standard ~]

(window) has as the main form Themes

a caption ”ne, a menu, toolbar, Assignform size scale dialogs

canvas and status line. The ¥ Automatic [ Standard dislag

form style define how the old [v" ProgForm —> PlotForm [ PlotDialog  Size (%]

(main) form is visible. [~ ProgForm —» PlotDialog [¥ asindows W

There are 3 possibilities:

Separate forms: Only the |EECULEICEIEIEg oL T NG 1T =] B3
current (new) form is File Edit View Axis FEvaluate Tools Help

visible. If you close this JS@%|/ HeA G\L,l;i'i|ﬁ e

form you don't leave the
program but show the old form.

Similar MDI: From the old L 4t b i Fe SR e e st =1 E3

form is only the caption Standard plot - ID@A_001 HRA Mi=1E3

visible, the old form is de- ' File Edit View Axds Evaluaie Tools Help

activated but not hidden. T T = =
The current (new) form RZE&B|z sl @ e

will be placed under the old caption line.

Like MDI: The current @ Hall program - ID@A_001.HRA - Read - [Standard plot] [ =l T
(new) form is a child of . File Edit Yiew Axis Evaluate Tools Help ;Iilil
the main window of the JS@@‘/‘J e G\LEE‘EGEI
measurement program.
The software use for this the Multiple Document Interface of Windows, but only one child
window is possible. By Maximized MDI will the child always maximized. If activating
PlotDialog as MDI dialogs with plots inside will also be shown as a child window.
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Note: The Windows guide lines would prefer the third mode. Our preferential mode is the
second one (Similar MDI). It is much faster.

At Assign form size you can define how a change of the form size will be overtaken from
other program modules:

e Automatic: If you change the size of the main program this change will be applied
for other programs, except the plot programs. There are an additional option.

e ProgForm — PlotForm: If you change the size of one of the main programs, then
this size will overtaken for the plot programs.

e ProgForm — PlotDialog: If you change the size of the main programs, this size
will be overtaken for dialogs with plots, for example the ReadView window in 2.2.1.

Canvas aspect ratio defines the ratio of the used y/x canvas points for plots on the
screen, see chapter 2.3.5.

Auto refresh of canvas defines when the canvas should be refreshed after an action.

By Scale dialogs you can scale the standard and the plot dialogs. Either you can define a
percentage size or the option as 'Windows'. In the last case the dialogs will be scaled by
the Windows display text size. Especially at high resolutions screens it may be important
to increase the scale with an individual percentage value bigger than 100 to avoid too
small dialogs. Plot dialogs are dialogs which contain additionally a plot or grid.

If this scale option is not activated, the Windows display text size (100%, 125%, ...) has
only an influence on the menu size but not on the size of dialog text or dialog buttons.
Sometimes the enlarging yields to a too 'long' text, a text string may be cut by a text box, a
wordwrap may be wrong. Try then different scales for the best result.

The Other button opens a new input window. _
Changes here will only directly applied when o O e

leaving also the main input window (previous Toolbar style REEHCITE G T
page) by 'OK'". " Panel @ As developed

(" CoolBar i As Windows
You can define the style and options of the ® CoolBar/ToolBar (" Tahoma (W2k. XP)
toolbar. If the size of the toolbar buttons is _ O Select
too small, you can enlarge the buttons by a I T
percentage input of the size. The activation of [ Flatbutions _
! i ! i [ Transparent LETEEiEL
Show captions' enlarges also the button size. P . .

[~ Show caption [ Use Vistafile dialogs
You can select the font of the form and dia- r u FSHF;‘;‘;'EJEC;E;;E”
logs. 'As developed' uses the new Microsoft [~ Navigating buttons - o

H (] H ] estore minimize

Sans Serif, 'as Windows' uses Tahoma for Size[%] 100 Q

Windows 2000 and XP, Sergoe Ul for Win-
dows Vista and Seven.

By Use Vista file dialogs the new Windows standard file dialogs will be used under
Windows Vista, Seven and 8.X.

Special cursor at meas means that during the measurement a special form of the cursor,
the hour glass, will be shown.

If you have minimized your form (window) during the measurement and the option
Restore minimized window after measure is activated, then the software restores the
old form size automatically after the measurement is finished.
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Clicking onto the Themes button opens an input for the Windows themes. These are cus-
tomizations of the graphical user interface and include visual styles. You can choose the
theme in the Windows control board. All themed applications have a similar appearance.

If activating 'Disable visual styles', the Hall program s

doesn't use themes. The look and feel is then as Windows UG ES sl

Classic, independently from the selected Windows themes | Disable visual themes
except the caption line, menu and boarder. [ Disable desktop composition
By 'Disable desktop composition' the windows will not be | Deactivate desktop composition

animated when minimizing and maximizing, the Aero
design will be switched off for the Hall program.

Both flags have no meaning at Windows 8.X. There you [Windows =l
can switch off these only in the Windows system properties.

A change of these flags will be visible after a program restart because it changes the
registry. These are not available for the Portable Program. You find these flags also by a
right mouse click onto the DLTS program and selecting there 'Properties — Compatibility'.
Further possibilities are in 'Visual effects' of the Windows system properties.

'Deactivate desktop composition' has the same effect as the flag above but it will imme-
diately be done without the registry. It is not valid at a cold start or for other DLTS users.

Windows styles

Windows styles defines the colors and styles of the buttons and other control elements.
The default is 'Windows', colors and styles will here be used as selected in the Windows
themes. The change of the Windows style will be active after leaving the 'Form and toolbar
styles' input window. The new rendering of some control elements may be not perfect. So
a wordwrap of the checkbox label will not be shown.

All inputs in this manual will be Fadio buttons Fiadio buttans
shown in the Windows classic @ Mode T Ll @ Mode 1
s’gyle. An example gives the left  Mode 2 Canel hode 2 | ) |
picture. The default themes _ | ——
depends on the operating Check box Others Check box Others
system. It is 'Aero' for Windows ¥ Option 1 0 - V| Option 1 0 ]
7, as shown in the right example. [ Optian 2 Optian 2

— Select] - Option 3 Selectl -

Tips for screens with a high resolution (big DPI value):

e Select in the Windows Display (from control panel) a text size of 125%, 150% or
higher. It enlarges the menu and caption size.

e Activate the scaling of the standard and plot dialogs, see previous page. The scal-
ing size can be defined by an input or by the Windows display property.

e Enlarge the toolbar buttons by an individual input if necessary, see previous page.

e The plot size will usually automatically be scaled. If the aspect ratio is not optimal,
change the line and column numbers, see chapter 2.3.5.

e By default the maximum canvas size is limited to 1840x1196 pixels (see chapter
2.3.3.7), which is enough for a 2560x1600 screen.

Tip: You can save your settings for a cold start in 'Personal shortcuts', see chapter 2.3.4.
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2.3.2 Default plot parameters

The default plot parameters will be used for the initialization of a plot. In the plot program
you can change these parameters, but these changes are only local, after leaving the plot
program and start a new plot the default parameters will be used. An exception are the

global plot parameters, see chapter 2.3.3.

2.3.2.1 Symbols input sheet

There are default symbols

for different kind of plots. Defaul plm paramrs : : :
These default symbols will Symbols. | Window | x-Axis | y-4is | Other |
be used only at standard
p|OtS with one curve. Symbols far curve Color for curve
'Measure' symbol will be Memsure |33 paints =]
used for example at the test = Black 7]
of contact, 'Static' at V/I Static |3x3 points =l
curves , 'Transient' for Edit color
transient plots, 'Evaluation’ Transient  |33poims 7]
for all plots which show o [Savars =] .
evaluation values, for o = Linaiyze
example the Arrhenius plot. Standard  |Square =] |solid =
'‘Standard' is the default
symbol for other curves not
listed above, for example for
the tempscan. oK Cancsl ‘ Apply
2.3.2.2 Window input sheet
At Styles you can define the Default plot parameters
number Qf mteryals for the x- Symbols Window | axis | y-4is | Gther |
and y-axis. Maximum place
for decimal format determine Sles s numbers for big plats
when the software change ® cievy
form the decimal to the Intervals for B = (" at? tick start
exponential format. x-ads (" a2 tick. end
Axis numbers for plots @ at?2 tick automatic
defines when at the axis the Intervalsfor [ =
number will be printed. It can yeis Axis numbers far small plots
be done at every tick or " atevenytick
ey 2 e startend L
i :
first/last tick a number. At 2. a2 liek automatic
tick automatic means that
the start will be set by the
software. Ok Cancel Apphy

The mode exist separately

for big plots which use the full canvas and for small plots which use only a part of the

canvas, for an example two plots one below the other.
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2.3.2.3 x/y-Axis input sheet

The window around the plot
will be defined by Axis line
and numbers. If selecting
bottom and top for x-axis and
left and right for y-axis then
there is a full window around
the plot and on the bottom
and left axis line there is the
numbers and axis text.

You can also select the kind
of axis ticks. Left and right
means that the ticks are
inside of the left and right
axis line.

Text position defines the
position of the axis text.
Top means that the y-axis
ends at the top line.

Default plot parameters
Symbols | Yl o | XA YRS | Other |
Axis line and numbers Text position
™ ho " notext
" atx=0 2 tD_p
et ¢ mid
& leftand right Arrow type
" additional atx=0 { no arrow
O text
Auis ticks =
) .
" no " grids 2
¢ outside " inside Vi e
: inimum place for -
" |eftand right yaxis numbers 5 =
(0] Cancel ‘ Apphy

The arrow type behind the axis text is only a text string or a graphic arrow.

For the y-axis there is also the input of the Maximum place for y-axis numbers. This
means that software reserves the place for the selected numbers. This shift the left axis
line and change the size of the plot. This can be important if you compare different plots on

a paper.

2.3.2.4 Other input sheet

Here you define the header
position at big (full) plots.
The first mode prints the file
name and comment of the
text header above the plot
window, others will be
printed at the right outside of
the plot window.

Automatic means that if
there is enough place on the
right mode 2 will be used, in
the other case mode 1.

The axis for V/I plots can be
separately defined, either as
global or a cross or cross
and boarder.

Hall Manual

Default plot parameters

Swmhbals | Wi o | xS | y-Aig  Other |

Header position at big plots
" Main attop, other at right

(" Standard, all at right

& Automatic

Axis forl plots
" Asglobal

" Cross

(® Cross and border

(0] 9

Cancel Apphy
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2.3.3 Global plot parameters

The global plot parameters are valid for the whole program and can only changed here.

2.3.3.1 Colors input sheet

Colors for special kind of
curves and for plots with
many curves can here be
defined. Plot inside is the
background color of the plot
inside the window. Plot
background is the color of
the canvas.

This plot background can
be separately used for the
form (not used size by the
canvas) of the main, the
standard plot and the pre-
sentation program. In the
other case it will be defined
by Windows.

3 modes are possible for the
color of an interpolation

interpolation.

2.3.3.2 Symbols input sheet

Here you can define the

Global plot paramters
Colors |Symb0|s| Fants | Size |Te>d | Other | Screen'
— Selection of colors for — Use plot background for
B Flot hackground [¥ Form of main program
Flotinside
. Cures [¥ Form of plot program
B Cyrve ? F f tati lot
s [~ Farm of presentation plo
B Cuyrve 4
B Cuyrve 5 — i
- Curve B Interpolation calor
B Fit curve LI W Ascurve
(" Automatic
Setcolor | Edit color | ~ Extra color
0]4 Cancel Apply
curve. 'As curve' means that original data and interpolation have the same color. The
software select the color at 'Automatic’. Extra color takes the user defined color for
Global plot paramters

symbols for curve 1 to 6 at
plot with many curves and
the symbols for special
curves.

Fit means if you fit a given
curve by a simulation or
calculation. Compare will be
used for the curve which will
be compared with another
one. The Difference of 2

curves have his own symbol.

You can also define the
symbol for the Interpolation
curve. Mark means if you
mark a special point,
Special is for special
applications.

Hall Manual

Colars  Symbols |F0nts | Size |Te>d | Other | Screen'

— Symbols for curse — Symbols for

1 ISquare LI Fit ILine LI

7 ICrDss + LI Compare ICrDss + LI

3 IDiamDnd LI Differencea ILine LI

4 ICrDssx LI Interpol. ILine LI

5 ITriangIe LI hark IFuII sguare LI

& ICircIe LI Special ILine LI
0]4 Cancel | Apply
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2.3.3.3 Fonts input sheet
Here you can select the font Global plot paramters
of the plots. Header font is
the font for the text header
at plots, normally at the right

.CD|CII'S| Swmhbals Fonts |Size |Te>d | Cither | Su:reenl

— Parameters for — Automatic font sizefstyle

side. Data font will be used " Mo
for data inside the plot, for gatabf'ﬂrft t " Only size
. wimbaol fon
example Arrhenius evalua- Axis text fant ® Size, style as screen

Axis numbers font
Presentation font
Small fant

tion list. Symbol font will be
used for symbol explanation.
Axis font exists for the axis
text and numbers. Presen- Fant
tation font will be used in the
presentation plot program. In
some cases a special small
font will be used.

The 'Font' button opens the oK
Windows font dialog. The
inputs by the 'Raster' button
will be explained in 2.3.5.

(" Size and style

I_ Festrict to screen width 1024

Raster |

Other |

Cancel |

Apply

Automatic font size/style defines whether the size and style of the selected font will be
changed at other screen resolutions as the default 120 dpi. Change of style means that at
too small sizes the small font will be used.

The used font size is not the defined size. It will be corrected by the used x-pixels of the
current window in respect to the virtual x-pixels of a virtual raster window size. The virtual
x-pixels size will be defined in the inputs of the Raster button, see chapter 2.3.5. So the
default virtual raster font has the size 11 and 10 x-pixels per character. With 92 columns
you get a virtual x-pixels size of 920.

You can restrict the automatic font size on the screen to screen width 1024. This means if
you have more than 1024 x-pixels on the screen the used font size will not be bigger as for
1024 x-pixels.

By the Other button you get the

Other font parameters

other inputs for the font.
You can define the relative cell — Felative cell size [*:] for| [~ Boxand background ——
. oK.
size for the nqrmal character, for Charactar |?a B E'Df argund the text
characters which used at an |big box =~
. h EXPD”BHL IED 3: Cancel
exponent or index text, and the index e amnd el
offset for exponent or index Expo offset |_:[gg < [no =
character.
You can select a box around the indexofiset |20 2] Eelizeaelen|
text and the background color of
a character. — Font params — Tab pos available
Tab pos available means after Fontsize |1 = € no
which character the software can HPGL R " at= only left
set a tabulator and starts a new e " at=
position. This is useful at propor- I Fixfont pitch @ o= and blanc
tional fonts for list of data with
text and values.
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2.3.3.4 Size input sheet

Here you can define the line
thickness. The standard
value is 100.

You can define the size of
the axis ticks and the plot
symbols. The size will be
given as percentage scale of
the plot window. The symbol
size exist separately for big
plots which use the full
canvas and for small plots
which use only a part of the
canvas, for an example two
plots one below the other.

2.3.3.5 Text input sheet

Print header defines which
data will be shown in the plot
header, possibilities are no
use of header, comment
only, main data, all data
and a anonymous mode
(no name, ID, date).

Styles for header enable an
optimization of the header
look, especially for pictures
with 3 plots and a quarter
header at the right top.

As style for the regression
text box there a horizontal
list with and without the
evaluation dimension and a

Global plot paramters
Colars | Symhbals | Fonts Size | Text | Other | Screen |

Line thickness Scale of window [*] for

Auds line 1002 Auds ticks 060

Axis grid nm g Big symbals 0.90

Curve symbol nm g Small symbols 0.70

Curve line 0 5

0]4 Cancel Apply

Global plot paramters

Colors | Symbols | Fonts | Size

Params for header

Text | Other | Screen]

Style for regression text box

Frint header |l data i |aut0matic ﬂ
Com- [+ Different colors
ment
[v wWith grid
Styles for header [v “With boarder

[ Left centered text

[ Disahle dim tab, normal header

Dther params

[v 1.0 instead 1 for axis nbrs

[+ Dizakle dim tak, guarter plat header
[ Cutlarge text at quarter plot header

[ Fix character numbers for comment

[v Symbol explaination
[ 3 digits for header eval text

(0]4 Cancel

Apply

vertical list. 'Automatic’ sets one of these types, normally the horizontal with dimension.
Different colors for the different lines (horizontal), a data grid and a boarder around the box

are options.

At other params you can activate the symbol explanation. So if you have a plot with
some curves you get in the plot an explanation of these curves.
Normally the evaluation data in the header text will be shown with 2 digits, for example

1.12E15. By activating 3 digits for header eval text 3 digits will be shown, for example

1.123E15.
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2.3.3.6 Other input sheet

For the linear regression Global plot paramters
there are some .OptIOI']S. Calars | Symbols | Fants | Size | Text  Cther | Screen |
For the automatic search of
linear regression can the used Linear regression Interpolation points
minimum range and the [v Absolute correlation value (" Less (& hdamy,
search method be selected. ™ 1.0 for conelation valus ® i B0 3]
Preference to a b|g range if calculation not possible
width or to a very good : . . L

. . tin. range for auto regression Spline strength normalization
correlation value are possible.

(" B0% (@ 5R% ( 30% " Mo

The standard search is a
compromise of both. The Search |Standard zearch ﬂ @ “Yes, t0x-axis
minimum range for the linear
regression over V/| curves

must be separately defined. 55 2 [
For 30% you can select only
negative, only positive or both oK Cancel Apphy

tin. range for auto Wl-regres.

voltages.
The points of a plot interpolation curve can be selected. Less use two times, many four

times more points as the original. The minimum interpolation points in both cases is 501.
The spline strength can be normalized in respect to the x-axis data.

2.3.3.7 Screen input sheet

i i Global plot paramters
The following inputs are only ) ) ) ) ) :
valid for the p|OtS on the Colors | Symbols | Fants | Size |Te>ct | Other  Screan |
screen, not at printing on a Font mode Color mode Cursorfmarker
paper. & Asfontinput |culur, backgraund j &l btz vl
=

The font mode determines ™ Fixfont Font specials [v Dif. cursor forms
whether the deflned.fonts o | Usolonl cannod B Specisl anesriom
\'II'VrI1” be Lljsed ordspgc:c{al ones. iafpeitiasl o S

€ color moade aetines Canvas

. (" Fixwactor font

whether the curves are in pevEEETEn | o 1564

| v in black d bl width
color or only in black an ~ Pro

. wector font - . 1014

whether the plots on the = bilzpelnzigl
screen have a background
color.
There are some options for oK Cancel | Apply

the cursor resp. marker:
'Marker available' means that you can the regression start and end position not only set by
the mouse cursor but also by an additional marker (vertical line).

'‘Different cursor forms' means that, for example at the regression, not only the standard
mouse cursor will be used but different cursors which are specific for the current action.

You can restrict the width and the height of the canvas. Memory must be reserved for the

maximum size. If the maximum values are too small then the full screen size is not pos-
sible for the plot canvas.
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2.3.4 Personal shortcuts

Here you can define your two personal short- Personal shortcuts for Hall program
cut keys F11 and F12 and your personal but- Shortout mode
ton. These definitions are specific for every @ Action for shortout F11 cl
program module. If you press F11 in the pro- (" Action far shortcut F12
gram module, the defined action will be done. (" Action for personal button Save file
You can select all the actions which are pos-
sible from the menu or from the toolbar. Sihaiert olz el Cancel

& from menu

" from buttons

By the 'Save file' button you can save your
personalization of program style, face and Salect menu action
size and your shortcuts for a cold start. These
are all parameters described in chapter 2.3.1,
2.3.4 and 2.3.5.

AV curves ~|

Usually the current configuration will be saved for the next hot start, see chapter 1.1.7. But
sometimes it can be helpful to make a cold start with the default configuration. Then you
would lose your personal styles, sizes and shortcuts. If you have saved here these para-
meters, these will be kept also at a cold start. Look in chapter 1.1.2 for the search strategy
of initialization files.
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2.3.5 New size

Here you can defme a new New form and canvas size
form (window) size of the
program on the screen after ~lhputmade ————————— [ Canvas aspectratio s R
leaving these inputs. Form (" Setcanvas size " Variahle aspect ratio
size means here the total g _ " Standard for PlotProg

. . electform size Cancel
size of the program window, ® Standard aspect
InC|UdIng Captlon, menu bar, @ Standard form size F Only maxirmum canvas
toolbar, canvas for plot, not Raster
used size and status line. Formsize —————— ~Window state
Canvas size means only the for 1024 x 769 E
size of the canvas on which for1152 364 @ Like madmized
the plots will be shown, see " Maximized

picture in 1.3.4.

3 input modes are possible:

e Set canvas size: The canvas size will be set by the current form size.

e Select form size: You can define manually the form size (pixels) by the next input.
There means 'for 1280x1024' that 1280 horizontal and 1024 vertical pixels are
necessary. This mode can be helpful to use not the total screen size but keep the
standard aspect ratio.

e Standard form size: The software defines automatically the form size from the
screen size/resolution.

At mode 1 and 3 you can define the Canvas aspect ratio (y/x points) on the screen:

e Variable aspect ratio: The canvas uses the total free size of the form. This has the
advantage that there is no unused size in the form, but depending on the form
aspect the plots may look not nice because unfavorable height to width ratio.

e Standard for PlotProg: A standard definition of the aspect ratio, see below, will be
used only for the plot programs, in the other case the aspect ratio is variable.

e Standard aspect: A standard definition will be always used, see input window of
'Raster'. The advantage of this mode is that you have always the same aspect and
nice plots, but it is possible that you lose space on the screen.

At the standard aspect is the use of the maximum canvas size possible.

The window state defines if the window size is as normal defined or maximized. In the
first case the biggest used size by the standard aspect will be set. 'Like maximized' means
that is not really maximized by Windows but use also the total screen size.

By the button Raster the inputs for a virtual text

raster of the canvas is possible. This raster will

— Mode for raster font

| - . — Standard aspect
be used for tabulators if text will be printed onto ® Separate font Numbere _
the canvas. You can select the font for this of lines 6 &
raster and the font size. 'As header' means that | © #shesder Numbers  [57—=
the font for the right text header will be used. L EiiEels —
The number of lines and columns of this virtual Size ofraster font Plotright 73— =
font define the standard aspect ratio for the Font size N text cols
canvas resp. plot. 'Plot right text cols' means the - =
columns of the right text header at a single Char size [%2] = Fort_|
standard plot. [~ Fixfant pitch
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2.4 Tools menu

The Tools menu enables a selection of different input menus for setting up the software
(not the installation).

Tools Help User class is a value that enables or disables software parts,
User class evaluations or measurements, due to a selected level. The working
Program params with the software might become easier if only the needed options
Sample parameters are shown.
Temperature At user class 5 you find in Tools a calculator, especially for semi-
Monitor conductor equations.

Program Parameters changes physical models for corrections and simulation
parameters. Inputs depend on the user class. There is also the button for access of
Material parameters.

Sample parameters opens the input window of all necessary values to describe and
define the sample. Here you define also the use of the database.

Temperature enables the direct working with the temperature controller. Temperature
reading, changing of the temperature, setting of the PID parameters and sending of
commands to the controller are supported (depending from the kind of the controller).

Monitor allows to monitor the measurement and to define a WebView.

2.4.1 User class

User class does not mean a classification of the user. It is

a value defining how to work with the Hall software and select user class
so far with the complete Hall system. For standard and 3 basi r—
) ) . . asic normal oK.
routine measurements, not needing a user with a particu- 4) expert normal : i
lar physical background, or not wanting to think about ) G ilEe)
B) exper, test Cancel

different physical models for the actual sample the user
class 3 (basic) is introduced. All inputs concerning meas-
urements, evaluations, plots, etc. based on standard Hall
approximation are possible.

Higher user classes enable more features, at lower classes these features are not visible
or the input is not possible (grey text). The Hall software provides a great many options to
provide the most detailed analysis available in systems of its type. To avoid excessive
complexity you are advised initially to use class 3.

For enhanced measurements, evaluations, plots etc, the expert classes are introduced. It
enables also evaluations with a change of the standard emission / Hall model or special
measurements / evaluations needing a physical background for using it (direct capture
cross section measurements / evaluations etc.). Level 4 is the last ‘checked” level,
meaning that all inputs and evaluations are checked for data mismatch or conflicts. Fatal
errors should not appear. User class 5 (extend) give you additional features, especially for
evaluations and simulations, user class 6 is only for testing and hardware diagnose. Above
level 4 it’s due to the user to check the data with the selected evaluation. A conflict might
cause an error with a rebooting of the software.

In this manual only user class 4 will be described, except at some marked parts.

The input of the user class will be restricted by the maximum user class, see chapter 1.1.5.
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2.4.2 Program parameters

Here are material and simulation parameters. The parameters for the Arrhenius plot are
normally not necessary for the Hall program.

2.4.2.1 Physics input sheet

These inputs define the physical model used calculating the Arrhenius plot y-axis. Special-
ly the temperature correction of the time constants is defined here. Materials opens an
input sheet for changing and adding the material parameters for the used semiconductors.
The inputs depend on the used input mode and the user class. The below shown input
mode selections is valid up to user class 4. User class 5 and higher enables you more
features, at user class 4 these features are not visible or the input is not possible.

Program parameters

Physics | SimBase | SimLewel |

— Farameter for Arrhenius and emission T available

® Mo
(" Band gap
" bdei
" Bath

- e T it IIn(tau*C"‘T"x),T—currec’tiun,sigmall Materials |

Kinetie I\.fth*NC,v - narmal emission vl

Texpanert IE-EI Farcior I'I.DE+DIJ

Arthenius/input mode

® Standard emission  [putaf kinefic

(" Emission y-axis Kinetic. T-exponent

0K Cancel | Apply

The Arrhenius/input mode defines the evaluation and the y-axis of the Arrhenius-plot.
The Hall software don't use normally the Arrhenius plot, except in the tempscan program.
Starting from Standard emission process (Hall Theory Manual) with emission time
constant tau, effective density of states Nc resp. Nv and the thermal velocity vth we get the
Arrhenius plot by In(tau(T)*Nc(T)*vth(T)) versus 1000/T. To get the correct energy from the
slope and the correct capture cross section from the intercept of this curve, we have to
eliminate the temperature dependence in the argument of the logarithm. This is meant with
the so called temperature correction of the Arrhenius plot. For the standard emission
process (Schockley Read Hall) we get with vth ~ T%° and Nc,v ~ T %2 as y-axis:

y(tau) = In(tau*C*(T/300)?), with C=vth(300K)*Nc,v(300K)
This is known as T2 correction. In general it will be called T-correction, we get an expo-
nent as a temperature correction (2 for the SRH mechanism above) and a constant con-
sisting of the values of the corrected parameters at 300K (vth(300) and Nc(300) in the
SRH model). Only for this standard model a correct energy and capture cross section can
be evaluated.
In some cases this model is not valid. Therefore is the possibility to change these
correction values. This should only be done if the user knows exactly what kind of
emission model is valid.
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The Standard emission uses the so standard SRH T2 correction and have as y-axis for
the Arrhenius plot In(tau*vth*Nc). The capture cross section sigma is calculated from the T-
corrected intercept.

Emission, y-axis enables some small selections for the y-axis and for evaluation:

In(tau*C*T“x), T-correction,sigma: Similar to the standard emission, the y-axis is
In(tau*vth*Nc), the y-axis text is In(tau*C*T"2).

In(tau*(T/300)*x), T-correction,sigma: The y-axis is In(tau*(T/300)*2). No effective mass
is used for the y-axis, for the calculation of sigma In(tau*vth*Nc) will be used.

In(tau*(T/300)*x), T-correction, yO=intercept [s]: Same as above, but the intercept is
shown as y0 and not as a capture cross section sigma.

In(tau), yO=intercept [s]: No temperature correction is used. The slope is given as an
energy, the intercept as y0 including all parameters, means without any correction.

In(tau), TA0 for kinetic, yO=intercept [s]: As above no temperature correction is used,
but the intercept is calculated with respect to the values at T=300K.

The input mode Input of kinetic enables the selection of different emission process
models (kinetics) and from that the use of different exponents x for the T-correction of the
slope and factors for the correction of the intercept. This button is only available with user
class 5 and a change from normal emission (SRH mechanism) to the other models should
only be done if exactly known, that the selected model is valid for the sample.

Several emission models for use in the temperature correction of the Arrhenius plot can be
selected now using the input window Kinetic.

The input mode Kinetic, T-exponent enables additionally the direct input of the
temperature correction exponent x.

The small selection window x(T) available on the right side of the Physics input window
enables an additional correction for the temperature dependent values of the time constant
axis in the Arrhenius plot. At Hall normally this correction will not be used:

No: No additional corrections are available (standard).
Band gap: The temperature dependence of the band gap is available.
meff: The temperature dependence of the effective electron resp. hole mass is

available. This effective mass will be used in the effective density of states
Nc resp. Nv and in the thermal velocity vth for electrons resp. holes.

Both: Enable band gap and meff correction.

The input above enables only this option, a use of it is not always given. This input comes
from the material file and will not be automatically saved at leaving the program, for more
details look in chapter 2.4.3 For this use the temperature dependence must be defined
additionally in the initialization file MatTemp.Cfg. You can plot the temperature depending
values in the semi-conductor calculator.
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2.4.2.2 SimBase input sheet

The two input sheets SimBase and SimLevel define the parameters and values of the Hall
program uses for simulations. Nearly all measurements that are possible with this Hall
system can be simulated and the data can be used for all evaluations in the same way as
the measured data.

Program parameters

Physics SimBase |SimLeveI|

— Contact params

Resistance [Ohm] |5-':|DE+|:|2
Difference [%] |5-|:I

— Simulation modes

[¥ Use neutral equation
=2 eyers

Doping Ias sample vl

0K Cancel Apply

The resistance for the 2-point measurements can be defined. A percentage difference
for the different contact pairs can be input.

The 4-point resistance can be calculated by the neutral equation. In the other case the
given 2-point resistance will be taken.

The doping type for simulations can be select. The last 2 modes are only available at user
class 5:

as sample: The doping type for simulation will be applied from the doping type of
sample parameters. A new simulation and evaluation can give a new
sample doping type and therefore a new simulation doping type!

n-type: The simulation will be done for a n-type sample. Only electrons will be
used for the neutral equation.
p-type: The simulation will be done for a p-type sample. Only holes will be

used for the neutral equation.
n-type, n and p:  The simulation will be done for a n-type sample, the energies are
EC-ET. Electrons and holes will be used for the neutral equation.
p-type, n and p:  The simulation will be done for a p-type sample, the energies are
ET-EV. Electrons and holes will be used for the neutral equation.

A 2 layers simulation is possible at user class 5. Then you get at the right side an input

group with the parameters of the seconds layer: Doping type, concentration, factor and
exponent of mobility, thickness.
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2.4.2.3 SimLevel input sheet

Opens an input window defining the base level (called level 0) and trap levels that shall be
used in the simulations. Up to 9 different trap levels can be defined for the simulation in

last level.

For each level values for the concentration Conc. [cm~], the activation energy [eV], the

entropy factor the type (acceptor or donator) can be input.

Program parameters

.Physicsl SimBase SimLevel |

Last lewvel I1 :l

Lenel 1] 1
Conc. [cm”™-3] 2.00E+14
Energy [e%] | 0.044 0.350
Entropie 1.00 1.00
Acceptor (v (M b
................ 5 K Corcel po—

The activation energies are energy differences from the majorities band, at n-type sample

this is EC-ET, at p-type ET-EV.
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2.4.3 Material parameters

One button of the Physics input sheet leads to the inputs of the material parameters partly
used in the Hall software. Several semiconductor materials are still predefined, but of
course here are not all defined. Therefore the user has to define it here, by changing the
values of still defined materials or by introducing a new parameter set and name of a
semiconductor material. Not all parameters are used in the Hall software, some are not
used at all. The standard combined vdP/Hall measurement and its evaluation uses no
material parameter. Only the optional calculation of n(Rho) needs the mobility.

Material parameters

Number 1 2

haterial
Hatne Gals In! numbers
Bandgap [eV] 1.12Z0E+00  1.424E+00 | 1 ; b
Rel. epsilon semi conductor 1.190E+01  1.310E+01 1
Fel. epsilon oxid 4,100E+00  4.100E+00 4 e
Eff. ma=ss factor (nj| 1.080E+00 6&.300E-02 7
Eff. mass factor ip)| 5.580E-01 5.000E-01 | 4 |8 oK
—  EETTTAEwrTTam
Fichardson®™ [4/ (cw27E*2)] (p)| 1.200E+0z 1.zoOE+0z 1 Cancel

Mobility factor [cw”2/(¥s)] (n)| 1.300E+03 &S.000E+03 4

Mobility factor [cm*Z/(Vs)] (p)| 3.S00E+02 4.000E+02 @ 2

Mokhility exponent (n)|-2.700E+00 -Z.700E+4+00 -2

Mobility exponent (pl|-2.500E+00 -Z.500E+400 -2

Shallow doping energy [eV] (n)| 2.500E-02 Z.500E-02 2

Shallow doping energy [eV] (pij| 4.000E-02 4.000E-02 4

Namme of shallow doping (n)|P X X
Name of shallow doping (pl|E X X
Degeneracy of conductance band 1 1

XIT) (1l:gap, Z:m-eff, 3J:hboth) 3 a

KIN o

In the following the material parameters itself and it's use in the software are explained.

Number is the number of the data row. The last number is given and can be changed at
the right scroll bar input window. The increase of the material numbers add a column for
adding a new material parameters set. The name of this column is empty, the other data is
predefined by the first (1) data set, normally Silicon.

Name defines the name of the material like Si, GaAs, etc. The name is a part of the
sample parameter set and saved in any data. After loading the data the material para-
meters are searched by this name. If a saved material name is not found in a materials
parameter set a ™' is added to the name (e.g. Si* or GaAs*) to show that no materials
parameters are available and that of the first entry (normally Silicon) is used. If using
different material parameter sets (see save data) it is important to use always the same
name for the same material (e.g. for SiC either always SiC or H3SiC or H6SIC for the
different materials).
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Band gap defines the band gap of the semiconductor material.

Rel. epsilon semiconductor defines the relative dielectric constant of the semiconductor.
Normally it will not be used in the Hall Software except for the optional Debye correction.

Rel. epsilon oxide defines the relative dielectric constant of the main oxide used for the
particular semiconductor material, not used in the Hall Software.

Eff. mass factor (n/p) gives the relation between effective electron (resp. hole) mass and
electron mass m_0, used for effective density of states and thermal velocity. Therefore
these values have influence to the capture cross section calculated by the intercept of the
Arrhenius plot.

Richardson* (n/p) defines the Richardson constant for diodes in n/p-type material, not
used in the Hall Software.

Mobility factor (n/p) defines the mobility of electron (resp. hole) at 300K., will be used for
the optional Ns(Rho) calculation.

Mobility exponent (n/p) defines the temperature dependance of the mobility of electrons
resp. holes. My(T) = my(T=300)*(T/300)***°™*" used for the optional n(Rho) calculation.

Shallow doping energy (n/p) gives the energy level of the main dopand material for
donors (electrons) resp. acceptors (holes), not used in the Hall Software.

Degeneracy of the conductance band is by default 1 for all predefined materials except
of 4H-SiC. For silicon 6 could bet nearer at the physics but our default value is here also 1
because compatibility.

x(T) enables the temperature depending use of band gap (1), effective mass (2) or both
(3) of this material, (0) disables it. But it will only be used when additionally selected 'x(T)
available' at the Physics input sheet, see chapter 2.4.2.1. When using temperature depen-
ding parameters then a table must exist for this material in the file MatTemp.Cfg.

Summary: The default material file contains for the predefined materials correct values
only for epsilon of the semiconductor and for the effective masses. The other parameters
could be dummy values, but are not so important except the mobility. The mobility will be
used by the Hall program only when calculating Ns from Rho, see next chapter. No para-
meters will be used by the standard vdP/Hall evaluation. For silicon all default parameters
should be okay except the degeneracy.
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By leaving this input sheet by 'OK" all modifications are saved in the internal program
memory, so that these changes are valid until you leave the program. At the program exit
(chapter 1.1.8) you get then an additional question for saving the material parameters into
an initialization file. There you can save these parameters only for the selected configura-
tion, not for a cold start.

Save material parameters
Leaving the material input sheet by the

Save data button leads to the input shown Saving mode oK
on the right.

" Base config/comman default
Cancel

@ {Cold stardefault

" Input of canfiguration

I— CarfiEurEs
HE | ETE

Three different Saving modes can be selected. This is necessary for defining for which
users or which samples the new material file should be valid. This is sometimes not an
easy decision, because several groups working with the Hall system may have different
parameters for the same sample material or work with completely different materials and
do not want to have other ones in their material list. On the other hand is the working with
different material parameters lists quite dangerous, because the same measurement may
give different results if analyzed with different material parameters. Therefore the saving of
the materials parameters list has to be thought about very accurate. For search strategy
and priorities of init files at the program start see chapter 1.1.2.

Base config/lcommon default saves the parameters in Hal\Conf\lnit\Materials.Cfg, for
loading this has the priority 3. It will be loaded at any cold start or if the material parameter
file doesn't exist at higher priorities. A hot start file does not exist normally, except you have
made changes and have confirmed the saving at the program exit. The changed and
saved materials parameters file does not exchange our original one, this is saved in the
Hall\Sys\Init directory which have the lowest priority 4. This input mode is the best if some
users are working with the Hall system and all users want to use the same material
parameters. For this mode user class 5 is necessary.

Depending on your Windows access rights it could be that you need administrator rights
for changing files in Hall\Conf, see chapter 14.

Cold start /default saves the materials parameters file to the personal user init path in
HallData\UserX\Init\32\Material.Cold.Cfg, which has the priority 2. In this example the user
name is UserX and the program version is 3.2. For only one user working with the system,
we recommend this saving mode.

Input of configuration enables to input of a configuration name. If this name is 'Test' then
the material parameters will be saved in HallData\UserX\Init\32\Material. Test.Cfg, which
have the highest priority 1. But this file will only be loaded if you start at program start your
configuration 'Test'. This mode is for our opinion the best way to work with several
materials parameters files.
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2.4.4 Sample parameters

The sample parameters are one of the more important parameter sets and have to be
defined for every sample before a measurement is done or saved. This parameter set is
saved with any measurement data in the file header.

The sample parameters are global for the physical used sample in all measurement
program modules or local for the current module if you have data load from a file. If you
see the caption 'Sample parameters' at the input window then they are valid for the
sample. If there is the caption 'Sample parameters for the read file' they are only valid for
the data of the current file, but the file itself will not be changed. Changes then will not
automatically be applied for the physical sample, before a new measurement the software
ask for applying, see chapter 1.3.1.

If you change the sample parameters after the measurement and the data was already
saved then you have to save the data again to apply the changes also in the file.

Sample parameters
— Materialfbase ———————— [ Sample
oK
Type  |vdP-Hall ~||  sempleiD ITestID|
haterial ISi LI Sample part IA &
Calc. ;
bs;hnu InD ﬂ Thick [ur) |1.DIZID Datahase
[~ Show n corected by Debye 2| Gale aearmetny,

— Subgroup (subdirs for data files)

[silicon Autofind | Explarer

Comment  |=>tendard

Type gives the type of the sample, normally it is vdP-Hall. Depending on your hardware
and software options the barshape type can be possible.

Material gives a list of the material names defined in the material parameters list, see
chapter 2.4.3. The selected name defines the parameters for the material which the
software is using in calculations and evaluations. If a name of a read in measurement is
not known the name is given with a "' at the end. This might happen, if measurement data
from a foreign user is read in.

For 'normal' measurements (vdP and Hall at a single temperature) only the name of the
material is important and will be printed out as an information on any result plot. For simu-
lated data, temperature dependent measurements and evaluations and for the calculation
of the shallow doping out of the resistivity (see below) also some material parameters of
the material table are be used. The material table can be changed and new materials can
be added, see chapter 2.4.3.
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Calculate Ns by Rho enables the calculation and print out of the concentration n resp. p
in addition to the Hall result out of the resistivity result. This calculation uses the material
parameters for the mobility in the material table. The material type can be defined indepen-
dent of the Hall result (yes, n-type or p-type) or the last Hall result can be used (auto type).
The type definition is important because different mobilities are used for n- and p-type.

For 'normal’ applications this flag should always say 'no'. Only for samples meant to get a
correct resistivity measurement but a wrong or incorrect Hall measurement this flag makes
sense. One example is compensated material or material with big mobility difference for n-
type and p-type. The result of the resistivity measurement is effected linear by the quotient

b=m|n/mp the Hall measurement with p-n*b2 (see Theory Manual) therefore the Hall meas-

urement can not be correct around p= app. n*b2.

Activating this flag enables now to compare the measured concentration n from Hall
measurements with one n* calculated from the resistivity measurement using a standard
mobility model. If the magnitude of n and n* is similar, the Hall measurement seems to be
correct. If n and n* differ a magnitude or more, it can be caused by the effect above and
the Hall result gives not correct values for the carrier concentration.

Show n corrected by Debye shows additionally n resp. p calculated with the Debye
length correction, see Theory Manual. This value will be denoted as n~ resp. p~.

Sample ID stands for a 10 characters long text that is meant to be used as an identi-
fication for the sample. The sample ID is a significant description of your sample. This ID
will be used for automatic file names and for the data base option for comparison of results
and so on. By this ID you can also search all stored files for this sample.

Forbidden characters for the ID are: ™', '?', ™, '<',">''|', '/, "', '\, . ", '@'",' . Depending on
the parameters for the automatic file name (chapter 2.4.5) only uppercase characters are
allowed. Upper and lower case characters of this ID will not be distinguished in the
database and in the Window file system.

Sample part stands for a 2 characters long text that defines additionally the sample. If
there are several samples that should have the same sample ID (e.g. coming from the
same process) these characters can be used to distinguish between them. Sample ID and
part are also used for the automatic file name creation, see 2.4.5.

Thick is the thickness of the layer. The input is in micro meter (106 m). The parameter is
used for the calculation of the resistivity and the carrier concentration. If no thickness can
be defined (2-d electron gas) 1cm (input 1E4) as thickness can be used. Then the con-
centration will be calculated as sheet concentration. Resistivity and Hall coefficient are
always printed in two ways (normal and sheet ....).

Comment enables you to input a comment to the sample or measurement, the maximum
length are 60 characters. The comment will be saved into the data file and into the
database.

Subgroup means sub directories for the data files. An explanation of this and the both
buttons are given in chapter 2.4.5. This input is only visible if you confirm it at the database
input. The input is only enabled if you have changed the sample ID. Put in the subgroup
before the measurement, it will not be created automatically after the measurement.

At user class 5 is a Results button. It opens an input window with a list of the measure-
ment results of the last measurement: Conc., Rho, Rh, Mobility, Doping (n- or p-type).
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2.4.5 Use of Database

The right button Database at the 'Sample parameters' opens an input window that defines
the use of the database, the database itself will be explained in chapter 5.4.

Params for database
—Use database ————— [ Path for database
(0]
Mo ® Personal data path
(" Common data path
(" Ewvaluation p Cancel
) [t af path
® Evaluati fil rf
walustion + files (rzport) |7 il suly dataliase
Database
Wilith sub LI
— Automatic file name database [
Mo e suk I—L,
detalhase
ID a5 subdirectony
D as subdir and name
— Subgroup (subdirs for data files)
|7 With measure number IDefauIt LI
I_ Set of temp variation
[~ Upper case for ID ¥ Input at sample Autofind | Explarer |

Use of database defines how you want to work with the database:

No: No database will be used, automatic file names are not possible.

Evaluation: Only evaluation values will be saved into the evaluation database.
Before saving you get a question or you have to call the save dialog.

Evaluation + files: Additionally the measurement action, but not the measurement data,
will be saved into the file database as a report. If measurement data
will be saved then automatically this report will be done.

Automatic file name defines how the file name should be generated. It is only a proposal.
You can change it before saving data. In the following examples is 'ID' the sample ID and
'‘A' the sample part, the 2. example is 'With measure number":

No: The file name is not generated by the software, the user has to define
it before the saving procedure.

ID as file name: The file name is automatically generated using the sample ID, a'@'
and the sample part, see 2.4.4.1. This is standard mode. Example for
the file name is ID@A.HRA.HAL resp. ID@A_001.HRA.HAL.

ID as subdirectory: Measurement data is saved in a new created sub directory with the
ID as folder name. The file name is generated from the sample part
and, if selected, the number of the measurement. Example is
ID\A.HRA.HAL resp. ID\A_001.HRA.HAL.

ID as subdir and name: Combination of the two option above. The measurement data are
saved in a separate sub directory with the sample ID as directory
name and the sample ID is also used for creating the file name,
ID\ID@A.HRA.HAL resp. ID\ID@A_001.HRA.HAL.
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The checkbox With measure number activates the automatic counting of measurements
for the given ID and contact. So in the 2. examples above the number 001 is automatically
added. Therefore it can not happen with this option that several measurements are saved
under the same name and former data will be overwritten.

Set of temp variations defines that in the following same measurements will be manually
done for different temperatures. In this case the proposal file name is for example
ID@A_00MO001.HRA.HAL. For the next measurement at a different temperature set it to
ID@A_01M001.HRA.HAL. This option enables the automatic plotting of all measurements
(all in one ...) of one temperature set. It is not necessary at an automatic temperature vari-
ation (tempscan). This option will be switched off by a change of the program module.

Upper case for ID allow only upper case characters for the input of sample ID.

Path for database defines the location of the database that should be used. If a database
is not found at that selected location, a new one is generated by the software after request.
You can select your Personal data path, the Common data path and an Input of path
(directory), which are available depend on your configuration, see chapter 1.1.5.

Simul sub database is an option that is only available if the measurement program
(measurement hardlock key) works in the simulation mode. By activation of this option the
simulation data will not be saved into the measurement data path and database but in a
special one.

With sub database means that a new database will be created in a sub directory of data
path. In this case you have more than one database. This option you should only use if
you have a lot of different samples. If there are a strictly divided directories for users or
materials it makes also sense to use different databases. Normally you should only work
with one database. Data saved in one database can also easily selected to different
materials or users. For only data sub directories define a new subgroup (see below).

For the using of sub database there are some possibilities:

No: No sub database, only one database will be used.

Year: A sub database in a sub directory with the current year will be created, for
example for the common data path 'Data\2010'.

Year,check: As above, but it will be checked if data of the current ID already exist in a
directory of a year before. In this case the old year will be used.

Material:  The material name will be used as sub database resp. sub directory.
SimData: Use of the predefined sub directory 'SimData’, used for simulations.
Input: Input of the sub database name, up to 8 characters.

Subgroup means sub directories of data files. Don't save data directly to the main data
path. You should use sub directories and make a structure for material, samples and
measurements. Here you can define a sub directory with sub sub directories and so on.
The maximum subgroup size is 48 characters. You can input a new directory, select an
existing one or call the 'Explorer' by a button. The button 'Auto find' search for an existing
subgroup of the current sample ID.

By activating 'Input at sample' you can input the subgroup also at the sample parameters.
In the database you can search or select by Subgroup.
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When activating the down arrow of Names of data paths, database and example file
you get the following list:

| WNames of data pathes, database and exasmple file _:J

Names of data pathes, database and example file
Perzonal data : C:%PhysTech'DltsData) Weizs
Common data C:4YPhysTechiDltsDhata’ Data
Eval database : C:YPhysTech\DltsDataWeiss\DLT Eval.DEF
File database : C:YPhysTech\DltsData\Weiss\DLT File.DEF
@
@

Data (sub)dir : C:%PhysTech\DltsData'Weizs' Default
Example file 1Y PhysTechiDltsDatal Weiss) Default’ IDEAL 001

In some cases additional files will be created and saved. These files will then saved into a
sub directory of your selected subgroup. The name of this sub directory will be taken from
the main file name. For example, V/l-curves in a tempscan, if the main file name is
ID@A_001.THA.HAL then the sub directory is ID@A_001. The V/I-curves names are
TO01.HTA.HAL, TO02.HTA.HAL and so on.

Notes and tips:

e Upper and lower case characters of the sample ID will not be distinguished in the
database and in the Window file system! So 'TestID' and 'TESTID' denote the same
sample ID.

e Blanks in directory or file names are not forbidden if manually created resp. defined,
but should not be used! Blanks in the subgroup or in the sample ID are not allowed.
Therefore are no blanks in the proposal of the automatic generated file name.

e The automatic counting (with measure number) starts at the current number. So if
the current name is ID@A_005, the proposal for saving would be ID@A_006. If you
manually set here ID@A 011, the next proposal would be ID@A _012. You can use
this to divide measurements in different blocks (applications).

e One sample ID, that means also one sample, should belong to only one subgroup.

It is possible that you get before saving data a sample mismatch warning:

This warning occurs if the sample para- Sample mismatch
meters already saved for the given .
sample ID in the ID data base are not L

are different between entries in ID data base
identical with the current sample para- il el
meters. So it should not be possible that Apply current sample params for ID database?
at one measurement the material name
for the same sample is 'Si', at the next [ Show this dislog next time
measurement 'GaAs'. One sample D~~~ ______
should belong always to one sample. In L Yes Mo Help
the brackets you see the sample para-

meter which was changed.
If you click onto the 'Yes' button then parameters in the ID data base will be changed to the
new parameters. Clicking onto the 'No' button let the ID data base unchanged.

If deactivating the flag 'Show this dialog next time' then this dialog will not be shown and
the ID database will not be changed at the next sample mismatch for the current ID. The
deactivating is only valid for the current sample ID.
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2.4.6 Temperature

This software tool is meant to control the sample temperature and to setup the tempera-
ture controller. The supported options depend on the possibilities of the used controller.
Not all options are possible with every temperature controller. The minimum and maximum
temperature can be changed only by the Set_Conf program (13.4). The Hall system comes
normally without a temperature controller.

. . . Temperature and cryo system
After selecting this function, the actual sample

temperature is measured and shown in Kelvin and Close

Celsius. If the controller supports a vacuum mea- Temp = 3000 K

surement also the pressure in the sample cham- 558 Flot

ber of the cryostat is shown in the temperature | 7

display window. Below that window the actual , . SetPoint
. SetPoint = 300.0K

temperature set point and the actual control mode

for the temperature controller is shown. Control mode = undefined Cryo params

By the button 'Close' you go back to the previous BT fedEieen

menu.

Plot starts a permanent temperature measurement and a permanent actualized plot of the
temperature versus time. There you get information about the buttons by its hints. A spe-
cial flag for testing deactivates only here the repeat of temperature commands if an error
occurs. If using 2 sensors both temperatures will be listed. The first value (TC or TempC)
comes from the control sensor 1, the second (TS or TempS) from the sample sensor 2.
Look in chapter 1.3.6 for information about the different temperatures. You can select
showing sensor 1, 2 or both by the button 'Alternative plot'.

The SetPoint button opens an input field where the

temperature set point can be changed. Temp =276.1K Sen
If activating 'Reset heater/pump' then heater and 29C
pump will be newly initialized if setting the tempera- SetPmirt

it [300]
ture by the 'Start' button. Normally this is not neces- SetFoint b Tk

sary. But some controllers like the Lakeshore switch [ Resetheater/pump Cryo params
off the heater after the sensor (cables) was discon-

nected. And they don't switch the heater automatically on after the sensor was connected.
By this flag our software knows that it have to switch on the heater and, if available, to set
the maximum heating rate. This input will not be saved.

After clicking onto the SetPoint button the Plot button changes to the Start button.

The Start button transfers the set point to the temperature controller and starts the tem-
perature regulation. The temperature will be measured and viewed during its change to the
set point temperature. Hereafter changes the Start button to Plot button again.

The cryo parameters button opens a new input window, see next chapter.

The flag Temp in extra window opens after closing the temperature _OIx]
control window a small permanent available window that gives every
5 s the current temperature of the sample. T=2rBak

Note: If working with 2 sensors the temperature in this chapter comes from the control
sensor 1. It will also be used for the regulation (ramp) as described in the next chapters.
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2.4.6.1 Cryo parameters

At the isothermal program modules (V/I, vdP/Hall, Magneto) a new temperature will be set
normally in one step, similar to a rectangular ramp. The following inputs define when the
new measurement starts after a new temperature, that means how the program defines
that a temperature is stable enough for the next measurement. These values are only for
the isothermal measurements, for the temperature depending measurements there are
separate ones and more possibilities.

Cryo params (isothermal)
Because the temperature set-
tlng at isothermal program — hda ter.np difference [K] — —V\./E.litingtimes (=] e e
modules use the same proce- t';igg‘;?';gk 100 gT.8 tMB'r:';" e o o :
dure as a boxcar (rectangular) During temp Mesimurm for Cancel
temperature ramp, you find a e 100 oT €| | termp check |9-D 0 R
e ol parametaen” |Famaran | RSN BT | Teds
chapter 2.4.6.2.1. -
The both bottom parameters — Cmds(T). FIDT) — Sawve into init fll.e
will be explained in 2.4.6.2.4. [no | (o

By the Tools button you get a menu with some tools. For these you need user class 5 or
higher, the possibilities depend also from the temperature controller:

PID parameters: The proportional, the Integral and the differential part of the regulation
slope of the temperature controller can be defined.

Temp depend cmds: Definition of temperature depending commands transferred from the
software to the temperature controller, only available if Cmds(T),
PID(T) are used, see chapter 2.4.6.3.

Other parameters: Define LN2 and room temperature, give options if working with 2 cryo
systems.

Send commands: Opens a command module to send commands or receive data from
the temperature controller.

Load/init cryo file: Load the cryo file and initializes the controller.

List cryo status: Gives a list of the actual used parameters of the controller.

Temperature test: Test routines for testing temperature ramps or regulations.

Make/edit Tcal file: Create or edit a cryo/temperature calibration file Tcal_7?7?7?.cfg.

2.4.6.2 Cryo times and parameters for a ramp

This input module defines how the software and the cryostat with the temperature
controller work together concerning the times for setting and regulating a new temperature.
At the following input windows the both top groups of parameters will be called here Cryo
parameters. These parameters depend on the kind of temperature ramp (boxcar, linear
controller, linear computer). Different sets of Cryo parameters exist for isothermal and
tempscan (normal, slow, fast, very fast, init file) measurements.

The other general 4 inputs at the following input windows will be explained in 2.4.6.2.4.
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2.4.6.2.1 Boxcar (rectangular) ramp

The inputs define when the new measurement starts after a new temperature, that means
how the program defines that a temperature is stable enough for the next measurement.

Two temperature differences and three

waiting times can be defined to check a - Mex temp difference [K] | Walting fimes [s]
correct temperature regulation and start a Forstaring [ Minimum far o
measurement at a stable temperature T tempcheck I-*" 8151 tempcheck =7 LC
close to the temperature set point TSet. Its During term Masdrnurn far
b P, b ChECE ® foso dT_C| | termpcheck IE'D LM

meant as a synchronizing of the software

: - Add. fort_i
with the cryostat for measurements at a fix ¥ Adaptat T<150 aTaaT 5 P! LA

stable temperature.

The start cycle for an isothermal measurement under respect of these parameters is:

1. After the definition of the kind of measurement, the measurement parameters and the
measurement temperature T_S by the user and starting the measurement, the measure-
ment cycle is started and the new temperature set point TSet is transferred to the tem-
perature controller.

2. The temperature controller heats or cools the cryostat (and the sample) due to the set
point temperature. During the cooling or heating the software measures continuously the
actual temperature T.

3. When the temperature difference dT between the measured temperature T and the
temperature set point TSet becomes smaller than the value for starting temp check dT_S
the software starts the temperature stability check.

4. During the temp check the software checks whether the temperature difference dT stays
smaller than the value during the temp check dT_C. The check is at least done for a
time given in minimum for temp check t C. If dT <dT _C is always valid during t C, the
measurement is started.

5. If dT <dT_C is not fulfilled during the time t C, the check procedure is continued till the
time maximum for temp check t_M has been reached. After this waiting time the
measurement is started even if dT is larger than dT _C.

6. If during the temp check it happens that dT > 3*dT _S, then the maximum time for check
will be increased by the additional waiting time t A.

Temperature

Starting temp check (dT _S)

e

TSet

time :>

dT_C
—tC

t M
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The flag Adapt at T<150 reduces the given values for dT_S and dT C with 1/T for temper-
atures below 150 K by the equation: dT'=dT * (0.3+0.7*T/150).

The times and temperature differences given in the input window above are for normal
tempscan measurements. The times can go up to minutes if the cryostat is oscillating or
very slowly. When the temperature don't reach its set point, optimize the PID parameter,
increase dT S or deactivate the flag above.

2.4.6.2.2 Linear ramp of controller

At the tempscan inputs you can define that

the linear ramp will be stopped and the tem-

FParams for TSet

) Hold parameters
pera_ture will be hold before a measurement. o [ Extendad hald
In this case you can define how the soft- e [Ponded e e
ware waits before a measurement starts. Use boxcar
This waiting is the same as for the computer || feed 592 2] woil perems | LA

ramp, see next chapter.

2.4.6.2.3 Linear ramp of computer

The software emulates a linear controller ramp if using the computer ramp. It increases or
decreases the temperature set point TSet of the controller in a loop to reach the tempera-
ture TNext where the next measurement should be done. Only very small temperature
differences, normally 0.1 K, will be used in a given time, defined by the ramp rate. During
the measurements no new set point will be set, so the temperature will be 'hold'.

While setting TSet in a loop 2 points will be considered:

e TSet<TNext+TOfs means that the set point of controller is always smaller as the
next measurement temperature plus a temperature offset. If this can not be fulfilled
the computer waits (called pause time) with setting new set point until next meas-
urement was done.

This point can be helpful if temperature runs too fast so that you have only less
temperatures at which measurements will be done. But the controller must reach
TNext+TOfs. Depending on your cryostat and controller this can be a problem if
TOfs is too small. So some cryostats don't reach that temperature which was de-
fined by the set point. Therefore we have introduced TOfs.

o TSet<TGet+TOfs means that the set point of controller is always smaller as the cur-
rent temperature plus an offset temperature. If this can not be fulfilled the computer
waits (called pause time) with setting a new set point. So the difference between
TSet and the current temperature TGet is only small.

This point can be helpful if there is a big difference between TSet and TGet. This can
yield to regulation problems, so that the temperature oscillates. This point avoids
this behavior but it can expand the time of the temperature ramp because the
waiting.

TOfs in the equations above is the offset temperature, it will be calculated by the software.

The 'smaller sign' is valid for increasing of temperatures, at decreasing it is a 'bigger sign’
and TOfs will be used as a negative value.
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The loop can be explained by following simplification:

For example it should be TGet=299.5K, TSet=299.5K, TNext=300K and TR=0.1K/s. Then
first TSet will be set to 299.6K. The software waits then 1s before setting 299.7K. This will
be repeated until 300K was reached.

In the practice the loop is more complex. So the 2 points above will be considered. TOfs
will be calculated by the ramp rate TR. Additionally the 'pause time' will be limited by a time
limit t L calculated by TR:

TOfs = 0.2+sqrt(TR), t L= 1/TR, for example, TOfs=0.5K and t L=10s for TR=0.1K/s

This is also a simplification. All calculated parameters depend on the Cryo times, the ramp
rate, the limit and speed mode and the limit level. The initial limit level will be defined by
the limit mode. If the time limit will be exceeded too often then the limit level TL will be ex-
ceeded. A bigger limit level can yield to a bigger TOfs and t L. This means that the control
by the 2 points above is not so strong. The limit level TL goes from 0 to 16.

We can divide the working for one temperature point in 4 phases:

1. The set point TSet is not closed to TNex¢, for example the difference is bigger than
1K. Depending on the difference TNext-TSet, the set point TSet will be set in bigger
steps, for example 0.2K, or in smaller times. This yields to a bigger effective ramp
rate as defined. This will be done in a loop until TSet comes near to TNext.

2. TSetis closed to TNext. TSet will now be incremented resp. decremented in 0.1K
steps. The time will be defined by the ramp rate or, if the flag 'Extended hold' is
activated, in smaller rates. This phase will be finished when TGet reaches TNext. If a
special flag is activated then TSet=TNext will be set at leaving this phase.

3. The software waits a fix time or as explained for the boxcar ramp.
4. The measurement will be done.

Cryo params (computer ramp, tempscan normal)

Params for TSet

The left input group contains parameters for
setting TSet.

Hold parameters

Limit Im [v Extended hold
mode

[ TSet=THext at measure

The Limit mode defines the initial limit level Jopimize [ Use hoxcar
which is important for controlling the tempe- Speed |ORImze I waitperams Feere]

rature stability:

Standard: The software starts with the old saved limit level.

Adapt: The initial limit level is the minimum of old limit level and 5. The limit level can
also be decremented at the measurement. Usually it should be the best one
but it can cost time if the limit level oscillates in rare cases.

Fix start:  The software starts with a fix limit level of 5. The advantage can be a repro-
ducible behavior, disadvantages occur if a much higher limit level is neces-
sary or a much smaller level is possible.

Tolerance: The start limit level is the maximum of old limit level and 11. The time limitt L
will be cut in half. This yields to more tolerance in the temperature stability.

The software can increment the limit level at all modes. After the complete measurement
the current limit level - 1 will normally be saved as old limit level. So the software starts in
the standard limit mode one level lower as the final level at the last measurement. The limit
level will only be saved at leaving the software if the flag 'Save into init file' is activated,
see chapter 2.4.6.2.4.
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The speed mode defines the temperature steps and pause time in phase 1 and 2 and so
the effective ramp rate:

Standard: The standard mode uses in phase 1 a higher speed. In phase 2 the tempera-
ture steps are 0.1K, the time will be defined directly by the ramp rate.

Optimize: The speed will be optimized, that means in phase 1 it is much higher as in
phase 2. This should give the 'optimal' speed and a faster ramp but can
reduce the temperature stability.

Fix: The fix ramp rate defines always the speed but a pause time is also possible.
The temperature steps are always 0.1K.
High: Similar to 'optimize' but designed for a high speed ramp. The temperature

stability may be here not so good.

The input group 'Hold parameters' contains options how the temperature should be hold:

Extended hold reduces the speed at phase 2. That means if TGet is closed to TNext then
the effective ramp rate is smaller than the defined ramp rate. Activate this option except
you want a high speed.

TSet=TNext at measure means that if TNext was reached then the set point TSet will be
set to TNext. This improves normally the temperature stability during the measurement
because it is possible that TSet is 'faster' than TNext, especially at a big TOfs. But some
cryostats have a problem with this feature because they don't reach that temperature
which was defined by the set point.

If the temperature TNext was reached then the software exits the TSet loop and sets no
new temperature set point, it 'holds' the current one. The software waits a time before the
measurement can start. 2 kinds of waiting exist. The standard one is a simple wait proce-
dure where the waiting time t W depends on the ramp rate TR:

t W=0.2/TR, for example, t W=2s for TR=0.1K/s

If activating Use boxcar wait params then the software waits until the temperature is
stable enough, similar to the check temperature procedure introduced in chapter 2.4.6.2.1.
But now the software starts directly the temperature stability check (cycle point 4) and
dT C has only a meaning for t A. The 'Params' button opens the input for these para-
meters which are the same as for the boxcar ramp.

If the measurements need a high temperature stability, for example for very sensitive or
long measurements at one temperature, then you should activate this option. Define then
strong criteria and long waiting times.

Summary: We prefer the computer ramp for the most applications. The default modes
depend on the selected cryo times. The standard modes for the limit and speed mode are
good compromises. The 'Optimize' mode should be the best speed mode, so it is the
default one except for 'slow ' cryo times. There is 'Adapt' the default limit mode to get the
highest temperature stability. Except for fast overview measurements the flag 'Extended
hold' should be activated.

The temperature stability increase normally by activation of 'TSet=TNext at measure'. But
some temperature controllers could have a problem with this option. So it is off by default,
check this option with your cryostat.

'Use boxcar wait params' can be necessary for sensitive or very long measurements at
one temperature. Here you should adapt manually these parameters.
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The ramp rate input is not the effective rate but only a hint because the temperature will be
hold during the measurement and, depending on the cryo times parameters, the software
waits or uses temporary faster rates. In most cases the effective rate is smaller than the
defined one.

A problem of the controller ramp can be a too small heating rate. Then the set point runs
away while the current temperature hangs or is much smaller than the controller set point
temperature. Finally the measurement will be finished before the measured temperature
has reached his end point. The controller ramp don't wait except you have activated the
hold option. The computer ramp avoids this problem because it holds always the tempe-
rature at the measurement.

Note: The quality of the temperature stability depends, also at the other ramp modes, from
the cryostat, the controller, the selected PID parameters and from the ramp parameters as
discussed. The predefined ramp parameters can not be optimize for all cryo systems. So
you should adapt these parameters. The temperature test, see chapter 2.4.6.4, is here an
important help.

2.4.6.2.4 General cryo options

r Enable sawving oftemp

The cryo input window contains for all ramp Cmds(T). FID(T)
’7 difterences and times

modes and for all cryo times the same addi- o =]

Sawve into initfile
tional input groups. {

Cmds(T), PID(T) enable temperature depending commands and/or PID parameters. This
is only available if such commands exist. At some temperature controllers various maxi-
mum heating power can be set for different temperature ranges:

no: No such cmds will be used.
last block: Only the last temperature block of these cmds will be used for all others.
yes: For different temperatures ranges different cmds and/or different PID

parameters will be used.

Save into init file means that all changes of the cryo parameters will be saved at program
end into the init file of your selected configuration, normally hot start. In the other case are
the changes only temporary, at program new start the old values will be loaded.
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2.4.6.3 Temperature depending commands

At user class 5 here the definitions of temperature depending commands are possible.

During a heating or cooling cycle the software now transfers all defined commands to the
controller after the temperature has reached the temperature limit of the particular range.
This can yield to a better (more stable) temperature regulation.

5 different temperature ranges can
be defined. For each range the
maximum temperature up to this
range is valid and up to 8 different
commands for the temperature
controller can be defined, e.g. PID
parameters, heating ranges etc..
An explanation of the syntax is in
the file Cryo.Txt.

'Edit range number' defines the
temperature range which is visible
for editing.

By activating a flag these com-
mands will be used also at a pro-
gram cold start. A hot start will be
defined by the 'Cmds(T),PID(T)'
value.

Temperature depending cmds

— Crds for range 2

Max. temp for this range [K] I'IEEI.I]

|9 C1:RANGE 2

— Main params

|1 B
MNumbers |5 3‘
of ranges =
Editrange I 3‘
number P =

Use T-dep.
| at cold start

Mumbers
of crmds

OF, sawve

Ok

Cancel

OK stores the commands only in the memory. After a new program start the old com-

mands are valid.

OK, save stores additionally the commands into the particular cryo init file.
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2.4.6.4 Temperature test

The quality of the temperature stability depends on the selected PID and ramp parame-
ters. The default values can not be optimize for all cryo systems. So you should adapt
these parameters. The following temperature test, available at user class 5, is here an
important help. At a result you get a plot temperature versus time.

The inputs depend on the selected ramp mode:
Set stop temp, Set no temp, boxcar, linear controller, linear computer.

'Set stop temp' means the program sets the stop temperature and measures, for example,
every 0.5s the temperature so that you can observe how the controller reach the stop tem-
perature and how good the temperature stability is. 'Set no temp' means that the tempera-
ture will only be measured without setting a new set point. The other ramp modes are ex-
plained above. In all cases the measurement don't stop automatically after reaching the
stop temperature, you have to do it manually. So you can check how stable the tempera-
ture is at the stop value.

—Main params ————— ~ Ramp params
ngght picture is for the computer ramp 23?5 [insar. computer =] | | Remp rete [K/s] o
The software sets at the begin the e L ekl ziparaie
temperature to the start temperature. You SHIUE2 ' G0 [oormel =
get an information window with the set e _
point, the current temperature and the time soptermplig  [P000 _Cyoinput |

after setting the temperature. Start the test

. —Stepparams ——— | [ Yiew params
measurement manually if the current tem- _
perature is stable enough and has reached | Boxcarstep (] 1?2 g show regulation steps

¥ Show TEet
the start temperature. waitme sl
The reaching of the stop temperature step [3] : [ Mark step temps
stops the setting of a new set point. Time between [ [ Infain status line
05 ,
2temps [5] [~ Enahle maonitor loops

The boxcar step corresponds to the delta temperature at a tempscan, there it is the tem-
perature difference between 2 tempscan data points. You have to observe the temperature
stability at these boxcar steps. The wait time at step defines how long the software stays
on this temperature without setting a new set point. Time between 2 temps means the
time interval of the temperature measurements.

The ramp params as ramp rate and cryo times are already described above.

If activating show regulation steps then the temperature will not be measured only at the
boxcar steps but also between these steps. Show TSet shows in the plot the temperature
set points by a default blue line. Mark steps temps shows in the plot the boxcar tempera-
ture steps by a read line. You can also get some additional info in status line.

Tip: After cryostat installation adapt first the PID parameters. Then make 4 temperature
tests with the boxcar, controller and computer ramp; for the last make tests without and
with 'TSet=TNext' (chapter 2.4.6.2.3). Use standard cryo times and a ramp rate of 0.1K/s.
Select 8s wait time at step for the boxcar ramp, 5s for the other ramps. If necessary
change the PID parameters and repeat the tests. Compare the 4 results and select then
the best ramp mode for your measurements. If 'TSet=TNext' yields to better results you
have to activate it for every cryo times. You can improve the temperature stability by opti-
mizing the cryo parameters, this must be done for all cryo times.
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After you have finished the measurement you get the standard
plot. Yo can save it in the presentation plot program. Other plots
are available when clicking onto the alternative plot button.

If using 2 sensors then the temperature of one or both sensors
or the difference of both sensors can be plotted. You can mark
the temperature steps and show TSet at the computer ramp.
The plot 'Difference at step' shows the temperature difference
at the boxcar steps. For this the last temperature of each step
will be subtracted from the other temperatures at this step. So
you can check how stable the temperature is at these steps.
For a better overview here a special time axis will be used
which separates all wait time at steps by 1s. If activating 'with-
out fix hold wait time' then only points will be shown which rela-
tive time is bigger than 0.2/TR resp. (t_ C+t M)/2.

Select alternative plot

— Plot base mode

" Standard plot

® Selectplotdata

" Difference at step (fix temp)
0 Sensorl -sensan e

| Hesting rate

— Select plot data

|7 Standard sensor

I_ SecahE Sensar

[T Sefting temperature TSet
[ Mark step temperatures

The following picture shows measurements for the 3 different ramp modes. The computer
ramp was used without and with the flag 'TSet=TNext at measure'. The black lines repre-
sent the temperature measurements, the read lines the boxcar steps and the blue lines
TSet at the computer ramp. The temperature should be nearly constant during the boxcar
step (red line). It is not so important to reach here the exact (destination) temperature.

For the boxcar ramp (top left) you can estimate the wait time until a measurement should
be started. The best results give here the computer ramp with "TSet=TNext' (bottom right).
The 'hold command' don't work here fine at the controller ramp. An additional criterion is
the effective ramp rate. This example is not representative for all cryostats and controllers!

It gives you only a hint how you to use this tool.

200 300
Time [s] —

Computer ramp, TSet=TNext

1 1
< 330~ Boxcar ramp 1< 330 Controller ramp
- -
320 - 320
310 - 310
| L | L |
100 200 100
Time [s] —
1 1
< 330 Computer ramp 1 & 330
- -
320 s 320
310 - 310
| L | L |
100 200 100
Time [s] —

200 300
Time [s] —

Tip: You can also check the temperature stability of a tempscan measurement by the diffe-

rence temperature before — after measurement.
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2.4.7 Monitor

The Monitor allows a WebView and monitoring of the measurement action. At user class 6
you get additional input sheets for checking the communication with the hardware and a
Tool button for some diagnose tools. Extended diagnose tools are only available when
calling the Monitor from the Utils menu of the Base tools. Be careful with the diagnose
tools, especially the initialization of the measurement hardware and sending manually
measurement commands.

2.4.7.1 WebView input sheet

The WebView allows to monitor the measurement via internet or a network directory. This
input sheet is only visible in the isothermal or tempscan measurement module. It is only for
long temperature depending measurements. With this option a HTML file will be created at
the end of measurement or, for example every10 s, with measure message or/and
measure picture.

You can load your monitor HTML file by every browser or with the program WebWatch in
the directory Hall\Bin. You can copy this program to another computer and run there
without installation. If you encrypt your measure pictures by a password you need the
WebWatch program. This program can also poll in a time interval for the new monitor file,
for example to get a message for the end of measurement.

At Internet the monitor file Monitor
wﬂl be saved at a hidden Webiisw '| Status |
directory on the PhysTech
server. At Directory you lse Wehyiew/File Select Web'iew params
can define a network (" Mo [+ Send meas message to Web
directory for these files. @ wig Internet [v Send measure picture to Web
If you use FTP instead of " via Directary [ Clear picture after meas end
HTTP for upload you must [ Encrypt picture by password
be sure that FTP is enabled [v Use FTPinstead of HTTP Interval time for =
on your computer. send ta Web [5] =
T e Suffix name l—

By d.eflnlng an addltlo.nal b file Select WehFile parame
suffix name of Web file _

[ Send measure files to Web
nobody knows the complete -
name of your web file. You
see the complete monitor
file name at leaving this
dialog in the status line. 0K Cancel ‘

You can also send all new files with measurement data to the Web or your directory. These
files will be packed into one ZIP file. You can encrypt this file by a password. The name of
the ZIP file is the same as for the Web file (you see it in the status line) but has the exten-
sion ZIP instead of HTM.
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2.4.7.2 Status input sheet

The status monitor gives
some information about the
status of the measurement.
You can show this information
in the status line or/and in a
separate window, see next
picture.

'Plot temperature' expands
the status windows and plots
the last temperatures.

By activating Additional
temp task the temperature
will be measured every 5 s
and updated in the status line
or status window.

If an error has occurred then
you can get information about
this error by the LastError
button.

Monitor

Webiiew Status |

Status monitor
[ Status line
[ Window
-

-

N

Ok

Cancel

At user class 6 you can create a report file by the Report button and use an error monitor.

kg _|]x| Status window:

smus - MessErna  Otatus denotes the current action, TempL shows the last measured
Temol - 29E.00K temperature, Matrix the connected contacts. The actual field and
current will be listed.

Matrix  1.3/2.4
Field -0.00T
Current 0.00E+00A

By activating 'Additional temp task' the current temperature will be
shown and updated instead of the last temperature. The label is in this
case "Temp' instead of "TempL".

T3et =300.0K By the flag 'Plot temperature' the last measured temperatures will

waxis = 27BK-286K

be shown in a plot at the bottom of the Status window. The range of
the x-axis is always 20s. The minimum and maximum values of the
y-axis will be listed above the plot. These are the values of the white
plot window and not of the black curve (data) inside of the plot.

The current temperature set point TSet will also be listed. If the tem-
perature controller is not in the 'Set-Control' mode, for example at
using the linear ramp of the controller, then the control mode will be
shown here.

Note: The Status monitor shows only the temperatures of the first (control) sensor when

using 2 temperature sensors.
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2.5 Help menu

Help By the menu Manual the software manual will be opened at
Manual the page of the current program module.
Documentations
Configuration info At some help menus there is sometimes 'Manual for data'.
PhysTech home page This opens the manual page for an explanation of the data or
Load version info from web plot and not for the current program part, for example in the
About Standard Plot Program.

The Configuration info gives an overview about your software configuration. There you
can also edit your user file, especially the maximum user class, see chapter 1.1.5.

PhysTech home page opens the home page of PhysTech.

Load version info from web checks your version and the newest version at the PhysTech
server.

About gives an information about your software version.

At Documentations you can select one of the 5 Manuals (Hardware, Software instal-
lation, Software, Basic, Theory) or additional important information or publications by
Additional PDF's. In Txt-Files there are very special information about the software, for
the normal user it is not important.

. . Show documentation
You need a PDF viewer for showing help

files by the F1-key or Help-button (navi- [ oce teoemenEton ok
gating to a defined page). o

At the installation resp. SetUp Configuration " Additional PDF's Cancel
program you can select between the Adobe ¢ TxFiles

Acrobat Reader, an ActiveX control of the Help
Adobe Acrobat Reader, the PDF viewer of ~ Select documentation

your browser, the FoxitReader (Portable) or Hardware

the SumatraPortable. For more details see Softvers inetofaton

chapter 3.2 of the Installation Manual.

Calling Manual in the Help menu or using the Help button or F1-key the PDF viewer opens
normally the manual at a defined page. The Adobe reader saves internally your last
opened page. If you start the Adobe reader again with the same defined page (same help
point) it opens your old page. If you start with a new defined page (new help information) it
opens the new page.

In the most menus and input windows you get help information by the F1-key. At some
input windows there is a help button. It have the same function as the F1-key. You get help
information by the F1-key also if there is no help button!

In some input windows you get by the F1-key different help information depending on the
selected input group. For example if there is an input group for interpolation then you get
the help text of chapter 2.7.1 if activating this input group and pressing the F1-key.

At many buttons and inputs you get a hint by moving the mouse to this position.

Note: All help and information files are in the sub directory Hal\Sys\Doc.
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2.6 Others

The following common functions come from the other menus Edit, List, Plot and Evaluate.

2.6.1 Compare reference

At the plOt menu it is POs- Compare with reference
sible to compare the cur-

rent data with a reference | Toteunves | Viewstle ox
file. By the params button [ Datacurve @ louvies o ey

you can select the curve [v Reference curve (" Separate layers far curves Cancel
to compare, this depends v Difference curve iow paramstere

on the program module. : Barame
At the plot curves input ~ Difference parameters L Diifzreni CD_IDrS

group the curves for p|0t- [ Difference reference - data B Bt

ting will be selected: [¥ Use smooth for difference rSﬂ},;rSk;DI Ias wigw params LI

Data (current), reference _ e

or/and difference curve. Smaothing strength an 3] points [na =
Difference parameters

are available if showing — Path/name of reference file

the difference. The diffe- Path  |C\PhysTech\DitsDatatieiss\Simul

rence will be formed b

'data — reference’ or, ify Name [FeiTIADLT _Search |

the flag is activated, by
'reference — data'.

If activating Smooth for difference then the data and the reference curve will be smoothed
by splines for the forming of difference. The difference itself and the data and reference
curve in the plot will not be smoothed by activating this flag! If data and reference curve
have not the same x-axis then the x-axis will be interpolated to the x-axis of the data curve.

As View styles you can define to show all curves in one layer or to use for every curve a
separate layer.

In View parameters you can activate to use different colors for every curve instead always
the same if selecting separate layers.

For the symbols in the plots following modes are possible:

standard symbol: For all curves the standard symbol will be used.

as view params: The symbols will be set as defined for compare and difference
symbols in the global plot parameters, see chapter 2.3.3.

as many curves: The symbols will be set as defined for curve 1 to 3 in the global plot
parameters.

2 symbols, 1 line: The data curve uses the symbol for curve 1, the reference curve uses
the symbol for curve 2, the difference curve will be shown by a line.

only lines: All curves will shown by lines.

Connect points will be explained in chapter 2.7.2.
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2.6.2 Approximation

In the Edit menu of some
program modules there is at
user class 5 the menu point
Approximation. It means that all
possible measurement data can
be interpolated and/or
smoothed. Smoothing will be
made by splines, the input of
strength is possible. Additionally

Interpolate/smooth data

— Interpalation mode
" Mo interpolation

" Automatic points

® Input of paint numbers:

{~ Input of start, end, nbrs
" Input of start, end. delta

— Interpalation params —

=} )] IW
BJ=lj =] Iw
MNumbers |4DIJ :I

Cancel |

— Smoothing params — Sort data
the data can be sorted. I Smooth data ~ No
If activating interpolation then a
new x-axis with equidistant Stergh 10 ® e
steps will be calculated,
following interpolation modes exist:
No interpolation: The data will not be interpolated.
Automatic points: Interpolation with automatic setting of interpolation points (new

data numbers), see chapter 2.3.3.6.
Input of start, end, nbrs: For the interpolation you have to input the x-start and x-end
value and the numbers of interpolation points.
Input of start, end, delta: For the interpolation you have to input the x-start, x-end and
x-delta value.
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2.6.3 Delete data

Delete data pointsfrange
In the Edit menu of some program modules there Delete data by
is at user class 5 the menu point Delete data " Plat (deviation) oic
points/range. The data arrays/records will be C Editor
internal in the memory modified, not in the file. Cancel

(@ Setting walid params

This function deletes not only points of one curve

. (" Deleting params
but the full data record of the marked points.

Setting valid params

. Setwalid x-axis range ﬂ
Delete data by defines the base delete mode.

The first both modes use x- and y-data. In 'Plot as Paramatars

y-axis' you must select the data (curve) for using _ T
as y-axis. This input depends on the current pro- i [1005002
gram module. wmax  |300E+02

Following modes exist:

Plot (deviation): The x- and y- data will be shown in a special plot program in which you
can delete one or more points by the mouse, see chapter 5.3.2.6.1.

Editor: The x- and y-data will be listed in a grid. In the menu Edit you can
'delete’ a grid line. The line will not be really deleted in the grid but only
marked as deleted by setting the x-axis value to -1E100, for more
details look in chapter 5.4.1.2. You can also change there the values
for the x-axis. A change of the y-values will not be applied.

Setting valid params: Only data with a given valid criterion will be applied. This criterion
can be the last index, the index range or the x-axis range. Index mean
the index of the data arrays, starting from 1 to numbers of data. The
valid parameters will be defined in the Parameters input group.

Deleting params: Data will be deleted by given parameters. You can delete an index
range, an x-axis range or not valid data. Not valid data for example are
such data which x-values are -1E100. For a temperature as x-axis are
all x<2 not valid.

If 'Plot' was selected as mode, you have to confirm the applying of the new data after
leaving the special plot program.

By Cancel you stay in the plot program, by No Confirmation
you leave it without changing the data. 5

By Yes the new x-data will be applied. The data @ Apply plot data

which has been marked as deleted will either be @ Remove deleted points from data
removed from the data arrays/records, or for (" Interpalate deleted points

these x-values new data will be interpolated over
the valid points. The interpolation will be done for
the old x-values, so that the x-axis remains. This
option is not in all cases available.

[ Initrepan list of deleted points

Yes Mo Cancel

'Init report list of deleted points' applies the current deleted points as new report list. If
this flag is not activated, these points will be appended to the report list. This report list can
be used for deleting the same points at new data, more details will be given in chapter
5.3.2.6.1.
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2.7 Common input parts

This chapter don't describe menu functions but only parts of input windows which will be
used in some input windows.

2.7.1 Interpolation/Approximation

Interpolation means that additional data to the existing data will be created and shown in
plots. In detail, at an interpolation a new x-axis will be defined with more than the existing
x-values. The new x-axis contains equidistant x-values, the new y-values will be calculated
from the original curve. The calculation will normally done by an interpolating and not
approximating cubic splines. This means if a point of the new x-axis have the same value
as the original curve then the calculated y-value has the same value as the original curve.
The interpolation curve hits the original curve. The number of interpolation points will be
defined in chapter 2.3.3.6.

By approximation (smoothing) the new curve don't hit the original curve. The y-values for
the same x-values are different for the original and the approximated curve.

The standard input group for interpolation and approximation (smoothing) looks like:

Yes enables the interpolation and approximation. By activating [ Interpol/Smooth
Interpolation the plot data will be interpolated. ® o
Smoothing activates the approximation of the curve. Strength [™ Take outdeta
defines how strong the smoothing is. 0 means no, 99 is maximal ¥ Interpolation
smoothing. A medium smoothing is 50, this is the default. The [¥ Smoothing  strength
spline strength is normalized in respect to the x-axis data, so that Params| [0 2
same strengths have similar effects at different x-axis data.

If activating Take out data then not all original data will be used for the approximation. A
special algorithm search 'bad' data. To simplify matters, if data points have a too big
difference to the approximated data these data points will be neglected in calculation the
smoothed data.

The input group below contains the main parameters, in some input windows these are the
only inputs, in other inputs there is a Params button, which opens an input window with
more possibilities, see picture below. In special cases, for example differentiation of data,
there are only the inputs for smoothing.

In the Data mode input you can [[QENIHERETTEIBLIGTET|
define if additionally to the new , ,

. . — ze interpolfsmooth ——  — Algorithm
(interpolated/approximated) the TR
original data should be shown. | Mo |Easy Spine 7]

If using only the new curve you l li=rpsli=ton Cancal
can select if the new curve has @ Yes [ Smaothing -
the plot symbol from the original
curve or the special defined ~ Datamode————— [~ Easy splines params —
interpolation plot symbol, see | & . yiginal data [ Take outdats
Chapt_er 2321 = Interpalstiog symbs]
At activating Window by both : Smooth strength

. . [ “Window by both
the plot window will be calcu- = el 50 =
lated from the original and the Original in mermary

new curve, in the other case

only from the new curve.
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Original in memory means that the original curve instead the new curve will be used for
further calculations, for example for applying into the Presentation Plot Program.

At the Algorithm you can activate interpolation and smoothing and select the algorithm:

Easy Spline: Use natural cubic splines, inputs are easier and less as Splines.

Spline: Use natural cubic splines, full inputs with strength as a real value.

Gauss: Use a Gauss smooth with sigma as smoothing parameter, for the
interpolation the Aitken or Lagrange interpolation will be used.

Polynomial: Use a polynomial with the polynomial order as smoothing parameter,
all points are smoothed.

Bezier: Use Cubic or N Bezier curves for smoothing, all points are smoothed

and interpolated. Cubic Bezier yields only to slight smoothing.

The next input group depends on the selected algorithm.
Strength defines how strong the smoothing is. 0 means no, 99 is maximal smoothing. A
medium smoothing is 50.

If activating Take out data then not all original data will be used for the approximation.
You get at the right a new input window except Easy Spline was selected.

Here you can define the maximum differences for taking out data. ~ Max difference [%]
There are 3 checks. The checkbox activates the check. - 0o |
2 data means the difference between 2 data in percentage. edates |
Approx. means the difference of the original curve and the first ™ approx. W
approximation before taking out data.

Deviation means the difference of the first approximation before taking [ deviatian[10

out data and a second approximation after taking out data.
The final approximation will be done by the original valid data which were not taken out.

The following picture demonstrates the influence of the smoothing strength. The squares
denote the original measurement data without smoothing. The lines are the by Splines
interpolated and smoothed curves of these data. The smoothing strength are 45 (weak)
for the green, 50 (medium) for the red and 60 for the maroon line. At strong smoothing the
peak height increases, at overlapping of peaks also the peak position can change.

0 Type = p-Si
5 | |Area = 4.91E-02 cm?
g O :original .-’1‘! Ng = 1.00E+15 cm™
. 3.0E+10- — :strength=45 1t = 200 ms
5 — :strength=50 i TW = 204.80 ms
E — :strength=60 tP = 100.00 us
U = 200 V
2.0E+10 - |Up = 1.00 V
1.0E+10|- I
0.0E+00 I
1 L 1 L 1 L 1
100 140 180 220
T [K] —
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2.7.2 Connect points

The plot uses the default plot symbol (chapter 2.3.2.1) or the
symbols for curve (chapter 2.3.3.2) at plots with many curves.
At some input windows there is the input group Connect points.

It means that the points (symbols) can be connected by lines. R |

Connect paints

[T Mosymbaols, anly lines

Following connecting modes are possible:

no:
connect:

connect + clip:

interpol:

interpol + clip:
approx:

approx + clip:
medium approx:

medium + clip:
cubic Bezier:

The points (symbols) will not be connected by lines.

The points (symbols) will be connected by lines, no interpolation or
approximation will be done.

As above but the lines will be clipped. Clipping of lines means that if a
point (symbol) is outside the plot window then the line will be drown to
the plot window and at the window cut off. In the other case only the
visible points inside the plot window will be directly connected.

The points will be connected by interpolated lines. The interpolation for
the connection line will be done by splines without smoothing.

As above but the lines will be clipped.

The points will be connected by interpolated smoothed lines. The
interpolation will be done by splines with weak smoothing strength 45.
As above but the lines will be clipped.

The points will be connected by interpolated smoothed lines. The
interpolation will be done with medium smoothing strength 50.

As above but the lines will be clipped.

The points will be connected by interpolated slightly smoothed lines
using cubic Bezier curves.

Activating the flag 'No symbols, only lines' shows only the connection lines but not the
symbols for the original data.
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3. Measurement program modules

The four measurement program modules are V/I, VdP/Hall, Magneto and Tempscan. They
have a similar menu structure. The File, View, Tools and Help menus were already
explained in chapter 2, also the common functions of the measurement menu.

In the following the menus Edit, List, Plot, Evaluate and the special functions of the
Measure menu will be explained separately for every program module.

These menus depend on the kind of sample (vdP/Hall or barshape), the user class, type of
magnet, your hardware and your software package, see chapter 7.5 of Installation Manual.
Especially the Edit menu gives much more possibilities at user class 5 and 6. In this
chapter the menus for a vdP/Hall sample will be described up to user class 4.

The data during the measurement will be shown on the main canvas, after measurement
or if you open a data file the standard plot resp. evaluation will be placed on this main
canvas. On the main canvas there are no changes possible. By a click onto the button
'Plot Program' you see this plot in the plot program where you can change a lot of plot
parameters and, depending on the kind of data, in some cases do a manual evaluation.

The data in the file contain a common file header and the measurement data array. The
file header is similar for all measurement modules, the measurement data array are
specific for the program module. At the list menu you see in 'File header' some main
parameters of this header, see chapter 3.2.3.1 for an example. The sample parameters,
also stored in the file header, will be shown in the sample parameters input window, see
chapter 2.4.4.

The measurement data array of the V/I, VdP/Hall and Magneto program contains the
voltages and the current values. The measurement data array of the tempscan contains a
record for every temperature resp. x-axis data point. This record contains evaluation and
measurement values and measurement parameters. A description of this record will be
given later.

You can convert single curves or the complete file to ASCII data in the Edit menu 'Edit
ASCII curve' or 'Edit ASCII file'. For this you need user class 5 or 6. You can also use the
external program 'Convert data to ASCII'. You find it in your program folder.

All measurements base on V/I curves. The software sets the current, the voltage will be
measured. 2-point and 4-point measurements are possible. In the first case only 2 of the 4
contacts will be used. Current and voltage use the same contacts. In the second case
current and voltage use different contact pairs. 6 different contact pairs are possible with 4
contacts.
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In most cases the Hall system comes without the option to measure the temperature.
Then measurements are only possible at room temperatures, and optionally, at N2 tem-
perature. Nevertheless the software will be described in the following for the temperature
option.

With this option the temperature will be measured before and after the measurement of all
V/I curves. The averaged value will then called temperature, Temp or 'T'; the temperature
before will be called TempB or 'TB'. Both values will be saved into the data file. The dif-
ference of temperature before and after measurement will be called TempD or 'TD'.

If the cryo system have 2 temperature sensors (see installation manual), the temperatures
of both sensors will be measured before and after measurement. Then the values will be
averaged. Sensor 1 is the control sensor for setting the temperature, sensor 2 for the
sample temperature. The value of sensor 2 will be further called temperature and will be
used for the plots and evaluations. The value of the control sensor 1 will be called TempC
or "TC' and will also be saved into the data file. The difference between sensor 2 — 1 will be
called TempV or 'TV', see also chapter 1.3.6.
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3.1 VIl program

This module enables you to measure V/I curves, optionally at different temperatures. The
data can be saved and the evaluation will give the 2-point or 4-point resistance.

A V/I curve is measured by several 'single value' measurements under systematical
variation of the current.

The first character of the data extension is 'V' for the V/I measurement files. The second
data extension character (chapter1.3.3) denotes this kind of measurement:

1/2: 1 VIl curve, 2/4-point measurement

3/4: All 6 V/l curves, 2/4-point measurement

The V/I program module is not necessary for preparation measurements. For these you
can make V/I and test of contact measurements by the 'Check measure' menu of every
measurement program module.

3.1.1 Measure menu

The measurement menu contains the 2 common functions and the V/I measurements.
Measure | Tools The inpyt window for the different kinds of /I measurements is always

very similar, see next chapter.

Measurements of 1 or all 6 V/I curves are possible. The measurement

New sample
Contact measure

Ureih el can be done as 2-point or 4-point measurements. In the first case only
Lm}l‘*zp“'"_‘t 2 of the 4 contacts will be used. Current and voltage use the same

. 2-poin
All /I, 4-point contacts.

3.1.1.1 One VI/I curve

The following picture shows the input window for the 4-point measurement of 1 V/I curve.
The input of the current and temperature input group will be explained in chapter 3.2.1.1,
the Limit/Sens input window in chapter 3.2.1.2.

These measurements will normally Measure 1 V/l curve, 4-point
done. at field zero, but an inputis also = gyment[4] e I

possible. input end current = N2

You can separately select the contact I =]

pairs for the current and for the vol- St 112603 @ Room

tage. Click onto the box for using of end [112E03 ™ Notset Cancel
this contact. Only 2 contacts are pos-

sible, so that the software deactivates Points (10 = C gt [295.0 rv—
automatically a contact. 6 standard _
configurations exist at using 4 diffe- - Field[T]— | Contacts | Contacts U

rent contacts. i1 vie| |1 [ve2

Only here at this measure mode you [n.000

can select no standard configurations L B S

by using 1 same contact for | and V.
Only the inputs of the I-contacts are visible at a 2-point measurement because | and V
use the same contacts.
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3.1.1.2 All V/l curves

The input window for the measurement of all 6 V/I curves is similar to the picture above,
only the inputs for the contacts are here not visible.

At a 2-point measurement the following resistances R(+,-) will be measured:
R(1,2)
R(2,3)
R(3,4)
R(4,1)
R(1,3)
R(2,4)

SOk wWN =

At a 4-point measurement the following resistances R(l+,I-/V+,V-) will be measured:

1. R(1,2/4,3)

2. R(2,3/1,4)

3. R(3,4/2,1)

4. R(4,1/3,2)

5. R(1,3/2,4)

6. R(2,4/3,1)
After measurement or reading V/I data you see a picture with 3 plots on the main canvas.
The following is an example for a 2-point measurement. Every plot contains 2 V/I curves.
The linear regression will be automatically made and the resistance calculated. The text
box at the top right contains some sample parameters and the calculated resistances.

0 Name = TestiD@A 003.V3A
< 400 7 |Comm = Standard
= |[ID = TestD relD = 1009
o} Date = 2010-09-14 Type = p-Si-vdP
S 0 Thick. = 1.00 um Temp = 295.00 K
S | |Field = 000 T
R(1,2) = 5.00E+02 R(2,3) = 5.05E+02 Ohm
-400} igi; R(3,4) = 5.10E+02 R(4,1) = 5.15E+02 Ohm
‘ | 7 R(1,3) = 5.20E+02 R(2,4) = 5.25E+02 Ohm
-1.0 0.0 1.0
Current [uA] —
| |
< 400- 4 < 400 -
= =
(0] (0]
g o g 0
S =
_4007 R(3,4) | _4007 A:R(1,3) |
R(4,1) :R(2,4)
| | | |
-1.0 0.0 1.0 -1.0 0.0 1.0
Current [uA] — Current [uA] —
Hall Manual Software 99



3.1.2 Edit menu

By the edit menu it is possible to edit and modify the data in the memory. The file itself will
not be changed. After reading the file again you lose the changes. For changes of the file
you have to save the file, here you get a question for overwriting.

Edit View Plot Copy ASCII curve copies the current and the voltage data line by line
copy Ascllcurve  iN @n ASCII format to the clipboard. You can define the delimiter and
the exponential format in the menu ASCII parameters. You find it in
Tools of the plot or list program.
Del/new regress deletes the old regression of the V/I curves and calculates the regression
again by a new evaluation plot. This can be helpful if you have set the regression range
manually. If you change data, for example by deleting, then the regression will be
automatically initialized.

Del/new regress

At user class 5 here is: Edit ASCII curve.

At user class 6 here are: Edit ASCII file, Edit curve by plot, Paste ASCII curve.

Edit ASCII file means that the complete file will be shown in an ASCII editor, here you can
edit all data (header and data arrays). After leaving the editor the changes will be applied
for the memory data but not for the file itself. Use this option very careful because there is
no data check. You find a description of the data structure in the file Data.Txt.

3.1.3 List menu
By the list menu it is possible to list the file header and the measure data.

A similar list of the file header will be shown in chapter 3.2.3.1.
List Measure The resistances of all V/I curves can be listed.

File header The data of 1 selectable V/I curve will be listed as lines and columns. In
Resistance the first line there is the first current and voltage and so on. Three kinds
v/l data of view here are possible: the data grid, the image without and with

header and the ASCII editor, for more details see chapter 5.4.

At user class 5 you can list the power P=V*| and the resistance R of every V/I point. First
you have to select the V/I curve.

Three types for the resistance calculation exist:

R=VII: The resistance will be formed by a simple division.

R=(Vn-Vp)/(In-Ip): The resistance will be formed by the slope between 2 points, the
negative and the corresponding positive current point will be used.

R=dV/dl: The resistance will be formed by the deviation.
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3.1.4 Plot menu

By the plot menu it is possible to plot the measure data.

Plot Evaluate  One V/I curve can be selected for a plot. There you can change manually

1 ¥/l curve the range of the linear regression.
All ¥/l curves The curve can also be shown as I/V curve with swapped x- and y-axis.
IV curve If measured, then all 6 V/I curves can be shown in one plot.

At user class 5 you can plot the power P=V*| and the resistance R versus the current.
First you have to select the V/I curve. Three types for the resistance calculation exist as
explained in the chapter before.

3.1.5 Evaluate menu
The evaluate menu shows the V/I curves automatically with the linear regression line.

One V/I curve can be selected for a plot. There you can change manually
1 v/l curve the range of the linear regression. . . .

All V/I curves If measured, then all 6 V/I curves can be shown in one picture with 3
separate plots as shown in chapter 3.1.1.2.

Evaluate List
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3.2 VdP/Hall program

This module enables you to make vdP (van der Pauw) and Hall measurements by V/I
curves, optionally at different temperatures. A V/I curve is measured by several 'single
value' measurements under systematical variation of the current.

The resistivity of the sample can be calculated by a 4-point vdP measurement, Hall meas-
urements yield to the Hall resistivity and the carrier concentration. The combination of both
measurements gives the mobility.

These menus depend on the kind of sample (vdP/Hall or barshape), the user class, type of
magnet, your hardware and your software package, see chapter 7.5 of Installation Manual.
The RH 2035 allows normally not all options. So the compensation and the drift correction
is not possible with the permanent magnet. The following menus and inputs are for the

RH 2030 and RH 2010 with a VdP/Hall sample. The field input and the measurement with
the permanent magnet is a little bit different, see chapter 3.2.1.8.

The first character of the data extension is 'H' for the VdP/Hall measurement files. The
second data extension character (chapter1.3.3) denotes this kind of measurement:

Only Hall measurements

Measurements at N2 temperature; vdP+Hall, vdP+Hall+2-point, vdP+2-point
Measurements at room temperature; vdP+Hall, vdP+Hall+2-point, vdP+2-point
Measurements at given temperature; vdP+Hall, vdP+Hall+2-point, vdP+2-point
Only vdP measurements

<-432zEZ

3.2.1 Measure menu

The measurement menu contains the 2 common functions and additional measurements.
For a complete sample characterization we always prefer the combined vdP and Hall
measurement with 2-point contact check.

The input window for the different kinds of measurements is

always very similar, see next chapter.

Only van der Pauw, only Hall or both measurements are

possible.

At 'measure, sample params' you get before the main inputs a

window with inputs for the measurement mode and the most

important sample parameters.

'::‘35“’9' sample params 'Check/correct drift measure' is a special measurement pro-
eckfcorrectdriftmeasure. o4\ re to correct slow drift problems of samples, see 3.2.6.2.

Measure Tools Help

New sample
Contact measure

van der Pauw
Hall
vdP and Hall
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3.2.1.1 VdP and Hall

The measurement parameter input window is similar for all measurement tasks. The
following is for the vdP and Hall measurement.

The values for the maximum measurement current and the temperature can be defined. At
Hall measurements the magnetic field and the Hall configuration and compensation can be
defined. These inputs are not visible at only vdP measurements.

By activating a flag it is possible to
do all 6 2-point measurements for
checking the contacts.

An additional input sheet is avai-
lable under Limit/Sense (explained
in the next chapter), but this is of
second interest.

The button 'Start' starts the meas-
urement cycle.

At user class 5/6 there are more

possibilities for the field variation
and the Hall geometry.

Current input group:

Measure van der Pauw and Hall

— Current [A] — Temperature [K]
Iinputend current LI M2
® Room
|—1.EIDE—DE
Statt " Motset,
I 5 Ii Cancel
Paints I1D :I = Erenarator tenmpasan Limit/Sens
— Field [T] —Hall geometry
I~ Many field points [1.372.4 =]
0920
Eie| — Compensation Zp-contacts
EEitts: I1D ii InD LI ’]7 Measure“

It is a principle of our Hall system that all resistances are measured as a function of the

current. For the setting of the current input mode there are 3 possibilities:

1. Input end current: The current should be varied symmetrically to zero. Therefore
normally only the absolute value of the maximum aquired current (End) has to be
defined. The end value can be predefined at 'Test of contact' measurement, see
chapter 2.1.1.1.3. The current starts from negative values and goes to positive.

2. Start + end current: If the I/V curves should be measured not symmetrically, also
the start value of the current (including the sign) must be defined.

3. Search best: The best current can be automatically searched by the input of a des-
tination voltage. The maximum current will be set in this way that all 6 2-point con-
tact measurements reach maximal the given destination voltage. The search will be
done separately for negative and positive current. Form this the absolute smallest
value will be taken, so that all measurements vary the current symmetrically to zero.

How many V/I data points for every resistance is measured (from - End value to + End
value or from Start value to End value) can be defined in 'Points'.
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Field input group:

The magnet field is always changed symmetrically to zero. As a standard a two field val-
ues measurement is used, at -B and +B. The value of +B can be defined in 'End'. It should
be close to the maximum value.

The Hall coefficient can also be calculated from a field dependent measurement of the Hall
resistance. The flag 'Many points' enables this measurement, the number of field values
is defined in 'Points'. The field starts from small negative values and goes to the maximum
negative value, then it starts from small positive values and goes to the maximum positive
value.

After the measurement the field order will be sorted before saving data. Then the first
number represents the maximal negative, the last the maximal positive field.

Temperature input group:

Normally the Hall systems comes without a cryostat and without the internal Pt1000
option, see installation manual chapter 3.4. So only 'Room' and, using our two tempera-
ture stage, 'N2' temperature mode are available. Without a temperature measurement
facility, the only use of this input is to define that temperature, that is shown on the prints.
The temperature mode defines also the second data extension, see start of chapter 3.2.

Using a temperature controller you can input a new temperature or apply the current
temperature. In the first case a new set point will be set to the temperature controller,
normally the program waits until the temperature is stable. In the second case (not set) no
command will be send to the controller, the measurement starts immediately.

If possible then the temperature will be measured before and after the measurement cycle.
If activating prepared for tempscan the temperature will be additionally measured before
the Hall measurement because setting of field can take a long time. In this time the tem-
perature can drift. The additional temperature will be also saved and used in a tempscan.

Hall geometry and compensation:

A squared sample allows two different Hall configurations. '1,3/2,4' means the current path
is set to the contacts 1 and 3, the voltage is measured using the contacts 2 and 4. This is
the standard, and if all 4 ohmic contacts are okay there is no need to change this. But if
one contact shows not a good ohmic behavior, but it's not too bad for a measurement (it
really happens) the measurement becomes better, if the bad contact is in the current path
and not in the voltage one. This input gives now the user the possibility to change the Hall
measurement paths.

Following geometries are possible:
e 1,3/2,4: The standard mode.
e 2,4/3,1: The alternative mode.

e both, prefer contact: First all measurement will be done for the '1,3/2,4', then all
for the '2,4/3,1' configuration.

e both, prefer field: For every field first the '1,3/2,4', then the '2,4/3,1' configuration
will be measured. This saves time of setting field. The hardware compensation is in
this mode not possible.
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The compensation possibility is a special hardware feature of the RH 2010 and RH 2030
Hall systems. It enhances for low resistivity material Hall measurement or does check of
the results for reliability much easier. As compensation we understand the subtraction of
the zero B-field I/V curve at Hall configuration (1,3/2,4 or 2,4/3,1) from these I/V curves
measured at different magnetic fields. This will be done by software.

The result is a V/I curve (resistance) only caused from the Hall effect, and not from a
sample misalignment. This misalignment is caused by geometric effects as there are not
ideal squared sample or not homogenous layer. For standard and high resistivity material
this misalignment can be seen, but does normally not influence the measurement and the
result check. For low resistivity material the misalignment resistance can be so high, that
the Hall effect gives only 1% of the measured resistance. In this case the results will
normally (see below) still calculated correctly, but the check, how good the measurement
had been is not any more possible, the 1/V curves at different B-fields are overlapping each
other. After using the compensation, only the corrected V/I curves are shown, with the
slope changing due to the magnetic field, the compensation plot. The compensated
voltages will be denoted as voltage* in the plots.

In addition to the software kind compensation also a hardware done compensation can be
selected. Here the voltages of all currents will be first measured at field zero, called U(l,0).
Before then measuring at a given field the corresponding U(1,0) voltage will be used for a
hardware voltage compensation. The measured voltage is then the compensated voltage
U*(1,B). The not compensated voltage is U(1,B)=U*(1,B)+U(1,0). This option is only useful
when not the full amplification will be used. So the misalignment voltage, that means the
absolute maximum voltage of the Hall V/I curve at field zero, must be bigger than 10 mV.
In this case the hardware compensation can increase the voltage sensitivity. At too small
voltages the results with hardware compensation are not so good as without because the
limited resolution. Depending on the amplifier the resolution of the compensation is 25 uV,
250 uV or 2.5 mV. The measurement takes into account the resolution 'error'.

Following compensation modes are possible:

no: No compensation will be done at the measurement, a software
compensation is later manually possible.

hardware, only meas: A hardware compensation will be done but not shown after the
measurement. You can select the compensation manually after
the measurement.

software, data: A software compensation will be done and shown. You can
switch off later the software compensation.

hardware, data+tmeas: A hardware compensation will be done and shown. You can
switch off later the hardware compensation.

Note: The software compensation is only an 'optical view', the result for Rh is similar with
and without software compensation. Only the hardware compensation can give a better
sensitivity or resolution. This is also valid if using the mode 'hardware, only meas'. Then
the not compensated values U(1,B) will be reconstructed from the compensated ones. But
the sensitivity is the same as at the compensated values.
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3.2.1.2 Limit/sensitivity params

The input window for the limit and sensitivity parameters is always the same. Depending
on the kind of measurement (2-point, VdP, Hall) and hardware some inputs are not pos-
sible. Here are also hardware depending special features, for example the optical option.

At the limit input group you Limit and sensitivity params
can select a limit at that the e B o

o imit Sensitivity ——
measurement stops. Limits & o € power _ m L oK
are available for the voltage, ZE e | ks hd

" valtage ( hath
the power and for both. Enable highest ampli- Cancel
|9_5|] fication of preamplifier —

Double voltage range ena- ol S
bles +-20V instead +-10V for et [T 000E- ™ foral VA points.
the current source, the dis- [~ Doukle voltage range [T Keep current an sarple

advantage is the bigger noise.
Don't use it for small voltages. ~\Waittimes[s] —  Halll params

Additional wait times are pos- After field oo Maas time [os sensitivity ¥
sible after setting field, bet- Lo S Pe——
ween current se?ting and mea- Sr?gwfjt;;grem oo vipoimts fas selected
surement of voltage and after After 1 current 0.0
setting the first current.
For the last there is a flag
whether the software waits
only at the first current at Hall contact configuration (setting of field) or at all contact confi-
gurations (all V/I curves). If using 2 alternate currents, see below, this waiting time after the
1. current will not be used for the Hall V/I curves.

— Enable optical

[ “Wait 1.curr. atall configs | | & 1o C ez

Note: These times are additional times and normally not necessary because there are
already standard waiting times in the software, for example for setting the field. Sample
depending, additional times can be necessary.

At the sensitivity input group you can select the measure time for the voltage measure-
ment: 2ms, 20ms, 200ms, 2s, 20s and 200s are possible.

A flag enables the use of the highest amplification of preamplifier. The advantage is a
possible higher total amplification and resolution. The disadvantage is that problems can
occur at high resistance samples because line frequency induced signals.

Activating a flag then all points of a V/I curve will be measured in the same current range.
This is the default value and avoids possible jumps in the V/I curve based on switching of
the current range. These jumps can be visible only at small voltages. On the other hand
you work for every V/I point in the best current range if deactivating the flag. But for the
hardware compensation this is important to use always the same current range.

Normally the current will be switched off after the measurement cycle. Keeping current on
the sample is available by activating a flag. This can be helpful to avoid drift problems.
Then a drift will not newly be initialized by applying of a current. By activating this flag
normally the first current will be set to the sample after a complete measurement and after
best current search of the contact test. For more details see chapter 3.2.6.1 and 3.2.6.5.
You can switch off this current until the next measurement in 'Contact measure —
Measurement — Set current off'. This can be important for changing the sample.
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At the Hall params input group there can the measure time for Hall measurements sepa-
rately be defined. As sensitivity means that the same measure time as in the sensitivity
input group will be used.

At user class 5 the numbers of V/I points for the Hall measurements can be defined:

as selected: The same number of V/I points will be used as for the other configu-
rations, definable in the current input group, see previous chapter.
2 points: Only 2 current points will be used.

2, 10 averages: Measurement at 2 current points, then 10 repetitions of this cycle and
averaging. It will also be called 2 alternate currents.

2,100 averages: As before but 100 averages.

10, 10 averages: Measurement at 10 current points, then 10 repetitions of this cycle and
averaging.

The 2 alternate currents are especially important if the sample shows drift signals, see
chapter 3.2.6. The measurement by the 2 alternate currents technique can also better
suppress noise and can so increase the sensitivity.

Note: Also at 2 points (alternate currents) the V/I curves for zero, minimum and maximum
field have the full point numbers because additional current points will be measured but
not averaged. The point numbers and the measure time for these additional points is the
same as for the VdP measurements. But the automatic linear regression uses also here
only the 2 averaged points. The additional points will not be measured if selecting only
'Hall' in the measurement menu or not activating 'Many field points'.

The used measurement times of a measurement will be listed on the file header, see
chapter 3.2.3.1. If the numbers of V/I points at the Hall configuration differs from the points
at the other configurations it will be listed also there.
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3.2.1.3 Measure, sample params

Here you get before the main inputs a window with inputs for the measurement mode and
the most important sample parameters.

As measure mode can be Measurement with new sample params
selected vdP, Hall or both. ~ Messure made - Sample

- . oF
By agtlvatlng aflagitis . € e der Pau s o T —
possible to do all 6 2-point - al
measurements for checking ? S amole par b Cancel
the contacts. & van der Pauw and Hall e E——
The sample parameters and ¥ | Measure 2p-cantacts Thick [urn] [1.000

the subgroup were already
explained in chapter 2.4.4.

— Subgroup (subdirs for data files)

After clicking onto the OK fSilcor putaing | Explore
button the main input win-
dow of chapter 3.2.1.1 will Camment |Standard

be opened.

3.2.1.4 Measured V/I curves

At the 2-point contact measurement the following resistances R(+,-) will be measured:
R(1,2)
R(2,3)
R(3,4)
R(4,1)
R(1,3)
R(2,4)

ook wh -~

At the 4-point vdP measurement the following resistances R(l+,I-/V+,V-) will be measured,
the first 4 are the vdP V/I curves:

R(1,2/4,3)

R(2,3/1,4)
R(3,4/2,1)
R(4,1/3,2)
R(2,4/3,1)
R(1,3/2,4)

SOk wWN =

At the 4-point Hall measurement with 2 fields and the standard configuration R(1,3/2,4) the
following resistances R(I+,I-/V+,V-/B) will be measured:

1. R(1,3/2,4) ,B=0
2. R(1,3/2,4/-B) , B = maximal negative
3. R(1,3/2,4/+B) , B = maximal positive

At vdP and Hall measurements the 6. vdP measurement will not be done if using the same
sensitivity and numbers of V/I points for vdP and Hall. If selecting the R(2,4/3,1) configura-
tion for Hall then the vdP measurements 5 and 6 will be swapped.
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3.2.1.5 During the measurement

During the measurement every I/V point and every configuration is shown in a particular
plot. The actual measurement configuration and the passed measurement tasks are
shown in the info line on the top of the plots.

The measurement configuration is shown by a schematic sample with colored pads.
Contact 1 is the top left square, contact 2 the top right, contact 3 the bottom right and
contact 4 the bottom left.

The meaning of colors are:

green: 2-point measurement (current path and voltage path at the same contacts)
red: Current path

blue: Voltage path

black: Open (not used)

The following shows an example for the Hall V/I curve (1,3/2,4):

.Measurement Contact, wdP, Hall

Eiler Edit View Plot Evaluate  List Measure lools

| ® W |WEEEEEEEEEE 23 R(1L324)Hall 5092

3.2.1.6 Permanent magnet

If using a permanent magnet then the field inputs for the Hall measurement as described
in chapter 3.2.1.1 are not enabled. In this input window you get in the status line following
message: Remove sample from the magnet field! So before starting the measurement,
also a Hall measurement, remove the sample from the magnet field.

You get following information box if the negative field  [yr—r=—"
is necessary. Please put then the sample into the
negative field and click 'OK'. If you use LN2 wait a little
bit for the temperature.

After the measurement was done at the negative field
you get an information to put the sample into the
positive field. _OK
If the plot with the menu bar at the top will be shown,

you can remove the sample from the magnet field.

Flease put sample into
the negative magnet field.

If using a motor driven permanent magnet then the magnet will be automatically moved
into the correct position without the above information box. After the measurement the
magnet will be set into the zero-field position.

At simple V/I curves in the 'Contact measurement' menu, chapter 2.1.1.2, or in the V/I
program module, you can select in the input window 'Use field": 'no' (no field), '-F' (negative
field) or '+F' (positive field).
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3.2.1.7 Plot after measurement

During the measurement all V/I curves will be shown.

After measurement or reading data you see one or two pictures (pages) on the main
canvas. Every picture can contain 1 to 3 plots, in these plots are 1 to 6 curves. These
pictures depend on the kind of measurement (VdP, Hall, both), existing 2-point measure-
ments and the field variation (2 or many points). All to describe is too much. Only the 2
standards will be explained here.

More possibilities for showing the data you get in the Evaluate menu. If also measuring the
2-point V/I curves then you get here by 'All-Plot' the same plot as after the measurement.
If two print pages exist then is after the measurement or after reading data the first page
not visible. The first page is only on the main canvas of the screen not visible, but it will be
shown by a printer or by saving the graphic. In the Evaluate menu — 'All-Plot' is a stop box
between two pages.

The following two examples are from a p-type sample. The sign of slope depends at the
Hall curves on the n- or p-type doping. The linear regression will be automatically made
and the resistance calculated. The text boxes at the right contain some sample parameters
and evaluation values, the abbreviations are explained in chapter 1.3.4.

The first standard mode is the 2-point contact, vdP and Hall measurements with one Hall
geometry and 2 field points. The first page (not visible on the main canvas) shows the 2-
point contact measurements as in chapter 3.1.1.2.

The second page shows at the top the 4 vdP V/I curves and at the bottom the Hall V/I
curves of 2 fields for the '1,3/2,4' configuration. The 2 Hall curves at field zero are not
shown but measured.

@A _009.HRA
Standard
TestID
1017
2010-09-14
p-Si-vdP

1.00 um
295.00 K
| | | 092 T
1.0 0.0 1.0 Rho = 5.21E+01 Ohm*cm
Rho'= 5.21E+05 Ohm
Sym= 1.01E+00
1.00E+00
2.04E+04 cm/As
2.04E+08 cm?/As
3.07E+14 cm™
1|my = 3.90E+02 cm?/Vs

100 - | Comm

o:R(1,2/4,3) |
+:R(2,3/1,4)
)
)

o :R(3,4/2,1
x :R(4,1/3,2) |

Voltage [mV] —
W)
<N
(0]
| | | I | A 1 A | B 1|

-100} - | Temp

Current [uA] —

Py
=
Lo

10.0 i

O:R(1,3/2,4/-B)

0.0

+:R(1,3/2,4/B)

Voltage [mV] —

-10.0[- i

-1.0 0.0 1.0
Current [uA] —
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The second standard mode is the 2-point contact, vdP and Hall measurements with one
Hall geometry and many field points. The first page (not visible on the main canvas) shows
at the top the 2-point and at the bottom the vdP V/I curves.

0 Name = @A 011.HRA
< 400+ - |Comm = Standard
= I ||ID = TestD
) relD = 1019
8 0 o+at,2— |Date = 2010-09-15
[©) :R(2,3) _ .
= i <J;:R(3,4) | |Type = p-Si-vdP
X :R(4,1) Thick. = 1.00 um
-400 Aigii - |Temp = 295.00 K
‘ T Field = 000 T
-1.0 0.0 1.0 R(1,2) = 5.00E+02
R(2,3) = 5.05E+02
Current [uA] — R(3,4) = 5.10E+02
R(4,1) = 5.15E+02
1 R(1,3) = 5.20E+02
< 100 4 |R(@2,4) = 5.25E+02
E I | [R(1,2/4,3) = 1.13E+05
o 0:R(1,2/4,9 1 1R(2,311,4) = 1.14E+05
o)) +:R(2,3/1,4)
8 0 o1 |RB421) = 1.16E+05
S I Cinieo | |R(@4,1/32) = 1.17E+05
R(1,3/2,4) = 2.04E+01
-100}- 4 |R(@2,4/3,1) = 2.06E+01
1.0 0.0 1.0

Current [uA] —

The second page shows at the top the Hall V/I curves at +-B and at the bottom the Hall
resistance versus magnet field.

0 I | [Name = @A _011.HRA
= Comm = Standard
E 1001 1/ID = TestD
) " ir(1L, 32,43 | |€ID = 1019
8 oo — ., .. | Date =2010-00-15
g L o 1 |Type = p-Si-vdP
-10.0 _| | Thick. = 1.00 um
| | |Cont. = 1,3/2,4
Temp = 295.00 K
c ¢ A Rho = 5.21E+01 Ohm*cm
urrent  [UAl = | ppo'= 5.21E+05 Ohm
Sym= 1.01E+00
| I ||F = 1.00E+00
T Rh = 2.04E+04 cm’/As
§ O 1IRh' = 2.04E+08 cm%As
X, - 1lp = 3.07E+14 cm™®
o 0 my = 3.90E+02 cm?/Vs
Q i ]
S
2 10 .
[0]
4 - ]
| |

-0.5 0.0 0.5
Magnet field [T] —
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3.2.1.8 Barshape

The barshape measurements use only the

contacts resp. cables 1 to 3. At the 4 point 1 2
measurements additional the contacts 5 and 6 ﬂ
will be used for the currents I+ and I-.
The diagram on the right shows the contacts of Sl 1|6
the barshape structure.

3

At the 2-point contact measurement the following resistances R(+,-) will be measured:
1. R(1,2)
2. R(1,3)
3. R(2,3)

At the 4-point Rho measurement the following resistance R(I+,l-/\V+,V-) will be measured:
1. R(5,6/1,2)

At the 4-point Hall measurement with 2 fields the following resistances R(I+,l-/\V+,V-/B) will
be measured:

1. R(5,6/2,3) ,B=0
2. R(5,6/2,3/-B) , B = maximal negative
3. R(5,6/2,3/+B) , B = maximal positive

Hall Manual Software 112



3.2.2 Edit menu

By the edit menu it is possible to edit and modify the data in the memory. The file itself will
not be changed. After reading the file again you lose the changes. For changes of the file
you have to save the file, here you get a question for overwriting.

Copy ASCII curve copies the current and the voltage data line by
line in an ASCII format to the clipboard. You can define the
delimiter and the exponential format in the menu ASCII

Delfnew regress parameters. You find it in Tools of the plot or list program.

Software compensalion. o) hew/regress and compensation will be explained blow.

Edit View Plot Ewvalu
Copy ASCI curve

At user class 5 here is: Edit ASCII curve.

At user class 6 here are: Edit ASCII file, Edit curve by plot, Paste ASCII curve, Restore
data.

Edit ASCII file means that the complete file will be shown in an ASCII editor, here you can
edit all data (header and data arrays). After leaving the editor the changes will be applied
for the memory data but not for the file itself. Use this option very careful because there is
no data check. You find a description of the data structure in the file Data.Txt. You can use
also the program DataConv for converting one or more binary data files into ASCII files.
You find it, called 'Convert data to ASCII', in your Hall\Tools program folder.

3.2.2.1 Dellnew regress

Here are 2 modes possible:

Delete/init regression deletes the old regression of the V/I curves and calculates the
regression again by a new evaluation plot. This can be helpful if you have set the
regression range manually. If you change data, for example by deleting, then the
regression will be automatically initialized.

Hall reg. from min/max current deletes the old regression as the mode before. But the
linear regression for the field depending Hall V/I curves will be calculated in a special way.
Here only 2 V/I points will be used for the calculation of slope and offset, these 2 points are
the minimum and maximum current resp. the 2 alternate currents.

3.2.2.2 Software compensation

This makes the compensation by software. As compensation we understand the subtrac-
tion of the zero B-field V/I curve at Hall configuration (1,3/2,4 or 2,4/3,1) from these V/I
curves measured at different magnetic fields. The compensated voltages will be denoted
as voltage* in the plots. If compensation was done, the function 'Clear software compen-
sation' is in the edit menu. It is a reversible function, you get back the original data. If the
compensation was made by hardware, 'Hardware compensation' resp. 'Clear hardware
compensation' is in the edit menu.

Note: The compensation requires user class 5 at drift measurements because the com-
pensated values can give problems for the drift correction.
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3.2.3 List menu
By the list menu it is possible to list the file header and the measure data.

The file header will be shown in the next chapter.

Resistance shows the data header, the resistances of all V/I curves
and the evaluation values.

The data of 1 selectable V/I curve will be listed as lines and
columns. In the first line there is the first current and voltage and so

List Measure Tools

File header

Resistance
Y/l data

Debye correction

on. Three kinds of view here are possible: the data grid, the image
without and with header and the ASCII editor.

The results compared with the results of the Debye correction can be shown.

At user class 6 you can list the V/I header.

3.2.3.1 File header

The file header list contains in the first block the relevant file, sample and measurement
parameters. This block will be also called data header. The second block depends on the

file format:
Name = TestID@A OO01.HRA
Comm = Standard
ID = TestID rcID = 1001
Date = 2011-05-18 Type = n-S1-vdP
Thick. = 1.00 um
Temp = 295.00 K TempD = 0.00 K
Field = 0.50 T

DataVers = 3.2

FileVers = 3.2

Sensors = 1
Measure = 20ms
Name : Base file name without ID and data extension HAL.
Comm : Comment
ID : Sample identification, see in 2.4.4
rclD : Record ID in the file data base
Date : Date of measurement
Type : Type of doping (n- or p-type), material name, sample type.
Thick : Thickness of layer = D
Temp : Temperature
TempD : Temperature difference after - before
Field : Field of the magnet
DataVers : Program version of the data at measurement
FileVers : Program version of the saved file
Sensors : Numbers of temperature sensors
Measure : Measure time for each V/I point, 2. value for Hall measure time if different
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3.2.3.2 Debye correction

The data header as above will be shown as first block in this list, but here not printed.
The second block compares the standard results with the results of the Debye correction.

The corrected values will be denoted with a '~'.

Debye = 2.078E-05 cm
Thick~ = 7.922E-05 cm
Debye/Thick = 2.078E+01 %
Rho = 5.213E+01 Ohm*cm
Rho~ = 4.130E+01 Ohm*cm
Rho' = 5.213E+05 Ohm
Sym = 1.010E+00
F = 9.999E-01
p (Rho) — 3.021E+14 cm™>
p (Rho) ~ — 3.814E+14 cm™ 3
Rh = 2.036E+04 cm>/As
Rh~ = 1.613E+04 cm>/As
Rh' = 2.036E+08 cm?/As
D = 3.066E+14 cm >
p~ = 3.871E+14 cm™>
my 3.905E+02 cm?/Vs

Debye : Calculated Debye length

Thick~ : Thickness D minus Debye length

Rho : Sample/layer resistivity

Rho’ : Rho/D

Sym : Symmetry factor

F : Correction factor

p(Rho) : p calculated from measured Rho and my of material table

Rh : Hall coefficient

Rh’ : Rh/D

p : Carrier concentration, holes

my : Carrier mobility
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3.2.4 Plot menu

By the plot menu it is possible to plot the measure data.

Plot Evaluate List M One V/l curve can be selected for a plot. There you can change

1/l curve manually the range of the linear regression.

All V]I curves All V/I curves of 2-point, VAP or Hall can be shown in one plot or
Regres. of all curves plot after plot for making a new linear regression.

Magnet plot A magnet plot and a concentration versus field plot exist with
Conc./B plot many possibilities. The compensate plot compares original and
Compensation plot compensated V/I curves. A special plot for checking slow drifts of
Check drift plot the sample is visible at user class 5 or the drift measurement was
Many ¥/l curves * done, it will be explained in chapter 3.2.6.3.

Curve after curve Plot with many V/I curves are possible at Hall measurements at

Al e many field points. You can show these curve after curve, all V/I

Fdimensional curves in one plot or in a 3-dimensional view.

At user class 5 there is a mapping plot at many V/I curves. In the magnet plot are more
possibilities. User class 6 allows showing differences of 2 V/I curves .

Note: Also at the 2 (alternate) current points Hall measurements, as described in chapter
3.2.1.2, the V/I curves for zero, minimum and maximum field have the full point numbers
because additional current points will be measured but not averaged. So you will see at
these Hall V/I curves the 2 currents (normally averaged 10 times) and additional the stan-
dard (normally 10) points. So you have for the minimum and maximum current each 2
points. The automatic linear regression uses also here only the 2 (averaged) current
points. The 'Check drift measurement’, see chapter 3.2.6.2, uses 2 current points with 10
averages for the Hall configuration. In 3.2.6.2 a plot for these V/I curves will be shown.

3.2.4.1 One V/l curve

Select contactfarra: X
One V/I curve can be selected for a plot. 4 K

The data mode distinguish between the Dot mode Comat— - Contast——
2-point, vdP and Hall measurements. € sonint & c o
Depending on this data mode you have to . V:jp P TR
select a 2-point or 4-point contact. c o 23114
The vdP mode contains all 4-point mea- ® - C 34021
surements without field. : 4 41432
At the Hall data mode is a contact only 1 e € 1324
selectable if you have measured both Hall C 24 24131
geometries. At Hall you can select the field

number of the V/I curve. Field number 0 is
the V/I curve without field, 1 is for the POk ! Cancel |
maximal negative field.

Note: The field order in the file and here in the input window is not the same as measured.
After the measurement the fields will be sorted. 'Voltage*' as axis means that these are the
compensated voltages done by hardware or software.
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3.2.4.2 Regression of all curves

All V/1 curves of 2-point, VAP or Hall can be shown plot after plot for making a new linear
regression. At the text header there will be the regression mode (RMode) shown: 3 means
by software, 4 by auto regression, 5 by manual regression.

At Hall V/I curves with many fields there is a feature to show at the top the actual V/I curve
and at the bottom a plot Hall resistance versus field. The slope of the actual V/I curve will
be marked by a red square symbol. Changing the regression of the V/I curve gives a new
position of this point.

3.2.4.3 Compensation plot

The following shows at the top the measured (not compensated) V/I curves for field zero,
-B and +B. At the bottom there are the software or hardware compensated V/I curves for

%1

field -B and +B. The compensation will be denoted by a "™'.

? || Type = n-Metal-vdP
= Thick. = 100.00 nm
E 20f 1| Temp = 294.71 K
© i 1|Field = 044 T
g 00 Rh =-5.88E-03 cm°/As
= o:R(1,3/2,4/-B) . _ 3
S - tiR(l2/o 43 | |Rh* =-5.88E-03 cm’/As
20k o:®(1,3/2,4  ||n = 1.06E+21 cm™
||n* = 1.06E+21 cm™
| ! ! |
-1.0 0.0 1.0
Current [mA] —
1
= 20+ -
3
*% 0 o:R(1,3/2,4/-B)
T +:R(1,3/2,4/B)
o
>
20 i
|

-1.0 0.0 1.0
Current [mA] —

The Hall V/I curves in the uncompensated plot overlap completely. This is due to the fact,
that the Hall Voltage is very small compared to the misalignment voltage at zero B-field.
The maximum voltage is app. 3mV.

Our software can now subtract the zero filed V/I curve pointwise from that ones measured
at +B or -B values (or several ones). This is our so called compensation.

The compensation plot shows linear field dependent V/I curves, but with a maximum
voltage of only 30uV. So the field dependent Hall effect was for this sample only 1% of the
misalignment voltage.

The results, mobility and carrier concentration, is not effected by using these different
plots, but it gives a much better information about the quality of the measurement.
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3.2.4.4 Magnet plot

This plot shows an evaluation value, like Rh, versus the magnet field. This plot is only
available if the measurement was done at many field points. You get in the input window
much more possibilities at user class 5, for example the selection of the base data mode.
Usually (standard) all points of the Hall /I curve will be measured at one fix field. Then the
next field will be set and all points of the V/I curve will be measured. At user class 6 there
is also a field variation at a fix current possible, similar to a lock-in. Then the next current
will be set and the voltages at different fields will be measured. The base data mode
applies the data as measured or restores the data temporary.

If measured 2 Hall geometries

then the activation of '2,4/3,1 P I ol e [
geometry' selects the alternative — Base data mode ~ Fesistance regression — oK
Hall geometry instead the stan- @ Asmeasured o
dard '1,3/2,4". " Standard " Current mindrma
As y-axis you can select the vol- € el st fisirent W A [
tage (only at 'Field at fix current' I= (245 geammetn (" 50 % currentfor reg.
as base data mode), the Hall e iew parameters
resistance, Rh, the concentration - -~

o 1 oltane I S (=0
Ns or the mobility my. N ™ Fhfrom ReUf

® Bh " Ms I_ || et = =

Rh, Ns and my were normally cal- - H
culated by the slope from the re- ® e =
sistance versus field. For showing ~ Field mode ———  ~Connect paints
these values versus field this cal- B B o syl @l ltres
culation is not possible because  B-B(0
this yields to one plot point. Other ' Jno =l
calculations will be done here by
selecting the field mode:
B: Direct calculation from resistance without difference forming.
B-B(0): Slope will be calculated from every field point subtracted the resistance at

zero field.
B(-)-B(+): The slope between the resistance of one negative and the corresponding po-
sitive field point will be used.

Some possibilities exist for the calculation of the resistance from the V/I curve:

As done: The resistance will be applied from the V/I curves.

Current min/max: The resistance will be calculated at the minimum and maximum
current.

Alternate: Similar as above, but you can select the curve point number.

50% current for reg.: Only these current points will be used which absolute values are
same or bigger as 50% of the maximal current.
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3.2.4.5 Conc./B plot

This plot shows the concentration n resp. p or Rh versus magnet field. If selecting 'Show
all plots' then additionally the Hall resistance will be shown in a separate plot window.
As y-axis is Rh, Rh' or n resp. p. possible.
If activating Minimum range then only y-values will be shown which are bigger than 20%

of the maximum.

Rh resp. n/p can be calculated by two ways:

Slope from +-B field: The slope between the Hall resistance of one negative and the

corresponding positive magnet field point will be used.

Deviation over field: The deviation of the Hall resistance over the field will be used.

Activating of '+-B x-axis'
shows in the first case the
same y-values also for nega-
tive fields. For the other case
(deviation), the smoothing
strength is selectable.

A minimum field for showing
data can be input.

The Hall geometry can be
selected if geometries were
measured.

The data can be smoothed,
separately for resistance and
Rh resp. n/p.

Hall Manual

Concentration f magnet field

Ok

[ Minirurn range

— Mode for Rhresp. nip
® Slope from + B field

(" Deviation over field

[T +B asxaxis

— Show all plots —Hall geometry

® o " Yes 1324 2408
—yExis — Smooth data

Bh  Bh = n/p [~ Resistance

I_ Rh resp. nip
N Ehe
I A il sy

Sthoothstrenath I50 3

-

— Connect points

[T Mosymbaols, anly lines

Minirmum field [T] 010

InD vl

Cancel
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3.2.5 Evaluate menu

The evaluate menu shows the V/I curves automatically with the linear regression line.

Evaluate List
van der Pauw
Hall
vdP and Hall
Magnet Hall

All-Plot
All without R/B

Contact-Plot
All 4-points

Van der Pauw:

Hall:
VdP and Hall:

Magnet Hall:
All-Plot:

Contact plot:

All 4-points:

The possibilities depend on the existing data: 2-point, vdP, Hall. At Hall 1
or 2 configurations can be used, 2 or many field points are possible.
Therefore a lot of different plots are possible, not all are available with all
data.

The face of 'All-Plot' and 'All without R/B' depend on the data. 'All plot' is
the same as showing after measurement or reading data.

'Magnet Hall' and 'All without R/B' are only enabled at many field points.
The following is a small explanation for 2-point, vdP and Hall data. Only 1
Hall configuration will be used. 2 and many field points will be explained.

The first 2 vdP V/I curves are in a plot on the top, curves 3 and 4 are in
a plot at the bottom.

The V/I curve for -B (maximal negative field) is in the top plot, the
curve for +B (maximal positive field) is in the bottom plot.

The 4 VdP curves are in the top plot, the 2 Hall curves for -B and +B in
the bottom plot.

One plot with Hall resistance versus magnet field.

Between the 2 pages is a stop text (plot next page).

2 fields: 1. page: Contact plot; 2. page: vdP and Hall.

Many fields: 1. page: all 6 2-point curves at the top, all 4 vdP curves at
the bottom; 2. page: the 2 Hall curves for -B and +B are on the top,
the Hall resistance versus magnet field plot is on the bottom.

3 plots with each 2 curves of the 2-point measurement, as shown in
chapter 3.1.1.2.

3 plots with each 2 curves of the 4-point measurement. The vdP
curves are in the top and bottom left plot, the 2 Hall V/I curves at field
zero are in the bottom right plot.

At user class 5 there is a 2-layer evaluation.

If the measurement was done with the option of a drift correction, then you get at the
Magnet Hall evaluation a question for doing and showing the drift field correction. This
evaluation will be described in chapter 3.2.6.3.
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3.2.5.1 Linear regression

The linear regression will automatically done. You can change the regression manually for
every V/I curve if selecting "1 V/I curve' or 'Regression of all curves' in the plot menu. There
you have some possibilities.

At the most plots of the evaluate menu of the vdP/Hall module you can change the linear
regression. If possible you find in the Evaluate menu of the plot program 'Delete regres-
sion' and 'Auto regression'.

If selecting Delete regression the linear regression will be deleted. No regression lines
will be plotted, no results will be shown. This 'delete mode' will be internal saved. For
removing the delete mode you have to make a new regression (but not 'New auto range
for V/I') or select 'Del/new regress' in the main Edit menu.

If selecting Auto regression then the range of the regression for all V/I curves of the same
data mode will be changed. Which data mode is enabled depends on the selected action
in the evaluate menu.

The following input window will be shown. Select regression mode

One regression mode is Set manual range )
for VII. Here you get a plot with all V/I [ Regression made | Detemede

® MNew auto range for Wl .
curves of the selected data mode. Then you (oAl O Znaifits
have to select the x-start and x-end value of " Set manual range for Vi
the linear regression, valid for all V/I curves €| et renul feldirang e C vdP C Hall
together.
Another regression mode is New auto ~Min.range for auto regress. — [~ Hall geometry
range for V/I. Here the linear regression will |55 % = | @ e
be done with automatic search of the
regression range, that means x-start and x- ——
end value. For this mode you can select ) cancel
the minimum range for auto regression:
80 %: Minimal 80% from the total range will be used.
55 %: Minimal 55%, that means negative and positive current.
30 %, 1<0, I>0 enable: Minimal 30%, only negative or positive currents are possible.

30 %, negative current: Minimal 30%, only negative currents will be used.
30 %, positive current: Minimal 30%, only positive currents will be used.
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3.2.6 Drift correction

Depending on the material it is possible that samples show a drift signal. That means that
the voltage changes with time but without changing the magnet field. This yields to an ad-
ditional voltage and therefore resistance which don't come directly from the measurement
but from the sample drift. This gives an error especially in the Hall evaluation (concentra-
tion and mobility) because the voltages of the Hall configuration are much smaller than the
voltages of the vdP configuration. The quantity of this error depends on the ratio drift to
Hall voltage. The drift is especially a problem for materials as ZnO. One reason for the drift
can be the applying of the current. Light on the sample can also produce or increase a
drift.

In the following drift means a sample effect and not a simple change of voltage because
the temperature in the sample changes based on the current change. This thermal effect
based on the current appears usually only at higher currents, it will be discussed later in
chapter 3.2.6.5.

PhysTech has developed a special evaluation which corrects the sample drift in the Hall
configuration. This method needs the electromagnet. The drift correction is a special
feature of the PhysTech Hall system.

3.2.6.1 Theory of drift correction

Theoretical the drift voltage should be exponential by time. But in most cases the sample
drift (not the thermal drift discussed in chapter 3.2.6.5) is very slow. Then the drift can be
treated as a linear signal during the measurement.

An example for a slow linear drift process gives the next picture. It shows the voltage
versus time. The current was fix at this measurement. We call such curves time curves.

1 i, .
S TR
E -51.5 i S -
o L S,
& T
% '51.7’ '-‘-n-_._._-’:"— |
> - —'."—""‘-.,, |
-51.9 e, -
1 L 1 .
20 60

Time [s] —

We can divide the sample drift during a standard observation (total measurement time) up
to some hundred seconds in 3 cases:

1. The drift is fast. Then you can start the measurement after the drift is finished. Use
the waiting times as explained in chapter 3.2.1.2.

2. The drift is exponential. Keep the current on the sample and try so to avoid the
drift. If this don't help then no evaluation is possible if the drift voltage is in the range

of the Hall voltage.
3. The drift is linear because it is very slow. Then our drift correction can correct the

drift voltage and gives the correct results for concentration and mobility.
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Normally the current will be switched off after the complete measurement. During the
measurement the last current, normally the maximum positive, stays on the sample
between the different V/I curves.

In all 3 cases of drift it can be helpful to keep the maximum current on the sample, see
chapter 3.2.1.2. Then the drift will not newly be initialized by applying of a current. This can
avoid or reduce the drift voltages. If using this option the first current, normally the mini-
mum negative, will be set on the sample after the complete measurement is finished. The
relay matrix will be set to the Hall standard configuration '1,3/2,4'. This current will also be
set after searching the best current. The first current will also be applied on the sample
between the different V/I curves of a Hall measurement at use of the standard mode for
the Hall points (default 10 points). If using the 2 alternate currents then this first current will
not be set between the different V/I curves of a Hall measurement. The last current, nor-
mally the maximum positive, remains on the sample. So every point resp. repetition starts
with switching of current sign.

You have to wait a time after setting this current and start of measurement. This waiting
can often be 'fulfilled' by the contact test. Another possibility is to repeat the measurement.
You can switch off this current until the next measurement in 'Contact measure —
Measurement — Set current off'. This can be important for changing the sample.

In the following the drift correction for the third case will be introduced. We assume a
slow, most linear, drift of the sample. The voltage and therefore the resistance changes
without changing the current or the magnet field. At the Hall configurations this can yield to
a problem because the field depending changes of the Hall voltages are small. The
resistance change because drift can be bigger than the resistance change because
magnet field.

To reduce the influence of the drift on the V/I curves only 2 current points should be
measured as described in chapter 3.2.1.2. These 2 points have a more 'similar' time at
which the measurement was done.

PhysTech has developed some different methods for the drift correction. The two main
correction modes are:

2 cycles, linear (L): The correction uses also the 2. measure cycle. A linear cor-
rection will be done between the corresponding field points
between the first and second measure cycle. This mode is
normally the best one but need a 2. measure cycle.

Average field -+ (A): Only the first measure cycle will be used. The correction will be
done as an average over the negative and positive field. With-
out the 2. measure cycle this mode will be taken.

In the following we will discuss these two correction modes and give some example plots
of drift measurements. We assume a drift process which change the voltages linear with
the time. The drift increments or decrements the absolute voltages with time, independent
of the current sign. But the current sign defines whether the voltages (not the absolute
ones) increase or decrease. For example, if the absolute values increase, then the positive
voltages at positive currents increase and the negative voltages at negative currents
decrease. It is not a simple fix voltage offset. So the calculated resistance changes by the
drift.
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At the correction mode (L) the full measurement cycle will be repeated. For every field
point exist now 2 Hall resistance values. The differences don't origin from the Hall effect
but from the sample drift. These values give the y-axis for the correction. The x-axis is the
time at which the measurement was done. Assuming a linear drift, from these 2 points the
resistance can be calculated for the same time. These will be done for every field point, so
that it seems that all field points would be measured at the same 'drift time'. The slope of
the corrected resistance versus field curve is then without an influence of the drift (assum-
ing a linear drift) and give therefore the correct value for the concentration. The absolute
Hall resistance contains further the drift, but this offset is not from interest.

The next picture illustrates correction (L). It shows in the plot at the top the measured
resistance versus time. The red crosses (+) denote the first measurement cycle, the green
crosses (x) denote the second measurement cycle.

2 corresponding points of 1 field will be marked by a red and green arrow as an example.
Here the points of maximum negative field will be selected as an example. From the cor-
responding 2 points of cycle 1 and 2 the resistance will be calculated (blue square) by a
linear slope (blue line) for a fix defined time tc. The time at maximum positive field of cycle
1, denoted with a blue arrow, will be selected as tc. This is the normalization point as dis-
cussed above. For all fields of cycle 1 the corrected resistance will be calculated with the
help of the corresponding point of cycle 2. The time tc is for all field points the same, so
that it seems that all field points would be measured at the same 'drift time' and have the
same 'drift offset'.

The plot on the bottom shows the resistance of cycle1 and 2 and the corrected resistance
versus field. Resistance of cycle 1 and corrected resistance have at the normalization
point (maximum positive field of cycle 1) the same value. The example points will also be
marked here by arrows. So the first black square point here is the example of the correc-
ted value (blue square) of the top plot. Remember that time and field don't increase in the
same way. The bottom right plot of the picture of correction mode (A) illustrates this fact.
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© | T, 1|lmy = 5.13E+00 cm?/Vs
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The correction mode (A) uses the fact that time and field don't increase in the same way.
For negative fields time and field axis are inverse, for positive fields have time and field
axis the same direction (see bottom right plot in the picture below). Therefore a slope can
be calculated for the negative and one for the positive field. As a simplification the average
gives a linear drift curve, that means resistance (or more exactly said voltage) versus time.
Normalized to time zero the calculated drift value will be subtracted from the measured
value.

This correction assumes that you have a symmetrical R(B) curve without drift, that means
that the slopes over the negative and over the positive field are the same. Without drift is
R(B)=R(-B)+R0 where RO is constant for all fields. Deviations of this symmetric will be
interpreted as a linear drift. This correction requires that the time steps between all nega-
tive and all positive fields are the same. Normally the measurement fulfills this condition.

The next picture illustrates correction (A). It shows a measurement with an extreme drift.
The top left plot shows the resistance versus time, the bottom left the resistance versus
field and the bottom right the magnet field versus time. The red crosses mark the meas-
ured resistance, the black squares the corrected resistance. The plot show definitely that
the most changes come from the drift. In the plot on the top left the first 5 points will be
used for the slope at negative fields, the last 5 points for the slope at positive fields. The
slope of the corrected resistance is the average of the slopes over the negative and over
the positive field.
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The measurement above is an extreme example. The drift is much bigger than the Hall
effect. So it seems that you see only a linear drift of the sample. Nevertheless an evalu-
ation of the corrected values is possible as the linear regression line shows in the plot on
the top left.
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Details of drift correction:

The explanation above is a simplification. All corrections will not be done at the resistance
but at the voltage. Using 2 different currents these 2 measurements were not done at the
same time. A correction of the voltage corrects also this time difference. The correction will
be done by assuming a linear drift.

Correction method (L) repeats the Hall measurement cycle, so we have 2 'same' mea-
surements at different times. The corrected voltage Uc(B) for field B will be calculated by:

UC(B)= UZ(li):t(]](B)

(tc_tl)+U1(B)

U:(B) and Uy(B) are the measured voltages at measurement cycle 1 and 2; t; and t; are the
corresponding times. Time zero is start time of the measurement. tc is the defined time for
which the correction will be calculated. We set this time tc to that time at which the meas-
urement was done at maximum positive field of the first measurement cycle. This has the
advantage that this time is always inside the times t; and t, which will be used for the
calculation of the slope of the correction (first part of the equation above). So we have
always a linear interpolation and not an extrapolation. This reduce possible errors if the
drift is not purely linear. This selection of tc has also the effect that the correction will be
normalized to the maximal positive field as shown above. That means that the corrected
and the original curve have the same value at this field.

Correction method (A) works only with one measurement cycle. The voltage at one
current will be plotted versus time. Then the slopes my and me at negative and positive
fields will be calculated separately by linear regression. If N is the numbers of field points,
B=0 neglected, then the point numbers from 1 to N/2 were measured at negative fields,
the points from N/2+1 to N at positive fields. In the example plot above on the bottom left
the first 5 points will be used for the slope my at negative fields, the last 5 points for the
slope mpat positive fields. The corrected voltage Uc(B) for field B and time t will then be
calculated by:

my+mp

U.(B)=U(B) (t=1,)

Both corrections will be done on the voltages. The resistance will be calculated by 2
corrected voltages at one field. For these the 2 points of the V/I curve at the minimal
(maximum negative) current |- and maximal (maximum positive) current |+ will be used.
Normally only these 2 points will be measured for a drift correction, see chapter 3.2.1.2.
The corrected resistance R¢(B) is then:

U.c(B)-U (B)

R(B)=—"0—
+ —

Tip: The resistance versus time curves are a great help to proof whether the deviations of
the resistance versus field curves come from a linear drift process of the sample. You get
these curves in the plot menu 'Check drift plot', see chapter 3.2.6.4.
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3.2.6.2 Measurement

This is a special measurement procedure to correct slow drift problems of samples.
The input is similar as the standard. Always vdP and Hall measurements will be done, the
Hall measurements by using many field points. The Hall geometry can not be selected.

2 alternate current points with 10 repetitions resp. averages will be used for the Hall V/I
curves, an explanation is given in 'V/I points for Hall' in chapter 3.2.1.2. It is not necessary
to reduce here the point numbers for all V/I curves manually to 2.

Only the hardware compensation (only meas) is enabled at the drift measurement be-
cause the compensated values can give problems at the drift correction. Hardware com-
pensation and measurements are not done at the same time.

By activation of Full drift correction the complete measurement cycle will be repeated a
second times. This is the best way for the correction.

As discussed above it can be from great advantage to keep current permanently on the
sample to reduce the drift voltage. You find this flag by clicking onto the Limit/Sens button.
For more details see in chapter 3.2.6.1.

The plot after the measurement is similar as the 2. example in chapter 3.2.1.7. The bottom
plot of the second page contains now the not corrected, the corrected or both resistance
versus field curves. An example for this plot will be given in the next chapter.

The top plot of the second page shows the Hall V/I curves at +-B as following simulation
illustrates:

o:R(1,3/2,4/-B)
+:R(1,3/2,4/B) |

N
o
T

e

Voltage [mV] —
o

-100 0 100
Current [uA] —

At the drift measurement only 2 alternate and averaged current points will be measured for
the Hall V/I curves because this is better for the noise suppression and the drift correction.
For zero, minimum and maximum field an additional V/I curve will be measured with the
parameters of the vdP measurement. So you see each 2 points for the minimum and
maximum current in the plot above. The black squares denote here the V/I points at -B
(minimum field), the red crosses denote the V/I points at +B (maximum field). The 'isolated'
points come from the alternate measurement, the other from the additional V/I measure-
ment. The automatic linear regression uses also here only the 2 alternate points as the
straight lines demonstrate. The lines don't connect the points of the additional V/I curves!

The 2 points of the same current have different voltage values because the drift. These 2
points were measured at different times. The additional V/I curve was measured after the 2
alternate currents. So the additional V/I points have in this example a bigger absolute
voltage because they were measured later. Although there is a linear drift the V/I curves
are still linear. The slope, that means the resistance, will be effected by the drift and is
'wrong'. The simulation above is an extreme example. How much the 2 points of the same
current differ, depends on the drift.
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Note for user class 5: The software buffers the standard V/I point mode of Hall params,
see chapter 3.2.1.3, if making a drift measurement. For the drift measurement only the 2
alternate currents will be used. If making a standard measurement after a drift measure-
ment, the software restores the buffered point mode. An exception is if you apply, after a
question dialog, the measurement parameters of the last measurement or the loaded file.
This is valid for user class 5 or higher. At user class 4 the V/I point mode of Hall params
can not be selected and so always the standard mode, by default 10 points, will be used
for a standard measurement.

Tip: Voltage versus time measurements are possible in 'Test of voltage', see 2.1.1.2.

3.2.6.3 Evaluation

. ] Restore data
If the measurement was done with the option of a

drift correction, see previous chapter, you get in the _‘Ej‘rl:le'd correction e OK ...............
Evaluate menu at the Magnet Hall evaluation a ° ,

question for doing and showing the drift field cor- ® Cancel
rection. Only here you get this input window. @ ies e el

Nevertheless the inputs are also valid for the All-Plot Y

and for the default plot at the main canvas after a —

measurement or reading data. [wmeeziet Tem (L]

For the drift field correction you can select:

No: The data will not be corrected, the original data will be shown.
Yes, show correction:  The correction will be done and shown.

Yes, compare data: The correction will be done and shown. Additionally the original

data will be shown.

If the measurement was done with the option 'Full drift correction' (2. cycle) then you can
select the correction mode:

2 cycles, linear (L): The correction uses also the 2. measure cycle. A linear cor-
rection will be done between the corresponding field points
between the first and second measure cycle. This mode is
normally the best one but need a 2. measure cycle.

Average field -+ (A): Only the first measure cycle will be used. The correction will be
done as an average over the negative and positive field. With-
out the 2. measure cycle this mode will be taken.

Note: Only the measurement of 2 alternate currents instead of a complete V/I curve yields
to a good correction at big drift signals. Use normally correction method (L).

Tip: You get more plot possibilities for the drift correction in the plot menu.
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In the following example the crosses are the not corrected data, the squares are the

corrected data. Here correction mode (A) was used. The correction was normalized to the
maximal positive field. This normalization is only possible when measuring only 2 points of

a Hall V/I curve. The not corrected data have different slopes for negative and positive

fields because the different influence of time. The corrected values are on a good line and

give good results. If the correction data will be shown, then the evaluation will be done

always by the linear regression over the corrected data.
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3.2.6.4 Check drift plot

This special plot for checking slow drifts of the sample is only visible if a drift measurement
(chapter 3.2.6.2) was done or at user class 5 a Hall measurement with many fields.
Usually the correction will only be shown in the evaluation menu. Here in the plot menu
you have more possibilities but it is not necessary for the evaluation.
One application is to proof whether the deviations of the resistance versus field curve
come from a linear drift process. This check can done by the resistance versus time curve.
The default standard picture shows the time curve and the field curve.

The view of the following inputs
depends on the type of Hall
measurements, that means
whether a second geometry or a
second cycle was measured
and so on. The visible and avai-
lable inputs depend also on the
base/geometry mode and on the
user class. So at user class 6
you can select from up to 8
modes of drift field correction,
depending on the type of meas-
urement. At lower user classes
you can only select between
mode (L), (A) and (A2). With one
geometry resp. measurement
cycle only mode (A) is available.

Check drift plots

— Base/geometry
1=

O 2-—+

" Bath measurements
® Drift correction

" Calculate only drift

— Compare/more layers —
" Mo
® Standard picture
" Field and time as x
" Fieldtime order

" Campare correction

— Data/plot mode
" “altage af -
" “altage aof I+

® Resistance

[~ Resistance atl-and |+

— Drift field correction

|2 cycles, linear (L) LI

— “Wiew parameters
[ Showy(B=0)
[T Titne 2z xmis
= Dey cecends s time
= | Separate (myere
[ Sortdata

[~ Show min evaluation

Cancel

Following base/geometry modes exist:

1: - > +:

Select the data of the 1. geometry resp. measurement cycle. '-— +'

means that the field was varied from negative to positive fields.

2:- > +:

Select the data of the 2. geometry resp. measurement cycle if exist.

Both measurements: Select data of both geometries resp measurement cycles. The 1.
data will be marked by black squares, the 2. by red crosses.

Drift correction:
Calculate only drift:

subtracted by the corrected values.

Shows the measurement data corrected by the drift.
Shows only the drift values, that means the measured values

Data plot/mode defines which values will be shown as y-axis:

Voltage of I-:
Voltage of I+:
Resistance:

Shows the voltage at the minimal (maximum negative) current I-.
Shows the voltage at the maximal (maximum positive) current |+.
Shows the resistance. The evaluation of the carrier concentration and

mobility is only here possible. You get this evaluation by a linear
regression from R over B.

The resistance of the original data can be calculated by a linear regression over the full V/I
curve or only by the 2 currents I- and |+ if activating the flag 'Resistance at I- and I+'. The
resistance for the correction will always be calculated by these 2 points.
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Following Drift field correction modes are available by user class 5:

2 cycles, linear (L): A linear correction will be done between the corresponding
field points between the first and second measure cycle. This
mode is normally the best one but need a 2. measure cycle.

Average field -+ (A): Only the first measure cycle will be used. The correction will be
done as an average over the negative and positive field.

2. cycle, average (A2): As (A) but uses the 2. cycle.

Compare/more layers defines how many layers (plots) or curves will be shown:

No: No comparison, shows only one curve in 1 layer.

Standard picture: Shows at the top a resistance versus time plot and compares
at the bottom plot the corrected data with the measured data.
This mode is only visible at base mode 'Drift correction' and
data mode 'Resistance'. An example follows at the next page.

Voltage of I- and I+: Shows both voltages at I- (at the top) and I+ (at the bottom),
only enabled if the data mode 'voltage of I-' was selected. This
mode is only visible if the mode 'Standard picture is not visible.

Field and time axis: Shows in one layer the field as x-axis, in the other layer the time
as x-axis.
Field time order: Shows on the left top the y-data (for example the resistance)

versus field, on the left bottom y versus time and on the right
bottom the field versus time.

Compare correction: Compares the corrected data (black squares) with the original
measured data (red crosses), only enabled at base mode 'Drift
correction'. The evaluation and linear regression will be done by
the corrected data.

In the chapter 3.2.6.1 a drift correction of the resistance will be shown. One plot uses the
'‘Compare correction' option, the other one the 'Field time order'.

In View parameters are additional options for the view of the plot:

Show y(B=0): Shows also data measured at B=0.

Time as x-axis: Selects the time at which the measurement was done as x-axis
instead of the field. Time zero is the start of measurement. This
option is not for all modes available.

Day seconds as time:  Time zero is not start of measurement but the begin of the day.

Separate layers: Shows at 'Compare correction' the data in 3 separate layers. At
the left top plot there are the corrected data, at the left bottom
the original and at the right bottom the difference.

Sort data: Sorts the data for the plot.

Show min evaluation:  Shows a calculated minimum value for the carrier concentra-
tion, called here Ns, and a maximum value for my without using
the linear regression of R over B. This can be helpful if the
linear regression is not possible.

All points: Shows also the time points of the second measurement cycle,
not always visible.
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The next picture shows the standard picture of a measurement with an extreme drift.

It shows in the plot at the top the measured resistance versus time. The red crosses (+)
denote the first measurement cycle, the green crosses (x) denote the second measure-
ment cycle. The blue diamonds represent the time normalized curve of the second cycle,
called '2nT". For this curve the time axis will be normalized to the first (start) time of the first
cycle. The teal triangles represent the time and resistance normalized curve of the second
cycle, called '2nTR'. Here additionally the resistance values of this curve will be normalized
to the first resistance value of the first cycle. The measure times of cycle 1 and 2 are the
same, so that the normalized curves (diamonds and triangles) of the second cycle always
have the same x- values as the first cycle.

If the drift is full linear and the noise is small, also the y-values of the normalized curve
'2nTR' (teal triangles) and of cycle 1 are the same. This is valid for this measurement. The
y-values of the normalized curve '2nT' (blue diamonds) differ from those of cycle 1. The
strength of the difference depends on the strength of the drift. At a linear drift the difference
should be constant for all points. The resistance changes based on the drift are much
larger as the changes based on the magnetic field. So you see at this extreme measure-
ment only a linear time curve, the influence of the field is 'optical’ not visible.

Nevertheless an evaluation is possible as the plot at the bottom demonstrates. It shows
the resistance versus field. The red crosses (+) are the measured data of cycle 1, the
black squares are the data corrected by method (L) and give suitable results.
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If the drift is not so strong, you see not a pure linear time curve (red and green crosses)
but the influence of the drift and field, as the top left plot of the next picture illustrates on a
measurement with a small drift.

Here are the points of cycle 1 and normalized curve 2nRT (teal triangles) are similar. They
are not identical because not pure linear drift. The difference between cycle 1 and the nor-
malized curve 2nT (blue diamonds) is about constant so that the drift is about linear.

The resistance time curves have 2 parts with opposite signs of slopes if the drift don't
dominate too much (or if there is no drift). The reason is that time and field don't increase
in the same way. For negative fields time and field axis are inverse, for positive fields have
time and field axis the same direction. This illustrates the bottom right plot.

The bottom left plot shows the corrected and not-corrected resistance versus field.
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Summary for time curves:

a) If there is no drift, the curves of cycle 1, '2nT' and '2nRT" are identical.

b) The normalized curve 2nTR' have the same values as cycle 1 if the drift is linear.

¢) The y-values of the normalized curve '2nT' differ from those of cycle 1 if there is a drift.
The strength of the difference depends on the strength of the drift. At a linear drift the dif-
ference should be constant for all points.

d) If the linear drift dominates extremely, you see a pure linear time curve for cycle 1 and
cycle 2.

e) If the influence of the magnet field dominates, the drift then the resistance versus time
curves have 2 parts with opposite signs of slope and different absolute values of slope.
Without drift are the absolute values are the same. If the resistance change based on the
field are similar to that based on the drift, the 2 slopes have the same sign but different
values.

f) If the time curves don't show a definite direction, the drift is not linear and a correction is
not possible. But it can happen that the drift is "about' linear for the 1. or 2. cycle. Then you
can try correction mode (A) resp. (A2).
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3.2.6.5 Thermal drift

Also a thermal drift can exist. This means the voltage changes because the temperature in
the sample changes based on the applying of a current. This type of drift is exponential
and relative fast. This thermal effect based on the current appears normally only at higher

currents.

Following methods exist to avoid the thermal drift in the V/I curves:

1. Use lower currents if possible.
2. Keep current permanently on the sample.
3. Define a wait time after first current, see chapter 3.2.1.3.

The following picture shows time curves of our reference sample. The current of the 3
measurement curves of the top plot was 10 mA. The black points denotes there a meas-
urement at which this high current was applied on the sample at measurement start. You
see an exponential thermal drift with 2 time constants.

If keeping permanently the current on the sample (method 2), there is no thermal drift as
the red curve demonstrates. You find more details of keeping current in chapter 3.2.6.1. It
is important that also the switching between negative and positive current (2 alternate cur-
rents) don't yield to a thermal drift. This demonstrates the blue curve. For better clearness
this curve was shifted on the y-axis.

The plot on the bottom shows a time curve at a current of 100 uA. Although the current
was set to the sample at the start of measurement there is no thermal drift. The current
swaps between 2 values. These represent the resolution of the ADC at the given ampli-

fication.
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4. Routine program and calibration

4.1 Routine program

This program module leads directly to the combination measurement of all 2-point, all 4-
point van der Pauw and Hall resistances. This is the easiest way to get the results for the
sample/layer resistivity, mobility and carrier concentration. The user is guided through all
necessary input windows and test measurements. Only the combined vdP and Hall meas-
urement is supported.

4.1.1 Measurements

The measurement of a new sample should always be started with 'New measurement' of

the measure menu. This leads directly to the test of contact, then to the sample parameter

inputs and then to the vdP/Hall input window. After clicking there onto the 'Start' button the

measurement starts, for more information read chapter 3.2.1.1. After the measurement you
get the question for saving the data or for calling the data task input window.

Following inputs and tasks exist for New measurement:

1.a) Input: Test of contact (chapter 2.1.1.1.3)

1.b) Measurement: Test of contact

1.c) Confirm: Go on if test is okay; if a contact is bad (see Note below) then contact the
sample again and repeat the test

1.d) Confirm: Take over the found current as global current

2.a) Input: sample parameters (chapter 2.4.4)
2.b) Input: Use of database, only at every first use of program start (chapter 2.4.5)

3.a) Input: VdP/Hall measurement parameters (chapter 3.2.1.1)
3.b) Measurement: 2-points, vdP and Hall
3.c) Confirm: Save data or data task window (chapter 1.3.2 and 2.2.3)

Note for test of contact: If some resistances could not be measured (gives ----), the meas-
ured voltage is too high (>10V) therefore the current range could be too high. If a complete
row can not be measured, one contact may be bad. Normally, if one contact is bad, three
contacts pairs (rows) can not be measured, because every of the 4 sample contacts are
used for 3 contacts pairs.

Always a test of contact (contact check) should be at the start of an unknown or even a
known sample. The contact check means a test of the electrical connection of the ohmic
contacts to the pads and a check of the ohmic behavior of the ohmic contact of the sample
itself. The test of contact gives also a help to define the current range.

Measurement opens directly the vdP/Hall input window (chapter 3.2.1.1). Only at first time
after program start the software asks for the sample and database parameters.
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4.1.2 Structure

This program module has not all functions and not the same structure as the other meas-
urement modules of chapter 3.

Only reduced menus for File, Plot, Measure and Help exist.

At File you can save and print the data, call the Data task File Plot Measure Help
procedure and change the program modules. Reading of = = j
data is here not possible, but you can read these data in J =] | S E | W
the vdP/Hall program module.

Plot shows the standard plot either on the main canvas (Refresh) or in the Application plot
program.

At Measure are the above described possibilities 'New measurement' and 'Measurement'.
You can start these functions also by the last two buttons in the toolbar.

Help was already explained in chapter 2.5.

Reflected on the software, the Routine and vdP/Hall modules are the same. The Routine
module use only a small part of the vdP/Hall program and the menu is strongly reduced.
The work in this module will usually done by user class 2.

4.1.3 Easy program

The easy program is the same as the routine program but it will be started directly. A
movement to another program module is not possible.

For starting the Easy program, start the standard Hall program by activating the Hall icon
on your desktop. In the start input window type in the user name and select as Program
mode 'Measure, EasyProg', see chapter 1.1.1.

At the first start with a new user name you get two other input windows (chapter 1.1.5 and
1.1.6). Confirm both with 'OK".

The measurement will be started by 'New measurement' for a new sample or by
'Measurement' for a repetition. For more details see chapter 4.1.1.
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4.2 Calibration

The calibration procedures are in the program module Base Tools. These are not enabled
at user class smaller 4 or in the simulation mode. Three calibrations can be selected in a
sub menu of Calib: the system calibration, the field calibration and the offset voltage. The
field calibration is different for the permanent magnet (RH 2035) and the electric magnet
(RH 2030, RH 2010).

4.2.1 System calibration

This routine calibrates the ADC and internal amplifiers. The calibration is automatically
done during every start of the software. If the hardware has been switched on just before
the software start, it's useful to do this calibration after the hardware has been warmed up.

4.2.2 Field calibration for permanent magnet (RH 2035)

The inputs are the values of the negative and
the positive magnetic field of the permanent
magnet. If changing values, these values ~ Field input

Params for permanent magnet

should be saved into the configuration file of Nemative fisld |0-43 oK
egative field T

the permanent magnet. In the other case the -

software loads the old values at the next Positive field  |0-43 T Calib

program start. The values will be saved after

clicking onto the 'OK' button. [v Bave field into magnet Cancel

configuration file

You can change the field values by input or by

a calibration procedure. Click for this onto the

'Calib' button, following input window appears:

Current means the measurement current, it Field calibration

should be 1.00E-4 A for any of our reference

samples. To0E0d

Conc. means the carrier concentration of the Pl St @

reference sample listed at the back of it, for n- o G o00E Tz

type (PhysTech's reference sample) you have S e F—

to input negative values, for p-type positive. . oo

Thick is the thickness of the layer, normally fhick ] -

10 um. _ LmiGens |

Limit/Sens is explained in chapter 3.2.1.2.

The inputs that have to be done depend from the reference sample. After Start is activa-
ted, the system is measuring the hall coefficient at negative and positive field and uses the
known concentration for calculating the magnetic field itself. Then the program goes back
to the previous window with the new fields.

Note: For negative resp. positive fields are only negative resp. positive input values avail-

able. If a calibration yields to the wrong sign, you get a warning. Look at the note of the
end of the next chapter for the reasons.
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4.2.3 Field calibration for electric magnet (RH 2030, RH 2010)

Use for this calibration the reference sample Field calibration
(delivered with the system) for the measure-

ment. Put in the sample mounting with the

correct side into the sample holder and the Current[A]  [100E-04

sample holder with the correct position into

the magnet, see pictures in the hardware Cone [er’-3] [2910E+15

manual. Cancel
Thick [um] |1D-DD

After selecting this routine, the following input _ an — Ll et

window appears: Feints z

The inputs that have to be done depend from ™ Only symetric fields

the reference sample. The values are listed

on the back of the reference sample carrier.

Current means the measurement current, it should be 1.00E-4 A for any of our reference
samples.

Conc. means the carrier concentration of the reference sample listed at the back of it, for
n-type you have to input negative values, for p-type positive. PhysTech's reference
samples are always n-type.

Thick is the thickness of the layer, normally 10 um.

Points gives the number of data points that will be measured for the calibration curve. The
value of 80 should only be enlarged, if the Hall coefficient of a sample should be measured
in dependance of the magnetic field using more points than 80.

Limit/Sens is explained in chapter 3.2.1.2.

Activation of only symmetric fields repeats the calibration after the first run and takes for
the negative and positive field the same absolute maximal value. After the next run nega-
tive and positive fields have the same absolute values. That gives more accuracy for the
interpolation. The Hall measurement with many points uses as a standard 10 points. At 80
calibration points now the used negative and positive field points match the calibration
table without interpolation.

After Start is activated, the system is measuring the Hall coefficient at different magnetic
fields and uses the known concentration for calculating the magnetic field B itself. After the
measurement has been finished, the final curve is shown and you can save the calibration
by the green 'Apply' button, see picture at the next page. If the measurement looks OK, it
should be saved and the magnetic field has been calibrated now. If you leave by 'Cancel’,
the new calibration will not be saved and not be applied. The old calibration is then further
valid.

The calibration will be done in the same order as a normal Hall measurement. First the
measurement goes from 0 to the biggest negative voltage (negative field). Then the meas-
urement goes from 0 the maximum positive voltage (positive field). Before each start at 0
the remanence will be deleted.

Note: The calibration of the magnet field has to be done every time the pole tips gap has

been changed. It's normally not necessary to calibrate the magnetic field if the pole tips
has not been changed after the last calibration.
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The next picture shows the plot window after the calibration was done. The x-axis is the
voltage set for the magnet field, the y-axis is the calculated magnet field.

4 Field calibration

el EN Vv

Magnet field [T] —»

[
n
T
1

0.0

-0.5- .

=10 0 10
Magnet field valtage [v] —

Break the calibration, only enabled during measurement.

Repeat the calibration.

Refresh the plot.

Plot program will be called for the current plot.

Swap plot between magnet field, resistance and F/Fmax*Umax/U.

Apply and save new calibration curve.

O\|7mm|ale

Cancel calibration.

In the explanation above is F the magnetic field, Fmax the maximal magnetic field, U the
magnet field voltage and Umax the maximal magnet field voltage.

Note: Following must be fulfilled: Negative voltages give negative fields, positive voltages
give positive fields. In the other case there is a mistake. The reason is either the wrong
sign for the concentration, the wrong position of the sample holder in the magnet or a mis-
match of the cables to the sample holder. Please look for this in the hardware manual.
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4.2.4 Offset voltage

This calibration here is not a hardware calibration as in 'System'. It is only a software cali-
bration or correction. This voltage offset will be subtracted from the measured voltage. An
offset does not affect van der Pauw or Hall results, the offset correction gives only a visual
better Zero of the V/I curves.

No calibration file for the voltage offset exists after installation. So you should do this cali-
bration after software installation when the hardware has been warmed up. Normally it is
not necessary to repeat this calibration.

Depending on you measurement system 2 kinds of offset corrections are possible:
1. Correction by one offset value for all amplifications.
2. Correction by separate offsets for each amplification of the voltage amplifier.

Offset calibration of voltage amplifier
The input called 'Separate for each ampli-

fication' defines which correction will be
used: Separate for each amplific, Ialways amplification spec:ifictll

— Calibration parameters

A) no, one offset for all: Bfteetfar el | |2 00000 |SSSEeaRra| 1 00E-04
Uses always calibration 1.

Ofs [] Mesamp1  [MesAmp 10 |MesAmp1DD|
PreAmp 1 -6.059E-05  -3.036E-05
PreAmp 10 [-4.041E-06  -4378E-06 | 2.800E-05
PreAmp 100 |-9845E-08  2.023E-06 | 2.858E-05

B) at hardware compensation:
Uses calibration 2 at the compensation
mode 'hardware', otherwise calibration 1.

C) always amplification specific:
Uses always calibration 2. Select this —
mode because it is the best. ey | ol ez

The type of calibration and the inputs depend on the selected mode:

Mode A: Use for this calibration our reference sample as for the field calibration, select for
the current 1.0E-4 A. After clicking onto the 'Calib' button the measurement starts. 2 V/I
points with opposite current sign will be measured and the offset will be calculated by inter-
polation to current 0. Then this value will be shown in an input field.

Mode B: Uses Mode A and C.

Mode C: This calibration needs no sample, the offsets will be measured directly with an
open matrix. 2 different types of amplifiers (measure- and pre-amplifier) with each 3 ampli-
fications exist. All 9 combinations of offsets will be measured and shown in a data grid. You
can edit these data.

Only if you leave the input window with 'OK", the offsets will be applied and saved into the
voltage calibration file.

Note: Normally the offset is only a 'visual' disadvantage. The resistance will be calculated
from a voltage difference or from the slope of a V/I curve. A fix voltage offset has here no
effect. If the amplification changes during a V/I curve, the offset is not fix. But the offset
changes during a V/I curve are normally very small compared to the absolute voltage. This
is not valid for the hardware compensation. The different offsets can here yield to a smaller
sensitivity. So use here correction mode 2. Here it can also be helpful to repeat the offset
calibration before a very sensitive measurement with hardware compensation.
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5. Common program modules

Depending on the kind of work which you do in the main program modules you can call
further common program modules (tools), so different plot programs, list programs and the
database. These tools will be explained in the following chapters.

Program tools have his own sub window with menu bar and toolbar. The plot or list will not
shown on the main canvas but on the canvas of the sub window.
Normally this window will be shown under the caption line of the main window or as a kind

window, see chapter 2.3.1.
The 'Exit' entry at the file menu was replaced by 'Close’. By 'Close' you don't exit the main

program but you close only the program tool and go back to the measurement or previous
program. The same will be done by clicking onto the additional 'Close' button in the

toolbar.

If calling a function of another common program module the current window will be re-
placed by the window of the called program module (tool). So only one sub window is
visible, dialogs not considered.
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5.1 Standard plot program

The most used common program module is the Standard Plot Program. If you select a plot
or an evaluation the program shows this plot normally by the standard or application plot
program. In the standard plot program you can change the axis of the plot window, the plot
symbol, the linear regression (if possible) and so on.

Many parameters in this plot program are only local, this means if leaving and entering
again this program tool then these parameters will be set to the default ones. The global
plot parameters are an exception, see chapter 2.3.3.

Some options are not enabled if more than one curve will be shown. The 'plot software
option' is necessary for some functions, e.g. for the Tools menu.

This plot program has no own data type. You can also here open the measurement data
without leaving the plot program.

Which menu entries and tool buttons are visible and enabled, depend on the kind of data.

Standard plot - TestiDi@A_001.T1A

FiIe|Edit Yiew Axis Ewvaluate Tools Help

le@&BE » o A|laa L BEEF e 80

The following buttons of the toolbar, except for the regression, are visible in most cases:

= | Repeat the inputs of plot.
E Open a measurement data file.
@ Print the plot on a printer.
Copy page to clipboard.
i Linear regression, sets start and end value by mouse and calculate regression.
< | Apply the selected plot and so on, for example for the linear regression.
| Interpolate plot points by a line.
Zoom-in the plot window.
S| Zoom-out the plot window.
i Axis input parameters for the plot window.
i Axis rescale to the standard window.
Refresh the plot.
% | Call the Presentation plot program.
2| User button is a user definable button, see chapter 2.3.4.
£ Close the standard plot program and goes back to the previous program.

The following buttons only visible in special cases:

Shows Next file or data point.

Data tasks for saving and printing data, save evaluation to database.

.

Current level number, toggles between first and last level by mouse click.
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Following shortcuts exist for the menu, but not all are always possible:

F1: Help information, opens this manual at the corresponding chapter.
F2: Repeats the inputs of plot.

F5: Refresh the plot.

F7: Calls the library.

F8: (Automatic) linear regression, sets start and end value by mouse.
Ctrl+F8: Starts the manual linear regression.

F11: Personal hot key 1, see chapter 2.3.4.

F12: Personal hot key 2, see chapter 2.3.4.

Ctri+C: Copy page to clipboard in the bitmap format.

Ctri+O: Opens a measurement data file.

Ctri+P: Print the plot.

Ctrl+S: Save the current measurement data.

Ctri+V: Paste a bitmap graphic from the clipboard.

Enter: Apply the selected plot and so on, as Apply button.

PageUp: Shows previous file or data point.

PageDown: Shows next file or data point.

Alt+F4: Close the standard plot program.

5.1.1 File menu

The standard plot program has no own data type. If coming from a measurement or sub
program, you can also here read the (measurement) data and show the last selected plot.
It is not necessary to leave the plot program, read the measurement data and then to call
the plot program again. For this option you must have read measurement data or saved
the last measurement. If not saving the last measurement, you can here save these data.
If not saving data or if an evaluation is possible, then here the Data task entry is visible.
Several tasks, so saving and printing the data and saving evaluation values into the
database, can here done.

File Edit Yiew Axis

Eve Save ASCII data saves the current x,y plot values line by line

Open meas data Ctrl+O in an ASCII format to a text file. This option is only enabled if

Save ASCII
Save graphic

one curve will be shown. You can define the delimiter and the
»  exponential format in the ASCII parameters of the Tools menu.

Programs »  Print opens a dialog for printing the plot. If installed a HPGL
Brint Ctrlep printer (13.2) then here is a special entry for its use.

By 'Close' the standard plot program will be closed and the
Close

software goes back to the previous program.

Programs opens a sub menu for further program tools. If calling one of these tools the
software jumps to this tool and don't come back to the standard plot program. If closing
this tool, the software goes back to the previous program module, normally one of the
measurement or sub programs. If more than one curve will be shown, only the presen-
tation plot program is enabled.

ListData program
EditData program
EditPlot program
CompPlot program
PresPlot program

Hall Manual

ListData lists the data in a grid, image or ASCII editor (chapter 5.4)
EditData enables to edit the x/y-data in a grid or ASCII editor (5.4)
EditPlot enables to change, read and plot the x/y-data (5.3.2)
CompPlot compares in a plot the current data with saved data (5.3.6)
PresPlot opens a new complex plot program with many features (5.2)
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The presentation plot program is here the perhaps most important program tool. It gives
the possibility to show curves of (manually loaded) different files. You can also show
different plots (layers) in one picture. There you can also save the full picture without a
graphic format.

If showing curve by curve from many data points or files (e.g. I/V curves at many tempera-
tures), a Next datas sub menu exist for navigating to next or previous data or to input the
data number, for more information see chapter 5.1.7.1.

5.1.1.1 Save graphic

Save graphic opens a sub menu for saving the plot in a graphic file format. Bitmap and
vector formats exist: BMP, PCX, GIF, JPEG; PLT, HPGL, WMF / EMF, EPS, ACAD.
Before saving you get a special dialog for some parameters and the standard Windows
dialog for saving data. For saving into the PDF format use a virtual PDF printer.

Tip: WMF or EMF is the standard format for saving plots. If you need a bitmap format use
GIF. The JPEG format is not suitable for plots.

Sawve BitMap file x
5.1.1.1.1 Bitmap formats s X]

~Sizemode | Colormode T
Depending on the bitmap (8 Full size (standard) ]
graphic format (BMP, PCX,
GIF, JPEG) you get similar
inputs. The following input is
for the BMP format. For PCX " New size @1l CI7E6 0
and JPEG files you can select

the compression. LAt |15|]D 3: ¥ Autameatic aspest

Mgk 1000 &

Ic:DIc:r, background LI

" Manual part size Cancel

" MNewPlot — Sawve color numbers ——

The enabled inputs depend on
the Size mode:

Full size: This is the standard mode. The graphic will be saved as shown on the
screen.

Manual part size: You can select a part of the plot by the mouse.

NewPlot: You can select the color mode and the saved color numbers.

New size: You can select a new pixel size and the color mode. At activating
'Automatic aspect' is only the input of width necessary.

The color mode defines the background color and the use of a color plot:

mono, white lines: Monochrome plot with white lines and symbols.

mono, black lines: Monochrome plot with black lines and symbols.

256 grey scales: 256 grey scales, no background color.

color, transparent: Color plot, transparent background.

color, no background: Color plot, no background color (white background).

color, background: Color plot, background is as on the screen, including the special
background inside the plot window.

Save color numbers defines the numbers of colors: 2, 256 or all.
If the data were interpolated then there is the additional input Print data (chapter 2.2.4).
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5.1.1.1.2 Vector formats

At PLT and HPGL you get similar input windows as for printing, see chapter 2.2.4.

At Windows meta files you can select the color mode and between Aldus (WMF) and
Enhanced (EMF) meta file. The EMF format is the newer and better one. If possible use
this format for saving vector graphics.

Only monochrome ACAD files are possible.

5.1.1.1.3 EPS format

The EPS (Encapsulated Post Script) format is also a vector graphic:

The color mode is as above [NESE D
but without the transparent
mode rColormode———— [ Seale———— e -

) Ok,
The values for size and po- o
sitions (coordinates) can be | |1moneBlackines = | C:Inputof fecter Cancel

. . K " Input of width ance

saved in the file as integers 5 ——
or as real numbers. e e Other params
A factor can be defined for —_—

i H Integers far =i 1] =

the thickness of lines. o Im
positians Eation 0 *

For the scaling from plot _
coordinates or sizes to the (SKIREREE: noE .0 || 2 i faerer [T 00E -0
values in the EPS file there
are 3 possibilities:
As screen: The same values as for the screen will be used.

Input of factor: All plot positions, sizes and so on will be multiplied with a user defined
scaling factor. For the plot positions there can be defined a left (x) and
a bottom (y) offset.

Input of width: All plot positions and sizes will be scaled to a given maximum width.
For the positions there can be defined a left (x) and a bottom (y) offset.

Other params opens a new input window which will be used in similar way also for the
printer and other graphic formats:

The used fonts can make problems if using an EPS file with another program like Ghost-
Script. Most PostScript interpreter don't know the Windows fonts Courier New, New Times
Roman or Arial. Some EPS interpreters break then the plot, some ones give a warning,
others ones go on without a warning. If the interpreter don't break but don't know the used
font, it will replace this font by another one. The size of this font can be different as the
original in Windows used one. Then positions and style of the text may be bad, especially
at right centering text because this centering needs the exact text length.

Normally you use for the font mode 'As font input', that means for the EPS file the same
fonts will be used as for the screen. You can also select a fix or a proportional Windows

font for all used fonts. The vector fonts are old fonts and should only be used if absolute
necessary.
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Tab. pos avail means

where a tabulator for Other Parameters for EPS
EPS is available if there — Fant mode —Tah pos avail — — Fontspecials — E
is a tabulator in the text. @ Asfontinput " no [v Use onlky defined : of E
After a tabulator the text - C at= onlylef standard fants

will be broken. For the ¢ Proporionalfont | | ( at= [ Disable expo Cames|
start of the text after the ||~ i ooctor font  at=and blanc and ineiex

tabulator a new x-posi- ¢ Prop.vectorfort | | @ asfont charaeer g |

tion will be calculated by

a medium character — Mame of fonts ————— ~Replace fonts

width. So you can center Mame of small font SrrallFont Iby Sma”FDnthrﬁhj

a text for a table. The |Caurier o [orroroniorie =]

tabulator is only helpful Name of fcfant o E

at proportional fonts [Courier Atialt [y ProFont =l
iy o o (| el ||t P
character width) as Jaial Times*  |by Timesforfile |}

Courier New this is not

necessary.

The modes for the available tabulator positions are:

no: Don't use tabulators.
at =, only left: At a '='is a tabulator available, the new text position starts directly
at the '=' sign.
at =: At a '='is a tabulator available, blanks directly after the '=' sign will be

treated as a tabulator.
at = and blank: At a'="and every''is a tabulator available.
as font: The tabulator is available as defined for the used font (chapter 2.3.3).

To avoid the EPS font problems discussed above there is the option to use only defined
standard fonts. If activating this option then you can define the files using for the EPS file.
The 3 font names at the left bottom window part are the names for the standard small, fix
and proportional font in the EPS file. Use only fonts which your EPS interpreter knows!

At the bottom right window part there are the names and modes of Windows fonts which
you will be replaced by the EPS standard fonts. 'Courier* means all font names which
contain the string 'Courier', for example Courier New.

Following modes exist for 'Arial*, other inputs are similar:

no: No replacement of the 'Arial*' fonts.
by Arial: The font name will be replaced by 'Arial'.
by ProFont: The font name will be replaced by the name of proportional font.

by Arial for file: As above, but only valid for saving into a file.
by ProFont for file: As above, but only valid for saving into a file.

Note: At EPS there is no difference between the mode 'only valid for saving into a file' and
the other mode because EPS is only possible for saving into a file. At HPGL it is also
possible to send the graphic directly to a HPGL printer.

At the font specials input there are some other options. So you can disable exponent and

index in the text. The character size for the fonts can be multiplied with a factor. This can
be helpful if the EPS interpreter replaces unknown fonts by unfavorable standard fonts.
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5.1.2 Edit menu
By the edit menu it is possible to copy a graphic or the data into the Windows clipboard.

'Copy page' copies the graphic as a bitmap into the clipboard,

Edit Yiew Axis Ewvaluate . - i
Co CHleC 'Copy graphic' as a Windows meta file (WMF or EMF).
py page rl+ . . .
i wl e 'Copy ASCII data' copies the current x,y plot values line by line
Copy ASCIl data in an ASCII format, only enabled at one curve.
Copy select '‘Copy select' asks for the format before copying.
Paste — 'Paste’ shows a bitmap graphic from the clipboard on a

definable position of the screen.

5.1.2.1 Copy select

Some different types of copy modes exist:

1. Bitmap graphics
1. BitMap BMP, full page as on the screen
2. BitMap BMP, part of the plot defined by the mouse
3. GIF
4. JPEG
2. Vector graphics
1. Windows meta file, WMF (Aldus) or EMF (Enhanced) selectable
2. HPGL/PLT
3. Postscript EPS
3. ASCII data, only enabled if one curve is been shown
1. as CSV (comma separated values)
2. normal ASCII data, special column delimiter
3. ASCII data as text with data number and caption

4. Plot header as text

Separate ASCII column

L. . . Select copy to clipboard X
delimiters exist for clip- =
board data and clipboard ~ Copytocliphoardmade ——  ~ ASCIl column delimiters T ST
text. Following delimiters 9 Biap i, pars CipRosrd oy Excel) |+ :
are possible: (" Bittdap BMP. part feta Cancel
blank, double blank, C GIF Cliphoard [~
comma, semicolon, tab, " JPEG text
&, 7, "tab”, cr, If, cr+lf. " Mitails WHF/EMF
Many programs use a  HPGLELT —ASCI exponential format ——
blank or a comma as a " Postscript EPS Murmbers behind ' I3 :l
separator, Excel uses
the tabulator character, (" ASClldata as CSY
H ASCI data (normal —Windows meta file format —
DBase the semicolon. - (normal]
The ASC” data WI” be  ASCI data as text o WhAF, Aldus
saved in the exponential " Header as text " EMF, Enhanced
format, you can define
the numbers behind the
point.
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5.1.3 View menu

In the view menu you can set the window and canvas size, curve and global plot parame-
ters and personal short cuts.

View Axis Evaluate '‘Curve params' are the local params for the shown curve. 'Global
Curve params plot params' were already explained in chapter 2.3.3.
Global plot params If different curves will be explained then you can change the
Explam position default explain position.
Init plot 'Init plot' makes a new window/axis initialization, 'Refresh’ plots the
Refresh plot Fh plOt again-

'Interpolation’ opens a input window as described in chapter 2.7.1.
'Personal hot keys' and 'New size' were already explained in

Interpolation

Personal hot keys chapter 2.2.4 and 2.2.5.
New canvas 'New canvas' defines manually the canvas size instead to set it
New size

from the form size. The inputs are similar to 'New size'.

5.1.3.1 Curve params
5.1.3.1.1 One curve
If only one curve was shown in the plot then the following input window opens. All these

parameters are only local, this means if leaving and entering again this plot program then
these parameters will be set to the default ones.

Following symbols are available: Parameter for curve
1. Square Syrmbol Linety/pe
2. CFOSS + ISquare LI Isc:lid LI
3. Diamond
4. Cross X [Litie mreEcle Color
5. Triangle Icunnec:t j |- Black ;I
6. Circle ot curale bl
7. Fu” Square anhect symiools Dy ines
8. Full circle [na =] Edit color |
9. 3x3 points
10. Point
11 Line (0]4 Cancel |

If selecting the line then you can set the line mode, for an explanation see below:

connect

connect + clipping

interpolation

interpolation + clipping
approximation

approximation + clipping

medium approximation

medium approximation + clipping
approximation by cubic Bezier curves
vertical line to the window minimum
vertical line — 0

~oOLOoNOoGRWN -

- =
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Following line types are available: solid, dash, dot, dash-dot, dash-dot-dot.

Following connecting modes are possible if the selected symbol is not the line:

no:
connect:

connect + clip:

interpol:

interpol + clip:
approx:

approx + clip:
medium approx:

medium + clip:
cubic Bezier:

The points (symbols) will not be connected by lines.

The points (symbols) will be connected by lines, no interpolation or
approximation will be done.

As above but the lines will be clipped. Clipping of lines means that if a
point (symbol) is outside the plot window then the line will be drawn to
the plot window and at the window cut off. In the other case only the
visible points inside the plot window will be directly connected.

The points will be connected by interpolated lines. The interpolation for
the connection line will be done by splines without smoothing.

As above but the lines will be clipped.

The points will be connected by interpolated smoothed lines. The
interpolation will be done by splines with weak smoothing strength 45.
As above but the lines will be clipped.

The points will be connected by interpolated smoothed lines. The
interpolation will be done with medium smoothing strength 50.

As above but the lines will be clipped.

The points will be connected by interpolated slightly smoothed lines
using cubic Bezier curves.

M Black
B haroon
B Green

At color you can select one of the standard colors as listed at the right. If the = giive
old selected value was not a standard color then this color will be listed in the ™ MNawy

m Furple

standard color dialog as 'Other'. The Edit color button opens the Windows = Teol
dialog for editing the color. There you can select all possible colors. == Gray

Silver
m Fed
Lime
“ellow
m Blue
B Fuchsia
Arua
White

mm (Cither

5.1.3.1.2 Some curves

If some curves were shown in the plot then the following input window opens:

If activating a flag then the symbols will be Plalisleliel ol Eldes
connected as default defined. In the other

case you can select the connecting mode for v Eonnadt symbols as defauit

all curves as described in chapter 2.7.2. [ Use lines instead of symbols

These inputs here are local.

[T Use lhes alsm far evaliation

The symbols and colors for each curve can Conmect symbals oo -
not be local defined. For these the symbols by lines
and colors for curve 1 to 6 of the global plot Line type [solid =]
parameters will be used, see chapter 2.3.3.1
and 2.3.3.2.
(0] Cancel |
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5.1.4 Axis menu

This menu enables to set the axis of the plot and a new plot window. This can be done by
an input, by the mouse or by the zoom function.

Ads | Evaluate | yis input' opens an input window for the x,y-axis parameters.

'Axis mark' enables to set a new plot window by marking the left/bottom
and right/top point. You can define points inside of the plot window
(zoom) or outside, but the defined points must be inside of the canvas.
geonln 'Axis rescale' restores the standard plot window.

Zoom out 'Zoom in, out and undo' are the standard zoom functions. For zooming-in
you have to mark the center point by the mouse.

Axis input
Aoxis mark
Axis rescale

Zoom undo

5.1.4.1 Axis input

Separate input sheets exist for the x- and y-axis, at 3-dimensional plots additionally for the
z-axis. In the following only the inputs for the y-axis will be explained.

5.1.4.1.1 Window input sheet

The Window values input  SrEES=———
group contains the inputs

for the minimum, maximum xindowe  y-indow |X—A)(i8 | y—Axis'

and delta value of the axis. ~Window values
The numbers of intervals Siert W [N Use startvaliefor ticks

(axis ticks) will be set by

— Mumbers format
the delta value. hin |5-U'JUE+m

The xly data are always in ® decimal  exponential " shortexp
the base dimensions (see Max  [E000E-0T Vil MU 5 N

chapter 1.3.5), for example [ooE-0 Numbers behind ' |u =l

V for the volta)ge. Never- b | M
theless it is possible to ~ Auis style
show the ainDs as mV. The rumbers. [1.000E +10 Qe Uy 9 e
factor for numbers is for
this use. In the example of
mV the factor must be set
to 1000, then all numbers cl Cancel |
at the axis will be multiplied
with this factor. But the inputs for the window values must be in the original dimension V.

Text |Initauvs_thg™N$_C3")

Text is the axis caption text, it can contain characters for index ($_) and exponent ($*). For
the end of the index text use $”.

The numbers format for the axis numbers can be decimal (1.23), exponential (1.23E+00)
or short exponential (1.23E0). You can define the total numbers and the numbers behind
the point.

If the axis style is linear, no change is possible in the standard plot program. Is it loga-
rithmic, then you can select between logarithmic text, for example log. voltage, and loga-
rithmic axis ticks.
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5.1.4.1.2 Axis input sheet

The window around the plot
will be defined by Axis line
and numbers. If selecting
bottom and top for x-axis
and left and right for y-axis
then a full window will be
drawn around the plot and
on the bottom and left axis
line there is the numbers
and axis text. 'Additional at
x=0'"is as left and right, and
draws a vertical line at x=0.
You can also select the kind
of axis ticks. Left and right
means that the ticks are
inside of the left and right
axis line. Other possibilities
are left inside or outside of
the axis line, or grid lines.

Axis plot parameters

—&xis linge and numbers —;

" no

.x—Windle y—Windle wedos YRS |

— Text position
" notext

Minimum place for
w-8XiS humbers

 atx=l ® atthe axis top
. F m
et (" atthe aixs mid
® |eftand right — Arrow type
(" additional atx=0 " no amow
(" text

~ Aois ticks ® graphic
(I no " grids —Axis numbers at

. _ ™ evenytick
(" outside (" inside 7 fick start
® leftand right & 2 fick end

(0] Cancel

Text position defines the position of the axis text.
Top means that the y-axis ends at the top line.
The arrow type behind the axis text is only a text string or a graphic arrow.

Axis numbers at defines when at the axis the number will be printed. It can be done at
every tick or every 2. tick. At start/end means that there is at the first/last tick a number.

For the y-axis there is also the input of the Minimum place for y-axis numbers. This
means that software reserves the place for the selected numbers. This shifts the left axis
line and change the size of the plot. This can be important if you compare different plots on

a paper.
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5.1.5 Evaluate menu

The possibilities of this menu depend on the kind of data. An evaluation by a linear regres-
sion is not always available. To apply the evaluation in the evaluation database (EvalBank)
is only possible if an evaluation is available and was done. In some cases you can list the
evaluation results in a special data grid or text window.

'‘Auto regression’ is the standard linear regression, the
'Manual regression' can be started directly and with inputs

Evaluate Tools Help

Auto regression Fa .
Manual regression Ctrl+F8 of its parameters- ) .
Params for ManuRegress You can also delete a done linear regression. Then no

regression line and no results will be shown.

If there are more levels available then in the Evaluate
menu is the entry 'Level number' to set the current level
number for the regression. In the toolbar you can then
also see and change the current level number. A mouse
click onto the level number button in the toolbar toggles
between first and last level. Instead of 'Delete regression' the entry 'Delete level' exist
which deletes only the evaluation/regression of the current level.

Delete regression
Apply to EvalBank

List results
Library F7
Fit

If calling the library or the fit, then the curve or evaluation will be compared with other
curves coming from the library or the fit function. Have a look in the corresponding chap-
ters for these functions. Library and fit are only available for special plots/evaluations of the
DLTS software. The shown fit or library will be denoted by a hook left on the menu. To
clear this function call it again and click onto the Cancel button in the input window.

'Save eval as file' exist sometimes to save the plot curve into a measurement data file.

5.1.5.1 Auto regression

Auto regression is the standard linear regression, sometimes it will be called only regres-
sion. You have to set the x-start and x-end value of the range, which are used for the
linear regression, by mouse or vertical marker (marking line). Left and right cursor keys
move the marker slowly along the x-axis to the left resp. right, Up and Down move it in big
steps to the left resp. right. The regression-start resp. -end value will be shown in the
status line during the movement. The arrow in the marker denotes that the start or end
value have to be set. Instead a new definition of start and end value you can apply the old
(predefined) values by the 'Enter' key or button.

After setting the right point (end value) the evaluation results will be calculated again and
then drawn by a straight line and shown in the text header or evaluation data grid. The old
result text will be deleted but not the old regression lines. So you can compare the influ-
ence of different regression ranges. For deleting the old lines refresh the plot.

At the application plot the regression will be done automatically at calling the plot. In this
case the regression line is normally red instead of black. You can change the color of the
regression line in 'Global plot parameters', see chapter 2.3.3.1. The (red) regression line of
the application plot program will there be called 'Application regression', the other (black)
'‘Standard regression'.

The correlation factor provides an indication of the deviation of the data from the regres-

sion. But be careful with the interpretation because the correlation factor is not very
sensitive. You find a value of 0.99 in many cases.
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The following picture shows an example for the auto linear regression:

Standard plot - TestID@A_DO1.ATA M=1E3
File Edit ¥Yiew Axis Ewaluate Tools Help

ozZ@m 74~ aaLum e

1 Name = @4 001.ATA
o ank L {[Comm = Standard
=
£ D = TestD
g“ ]|l = AD18
= Date = 2010-07-27
E =gl | Type = n-5i
Area = B.00E-03 cm?
{|Ng = 2.00E+15 cm?
ty = 100.00 us
56 1|V = 500 W
U = -080 V
1|Erergy= 0352 ev
sigma = 1.11E-14  crm?
S4r T, = 9.13E+13 cm?
Correl = 0.99994
1 1 1

5.5 6.5
1000/T [1/K] —>

|Fegression-Start = 4.93E+00  Regression-End = B.84E+00

5.1.5.2 Manual regression

For the manual regression you have to set the x/y-start (left) and -end (right) point by
mouse or cross marker (see chapter 5.1.6.5). How this option works, depends on the
following parameters:

For all modes is valid that only plot/data points

will be used for the linear regression which x- Manual regression with new params
values are inside the selected x-range. [FLileeE GmmEmE RS == i
The first mode is 'Set xy-range for regression'. @ Setxy-range for regression
If not activated 'Mark range' then only points will " Setregression line pary

be used which y-values deviate less as a given
maximum difference from a line calculated by

— Params for regression

the x/y-start and end value. For the maximum [ Use plotinstaad data array Cancel
difference you have to input the per cent y- [™ Merk ragression rangs
window range. If activating '‘Mark regression yewindow range [3%] |5 3-

line' then you have not to input a value but to

define a 3. point for the maximum y-difference.
To use the plot instead the data array is normally not necessary.

In the first manual regression mode only the used points for the linear regression will be
selected. The calculation of the linear regression and so the drawn line will be done in the
normal way.
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The second mode is 'Set regression line'. In this case you define directly the line by the
left and right point. This means the 'regression line' goes through these 2 points. No linear
regression will be calculated for the line and results. The results will be calculated from the
slope and offset of the defined line. Normally no correlation factor will be calculated and
shown in the text. It is also possible to show 1.0 for the correlation value, see chapter
2.3.3.6. Another option is to activate the flag 'Calculate correlation factor'. Then the
correlation factor will be calculated from the given line and all data which x-values are
inside the selected x-range.

In special cases there is an input for selecting the NT value. NT will not be calculated from
the x/y values in the plot program but by special values of the main program! NT can be
calculated by the average of all points of the used regression range, or by marking a point
and searching of the corresponding NT value.

Note: The manual regression can be necessary at using many levels. If levels overlap in
the x-axis then you can not separate the levels for the linear regression by setting x-start
and x-end point. It is possible that you make the linear regression about the data of 2 'real’
levels. Setting the x/y-start and the x/y-end point solves this problem.

The menu entry 'Manual regression' starts directly this regression, the entry 'Params for
ManuRegress' opens the input window with the parameters. The 'Apply' button there
applies only the inputs, the 'OK' button starts additionally the manual regression.

The following picture shows the manual regression with the mode 'Set regression line'":

Standard plot - TestID@A_001.ATA H=1E3
File Edit WView Axis Ewvaluate Tools Help

|l e@SGHE|2 a0~ aa L@ e6h

1 Mame = @4 _001ATA
S eof o J|Comm = Standard
£ ID = TestiD
g“ reiD = A9
e Date = 2010-07-27
E =gl {|Type = n-si
Area = B.00E-03 cm?
1|Mg = 2.00E+15 cm?
t = 100.00 us
a6 | 1|V = -500 v
U, = -080 Vv
Energy= 0313 ev
sigma = 948E-16 cm?
S4r TNy = 9.12E+413 om?
1 L 1

5.5 6.5
1000/T [1/K] —

|Defing right regression point
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5.1.5.3 Apply to EvalBank

You can save the evaluation

results in the evaluation a7 i G e CIER (D

database. —Actions — Params for ewal bank —

If the evaluation gives a sample = Prifi e

para.meter likes Ns, it can be ™ Save measure data o |— Concal
applied as sample parameter ¥ Save eval to database 4|

mﬁ for thle stl_mulatlon-I . v Apply as sample params| [ Level | [ Check exist
e evaluation was alrea = -
. y [v Apply as simul params oAl e |l = @ File name
saved in the database, you get  DC
L Contact

the question, whether you want
to delete the existing record.

If saving Arrhenius data in the evaluation database a selection of level is possible.

At some evaluations and deactivating 'All levels' you can define a number and name of
evaluation. The name is only for searching in the database (eval bank). The number is only
for an easier comparison of results in the database. So you can restrict at the database
your search of results by selection of an evaluation number.

'‘Apply as sample params' applies the results into the sample parameter set.
'‘Apply as simul params' applies the results as simulation parameters. When 'all levels' is
activated, the number of levels will also be defined.

Check exist search if the new file name or the ID and contact already exist in the
database.

5.1.5.4 List results

In some cases you can list the evaluation results in a

special data grid or text window. It is a non-modal window
which may not be closed by an 'OK' or 'Cancel’ button. el = L8880 5 —

This window will be closed at leaving the plot program or  |sigue ¢ - 1 ooaz-16 ez

by a refresh of the plot. It can be separately moved on tau_e = 9.986E-0Z s

the screen, the program saves its position for the next pheray ZeeEn ®

call. If you click onto the left top icon of this window you te/Tw = 3.98

get additionally to the standard Windows menu entries Tpiees T b

'Minimize, Close ..."' some special options. &

An example will be shown on the right. For this text kR [ 4

window the following additional options exist:
BtayOnTop  'StayOnTop' means that this window is visible in front of all other windows.

Font 'Font' enables the selection of the text font and size.

Copy 'Copy' copies the text into the Windows clipboard.

Editor 'Editor' calls the integrated ASCII editor with the evaluation text.
Image 'Image’ calls the List Image program.

If activating 'StayOnTop' then this window will not be closed at refreshing the plot. So it
stays during the total plot program until you close it explicitly or leave the plot program.
You can also mark the text and then copy it into the clipboard by the Ctrl-C key.
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5.1.6 Tools menu

This menu contains some different functions.

User class was already explained in chapter 2.4.1.

Tools  Help ASCII parameters contains parameters for copying, saving and
g;‘;’uc'ﬂﬂf:metm reading ASCII data.
P List data lists the x/y-data as lines and columns.
List data Compare data compares the current data with other ones from an
(CEMIALNE CLIEY ASCII file or clipboard.
Create exira window It is possible to create an extra window with a plot or data grid of
Marker tools » the current data.

Marker tools are a help to identify a point or get its position.

At user class 5 there are ActiveX/OLE tools. ChartFX is a chart plot program, Formula
One a spread sheet. You can call Excel (Microsoft) or Calc (OpenOffice) with the current
data or save into the Excel or Calc format.

5.1.6.1 ASCII parameters

The parameters for copying, saving and reading ASCII data are in this input window.

The first input group con- ikl ks

tains the ASCII column

— ASCIH column delimiters

> 1 . — Decimal separator
delimiters, following y For saving ASCI data -
imi ible: iofie, data  |blanc -]
delimiters are possible: o file. data [ Win for tabs, other |6}
blank, double blank, ‘o ciphord, [Er _ Concel |
. (al xCe - i
comma, semlcolon, tab, &’ data FDrreadlngASCllda’ta
“”, “tab”, cr, If, cr+lf, tofilefclip. [ Erce) v [/ and ss Windows v
Many programs use a e , .
— Caption for ASCIl editor ——
blank or a comma as a toffram,
gi Iauta search vI (" no " yes
separator, Excel uses the Zielllel & otted
tabulator character, romSEP: [auo all ~]
DBase the Semicolon,TeX/ i — ASCI exponential format —
“Q N 1 THE T fIIE,I'ICh J; Y
Latex the “& sign. e M Iauta search vI Mumbers behind ' |3 vl

At reading ASCII data/text

there is the possibility
'‘auto search' and 'auto all'.
The first mode takes the first valid delimiter as delimiter for all columns, the second mode
accepts all valid delimiters for every column.

Different delimiter inputs exist for:

Save ASCII data into a file.

Save ASCII data into the Windows clipboard.
Save ASCII text into a file or into the clipboard.
ASCII data or text to the editor or from the editor.
Read ASCII data from a file or from the clipboard.
Read ASCII text from a file or from the clipboard.

ook wh -~
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There is no big difference in ASCII data or text. ASCII text contains as first line the caption
for x and y. Normally ASCII data will be used.

The decimal separator can be selected for saving and reading ASCII data. This separator
can be the point (standard English) or that one defined in the Windows operating system.
At saving ASCII data there is the option: as Win for tab, other “.”. This option means if
the column delimiter is a tab, then the decimal separator is as in Windows defined, in other
cases it is a point. This can be helpful when copying to Excel with local country definitions.
At reading ASCII data there is the option: “.” and as Windows. This option means the
point and the decimal separator as in Windows defined will be accepted.

Caption for ASCII editor means when using the internal ASCII editor, the first line con-
tains the caption for x and y. The caption is available only for ASCII text or for text and data

(yes).

The ASCII data will be saved in the exponential format, you can define the numbers
behind the point. Leading blanks can be deleted but then negative and positive values
have different lengths. While this doesn't lead to a nice structure, it may be necessary for
foreign programs when using a blank as delimiter. The mode 'auto' deletes leading blanks
only at saving data into a file or clipboard if the delimiter is a blank.

5.1.6.2 List data

List data lists the x/y-data as lines and columns. Three kinds of view here are possible: the
data grid, the image without and with header and the ASCII editor, for more details see
chapter 5.4. In opposite to the call of the ListData program in the sub menu 'File — Pro-
grams' here the software comes back to the plot program.

If only one curve will be shown, that means only x and y data exist, the program jumps
directly to the last used kind of ListData program.

If some (many) curves exist, that means more than one y data column, you get the fol-
lowing information:

At some curves it can be that the curves have
similar but not the same x-values. But in the data
list is only one x-array possible. So the software & Diferentxpy arrays wil be reduced and
reduce and interpolate all arrays to the same x- e llieeu it aiiinng s 00
axis. This is the first x-axis and takes into account

the range of the other x-axis. If all have the same x- gt ) e Help
axis then the interpolation gives the original x-and
y-values because the data will not be smoothed.

For more information see Note in chapter 2.2.2.

Only one x-array and maximal 6 y-arrays can be listed.

Information

In some cases the curves have a total different x-axis. Then you get the following mes-
sage: Different x/y arrays will be concatenated!
Here the different curves will be concatenated to one curve with a total x/y-array.
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5.1.6.3 Compare data

This function compares the current data with other ones from an ASCII file or clipboard.

You can compare the Babene de
data by a plot or a list.
At a plot you can also — Compare by — Compare (v2) from oK
show the reference ® Plot " List ® ASCIfile
curve. For plot and listis | Shawreference data (" Clipboard t Cancel
the showing of the addi- [v Show difference datel ) Blfer —
tional difference data
possible. FoIIowing dif-  Difterence parameters — Symhbaols for compare plot
ist: 21 -

fere1nce1To<21es exist: Made | v2v | . e =l

2' y1 yz [T Use smooth for diffierence

3 §2_§1 Streothing stemmth IED-DE| oz, el ILmE LI

4. y1ly2

5. y2/y1

6. y1*y2

7. (y2-y1)/y1

y1 are here the current y-values, y2 the reference (compare) y-values.
The data can be smoothed for the difference forming. The shown current or reference data
are then not smoothed.

The reference (compare, y2) data can be read from an ASCI| file or from the clipboard.
These data must be ASCII x/y-data in columns and lines. For the delimiters see chapter
5.1.6.1. It is not necessary that the x-values of the current data and of the reference curve
are identical. At the plot both curves will be shown with its own x-axis. For the difference
forming and for the list, both x-axis will be reduced to the same axis as described in the
second part of chapter 5.1.6.2.

You can define the symbols for the reference (compare) and for the difference curve.
More possibilities gives the program tool 'Compare data' of the file menu.

5.1.6.4 Create extra window

It is possible to create an extra window with a Create extra window
bitmap (plot) or data grid of the current data.
These are separate windows which you can Window mode
place on the screen. These can be helpful to @ BitMap window ;3
compare data. Note, that such a window may " DataGrid
stay on top, see chapter 1.2.4. You can create c‘“ .
. . : ize of canwvas
some windows defined by the window number. _ _ ~ Curent
The size of the bitmap window can be: ?'Zgljw'”dw - Big
Old: The old defined size will be used. c A :
. . & Automatic & Small
Automatic: Depending on the selected canvas _ _
. ; . . O Timy (" Timy
size the window size will be set.
Tiny: Very small size.
(0] Cancel

The size of the canavs can be the current can-

vas size of the plot program or big, small or tiny.
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5.1.6.5 Marker tools

At marker tools there is a vertical, horizontal and cross marker. You can set these mark-
ers by mouse or move by the cursor keys. After setting or during movement by the cursor
keys you get in the status line the absolute value of the position in axis dimension and per-
centage of the axis. If the axis was multiplied with the axis factor for numbers, see chapter
5.1.4.1.1, additionally the original data value without this factor will be shown.

Example: On the x-axis is a voltage (base dimension V), the axis text is mV and the axis
factor for numbers is 1000. On the status line will be shown:

xAxis,Data,Perc = 5.000E+00, 5.000E-03, 80.0
That means the x-axis value is 5 mV, the data value is 5.0E-3 V and the position is 80 % of
the total x-axis size.

The vertical marker shows the x-position, the horizontal marker the y-position and the
cross marker x- and y-position. You can move the markers by the cursor keys. The
following description of movement is also valid for other program parts:

Horizontal marker: Cursor left/right — slow along the x-axis to the left/right
Cursor up/down — fast along the x-axis to the left/right

Vertical marker:  Cursor left/right — slow along the y-axis to the top/bottom
Cursor up/down — fast along the y-axis to the top/bottom

Cross marker: Cursor left/right — slow along the x-axis to the left/right
Cursor up/down — slow along the y-axis to the top/bottom
Cursor + Ctrl-key — fast movement

At the marker tools there is also the mouse marker. The x- and y-position of the mouse
will be shown in the status line during the mouse movement. Normally for the mouse
marker a cross will be used. But you can switch off this cross and show the original mouse
cursor, see chapter 2.3.3.7.

If selecting a new marker the cross and mouse marker will be deleted but not the vertical
and horizontal ones. So you can have a vertical and horizontal marker at the same time.
You can also combine these both markers with the standard marker used for linear regres-
sion, vertical and horizontal plots and so on. These both markers have a special color (fix
marker). In the marker sub menu there is an entry for deleting the marker. All markers will
be deleted by refreshing the plot.

Mouse and marker, general: At many tools and functions you can mark and apply a point
by the mouse and vertical or cross marker, for example at the linear regression. The
movement of the markers was explained above.

In most cases the left mouse click sets the marker at the mouse position, applies the point/
data and the software goes on. The cursor keys move only the marker. For applying the
point/data of the marker position (after cursor movement) and going on you have to click
onto the 'Apply/Enter' button or to press the 'Enter' key or to do a right mouse click. 'Enter’
don't apply the mouse position but the marker position!

In some cases (e.g. maximum analysis) the left mouse click sets only the marker but don't
apply the point. For applying the point/data and going on then you have to click onto the
'‘Apply/Enter' button or to press the 'Enter' key or to do a right mouse click.
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5.1.6.6 Excel/Calc

As spread sheet program you can at user class 5 select Microsoft Excel or OpenOffice
Calc.

You can apply the data and call Excel resp. Save EXCEL/CALC file or call EXCEL/CALC
Calc. For this you must have installed it on ~ Select program
your computer. Another mode is to save the & Microsoft EXCEL oK
x/y-data in the Excel/_C_a_Ic_: format. . ( OpenOffice CALC
For Excel are 3 possibilities for saving: Cancel

1. with Excel — Parameter

2. without Excel ¢ Apply data and call EXCEL

3. with the program Formula One
The format differs by these modes. The best
is the first one but you need Excel on your Saving  |with ECXEL -l
computer. Formula One supports only the old
Office 97 format.
You can also save the column captions.

® Save data as EXCEL XS file

|7 Wiith caption

Note: Normally it is better to copy/save the ASCII data and paste/read them in Excel/Calc.
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5.1.7 Many curves

Sometimes a measurement data file contains curves at many data points, for example the
tempscan contains internal transients at each temperature. It is also possible that a file is
part of a file set, for example transients or V/I curves at different temperatures. The tem-
perature is in both examples the parameter for the single curves.

For these both cases you get in the plot menu of the main program an Curve after curve

entry to read and plot these curves (as shown on the right) or you can All in one

select the base view in an input window. The mapping plot is only 3-dimensional

available at user class 5. ianpinsielok

Four base views are possible:

Curve after curve: Only one curve will be plotted. It starts from the first curve. You
can navigate to previous or next curve, see chapter 5.1.7.1

All curves in 1 plot: All curves will be shown in one plot, see chapter 5.1.7.2.

3-dimensional: A 3-dimensional plot will be shown with the parameter as z-
axis, see chapter 5.3.3,

Mapping-plot: A color mapping area plot will be shown, see chapter 5.3.4.

If selecting 'Curve after curve' from an input window, the flag 'Start with movi plot' is visible.
Its activation starts a slide show of the single curves. For the other 3 base views a button
exist which leads to the special parameters of the selected view.

5.1.7.1 Curve after curve

In the file menu of the standard plot program there is the sub menu Next datas for navi-
gating between the files or data points:

N Shows the curve of the next file or data point.

ext data . . .

Previous data Shows the curve of the previous file or data point.

Input of data number  INPUt Of file or data point number, first or last can directly be called by
clicking onto the 'Min' or 'Max' button.

You can also navigate by the PageDown (next), PageUp (previous), Home/Pos1 (first),
End/Pos2 (last number) key and by the NextData button in the toolbar.

Depending on the kind of evaluation it can be that the 'Next datas' sub menu has another
face. So the next data entry can be called 'Next data, apply'. This means the curve resp.
the evaluation will be applied for further use or for other files. There can also be the entry
'Next data, not valid F9'. This means the current curve will not be applied and the next
curve will be shown. F9 is a shortcut for this. Sometimes a menu entry for inputs of para-
meters exist.

In the file menu there is the menu entry 'MoviPlot program’ for starting a slide show, see
chapter 5.3.5.
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The 'Axis menu' is expanded by the following 4 entries which defines whether the x- and
y-axis will be set newly or kept at plotting new data:

v New xy-axis at new data €S a new Xx- and y-axis at new data, this is the standard.

New y-axis at new data Sets only a new y-axis at new data, keeps the x-axis.
Full y-axis at new data As before but the y-axis considers also the hidden points.
Old axis at new data Keeps the old x- and y-axis at showing new data.

The Marker tools (sub menu of Tools) contains the additional entry 'Permanent marker'.
Its activation shows a permanent vertical marker. It stays also on its position when loading
new data.

If the measurement data file contains curves at many data points then the caption of the
plot program is: data point N — file name. If the file is part of a file set then the caption is
the current file name.

Note: If showing curve by curve from many data points or files then the 'Next datas' menu
is visible as described above. Files will be loaded here without opening the file dialog. But
if files exist from a variation (e.g. I/V curves at many temperatures) and you call in the plot
menu of the main program any function else as a curve by curve plot, then the file dialog
opens at 'Next data' with the new name as proposal. The 'Input of data number' is not
visible in the 'Next datas' sub menu.

5.1.7.2 All curves in 1 plot

All curves will be shown in one plot. An input window with some parameters for this plot
exist. Either this window is the main input window after calling the menu entry or itis a
(sub) parameter window of the main input window where you can select the base view.

You can define the start and Plot all curves in one plot
maximal end number of files or

data points_ Norma”y the end — Filefarray numbers — Offzet hetween curves —— e —
number is 999 so that all files S m @ no O small © big

or data points will be used.

Step means whether every file Enclnumber |99 3| [ SimocisEndeslors Cance]
(step 1) or every second (step) [Lines ~|

and son on will be used. Step |1 B

Sometimes the curves are very |6 colors =l

closed together, so you can ~ Other data params

define a y-offset between the [ Number as zparams || [ or<rstand astedr/e =

curves for a better overview.
The offset can be small or big.

[T Reduce to same x Iwrite param in curse v|

Normally the parameter which was varied (for example the temperature) is the parameter
for the z-axis. You can also select the file resp. data point number as z-parameter. This
parameter will be used at this plot only for the horizontal or vertical plot.

If the curve have different x-axis, it is possible to reduce all curves to the same x-axis.

Hall Manual Software 162



You can select as symbols the standard symbol, lines, interpolated lines or different
symbols. Different symbols use the symbols for curve 1 to 6.

The symbols or lines of the different curves have always different colors:
e 6 colors: The colors for curve 1 to 6 will be used, see chapter 2.3.3.1.
e Blue-red palette: The colors start from dark blue and go over green to bright red.
e Blue-yellow palette: The colors start from dark blue and go over green to yellow.
e Rainbow palette: Uses the rainbow spectrum.

The z-parameter for the first and last curve can be shown in the plot:
e No: Doesn't show the z-parameter of first and last curve.
e Write param in curve: Writes the z-parameter on the first and last curve.

e By squares and text: Marks the first and last curve by small squares and lists the
z-parameter in the symbol explanation.

Following menu entries are not enabled at many curves: Save/Copy ASCII data, ActiveX/
OLE tools and the programs ListData, EditData, EditPlot and CompPlot. The listing of the
data is restricted as in chapter 5.1.6.2 described.

Tip: Use the 3-dimensional plot for the list or export of all y-columns. There is no restriction
to 6 y-columns and all x/y-arrays will be interpolated to the same x-axis.

In the View menu there are additional entries for Vertical and Horizontal plots, in the
toolbar there are also buttons for these plots. In special cases there is a menu entry for
Vertical evaluation. Normally the vertical plot is more important than the horizontal.

Vertical plot means that you mark by the vertical marker a point on the x-axis. For

this x-point (x0) the y-value of all curves will be searched and applied for a new plot
with only one curve. If the X0 point don't exist at a curve (only important at curves which
have not exactly the same x-axis) then the curve will be interpolated. The new x-axis is
here the parameter of the old z-axis parameter, for example the temperature. The new y-
axis is the y-value of all curves at x0.

The horizontal plot is similar to the vertical plot. Here you use the horizontal marker
?"| to mark a y0 on the y-axis. The new y-axis is the x-value of all curves at y0. Each y/x-
curve will be interpolated to find the x-value to the given y0. This works only correctly when
only 1 x-value exist for 1 y-value (bijective).

Vertical evaluation uses the data of the vertical plot for a special evaluation. The kind of
evaluation depends on the data.
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The following picture on the top shows some curves at different temperatures in one plot.
The picture on the bottom is the vertical plot of the first picture at about 100 ms.

Standard plot - ID@A_008.T1A H=1E3

File Edit WView Axis Ewvaluate Tools Help

|l e@&E |7 am~xs 7 a0 L EBR & 60

1 ' ' ' Name = @A _O08.T1A
y D =D
= — 1|reiD = 3A91
£ .;. % Date = 2010-10-14
2 gl % 1{Type = n-si
c \ Area = BOOE-03 cm?
— B
i \ Ng = 200E+15 cm?
f Ty = 20480 ms
1 \ , = 10000 us
04 H 4 |Us = 500 W
h U = 000 v
f C, = 4411 pF
i X k= <521 nA
A -—
0 S i

1 L 1
100 200
Time [ms] —

|Mark vertical x»-paoint by mouse/marker

1 ' ' ' Name = @A O08.T1A
i D =D
= 1|0 = 3491
= t'”uq Date = 2010-10-14
S osf o {|Type = n-si
E & Area = B.00E-03 cm?
o Mg = 200E+15 cm™
o 1|Tw = 20480 ms
o fp = 100,00 us
04tk o 4| = -5.00 W
o Cr = 4411 pF
o Ik = 921 nA
m}
m]
0.0F anlmmm b
1 1 1

220 260 300
T[K] —=
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5.2 Presentation plot program

The greatest flexibility in data presentation is provided by the option Presentation Plot
Program. This chapter describes the functionality provided by this optional program.

The presentation plot program allows data from different curves resp. files to be plotted on
the same axes for a direct comparison. The axes are auto scaled to ensure that all of the
selected plots fit into the correct axes. In addition to comparing curves it is also possible to
compile a picture from different types of plots with independent axes for each plot, that
means to make multiple plots per picture. We call the different plots in one picture 'layers'.
Up to 4 layers per picture are possible. Every layer can have many curves. A curve means
one x/y-data array.

Annotation of the plots is also possible, you can draw text and graphics in the plot. All
parameters as the plot axis, symbols and so on will be set automatically but can be
changed manually. You can save the full picture with all data arrays and parameters in its
own data format without using a graphic format, the data extension is F??.

Some menus are similar to the standard plot program, others have extended features.
Which menu entries and tool buttons are visible and enabled, depends on the kind of data.

" Presentation plot

File Edit ¥Yiew Axis Ewaluate Objects Tools Help

SHZB 1Koz a|lae LE|EGL

The following buttons of the toolbar, except for the regression, are always visible:

Open a presentation data file.

Save a presentation data file.

Print the plot on a printer.

Copy page to clipboard.

Active layer number, toggles between first and last layer by mouse click.
Show only one layer, the active one. The face changes at a one layer plot.
Input of all plot parameters.

Call input of last parameters.

Linear regression, sets start and end value by mouse and calculate regression.

tx]ale|®|= @ kDN

Apply the selected plot and so on, for example for the linear regression.

]

Zoom-in the plot window.

Zoom-out the plot window.

Axis input parameters for the plot window.
Refresh the plot.

Call the Edit plot program.

o [m (R[]

User button is a user definable button, see chapter 2.3.4.

B

Close the Presentation plot program and goes back to the previous program.
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Following shortcuts exist for the menu, but not all are always possible:

F1: Help information, opens this manual at the corresponding chapter.
F2: Call input of last parameters.

F5: Refresh the plot.

F8: (Automatic) linear regression, sets start and end value by mouse.
Ctrl+F8: Starts the manual linear regression.

F11: Personal hot key 1, see chapter 2.3.4.

F12: Personal hot key 2, see chapter 2.3.4.

Ctri+C: Copy page to clipboard in the bitmap format.

Ctrl+O: Opens a presentation data file.

Ctri+P: Print the picture.

Ctrl+S: Save the current presentation data.

Ctri+V: Paste a bitmap graphic from the clipboard.

Enter: Apply the selected plot and so on, as Apply button.

Alt+F4: Close the presentation plot program.

Tip: Sometimes it is necessary to go several times through the same input window. Use
then the button 'Last parameters' or its shortcut. It calls that input window which you have
opened at last by the menu or toolbar.

Base syntax and definitions:

Picture means a complete picture on the screen with one or more plots.

Layer means one plot of the picture. A picture can have up to 4 layers. Every layer can
have many curves and objects. An additional special layer 0 exist, which can contain only
objects but not curves.

Curve means a x/y-array.

Objects are text or graphic elements of a layer, layer 0 is also possible.

Transferred plot means the plot which should be transferred into the presentation plot.
Current plot means here usually the same as transferred plot.

The parameters will be divided in 3 groups:

All layers: The parameters are valid for all layers (the total picture). These are the
parameters for applying, the header and so on.

One layer: The parameters are valid only for one layer. These are the plot axis, the
regression mode, objects and so on.

One curve: The parameters are valid only for one curve. These are the plot symbol and
color and so on.
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5.2.0 Entering the Presentation Plot Program

The Presentation Plot program can be called from another plot program (Standard,
Application, Edit, 3-dimensional) or from the Base Tools. This sub program applies the
current total plot (picture), also called transferred plot, with all layers, curves (data),

evaluation and text.

5.2.0.1 Main window

If entering the presentation plot
program the following main
window occurs for transferring
the current plot data into the
presentation plot program.

If you confirm with 'OK' then the
data will be applied and the
new picture will be shown.

At 'OK, input' additional the
extended input window of
chapter 5.2.0.2 opens.

If leaving with 'No apply' the
current plot will not be applied.
Then you hold the old picture
resp. data of the presentation
plot program.

Apply data for presentation program

— Apply mode
" Mew standard picture
" Mew picture

" Mew layver

— Apply parameters
v apply layer default
[~ apply symbolicolor

I_ Al eurses i anelEyer

¥ | el fit cunres

— Mew curve made
" Clear ald curves
® Append curve
" Overwrite curve
" Append, all data
(" Separate 2. y-axis

I_ Mormal. to curve 1

[LEser IT‘
fAufkEEnR ! d
(ClE IT‘
fAufkEEnR ‘ d

(0] 9

OF, input

Mo apply

Cancel

You can apply the current plot as a new picture. In this case the old data of the presenta-
tion plot will be deleted. You can also compile a new picture by the new and old data.

The Apply mode defines the kind of applying the current plot:

New standard picture:

This is the standard mode. The current plot with all layers and

curves as new picture resp. data. If more than one current layer
exist then only this input is possible.

New picture:

see below. Select a special layer mode or confirm with 'OK,

input' and go through the extended input window.
A new layer can be created by the current plot or an old layer

New layer:

can be overwritten. For the last you have to input the layer
number. The inputs for the 'layer mode' occurs. You must select
a special layer mode or confirm with 'OK, input' and select in the
extended window a new layer position.

New curve/data:

Similar as before but default apply parameters for the standard
picture will not be set. The inputs for the 'layer mode' occurs,

You can keep all existing data of the presentation plot. The 'new
curve mode' defines how a new curve (or all) will be applied.

You have to input the layer number. This mode is only possible
if the transferred plot contains only one layer.

The header can only be applied at the modes 'New (standard) picture'.
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If selecting a new layer you can define the layer position in the extended window. An
easier way is to set the size and position of layer by the Layer mode:

Extended select: You have to go through the extended input window.

2 layers: The new picture contains 2 plots. The layer number defines the layer
position. Layer 1 will be shown on the top, layer 2 on the bottom.

3 layers: As before but with 3 layers: left-top, left-bottom, right-bottom.

Layer in layer: A small layer 2 will be drawn inside on the right top of the big layer 1.

The New curve mode defines how the new curves will be transferred to a existing layer:

Clear old curves: The existing curves of the selected layer will be deleted. The
layer contains then only the new curves.
Append curve: This is here the usual standard mode. The new data will be

append as new curve(s) to the layer. The software increases
automatically the curve number.

Overwrite curve: An existing curve will be overwritten. You have to input this
curve number.
Append, all data: The data will be append to an existing array (curve). Old and

new data are saved in one array. By the flag 'No overlap' only
new data which x-data are not in the x-range of the old data will
be applied.

Separate 2. y-axis: The new curve uses a separate 2. y-axis. The y-axis of the cur-
rent plot will be transferred as a 2. y-axis of the selected layer.

If activating 'Normal. to curve 1' then the new curve(s) will be normalized to curve 1. That
means the minimum and maximum values of the new and the first curves are the same.

The Apply parameters input group contains flags for the applying of data and parameters:

'Apply layer default' sets the default parameters for a new layer. In the other case the
main parameters of the first layer will be used. These parameters are not the axis, curves
and objects.

'‘Apply symbol/color' applies the symbols and colors of the transferred curves, only ena-
bled if setting the previous flag. In the other case the symbols and colors are associated
with the curve number.

If the current plot contains similar curves in various layers then 'All curves in one layer
transfers all these curves in one layer of the presentation plot.

If the current plot contains additional fitting curves then these curves can be applied by
activating 'Apply fit curves'.

Tip: Activate 'Apply symbol/color' at many curves. If this flag is not activated and a symbol
explanation will be applied from the current plot then the symbols and colors of the expla-
nation differ from that ones of the curves. If the current plot has only one curve you should
usual deactivate this flag. There are different flags for one and many curves.
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5.2.0.2 Extended window

The following input window opens if you click in the main window on the 'OK, input' button.
It contains extended apply parameters.

The main parameter here is the  FRNEEETEArEres
Layer size/position. This set- — Layer size/position —Text —— -
ting is necessary for manual [ Picture with header b %
compiling of a picture with mul- [T ——

tiple plots. The white area de- _ All layyers
notes size and position on the B ety msplamation

screen, the selected will be IV Clear general text One layer
yellow colored. You can select IV Clear genersl graphic

it by mouse. Following possibi- , one eunve
|ities exist —Regressmn params

Full, Left-top, Left-bottom, - — el imgrzesion

Right-top, Right-bottom, il G [%2] [ Onlyragres. line

Standard, Manual, Left, Jo.00 J75.00 [ Alllayers in one text

Bottom, Blg Tap[e2] Bt 4] 1 array = 1 regression

If selecting 'Manual' then you |30.00 Jo.00 Lflff;trf;yas"fﬁ’ f;‘g:;:r

have to input the per cent ¥ lEaeer [ lemal All arrays =X regres.

left, right, top and bottom posi-

tion of the layer, relative to the

canvas. In 'View — Positions' you can use the mouse for this, see chapter 5.2.3.6.

The flag 'Raster’ sets the positions to a virtual raster as described in chapter 2.3.5.

If activating 'Small' then small symbols will be used for the curves, see chapter 2.3.3 4.

The input group Text contains parameters for the picture style and for text/graphic objects.
'Picture with header' applies the text header and shows it on the right side of the plot.
'‘Auto style for header' sets the style and position of the header by the layer position.
'‘Apply explanation' applies a symbol explanation of the current plot.

'Clear general text' clears the text, which was defined for all layers, called layer 0.

'‘Clear general graphic' clears the graphic, which was defined for all layers, called layer O.

For the parameters of the linear Regression exist a separate input group:
'Apply regression' means that the regression mode and range will be applied.

'Only regres. line' defines as regression mode 'Only line' so that only the regression line
will be shown but not the results. If the current plot lists the results in the text header box
this evaluation text will be integrated in the text header.

'All layers in one text' lists the regression/evaluation results of all layers in one text box.
One of the 4 regression array modes can be selected, see chapter 5.2.5.

3 separate buttons call the parameters for all layers, for the active layer and for the active
curve. It is similar as described in 5.2.3.1 but not all input sheets are here visible.

Note: If selecting 'Standard picture' in the main window then some text and regression
parameters will first be set from 'Default from standard picture', chapter 5.2.3.2.
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5.2.0.3 First call

As discussed in chapter 1.1.1 and 1.1.2 some initialization Presentation plot init
files will be loaded at program start or first call of the meas-

urement module. The configuration mode, see chapter el sanle Limlow laliiliz

1.1.1, defines which set of initialization files will be loaded. @ MNo.read original initfile

The presentation plot program has also an init file for its " Only apply params
configuration. In opposite to the other initialization files " Only apphybase params

here you will be asked at the first call whether you want to
use the original file or the file defined by the configuration
mode. The reason is that it could be that you have leaved e
the program after a very special work in the presentation LI Cancel
plot program. At a hot start you would load these very
special parameters.

" “es, read all params

Following modes for reading the configuration init file exist:

No, read original init file: Independently from the selection of the configuration mode the
original init file PresProg.Cfg from Sys\Init will be loaded.

Only apply params: The init file defined by the configuration mode will be loaded, for
example that one for a hot start. But only the parameters for
applying data will be used from this file. The other parameters
come from the original file.

Only apply/base params: As before, but additionally the base parameters will be used.

Yes, read all params: All parameters of the init file defined by the configuration mode
will be read.

5.2.0.4 Compiling a picture

Usually you enter the presentation plot program with the apply mode 'New standard
picture'. The whole picture with all layers and all curves will be transferred. Then you can
change the axis or evaluation or add objects as text to the plots to achieve best results.
The presentation plot program will also be used for compiling a new picture. So you can
show different curves in one plot for a comparison. The program also allows data from
multiple files of different types, such as a tempscan file and a corresponding Arrhenius file,
to be plotted into the same picture. In this case each set of data will be plotted on an inde-
pendent set of axes which can be independently moved around.

The common sequence for compiling a picture is the following:

1. Select in your main program your first plot and call then the presentation program.
2. For showing different curves in one plot (application example 1) use the apply
mode 'New standard picture'. In the other case use 'New picture' and define the
layer mode or/and go through the extended window.

Leave the presentation program.

If necessary read in your main program data form a new file. Select in your main
program your second plot and enter the presentation plot program again.

Use the apply mode 'New curve' or 'New layer'.

Repeat steps 3 to 5 until the picture is finished.

If necessary, make changes (axis, symbols...) and add objects.

> W

No O
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5.2.0.5 Special applications

This section describes the compiling of a new picture for some special applications. The
common sequence will be described in the previous chapter. The following arabic numeral
refers to the sequence number. You can normally leave the main window by 'OK'.

I. Different curves in one plot: Data from different temperature scans, different samples,
different coefficients or different V/I curves may be plotted on the same axes. The program
will automatically scale the axes so that all of the data will fit in. It is however possible to
override this and to set your own axes. The different curves must be similar. This means
that the x- and y-axis of all curves must be identical, for example that all curves have the
temperature as x-axis.

(2) For the first curve or curves use the apply mode 'New standard picture'.
(5) For the next curves use apply mode 'New curve' and curve mode 'Append curve'.

Il. Multiple plots per page, one curve: It is possible to display up to four separate plots
on a single page and have them positioned automatically by the software. Each plot is still
treated as separate layer and may have different axes from the other plots. So one layer
can contain a tempscan, another one the Arrhenius plot. The standard multiple plots per
page consist of 2 or 3 layers. Then you have additional space for the text header. The
following describe the sequence for 2 layers.

(2) For the first layer select apply mode 'New picture' and layer mode '2 layers'.
(5) For the second layer use apply mode 'New layer' and keep the layer mode.

lll. Multiple plots per page, many curves: Every layer can contain many curves. As the

current plot have many curves then all these curves will be applied in example Il. You can
also add manually a curve. The following describe the sequence for 2 layers with 2 curves
in layer 1.

(2) For the first layer select apply mode 'New picture' and layer mode '2 layers'.
(5) For curve 2 of layer 1 use apply mode 'New curve' and curve mode 'Append curve'.
(5) For the second layer use apply mode 'New layer' and keep the layer mode.

IV. Layer in layer: A small plot can be drawn inside on the right top of a big plot. Each plot
is referred to as a layer. An example will be shown at the end of this chapter.

(2) For the big layer select apply mode 'New picture' and layer mode 'Layer in layer'.

(5) For the small layer use apply mode 'New layer' and keep the layer mode.

(7) Usually the picture is not perfect. Set the best size and position of the small layer in
'View — Plot params for — Position'. Optimize also the axes.

V: 2 different y-axis: One plot can contain 2 curves with different y-axis, for example
curve 1 shows the current and curve 2 the capacitance versus temperature. This layer has
then 2 y-axes. An example will be shown at the end of this chapter.

(2) For curve 1 use the apply mode 'New standard picture'.
(5) For curve 2 use apply mode 'New curve' and curve mode 'Separate 2. y-axis'.

VI. Difference of 2 curves: It is possible to show 2 curves and its difference in 1 or 3
plots. For this create a picture with 1 layer and 2 curves as explained in example I. Then
go to the Edit menu and select 'Make difference’. By 'Restore layer' you can there restore
the 1-layer plot into 3 separate layers with each 1 curve.
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VII: 3-dimensional plots: You can manually make a 3-dimensional plot by many curves.
For this transfer many curves with the same x-axis into one layer of the presentation plot.
Apply many curves in one step from a current plot or/and curve by curve. Look in 'Apply
input sheet' of chapter 5.2.3.2 for applying the z-values. A 3-dim plot can be temporary
created in 'View — One layer plots' (chapter 5.2.3) or be set as default for the current pic-
ture. For the last set in 'Params for one layer — input sheet Base' the axis mode to '3-dim’,
see chapter 5.2.3.X. The button '3d params' defines the parameters of the 3-dim plot.

VIII: Regression: The linear regression will be applied from the current plot. Sometimes it
can be important to calculate the regression over different parts of the curve(s). In other
cases you want to calculate one or more regressions over all curves. Compile the plot and
define in the extended entering window the regression array mode. You can change it also
in the Evaluate menu. Chapter 5.2.5 gives more information.

IX: Additional text: You can add objects like text, lines, symbols, boxes and graphics to
the layers. For a new text call 'Objects — New text'. See chapter 5.2.7.X for a detailed
explanation.

The following picture shows 2 layers. The first contains 3 curves. The 3. curve has a sepa-
rate y-axis. The small layer is inside of the big layer 1 and has 1 curve. Additional text and
graphics are included in this picture. So this is an example for application I, IV, V and IX.

i | | ‘ | 1} [Name = @A 006.T1A
m . < TK % [ID = TestD
= foum 180 160 3 |rcD = 1A61
g o ) 7~ 100 © |Date = 2011-07-13
© 60 o ;3 G Type = n-Si
° e ] Area = 8.00E-03 cm®
° Z Ng = 2.00E+15 cm?
o S 1
s g =10 t = 440.00 us
° < 7 Ty = 2048 ms
401 tp = 100.00 us
| 102 Ug = -5.00 V
1 L 1 E Up = -0.50 V
55 6.5 Energy= 0.350 eV
1000/T [1/K] — sigma = 1.02E-14 cm23
20 1403 Ny = 2.32E+13 cm’
] Correl = 0.99997
410
0,
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5.2.1 File menu

The presentation plot program has its own data type, so you can read and save files of the
presentation plot program.

Save ASCII data saves one or more x,y curves line by line in

File | Edit View Axds Ewvt o ASCII format to a text file. Read ASCII data reads one or

Open data ctrl+0 more curves from an ASCI| file.
Save data Ctrl+5 . . .
Save graphic opens a sub menu for saving the plot into a
Fleraiel il graphic file format. Bitmap and vector formats exist: BMP, PCX,
3::2 gi?:“c | GIF, JPEG; PLT, HPGL, WMF / EMF, EPS, ACAD. An

explanation was given in chapter 5.1.1.1.

By calling EditPlot program the program jumps with one selec-
Pl Ll ted curve to the edit plot program and comes then back.

Close Print opens a dialog for printing the plot. By 'Close' the presen-
tation plot program will be closed and the software goes back.

EditPlot program

5.2.1.1 Read and save presentation data

If reading a presentation file then you can select after Read presentation file
the input of the file name the reading mode:

e Read full picture: All layers from the file will be  Peading modes e
read. The new picture consists of only the read @ Read ull picture ’ :
layers. If the plot configuration was saved with " Read1layer Cancel
this file then you can activate to read it here. C Read1curve -

e Read 1 layer: Only one layer from the file will I | Read plat e
be read. Then you get the input window for S
applying the data of file to compiling a new :
picture, see chapter 5.2.0.

e Read 1 curve: Only one curve will be read.

If saving a presentation file then you can select after Save presentation file
the input of the file name the saving mode: .

e Save full picture: Parameters and data of all _Ef“;"g r:u;ie; ok
layers will be saved. The data extension is F0?. s T RIEEE
By activating a flag the plot configuration will be ® Saveleyes Cancel
saved into a separate file, see below. Then the [ Save plot config
data extension is F9?. Leyer

e Save 1 layer: Only one selectable layer will be g =
saved. The data extension is F17? for layer 1
and so on.

The presentation plot program uses some parameters of the current plot configuration,
for example the color for the regression line and the definitions of the axis fonts. If you
change these global plot parameters and read later an old presentation data file you don't
get the same view as at that time at which you have saved the file. Therefore you have the
possibility to save also the plot configuration into a separate file if saving the presentation
data. This configuration file has the name as the presentation file but instead the program
extension the extension CFG. This file has the structure of the initialization file Plot.CFG
from the program directory Sys\Init. After leaving the presentation plot the program asks
you for restoring the old global plot configuration.
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5.2.1.2 Read and save ASCII data

If reading ASCII data from a text file you can select the reading mode:
1. Read 1 curve, standard: This is the standard mode. 1 curve will be read, x must
be in the 1. column, y in the 2.

2. Read 1 curve, input: 1 curve will be read, you have to input the column number for
the x and y-data. When selecting column 1 for x and y, x will be read from the odd
lines (1,3,5,..), y from the even lines.

3. Read 1 curve, table file: 1 curve of a special table file will be read, for example a
temperature calibration file.

4. Read 1 layer: Read all columns of file. The first one is x, the second y1, the third y2
and so on.

5. Read 1 layer with z-axis: As above but the first line contains the z-axis values,
necessary for 3-dimensional plots.

At read mode 2, 4 and 5 you Read ASCIl data from file
can skip lines of the file, neces-

sary if the file has a header. ~ Reading modes ~ Reading params e
At these modes you can also " Read 1 curve, standard || [ With x-axis

deactivate the flag. 'With x-axis'. ® Read 1 curve, input | - W ol
Then the x-data will not be read " Read 1 curve, tabls file

but will be set to data (line) IRtz ycolumn |2 2]

number. (" Read 1 layer with z-axis

If selecting -1 as x- or y-column, Skip lines |D EI:

the old x- or y-values will be [ Deta pararms

kept. The number of old and ® Colurnn delimiter

new data points must be iden- Q et [uto =

tical! This feature needs user [ lastaxds restore

class 5.

Starts index means the first index of data array, normally it starts from 1, so you have data
X[1],...X[N], where N is the numbers of data points.

If activating 'Last axis restore' then the ASCII data will be restored in respect to the axis
restore (change) mode of the layer, see 'View — Params for layer — Array — Change x/y-
axis'.

The delimiter between the columns can be selected, for more details see chapter 5.1.6.1.

After confirming the window above you get the inputs for compiling a new picture, see
chapter 5.2.0.
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If saving ASCII data into a text file you can select the saving mode:

1.

2.

1 curve, standard params: This is the standard mode. 1 curve will be saved, x into
the 1., y into the 2. column.

1 curve, input of params: 1 curve will be saved, you have to input the column
number for the x and y-data.

3. 1 curve, table file: 1 curve will be saved into a special table file.

4. 1 layer, all curves: Save all curves of one layer. x will be saved in the 1. column,
y1inthe 2., y2 in the 3. and so on.

5. 1 layer with z-axis: As above but the first line contains the z-axis values, necessary

for 3-dimensional plots.

6. x,z,y as 3 columns: All x-data of all x-arrays will be saved into the first column, x-
array after x-array. Ally-data will be saved into the third column. The second column
contains the z-data, it will be applied from the value for z-axis of every curve.

At save mode 2, 4 and 5 you
can deactivate the flag 'With
x-axis'. Then the x-data will

— Saving modes —3aving params — | e
not be saved. _ _ oK
. @ 1 curve, standard params [ it e
If saving all curves of a layer - e F Chock em
. v -
you can activate a flag for curve, input of params Bk x-ais Cancel

'Check x-axis'. In this case
all x-arrays of the layer will be
checked. If these are diffe-
rent, the common x-range will
be used and all y-arrays will

Save ASCIl data to file

1 curve, table file
1 layer, all curves
1 layer with z-axis

" xzyas 3 columns

[ EEr ﬂ‘
RUrkEr ! .
Curye ﬂ‘
numkber 2 .

be interpo|ated to the x-array — Global ASCI params — Data mode

, - Oricinal
of the first curve. _ gﬁilllgmten blanc = 0 r'_gma
If more than one layer exist, " Axis restare
you have to select the layer Murnbers behing ! |3 2 € As plot

number. For the modes 1 to
3 you have also to input the
curve number.

The delimiter between the columns can be selected, for more details see chapter 5.1.6.1.
The ASCII data will be saved in the exponential format, you can define the numbers
behind the point. Both inputs are global and valid for the total program.

The data mode decides how the data will be saved:

Original:

The original data without interpolation and so on will be saved.

Axis restore: If the data will be changed in respect to the axis, see above, or the data will
be combined by 2 curves then these 'calculated' data will be saved.

As plot:

The curve will be saved as you see it in the plot. If interpolating then the

interpolated data will be saved. An axis restore will be taken into account.
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5.2.2 Edit menu

By the edit menu it is possible to copy a graphic or the data into the Windows clipboard, to
paste a graphic or ASCII data, to edit data, to delete arrays and to restore arrays or layers.

Edit Yiew Axis Ewaluate
Copy page Ctri+C
Copy graphic
Copy ASCII data
Copy select
Paste Cirl+v

Paste ASCI data
Edit ASCIl data

Delete array
Restore array

'Copy page' copies the graphic as a bitmap into the clipboard,
'‘Copy graphic' as a Windows meta file (WMF or EMF).

'Copy ASCII data' copies one or more selectable x/y-arrays
line by line into an ASCII format, similar to chapter 5.2.1.2.
'‘Copy select' asks for the format before copying, see 5.1.2.1.
'Paste’ shows a bitmap graphic from the clipboard on a
definable position of the screen.

'Paste ASCII data' read ASCII data form clipboard similar to
chapter 5.2.1.2.

'Edit ASCII data' load one selectable array (curve) or all ar-

rays of a layer into the grid or text editor. There you can edit
these data and apply the changes into the presentation plot.
'Normalize' all plotted curves to one reference curve.
'‘Delete array' removes one selectable curve from the plot.

Delete same points

MNormalize curves

By 'Restore array' one or all arrays of a layer will be used for compiling a new picture. The
main window for entering opens as described in chapter 5.2.0.1.

'Make difference' is enabled if the active layer has 2 curves, or if 2 layers with the same
numbers of arrays exist and a 3-dim or mapping plot will be shown.

'Delete same points' deletes same points of all curves of a layer.

'Restore layer' restores one layer into 2/3 layers, or restores all curves into one layer.
'Apply vertical' is visible at a vertical plot was done and apply this plot a new layer.

5.2.2.1 Make difference

If the active Iayer has 2 Make difference for layer 1

curves, then you can — Difference parameters ~ Wiew params far difference ——— e
build a difference bet- (s Big curve - small curve (8 Color as curve nurmber ok
ween the 2 curves and " Curvel-curve 2 " Calor as view for difference Cancal
store this new curve as " Curve 2-curve 1 :

f Syrmbal I'—'”E LI
a 3. curve of the layer. [T Use smooth for diffierence
If there was already a oo | Line
difference formed );0 Streothing stemmth 50.00 macde ICDnnec’c LI
that the layer has yet - Parameters - Symbol explaination
3 curves, then you can -

’ Delete kb , -
B Celeie g v Pasition |r|ghtm|d LI

call this function again
and the old 3. curve will
be overwritten.

I_ [Helete cuRe 2

[ Same x-axis for curves [ Delete existing text

At the Difference parameters you can select how the difference should be formed:

At 'Big curve — small curve' the curve with the biggest y-value will be searched, the other
(small) curve will then be subtracted from this one. At 'Curve 1 — curve 2' curve 2 will be
subtracted from curve 1. The opposite is also possible. 1 and 2 denote the curve numbers
of the layer. If activating a flag then the curves can be smoothed before difference for-
ming. The smooth is only valid for the difference forming, the original curves will not be
changed. You can input the strength of the spline smooth, see also chapter 2.7.1.
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In the Parameters input group you can activate some flags:

So you can delete the big curve at the first difference mode, curve 1 and curve 2 at the
other both difference modes. 'Delete' means that this curve(s) will not be longer in the plot.
The layer contains then 1 resp. 2 curves.
'‘Same x-axis' means that the x-arrays of the original curves will be checked. If these are
different, the common x-range will be used and the y-array of the 2. curve will be interpo-
lated to the x-array of the first curve. This flag is only valid for the original data and
changes so these data. The difference forming uses always this check.

View parameters define the symbol, line mode (see chapter 5.1.3.1.1) and color of the
difference curve. The color is either the color for curve 3 or the special color for a diffe-
rence curve, see chapter 2.3.3.1.

Symbol explanation defines the position of a text which explains the origin of the curves:
left top, left bottom, right bottom, right top, right mid, right down. No additional text will be
shown by 'no explanation'. Activating 'Delete existing text' delete all text objects of the
active layer, except the selected symbol explanation.

5.2.2.2 Delete same points

This function deletes same points of a curve in various ways. Each curve of the active
layer will be checked. Following base modes exist:

Delete same x-points:

Delete same points:

New curve, no same points:

New curve, only same points:

The Params for same x-
points define criteria
when 2 values will be
treated as 'same'. Depen-
ding on this you can input
a maximum difference or
a factor. The last criterion
allows also a logarithmic

check for logarithmic data.

By activating x=In(x') is
valid: [x2-x1|<=xd,

where xd=-In(1-f) and f is
the factor by input.

If checking not only the x-
value but points, then the

y-parameters are enabled.
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Only the x-array of each curve will be checked. If a curve
contains data points with the same x-value then the
'double’ points will be deleted.
As before, but if a curve contain points with the same x
and y values then the 'double points' will be deleted.

A new additional curve will be created by using all data

points of all curves. This new curve will then be checked

for same points.

which exist in all curves.

As before, but the new curve contains only data points

Delete same pointsfcurves of layer
— Base mode ~Optigns—— | e
oK
® Delete same x-points [¥ Sortresult curvefarey
" Delete same points ¥ | sverane result peitts
I I
" Mew curve, no same points Pl Eelete arigital cines e
" Mew curve, only same points = | itheutEet cune
— Farams for same x-paints — Farams for same w-points
w2-x1] <= 1.0E-300 [y2-,1] <= 1.0E-30
[x2-x1] €= =d [wE=yT1] €=y
[x2-x1] €= (Max-hin)*f [we=T] €= (Mae-bdin
1 €= %12 <=1+ 1-f €= o1 f2 <=1 +1
1 <=x1 /2 <= 1/(1-0)
® = 0 w=lnfe!) O x=log) L e e
S — |1.I]DI]E-I]2 S — IE.DDDE-DE
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Some options exist. So the curves can be sorted. At the last base mode the result points
can be averaged over the same points. The original curves can be deleted at the last 2
base modes, so that the layer contains only the new curve. If one of the last 2 base modes
was already done then the flag 'Without last curve' is enabled. That means the new curve
will not be used at a repetition.

5.2.2.3 Restore layer

This procedure restores one layer with many curves into 2 or 3 layers, or restores all
curves of all layers into one layer.

The first case is only available if one layer with 2, 3, 4 or 6 curves exist. Then 2 or 4 curves
of layer 1 will be restored into 2 layers with each 1 or 2 curves, 3 or 6 curves of layer 1 will
be restored into 3 layers with each 1 or 2 curves. The plot window of each new layer is the
same as the old one.

You get the following input window. If activating 'New One layer to 3 layers
symbols' and 'New colors' then the symbols and colors

correspond to the new curve number in the new layers, T Mewswitosls

see chapter 2.3.3.1. In the other case the old symbols %] New colors

and colors will be kept. ¥] Cleartex

If activating 'Clear text' means that all text objects of the

first layer will be deleted. In the other case the first text : :
object, usually the symbol explanation, will be splitted Ok Cancel
into 2 resp. 3 parts.

If more than one layer exist then all curves of all layers can be restored into one layer. The
input window is the same as in the first case.

5.2.2.4 Normalize arrays

This procedure normalizes one or all plotted curves to one reference curve. It will be done
only at the plot, the data itself will not be modified. The flag 'Plot with offset’, array input
sheet of chapter 5.2.3.3, will be activated by using the "Yes' button. It will be deactivated by
clicking onto the 'No' button. The flag 'Axis rescale' rescales the axis for the next plot.

The normalization can be done by Normalization of all plot curves of layer 1
setting an offset or factor for each
curve. At the first mode the curves
will only be shifted on the y-axis. =

At the last mode, additionally the + Factor Fro0oE-00 | Ne
minimum value of each curve can ® Fectn, SUBTEciiiR —
be subtracted. The normalization
can be done to the first/last data
point, the minimum/maximum or to = = — Auds

a given value of the reference Araynumber [ 2] El rescale
curve. The number of the refe-
rence array can be selected, its y-minimum value can be subtracted.

MNaormalize by Maormalize to

(& Offset res

|Minimum

Reference data “Wwiork data Cancel

[ Subtract minimum (" One array (@ All
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5.2.3 View menu

In the view menu you can set the window and canvas size, personal short cuts, global and

all presentation plot parameters.

view Axis Evaluate Obj 'All plot params' are the parameters for the active presentation

All plot params plot, it opens a general input. 'Global plot params' were already

Global plot params explained in chapter 2.3.3. 'Refresh’ plots the plot again.

Flot params for * , \

All layers Plot params for' opens a sub menu for the presenta-

Refresh F5 | Onelayer  tion parameters for all layers and for the active layer
v Plot all layers One curve and curve, similar to 'All plot params'. Special inputs

One layer plots » | Al symbols  allow to set the layer position and 3-dim parameters.

Personal shortcuts Positions 'New canvas' allows to define manually the size of

New canvas the canvas instead to set it bythe form size.

New size

'Plot all layers' shows all layers on the screen. This is the standard mode. If selecting a
one layer plot, the face of the fifth button in the toolbar changes. This button toggles the

view between 'Plot all layers' and 'One layer plot'.

Current size

In the sub menu of 'One layer plots' you can also select a special view for

Full size the active layer. At 'Current size' the active layer will be shown in its size,
One array at 'Full size' it will be shown in the full screen size.

Yertical plot
Horicontal plot

'One array' shows only the active curve. Navigate by the PageDown (next)
and PageUp (previous) key and by the Next button in the toolbar. You can

3-dimensional make a vertical or a horizontal plot from the active layer, as described in

chapter 5.1.7.2. The active layer can be shown as a 3-dimensional plot.

'Restore plot cfg' restores the old plot configuration, it is visible if you have load a new plot

configuration from file, see chapter 5.2.1.1.

5.2.3.1 All plot params

This is the most important input window for the parameters of the presentation plot. As

described above these are divided in 3 groups:

All layers: The parameters are valid for all layers (the total picture). These are the
parameters for applying, the header and so on.

One layer: The parameters are valid only for one layer. These are the plot axis, the

regression mode, objects and so on.

One curve: The parameters, as plot symbol and color, are valid only for one curve.

Here you can select the active layer and the active
curve number of this layer.

The 3 buttons opens the different input sheets for the
parameters for all layers, for the active layer and for the
active curve of this layer. The main inputs will be de-
scribed in the next chapters. The axis and object input
parameters are also available in special menus and will
be explained there.

'‘All symbols' changes the symbol, line mode and color
of each curve of the selected layer by one dialog.
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5.2.3.2 Plot params for all layers

These parameters are valid for all layers, the inputs are grouped in 4 input sheets.

Apply input sheet:

Here are the parameters for applying a plot into a presentation plot.

The input group 'Default for stan-
dard picture' contains parameters
for applying if using the apply mode

Parameters for all layers

Apply | Header| Objects | Other |

New standard plcture , S€e Chapter Default for standard picture “alue for z-axis from
5'201 L _ v Automatic size |array number |
If '"Automatic size' is activated, the ¥ Picture with header

size of the plot, which will be trans- ol &l splnatan Setwindow

ferred into the presentation plot, will @ plyaaessin Mo & ‘Yoo
be applied. [v Setregrassian style " Boarder

The flags 'Picture with header’,

'Apply explanation' and 'Apply

regression’ were already explained. oK

'Set regression style' deactivates the
flags 'Only regres. line' and 'All layers
in one text' and sets the regression array mode, usually to '1 array = 1 regression'. For
more details look in chapter 5.2.0.2.

Cancel Apply

'Set window' will be used at apply mode 'New curve' for setting a new plot window:

No: The layer window of the presentation plot will be kept.

Boarder: The layer window will be changed if the boarder (axis) of the plot which will
be transferred into the presentation plot is bigger.

Yes: If the new curve(s) contain data which are outside of the layer window then
the layer window will be expanded.

'Value for z-axis from' defines which value (parameter) will be set for an optional z-axis,
which will be used for 3-dimensional and mapping plots. The standard is 'array number, is
the number of curve will here be applied as z-value. Another possibility is the temperature,
additional possibilities depend on your program. When using the z-axis define this mode
before applying data into the presentation plot program. Click for this at entering the pre-
sentation program onto the 'Ok, input' button (chapter 5.2.0.1) and then onto the 'All layers'
button (chapter 5.2.0.2). You can later edit the z-data in the 'Other' input sheet of 'Params
for one layer', see chapter 5.2.3.3. The z-axis text will automatically be defined by applying
a new picture or a new layer. This mode has no effect when starting the presentation plot
program from a 3-dimensional or mapping plot or from 'all curves in one plot'.
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Header input sheet:

Here are the parameters for the text header. The flag 'Picture with header' enables the
showing of the text header. Following header styles resp. positions are available:

mid:

top:

top and right:
standard right:

The header will be shown in the mid.

The header will be shown on the top.

2 lines will be shown on the top, the other on the right.

The header will be shown on the right besides the plot boarder.

quarter, 2 columns: The header will be shown in the left-right quarter.

manual:

Input of left and top position in per cent canvas coordinates.

manual, 2 columns: As above, but the header will be shown in 2 columns.

If changing the style from one
with 2 columns to a style with
1 column then you will be
asked for making a header
with 1 column. In this case
the text control commands for
a 2. column, $TT, will be
deleted. The opposite hap-
pens if changing from 1

Parameters for all layers

— Style and position ——
[¥ PFicture with header
Style
Istandard right LI

— Header font

Apply Header | Objec’tsl Other |

Editor |

Totext |

[~ Fortnotas global

=it | ther |

Name = $T8@A_006.T1A j

column to 2 columns style. Gl Irlle —j;l;;‘l:lestlD

The flag 'Raster’ sets the = Date = 2011-07-13

manual defined positions to a et L Type = n-Si

virtual raster as described in T 30,00 _Ij
chapter 2.3.5. KN 4

Usually the global defined header font, see chapter 2.3.3.3, will be used. By activating a
flag you can locally define a font for the header.

The memo text field allows to edit the header text. The text control commands will be
explained in chapter 5.2.7.X. Clicking onto the 'Editor' button calls the integrated standard
editor. The 'To text' button copies the header into a text object.
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Objects input sheet:

Here you can define whether text and graphic objects are available for layer 0. These
objects don't belong to a normal plot layer. The standard application here is a caption of
the picture. If text or graphic objects exist then you can reduce its numbers.

3 buttons exist for opening the input window for 'New text', "Text' and 'Graphic'. These
inputs are similar to those described in chapter 5.2.7.

The setting of the text position is restricted. Following modes exist: ~ Text position
manual: Input of left and top text position in per cent canvas
coordinates. [ Printeron
caption: The text will be shown on the bottom of the picture. me :m
screen top: The text will be shown on the top of the picture.
scrtop+:  As above, but the x-position is at the plot boarder, the y- et 1000
position is a little bit lower. I
screen left: As above, but the x-position is at the picture start. e

If using the caption mode then it is possible to plot the text only on the printer and not on
the screen. The text can here also be shown centered in the x-mid of the picture.

Other input sheet:

Here you can restrict the maximum numbers of layers.
The size for one layer plots can be defined here: Full, Big, With header. The first modes
don't show the header, the last shows the header and uses a big screen size.
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5.2.3.3 Plot params for one layer

These parameters are valid for the selected layer, the inputs are grouped in 6 input sheets.

Base input sheet:

Here are the parameters for the layer size/position, as described in chapter 5.2.0.2.

A plot has normally 2 axes, the x- and the y-axis. The software allows the use of additional
axes, so that you can have for example 2 curves in 1 layer with 2 different y-axis. If it is an

independent axis then you can define it separately in the axis menu. ~ asis mode

Following axis modes exist: o el

normal: Only one x- and one y-axis exist.  +top

+ top: An additional x-axis on the top of the boarder exist. LAl

+ right: An additional y-axis on the right exist. f‘: * 1op, right

+ top, right: An additional top x-axis and right y-axis exist. i

+ 3-dim: The plot will be shown in a 3-dimensional style, that means | Top axis mode
with an additional z-axis. This needs many curves. [normal =]

[V | futarmatic axis

At an additional top axis you can select the top axis mode:

normal: The top axis is an independent full definable axis.

1T - T: Not an independent axis, the top axis will be calculated from the standard x-
axis. The application is an additional top temperature at an Arrhenius plot.

T—-1/T: As before but shows on the top a 1000/T axis, the x-axis must be T.

T E: As before but calculates from the temperature (x-axis) an energy with the
help of energy and capture cross section of the physical parameters.

tau — E: As before but calculates from the time constant (x-axis) an energy with the
help of temperature and capture cross section of the physical parameters.

E-T Oppositeto T — E

E — tau: Opposite to tau — E

If not defining the normal top axis mode then the flag 'Automatic axis' is enabled. This
means the text, steps and so on will be automatically set. In the other case you can input
these values in the axis menu as x2-axis. The window minimum and maximum will not be
used for this axis but calculated from the standard x-axis.

If using the 3-dim axis mode then a button for the 3-dimensional parameters and the flag
'‘Check x-axis' will be visible. By not activating of this flag, the software don't check whether
all curves of the layer have the same x-axis. In the other case the software test it and inter-
polate the curves to one common x-axis if necessary, similar as saving ASCII data of all
curves, see chapter 5.2.1.2.

The 3-dim plots shows an additional z-axis. The data for the z-axis come from 'Value for z-
axis' of each curve and will be automatically set by entering the presentation plot. You can
change this value separately for each curve in the 'Other’ input sheet of parameters for
one curve or commonly for all curves in the 'Other' input sheet of parameters for all curves.

If using an axis mode with an independent additional axis, except the 3-dim axis mode,

then you have to define for every curve which axes the curve uses. This must be done in
the 'View' input sheet of parameters for one curve, see chapter 5.2.3.4.
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Array input sheet:

Here are the common parameters for all arrays (curves) of the selected layer.

The plot modes input group contains flags for
showing the curves with different y-offsets, see
"View' input sheet in chapter 5.2.3.4, and for
interpolation and approximation (smooth).

If smoothing the curves then you can also plot
additionally the not smoothed original data. The
approximation will be done by the Easy spline
mode, see chapter 2.7.1. You can select the
smoothing strength and the taking out of data.

The scaling of both axes may be changed inde-
pendently from linear to logarithmic and reverse.
For the logarithmic you can use only negative or
positive values or the absolute value.

| Winduwl Reg

— Flat maodes
I_ Flotwith offset
[ Interpalation at plot
I_ Smooth at plot
|7 + Plot argiia! elEts

| objects | other |

— Change x-axis
® no
10" log)

C logixp © logEd

— Easy spline mode
I_ pEke mut clats

Strerth IEE| :I

— Change y-axis
® no
10y O loghd

Colagly) O loghy)

Note: All functions here don't change the original data arrays, only the curves will be

plotted in the selected kind.

Window input sheet:

Here are style parameters for the layer window and some other style parameters.

You can select a per cent scale
of the global size for:

size of symbols and axis tick
and the thickness of axis
boarder, symbols and lines.

Usually the global defined axis
fonts, see chapter 2.3.3.3, will
be used. By activating a flag you
can define locally fonts for the
axis text and numbers. In the
other case a per cent size of

the global fonts is selectable.

— Scale of global [%4]

Symhbol size |1DE|
|1DE|
|1DE|

Symbal thick |100

|1DEI

Axis tick

Axis thick

Line thick

|F’ieg | Objeu:ts' Cither |

— Axis fonts
I_ Mot as global

Text Murmbers
%% of
global 100 |1DE|

[=an | [=an |

Difier, | Difier, |

— Colors
I_ Flot Edit
inside not —l
as global

I_ Axisnot o
as global —l

In the Colors input group you can define whether the color for the plot inside and for the
axis will not be used as global defined, see chapter 2.3.3.1. In this case you can select the

color by the 'Edit' button.
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Regression input sheet:

This input sheet contains the parameters for the linear regression of the selected layer.

The regression mode defines which evaluation will be done by the linear regression.
Further evaluation values will be calculated by the slope and section of the linear regres-
sion. Usually the regression line through the curve(s) will be drawn and the results listed.
Following regression modes exist in all main programs:

No regression: No linear regression resp. evaluation will be done.

Only line: Only the regression line will be drawn but not the results listed.
Slope: Only slope and intersections of the linear regression will be listed.
Energy: Arrhenius evaluation with listing only the energy.

Arrhenius: Arrhenius evaluation, shows energy and capture cross section.
Richardson: Calculates barrier height and Richardson constant.

V/l resistance: Calculates resistance from a V/I (voltage versus current) curve.
I/V resistance: Calculates resistance from a I/V curve.

n-factor: Calculates n-factor from a I/V curve of a diode.

Ns by C/V: Calculated shallow concentration from a 1000/*C2 versus V curve.

At the DLTS program are additional following modes available:

Arrhenius with NT: Similar to Arrhenius but additional the value for NT will be listed, but
this value can not be calculated by the presentation plot program. It
will be applied from the transferred plot at the entering.

Zerbst: Zerbst evaluation of a transient.
Nss: Calculates the capture cross section from a Nss plot.
Capture: Calculates the capture cross section at a capture process.

At the Hall program are additional following modes available:

Magnet: Calculates Rh and concentration at a field variation.

Seebeck: Calculates Seebeck constant.

The regression type iS a Parameters for IﬂyEr 1
sub mode for the regression ‘Base |Array |Winduw Reg |Objeds| Other |

mode. So its meaning de-

pends on the regression — Regressionmaode —— [ Text b-ase 7.  Textstyle

mode but also on the data. |Ahenius [7] | | &l vtiniziecressior [automatic =]

The input is only a number. It el e e e

will be set as the regression List | Regtotex| | Ted e =]

mode by the transferred plot. ~ Aray mode [ Listwith boarder
1 arrayw = 1 regres. — Text position F Listwith grid

The regression array mode 'Anff;trf';yi"fﬁ' i | [ Manual position I Text coloras i

defines how the regression | Paster - f;t n::; al:j

will be done over the diffe- - Line mode/calor Ler 7000 ?

rent arrays, it will be later * o ine D eseue T Fort | | other |

explained in chapter 5.2.5. ® ® e L

You can set it also in the

Evaluate menu. (0] 4 Cancel | Apply
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The line mode/color defines the color of the regression line:

no line: No regression line will be drawn.

input: You can input the color for each line, see chapter 5.2.3.4 input sheet 'Reg'.

as curve: The line has the same color as the curve.

from no.:  The color will be defined by the regression (level) number. Here the global
plot parameters will be used.

'Write regression' write the results either in the header or in a separate text box.

'All layers in one text' lists the regression/evaluation results of all layers in one text box.
This input is valid for all layers.

The 'List' button opens the integrated editor and list all regression/evaluation results of the
selected layer.

The 'Reg to text' button copies all regression results into a text object.

You can set the position of the regression text box by activating 'Manual position'. Then
you have to set the left and top position in per cent canvas coordinates. 'Raster’ sets the
manual defined positions to a virtual raster.

The text style input group contains parameters for the regression text box and defines the
use and main style of the text list box:

automatic: Sets the style automatic. If only one regression number resp. level
exist then the results will be listed in the text header.
hori, no dim: Lists the results in a separate horizontal text box. Horizontal means

that all results of 1 regression number (level) will be listed in 1 line. No
dimensions of the values will be shown in the caption for saving space.
horizontal list: As before but shows also the dimensions.
vertical list: As before but the all results of 1 level are in 1 column.

For the Arrhenius regression mode you can select the energy text.

'List with boarder' draws a boarder around the list text box.

'List with grid' shows the list text box with a grid.

'Text color as line' uses the same color for the text as for the line, depending on the
regression number. In the other case the color is black.

'Font not as global' allows to select a separate font for the regression text box. In the
other case global defined data font will be used.
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Objects input sheet:

Here you can define whether text and graphic objects are available for the selected layer.
If text or graphic objects exist then you can reduce its numbers.

3 buttons exist for opening the input window for 'New text', "Text' and 'Graphic'. These
inputs are similar to those described in chapter 5.2.7.

Other input sheet:

Here you can restrict the numbers of curves and regressions. If a linear regression is
available then the numbers of regression correspond usually to the numbers of curves,
see previous chapter.

The plot shows normally the boarder and the curves. By deactivating a flag the boarder or
the curves will not be plotted.

The button 'Axis' allows the access to the axis inputs as in the Axis menu.
The button 'Edit z-val' opens the grid editor for editing the z-values of all curves.

An input group contains Physical parameters: Temperature, time constant tau, energy,
capture cross section sigma. These parameters are valid for all curves of the selected
layer. Normally they are not necessary, but will be used for an additional top axis, see
'‘Base' input sheet of this chapter. "Temperature' exist also separately for each curve. For
the linear regression this value will be used.

If the layer comes from a plot with many curves, : :

see chapter 5.1.7, then an additional input win- Mark first andlIast eurve Dim. for z-param.
dow is visible. The dimension of the z-parameter “""“e paramin curve v | MKI T
can be input. The z-parameter for the first and
last curve can be written into the curves or be
marked by squares with explanation text.
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5.2.3.4 Plot params for one curve

These parameters are valid for the selected curve, the inputs are grouped in 4 sheets.

Base input sheet:

Here are the parameters for the symbol and color of the curve, as described in 5.1.3.1.1.
An additional input for the scale size of symbols exist. The default is 100%, this means the
symbol size is as global defined and used in the other plot programs.

View input sheet:

Here are parameters for showing the curve.

The Smooth/plot input
group contains flags for
showing, interpolating and

Parameters for curve 1, layer 1

Symbaol Miew |Reg |Other|

smoothing the curve.

If smoothing the curves
then you can also plot addi-
tionally the not smoothed
original data. The approx-
imation will be done by the

— Smooth/plot
[¥ Flotcurve
[ Interpolate curve
[~ Smoaoth curve
=1+ Flat sriginslldeta

— Combine 2 arrays

—Array 8xis mode ——

® no ( subtract ® normal ()

" add " autosub 0 topil et (2]

IV Emnnthias data BTS2
L e

2| Sttt

Easy spline mode, see chap-
ter 2.7.1. You can select the
smoothing strength and the
taking out of data.

All functions here and in the
following don't change the
original data arrays, only the
curves will be plotted in the
selected kind.

— Params for plot

Offeet |0-000E+00
Femir |1-000E+00

Stremath 50 =

— Easy spline mode

[0 Take outdats

Stremath IEEI :l

[Murmer of
11 &ty

[Murmer of Iﬁ;
& Sty ‘ x

1 =

Apply

(0]4 Cancel |

You can combine 2 arrays by addition or subtraction. 'Auto sub' means that from the
curve with the biggest y-value the other curve will be subtracted. For the combination you
have to input both array numbers, except in the mode 'auto sub' and the curve number N
is bigger than 2. In this case the curves N-2 and N-1 will be used.

The arrays which will be used for the combination can be smoothed. This smoothing is
only valid for the combining, it don't change the curves itself. You can smooth the com-
bined curve as in 'Smooth/plot' or input a separate strength. Independently from the ap-
proximation both arrays will be reduced to the same x-axis at the combination, similar as
explained in chapter 5.2.1.2.

The combined array replaces the selected curve at the plot but don't change the original
data. It don't create a new curve, the curve which belongs to this array number will not be
shown. If you want to show all original curves and additional a combined curve you have to
create a new curve. For this select in 'Edit — Restore array' as curve mode '1 curve, stan-
dard params' and then as apply mode 'New curve/data’. For the difference of 2 arrays it is
easier to call 'Edit — Make difference’'.
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The array axis mode is enabled if you have the selected an independent 2. axis, see axis
mode of 'Base' sheet in chapter 5.2.3.3. Then you must define to which window axes the
selected x- and y-array refers:

normal (x,y): The curve uses the standard bottom x-and left y-axis.
top, left (x2,y): The curve uses as x-axis the top x2-axis.

bottom right (x,y2): The curve uses as y-axis the right y2-axis.

top right (x2,y2): The curves uses the top x2- and the right y2-axis.

If activating 'Plot with offset’, see 'Array' input sheet of chapter 5.2.3.3, then you can here
define an offset and factor for each curve. This is only for showing the curve, the y'-values
of the shown curve are calculated by y'=y*Factor+Offset.

Regression input sheet:

This input sheet contains the parameters for the linear regression of the selected regres-
sion number. It is only visible if the regression mode of the layer is not 'no regression'.

If there is more than one regression possible, see regression array mode in chapter 5.2.5,
then you can here input the regression (level) number. The regression number may not
refer to the curve number. So if you have 2 curves and 3 regressions you can at every
curve edit the regression by selecting the regression number. How to create a new regres-
sion number will be explained in chapter 5.2.5. A change of the regression number fills all
inputs with the corresponding values.

If the regression array mode Parameters for curve 2, layer 1
is 'Input of array no.' then

) -Symbull‘v’iew Feg |Other |
you can here input the array

start and end number over — Base parameters ——  ~ Ewvaluation params —  ~ Ewaluation walues ——
which the regression will be Regression [ [0 =] [+.083E+00

i i : I :l Status |2uto o Slope  |4.089E+00
done. The input is also in the number
Evaluate menu possible. An Arra;k.jr S m - |4_598E+DD Saction |3.2IZI?E+IZI1

. T TR
array can be excluded in the
i i = . |5.2qu+00 Cail |u.999?4
'Other' input sheet of its cuccy el | o
curve. i e R
v Flotregline
(0[] ¢

. - 4| [4.562E+13

'Plot reg line' draws the IV Wiite reg tex NTs

regression line for the
selected regression number
'‘Write reg text' writes the
results either in the header aK
or in a separate text box.

Cancel | Apphy

The color button is enabled if you have selected 'input' for the color of the regression line,
see 'Reg' input sheet of chapter 5.2.3.3.
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In the Evaluation params you can change the x-start and x-end of the linear regression.
Normally these values will be set by the transferred plot or manually in the Evaluate menu.
The status denotes how the regression was done:

not init: No regression calculation was done.

auto: An auto regression was done, see chapter 5.1.5.1.

manu-range: A manual regression was done with the mode 'Set xy-range for regression’,
see chapter 5.1.5.2.

manu-line: As above but with the mode 'Set regression line'.

manu-plot: As above but no new calculations.

The status defines also whether the standard evaluation values slope, section and cor-
relation will be new calculated at the plot. If selecting 'auto’ these 3 values will be new
calculated. An input of these values makes then no sense. The manual regression keeps
the values for slope and section. The correlation factor will be new calculated at 'manu-
range' and, if global enabled as described in chapter 2.3.3.6, at 'manu-line'.

Slope and section are the direct values from the line. At the result list not these values but
evaluation values calculated from these will be shown. For example, at an Arrhenius eva-
luation the energy will be calculated from the slope. The 'Arrhenius with NT' evaluation can
have 2 additional values. Here you can input both, these will not be new calculated.

Other input sheet:

Here you can restrict the first and last array index of the curve and edit the x- and y-array
by the integrated grid or text editor.

The regression can be disabled for the selected curve. The flag here belongs to the curve
and not the regression (level) number. The regression number may not refer to the curve
number. So for example, you can have a regression number 2 which uses curve 3, while
curve number 2 will not be used for the regression. This flag can also be important for the
regression array mode 'Input of array no.' if you want to exclude an array of the selected
array range.

The value for z-axis can here be changed, it is only important for 3-dim and mapping plots.
It is normally this parameter which is varied when many curves are to be plotted together.

An input group contains Physical parameters: Temperature and doping type. These para-
meters are valid only for the selected curve and will be used for special evaluations, that
means regression modes. So the doping type will be used at the Arrhenius evaluation for
the labeling of the energy. A change of the doping type here changes only this label but not
the data and evaluation results!
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5.2.3.5 Symbols for all curves

Here you can change the symbol, line mode and color of each curve of the current layer by

one dialog. So a line can be set as symbol for each curve by 'one click'. If the flag 'New
symbols' is not activated, the current symbols of the curves will not be changed.

Each of the following possibilities have to activate by a separate flag called 'New ..."
e Symbols: 2 possibilities exist for setting a new symbol for each curve:
'‘As curve number' sets the symbol by the curve number. Curve 1 gets the square,

curve 2 the cross and so on, for more details look in chapter 5.1.3.1.1. Only the
symbols 1 to 8 will be used.
'All curves the same' defines for each curve the same selectable symbol.

e Color: 2 possibilities exist for setting a new color for each curve:
'As curve number' sets the color by the curve number as explained in chapter
2.3.3.1. Only up to 8 colors will be used.
'Palette’ applies the color either from the blue-red or the rainbow palette, see
chapter 5.1.7.2. Curve 1 gets the first color (blue), the last curve gets the last color
(red). An inverse order is also available.

e The Symbol scale size for all curves can be input. 100% means the symbol size is as

global defined.

e The Line mode can be set as described in chapter 5.1.3.1. This has only an influence
when a curve will be drawn by lines.

e Connect symbols by lines can be set as described in chapter 5.1.3.1.

After clicking onto the 'Ok’ button
the selected actions will be done.
The new symbols, colors and so
on will then applied as new curve
parameters. If a flag is not acti-
vated, this parameter will not be
changed. The action will be done
for all existing curves of the cur-
rent layer. If you add later a new
curve to the layer, the parameters
of the new curve will not automati-
cally be changed. You have to call
this dialog again. All flags are de-
activated after a program start.

Hall Manual

Symbols
v Mew symhals
(" Ag curve number

i® Al curves the same

Symbols for all curves of layer 1

Symbol scale

[ Mew symhal scale

o

oK

Cancel

Line - Line made
[+ Mewline mode
Colar connect hd
[ Mewcaolor
(= Connect symbols
. [ Mew connect made
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5.2.3.6 Position

Here you can change the positions of the layer, the header and the list text box of the
regression results. These inputs are also in other input windows possible and are already
explained, see chapter 5.2.0.2, 5.2.3.2 (Header) and 5.2.3.3 (Reg). There you can only
input the position value or, for the layer, select predefined position types. Here you can
additionally set the coordinates by mouse clicks on the screen plot.

For this you have to select in the input box 'SetPos for' for which you want to set the posi-
tion by mouse: layer, header, regression. The selection for each mode is only enabled if
the manual position was activated for it. The 'SetPos' and 'Show' button, see below, is only
enabled if one mode of 'SetPos for' is enabled.

For the layer you have to set the left top and the right bottom corner by mouse, for the
header and regression only the left top point. All coordinates are in per cent canvas
coordinates.

There are 3 additional smaller buttons:
e SetPos: Shows the full plot and marks the current setting of point. After defining of
the new point(s), the program goes back to the 'position’ input window.

e Show: Similar as above, but the full plot with the new position will be shown after
defining the new point(s). The program goes only back to the input window after
pressing a key or a mouse click.

o Refresh: No new setting by mouse, the current plot will be shown. The program
goes back to the input window after pressing a key or a mouse click.

Note: Activating of the 'Raster’ flags sets the coordinate values to a virtual raster as de-
scribed in chapter 2.3.5. So the final positions may not identical with these ones you have
set by mouse or input.
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5.2.4 Axis menu

This menu enables to set the axis of the plot and a new plot window. This can be done by
an input, by the mouse or by the zoom function. The functions are the same as in the stan-
dard plot program, an explanation was given in chapter 5.1.4. The axis refers to the active
layer, selectable in the View menu and shown in the toolbar as a button caption.

Axis Evaluate  'Axis input' opens an input window for the x,y-axis parameters.

Axis input 'Axis mark' enables to set a new plot window by marking the left/bottom
Axis mark and right/top point. You can define points inside of the plot window

(539 R (zoom) or outside, but the defined points must be inside of the canvas.
Zoom in 'Axis rescale' restores the standard plot window.

Zoom out 'Zoom in, out and undo' are the standard zoom functions. For zooming-in
Zuni undo you have to mark the center point by the mouse.

5.2.5 Evaluate menu

The possibilities of this menu depend on the kind of data. An evaluation by a linear regres-
sion is not always available. Look in chapter 5.1.5 for a description of the automatic and
manual regression.

Evaluate [ Objects  Tools Help 5 4 regression' is the standard linear regression, the
'‘Manual regression' can be started directly and with
inputs of its parameters.

'Regression array mode' defines how the regression will
be done over the different arrays.

Auto regression F8
Manual regression Ctrl+F8
Params for ManuRegress

Regression array mode

The regression refers to the active layer. If there is more than one curve you get normally
the input for the regression number:

You have to input the regression number. In the Input of regression number
standard case this number corresponds with the _ —
curve (array) number for which the automatic or Rediessian i

manual regression should be done. The kind of Cancel
inputs depends also on the 'Regression array mode'. f]‘u"rf]'ﬁ::a” 1 =

You can change it in the Evaluate menu, explained P

at the end of this chapter. If the array mode 'Input of Mo o |2 B

array no.' is selected then you have here to input the
array start and end number over which the regres-
sion will be done.

At this mode and at the mode 'All arrays = X reg.' you can also create a new regression
number. The maximum numbers of regressions resp. evaluations is 9.

In the regression input sheet at 'View — Plot params for — One layer — input sheet Reg’,
see chapter 5.2.3.3, you find further parameters for the linear regression and evaluation
which are valid for all curves of the selected layer. The regression parameters for a special
curve are in 'View — Plot params for — One curve — input sheet Reg', see 5.2.3.4. There
you can also delete the regression.
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The Regression array mode defines how the linear regression resp. evaluation will be
done over the different arrays resp. curves of the active layer:

Note:

1 array = 1 regression: This is the standard mode. = -

K K . egression array mode
The linear regression will be done separately for
each curve. The regression number refers to the ~ Mode
curve number. At calling the regression you get a ® 1armray =1 regression
question for the regression number if more than one " Input of array number
curve exist, see above. But it is not necessary to do ™ All amays = 1 regression
it for all curves, only regressions done will be  All arrays = X regression
drawn. You can also deactivate a regression
number, see chapter 5.2.3.4. T c

, . . . ancel
Application:1 curve with 1 regression or many

curves with each 1 separate regression.
Input of array number: This mode has the greatest flexibility. Regression number
and array number are independent. You create a regression number and define
which array range will be used for the calculation. For one array range are many
regressions possible. You can exclude arrays of the array range at the 'Other" input
sheet of 'Params for one curve'.

Application: Many regressions over the same or different arrays ranges, or not
using all arrays for the regression.

All arrays = 1 regression: Only 1 regression is possible, all curves will be used.
There is no input for the regression number or array range necessary.

Application: 1 regression over all curves.

All arrays = X regression: All curves will be used and you can define many regres-
sions over all curves.
Application: Many regressions over all curves.

At some evaluations the regression number will also be denoted as level number.

5.2.6 Tools menu

This menu contains some different functions. The functions are similar as in the standard
plot program, for more information see chapter 5.1.6.

Tools Help ASCII parameters contains parameters for copying, saving and
User class reading ASCII data.
ASCIl parameters List data lists the x/y-data as lines and columns. You have to

List data

Create extra window
ActiveXfOLE tools +
Marker tools *

select layer and curve number in a similar input window as the
second one in chapter 5.2.1.2.

You can create an extra window with a plot of the active layer. For
the creating a separate data grid window you have to select layer

and curve number in a similar input window as in 5.2.1.2.

Marker tools are a help to identify a point or get its position.

The ActiveX/OLE tools with its sub menu is only visible at user class 5. ChartFX is a chart
plot program, Formula One a spread sheet. You can call Excel or Calc with the current
data or save into the Excel or Calc format.
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5.2.7 Objects menu

This menu allows to create and edit objects and to insert these in the plot. Objects are text
or graphic elements of a layer. The inputs here are valid for the active layer. Objects for
layer O can only be created and edit in the 'Params for all layer', see chapter 5.2.3.2.

Objects To 'New text' create a new text object with default parameters and opens then

New text "Text' input window. Here you can edit the existing text objects or create or
ezt delete an object.
Graphic '‘Graphic' allows to create a new graphic object or to edit an existing one.

5.2.7.1 New text

The 'New text' function is similar as the 'Text' function. But before it opens the normal text
function, you get an input window for the new text mode. It defines the default font for a
new text and some other parameters. Following new text modes exist:

PresFont, default: This is standard mode. The so called presentation font will be used. It
is global defined, see chapter 2.3.3.3.
Application: Standard text inside the plot.
PresFont, 85%: As above but sets the font scale to 85%.
Data explanation: Uses the data font.
Application: Data grid inside of the plot.
Symbol explain: Uses the symbol font in simple mode, see next chapter.
Application: Explanation of plot symbols inside of the plot.
Caption inside:  Uses the caption font with font scale 75%.
Application: Caption inside of the plot window.
Caption outside: Uses the caption font and activates the canvas coordinates system.
Application: Caption at the top or bottom outside of the plot window.
Local font: Uses not a global font as the other modes but a local font which you
have to define.
. New text
If not otherwise denoted above, the new text mode
sets also following default parameters: Mew text mode o

Activation of the axis coordinates system Fresront defeult
instead of the per cent canvas coordinates.
Setting of the font scale to 100 %.

.

PresFont 8522
Cancel

Data explanation

Symbol explain

i i P s R

Template
The input of the new text mode is valid for all layers Caption inside ® Empty
except layer 0. Captian outside (" Lasttext
Local font - By CUrveS

The new text can be filled by a template:

Empty: The new text is empty.
Last text: The text of the last input will be used.
By curves: The template contains an explanation of symbols and colors of each curve.

A new text object will be created after setting the new text mode. For this the maximum
number of text objects will be incremented. The parameters of the last text object, if exist,
will be copied to the new object. The default parameters as the font will then be set for the
new text object. Then the input window for 'text' opens as described in the next chapter.
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5.2.7.2 Text
Here you can create a new text object or edit an existing one.
The text number is the number of the text object. Up to 50 text objects per layer are pos-

sible. You can select one of the existing text objects. A change of the text number fills all
inputs with the corresponding values.

You can create anew [FararE
text object by the
'New' button. The ~ Textnumber ~ Colorfiont

Calar Edit culurl T951| ﬂ

parameters of the Iq

R [=
last text object, if Delete | [mm Black =]
exist, will be copied

to the new object. Fant IPresFDnt ~]
Here the default Mode |manual vl el

— Text position

parameters will not [ Axis coordinates global size [2] [100
be set by the new [ Foster o | oter |
text mode as de- —

scribed in the pre- Laripss

i Editor Others h
vious chapter. Topjy |10000E+01 | | o _’|_I

The 'Delete' button

deletes the selected
text ObjeCt- The text SetFos | Show | Fefrash | ] 4 Cancel |
numbers will then be

reorganized.

Following modes for the text position exist:

manual: Input of the left and top text position, can be set also by mouse.

left/top: Left top inside of the plot window.

left/bot: Left bottom inside of the plot window.

right/bot: Right bottom inside of the plot window.

right/top: Right top inside of the plot window.

right/mid: Right middle top inside of the plot window.

right/center: Right center inside of the plot window. The text is centered around the
middle of the y-axis.

out/top: On the top outside of the plot window.

reg. list: Left top inside of the plot window, optimized for a regression list text.

caption: The text will be shown on the bottom of the picture.

screen top: The text will be shown on the top of the picture.

scr top+: As above, but the x-position is at the plot boarder, the y-position is a
little bit lower.

screen left: As above, but the x-position is at the picture start.

Activating of 'Axis coordinates' uses the axis (world) coordinates system of the selected
plot (layer) instead the per cent canvas coordinates system.

'Raster' sets the manual defined positions to a virtual raster. Then the final positions may
not identical with these ones you have set manually, but usually it likes nicer.

The Left/x and Toply coordinates (axis or per cent canvas) are enabled at the manual text
position. You have to define the left top corner of the text.
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The text color can be selected by the color input box or by the standard color dialog.

The font mode defines the text font:

PresFont: The so called presentation font will be used.
Application: Standard text inside the plot.
Header font: The header font will be used:
Application: Usually only for the header.
Data font: Uses the data font.
Application: Data grid inside of the plot.
Symbol font: Uses the symbol font.
Symbol, simp.: Uses the symbol font in simple mode. Scale, color and 'Others' para-

meters are not enabled, optimized for symbol explanation.
Application: Explanation of plot symbols inside of the plot.
Local font: Uses a local font which you have to define.
Caption: Uses the caption font. 'Others' parameters are not enabled.
Application: Caption inside and outside of the plot window.

Except the local font, the fonts are global defined, see chapter 2.3.3.3. The input windows
which open by the 'Font' and 'Other' button change the global valid parameters of the glo-
bal font. So here these inputs are forbidden for the header, data and symbol font. The
inputs for the presentation, caption and local font are allowed because the presentation
and caption font will not be used automatically from the software, they are reserved for the
presentation plot program. The local font is only local valid for this text number.

The scale of global size sets the font size relative to the global selected size of the global
font.

The memo text field allows to edit the text. Clicking onto the 'Editor' button calls the inte-
grated standard editor. The command characters will be described in the next chapter.
The 'Others' button will be described on the next page.

If selecting the manual position then you can set the left top corner of the text also by a
mouse click or by cursor keys. For this there are 3 additional smaller buttons:

e SetPos: Shows the full plot and marks the current setting of point and draw the text
on the old (current) position. No refresh of the plot will be done, so you can com-
pare the old and new position. After defining the new point, the program goes back
to the 'text' input window.

e Show: Similar as above, but the plot will be refreshed and while marking the old
(current) position the text will not be drawn. And the full plot with the new position
will be shown after defining the new point. The program goes only back to the input
window after pressing a key or a mouse click.

e Refresh: No new setting by mouse, the current plot will be shown. The program
goes back to the input window after pressing a key or a mouse click.

In the status line you get normally the information '‘Mark left/top point by mouse/marker'. If
drawing a line or arrow with the text then you have here also define its end point. So you
get in the status line first the hint 'Mark start point', this is the text position, and then the
hint 'Mark end point', this is the position of line resp. arrow end.

Note: The left top position is not the real start (left top corner) position of an individual
character. A virtual cell size independently from the character will be used.
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The 'Others' button opens an additional input window .

A grid, line or arrow can be drawn

with the text. Text others
For the line and arrow you have to ~ Gricfline ——————— [~ Boxand background —

define the end point of the line resp. Cono C ogrd Biox around the text oK
arrow, either by input or by mouse. e & anow no v

The coordinate system is the same P Cancsl
as for the text. The start point will be V" centered ontext — =

calculated by the text position in such S D00EaDT

way, that the line don't go through the | =¥ I Bl aeeniog

text. By activating 'centered on text' |77-”””E*”‘

starts the line from the middle of the ToRly ~ Tab pos available ——

top, bottom, left or right of a virtual (@ no

box around the text. In the other case _rE_m balczgr;“”d' BB et ony lef

a vertical or horizontal line will be 25 glabeTion  at-

drawn from the text to the end point. " at=and hlanc

If this is not possible then the start
point of the line is a corner of the text.
You can also draw the text with horizontal and vertical grid lines. The text columns must
be separated by semicolons. Usually you should here use a 'grid with boarder'.

2 modes exist for the box, background and tab of the text:

as global font: The input is here not available, the parameters of the global font will
be used, see 2. input window of chapter 2.3.3.3.
local inputs: Local inputs here are available, they are only valid for the current text

number and replace only for this the corresponding global values.

The inputs for the local font are always possible, they are here the same as in the 'Other’
button above. The local font is only valid for the current text number!

Following possibilities exist for a box around the text: normal box, shadow, 3-dim box.

Following modes for the background color of the text or the box are possible:

no: No background color.

text, color input: Background of the text, color input by the '‘Back color' button.

box, color input: Background of the box, color input by the 'Back color' button.

box, plot color:  Background of the box, the color is the global color 'Plot background',
see chapter 2.3.3.1.

box, inside color: Background of the box, the color is the global color 'Plot inside'.

Tab pos available means after which character the software can set a tabulator and starts
a new position. This is useful at proportional fonts for list of data with text and values. A
more detailed description was given in chapter 5.1.1.1.3.

Tip: If the text includes a '=' character and another tab mode as 'no' is selected, this is the
default by the data and header font, then spaces between the words can occur. To avoid
this sets the tab mode locally to 'no' or switch it off by control commands. These com-
mands allow on the other hand also to set the tab mode as explained in the next chapter.
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5.2.7.3 Control characters

The text objects and the header can contain control characters. These are characters
resp. character groups which will not be shown but control the face of drawing the text, for
example for drawing an index or exponent. We use as control character only the dollar
sign '$', followed by other characters which yields to a control character group. These are
composed of the '$' and one base sign, in some cases followed by other character.

In the following list denotes 'N' a ‘character number' that means if the number is 0 to 9 then
N is '0'to '9", if the number is 10 then it is 'A' and so on. This is similar to the hexadecimal
system. The important control character groups are:

$$: Shows only the dollar sign.
$7:  Exponent, draws the following text a little bit higher.
$_: Index, draws the following text a little bit lower.
$<: Left, sets the following text one character size to the left.
$F: Font, toggles between the standard font character set and the greek charset 161.
$AN: Angle, draws the next text rotated, N denotes here the angle:
0..9: 0..90 degree, A: 180, B: 270.
$CN: Color, draws the next text or symbol with the color defined by N. For '0' to 'F'
denotes N the global color number, see chapter 2.3.3.1:
1..6: color for global curve number 1..6; 7: color for fit curve, and so on.
For'K'to 'Z' is N the color of the base color dialog:
K:black, L:maroon, M:green, N:olive, O:navy, P:purple, Q:teal, R:gray, S: ,
T:red, U: , V- , W:blue, X:fuchsia, Y: , Z:white.
'a'..'t": Sets the color of the curve number 1..20 of the current layer, only valid for a
text object in the presentation plot program.
$SN: Symbol, draws a symbol defined by N. N is the symbol:
1:square, 2:+, 3:diamond, 4:x, 5:triangle, 6:circle, 7:full square, 8:full circle,
9:3x3 points, A:point, B:horizontal line, C..E:longer line, F:dash line, H:dot line,
H:dash-dot, l:dash-dot-dot, J:space.
$TN: Tabulator control. Meaning of N:
0: disables the tabulator control for the whole following text.
0..3: as the input in the previous chapter,.
5: sets only on the current text position a tab.
8: disables tabulators and the control characters.
9: disables the control characters.
T: tabulator for a header with 2 columns.

Tip: For a manual symbol explanation use only one text object with several text lines and
not some text objects with each one line. Start line 1 with $Ca, line 2 with $Cb and so on,
then the text will be drawn in the color of the curves. A symbol will be drawn by $SN where
N is the symbol number. For the tabulator see tip above.

Note: If using an index (exponent), don't forget to insert an exponent (index) after the
character group. For example, use N$_S$A.
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5.2.7.4 Graphics

Here you can create a new graphic object or edit an existing one of the active layer. A
graphic object belongs as a text object to a layer.

The graphic number is the number of the graphic object. Up to 50 graphic objects per
layer are possible. You can select one of the existing graphic objects. A change of the
graphic number fills all inputs with the corresponding values.

You can create a new Birajglile ol fagiels |
'grapl?lc ObJeCt by the — Graphic number — Graphic mode — Box params
New' button. The para- — 2w | - L (" noboarder  { shadow
meters of the last text |1 EI-
. . . . Deletel ® normalbox 3d-box

object, if exist, will be ® Box _
copied to the new object. _ Position " Fill box _
The 'Delete’ button de- [ Axis [ Raster " Graphicfile Boarder thickness I 3‘
letes the selected object.

. . 10.00 Edit color
The graphic numbers will Lefiix e Boardercolor Ed1 <0l
then be reorganized. Toply [60.00 [mm Black ]

Ibefore curve VI

The left, right, top and pight [12.00 Background color Editeolor|
bottom position, in per Bottorm |70.00 fon 5| [mm Red -]
cent canvas coordinates,
of the graphic is neces- ok
sary. 'Axis' uses the axis SetFos | how | Retesh | T PE [0k | cancel |

coordinates instead the
canvas coordinates.

'Raster’ sets the positions to a virtual raster.

3 graphic modes are available, the parameters on the right depends on this:

Line: A line will be drawn. Parameters are the line type, the thickness and the
color. The line can have an arrow on its end. A horizontal or vertical line will
be drawn by the option 'horizontal/vertical'. The software draws here a hori-
zontal line by (x1,x2,y1) if |[y2-y1|<=|x2-x1|, in the other case a vertical line.

Box: A box will be drawn. Parameters are the type, thickness and color of boarder.

The box can be filled with a background color.

Graphic file: A saved graphic can be loaded and drawn, the program supports BMP, JPG,
GIF, WMF and EMF file formats. You can draw the graphic in original size or
stretch it into the marked size. The graphic can also be shown transparently.
The graphic will not be saved into HPGL, PLT, EPS and DXF files.

The steps by showing a layer are: start of layer, draw curves, draw texts, layer end.
The graphic order defines when a graphic should be drawn: layer start, before curve,

before text, layer end.

You can select on which devices the graphic will be shown:

on all:

The graphic will be shown on all devices.

not printer: The graphic will be not shown on a printer, opposite to the next mode.

as printer:

printer or HPGL file.
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The graphic will be shown only on a printer and similar output devices a
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The buttons has the same meaning as in chapter 5.2.7.2. Here you have always to set 2
points, first the left-top and then the right-bottom corner.

At user class 6 there is the additional flag 'Mark pos', which also exist in the input window
for the text object. This option means that the positions of all text and graphic objects will
be marked by a big cross (+). It is only for testing. The flag is global and is valid for all
layers and all objects. It will not be saved into the presentation data file.
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5.3 Other plot programs

This chapter describes not complete new plot programs but modifications or extensions of
the standard plot program or other common parts of the plot programs.

5.3.1 Application plot program

The Application Plot Program is only a modification of the standard plot program. In some
cases the plot opens the application instead of the standard plot program.

There are 3 differences resp. reasons for an application plot:

e The linear regression can be done automatically at calling the plot. Sometimes
there is in the input window before doing the plot, a question for starting with the
'‘Auto regression'. In all these cases the regression line is normally red instead of
black. You can change the color of the regression line in 'Global plot parameters',
see chapter 2.3.3.1. The automatic (red) regression line will there be called 'Appli-
cation regression’, the other (black) 'Standard regression'.

e The application plot can contain more than one layer, that means more than one
plot per page. In this case it not possible to change the windows of the various
plots. For this use the presentation plot program.

e The picture can even be composed of 2 canvas (screen) pages. Between the 2
pages you get the information box 'Plot next page'. Usually these 2 canvas pages
will be shown on one paper page by a printer.

If there are 2 pages then is in the View menu the entry 'Page number'. Here you can
define to show only the first or the second page or both pages.
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5.3.2 Edit plot program

The Edit Plot Program is an extended version of the standard plot program. In opposite to
this the edit plot program can modify the data and can load data from ASCII files. You can
call it from the standard plot program if the plot contains only one curve, means only one
x/y-array. It can also be called from the presentation plot program or from the Base Tools.
The edit plot program can save the x/y-array and read these from an ASCII file. But only
the pure ASCII data will be saved or loaded, not the parameters for the window and so on
as the presentation plot program will do.

The application for the edit plot program is to edit (modify) the x/y-data and then to plot it
or to apply it into the presentation plot program.

The menus and the toolbar are similar to the standard plot program, in the following only
the new possibilities will be explained.

If entering the edit plot program from
the standard or application plot the
following window occurs. The current

Apply header and regression

The header and perhaps the current regression

x/y-array will always be applied. mode use additional params. By reading only
You can also apply the current header el v el G [pssiole,

and the current regression mode. But Apphy size/header Apply regressian
this may yield to problems by reading ¢ Full size, no header " MNaoregression

x/ly-data from a file because the header
will not be saved. It will be taken from
the current global data. So it can hap-
pen that the header don't belong to your
x/y data. Some regression modes don't
use on'y the X/y_array but additiona' P :

(" Standard size. no header " Only slopefsection

& Current size and header & Current mode

[T Keen exended evalustion possitiiies

parameters which will also not be saved A cance

in the edit plot program.

Following modes exist for applying the size/header:

Full size, no header: The plot uses the full (possible) canvas size, no text
header will be shown.

Standard size, no header: The plot has the standard size but without showing the
text header.

Current size and header: The edit plot uses the current size and header position of

the standard plot program.

Following modes exist for applying the regression mode:

No regression: No linear regression is available.

Only slope/section: A linear regression with calculating only slope and intersection
x0 with the y-axis and y0 with the x-axis is available.

Current mode: The current regression mode of the standard plot will be
applied.

You can change also later the size/header in 'View' and the regression mode in 'Evaluate’'.

The additional flag 'Keep extended evaluation parameters' is only enabled at user class 5.
If activated then all possibilities of the Evaluate menu of the standard plot program are
further on available, as 'Fit', 'EvalBank’, 'Data tasks' and so on. Be careful with this option
because a lot of problems can occur.
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5.3.2.1 File menu

The edit plot program has no own data type. You can only save the x/y data into an ASCII
file or load these data from an ASCII file.

File Edit View Axis If reading ASCII data an input windows opens similar as described

Read ASCII in chapter 5.2.1.2. The old data will be overwritten. The option
Save ASCII 'Reset plot axis' sets the axis of the plot window by the new data.
Save graphic * In the other case the old window will be kept.

FOLpEmnE * 'Save ASCII' data saves the current x,y plot values line by line into
Print Ctrl+P a text file. The input is similar as described in chapter 5.2.1.2. By

an additional option it is possible to save the data in the decimal
format instead of the standard exponential format.

Close

5.3.2.2 Edit menu

The Edit and the Data menu are perhaps the most important menus of the edit plot pro-
gram. Here you can edit the x/y-data points.

'Paste ASCII data' pastes ASCII data from the Windows
clipboard and overwrite the current data. The x-array will be
taken from the first, the y-array from the second column. The

| Edit View Axis Evaluate

Copy page Ctrl+C
Copy graphic

Copy ASCII data plot window will not be reset.

Copy select 'Edit ASCII data' opens the grid or ASCII editor for editing the
Paste Ctrlay x/y-data, see chapter 5.4.1.

Pasts ASCH data 'Sort data' sorts the data by the x-array.

Edit ASCIl data You can delete single data points or a data range, new points
Sort data can be inserted and existing points be moved. These can be

Delete data range done by mouse or marker. In the 'special 'edit' mode the dele-
Delete data puigt Del ted data remain in the data array with setting x to -1E100, see
Insert data point chapter 5.4.1.2.

Move data point A powerful tool to delete points is 'Delete by deviation' in the
Data menu, see chapter 5.3.2.6.1.

5.3.2.2.1 Delete, insert, move

At all the following functions you can use the mouse or the cursor marker. The mouse click
marks the point and calls then the action. If using the marker you have to go to the point by
the marker and then to press 'Enter' for applying the point and calling the action.

Delete data range: The left and right marked data range will be deleted.

Delete data point: The marked point will be deleted. For deleting a further point you have
first to click onto the menu. You can delete some points with only each
one mouse click by 'Delete by deviation', see chapter 5.3.2.6.1.

Insert data point: Inserts on the marked position a new data point. This point will be
append on the existing ones. There is no automatic sort.

Move data point: Allows marked data point to be moved to a new x/y position. First you
have to mark an existing point and then the new position.
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View Axis

5.3.2.3 View menu

Evaluate

Curve params
Global plot params
Header

Reset plot
Init plot
Refresh plot F5

Interpolation

FPersonal hot keys
MNew canvas
New size

By 'Header' you can define the plot size type and whether the
header should be shown. It is the same as at entering the edit plot
program, see start of chapter 5.3.2. 'Old auto size and header'
means here the 'current size and header' at entering the edit plot.
'‘Refresh' plots the plot again.

'Init plot' makes a new window/axis initialization.

'Reset plot' makes more than 'Init plot'. It sets additionally the stan-
dard values for the boarder and window face, deletes the axis text
and sets the regression mode to 'slope'.

'Interpolation’ interpolates also here only the curve at drawing but
not the x/y-data array if selecting 'Original in memory', see chapter
2.7.1. For interpolating or smoothing of the data you must disable

this flag or select 'Data — Smooth, Devi, Int'.

5.3.2.4 Axis menu

Axis Ewvaluate
Axis input
Aocis mark

Axis rescale

Zoom in
Zoom out
Zoom undo

Log. axis+data

Following logarithmic types exist:

In, log10, log10 with log. axis.

At the first 2 possibilities only logarith-
mic data will be formed, the axis is
linear with the text prefix 'In' resp. 'log".
At the 3. type the axis will be shown in
a logarithmic face.

For the logarithmic 'Sign/abs' you can
use only negative or positive values or
the absolute value.

5.3.2.5 Evaluate menu

'Log. axis+data' forms linear data to logarithmic data and reverse. The
scaling of axis will be set automatically to the data type. x- and y-axis
(array) may be changed independently from the other, as the input
window below shows. If the data/axis is linear then you can select as
data/axis 'Keep linear', 'Make logarithmic' or 'Make exponential'. The
last is usually not necessary because the software tries to detect the
current face. If the data/axis is logarithmic then you can select between
'Make linear', 'Keep logarithmic' and 'Make logarithmic'. By leaving with
'OK' the plot axes will also be newly initialized.

Logarithmic axis and data
— x-clatafaxis y-datafaxis | e
® Keep linear " Keeplinear cl
" take logarithmic @ Make logarithmic
" Make exponential " Make expanential Cancel

— Logarithmic type ~ Signfabs
I @ [« resp. [yl
" logl0 " xrespy
® logll, log. axis  axresp -y

Evaluate Tools Data Help Normally the extended evaluation menus as 'EvalBank'
Auto regression F8 are not visible in the edit plot program, see 'entering' at
Manual regression Ctrl+F8 start of chapter 5.3.2.

Params for ManuRegress

Regression mode
Delete regression
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The regression mode can be selected. The input is the
same as explained in chapter 5.2.3.3. Usually it will be
automatically defined at entering the edit plot program.
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5.3.2.6 Data menu

This is a sub menu with a lot of possibilities to change the x/y-data. Only a short descrip-
tion will be given here.

Data Help 'Buffer' opens a sub menu to load/save data from/to buffers,
Buffer , | 'Delete by deviation' is an important tool for deleting data points by
Data tools » | plot and will also be used in similar way from some measure pro-
gram modules.
'Change data' and 'Smooth, Dey, Int' are also important functions
of the Data menu. The last allows a smooth (approximation),
interpolation, deviation and integration of data.
'Calculator' calls a semi-conductor calculator, needs user class 5.

Delete by deviation
Change data
Smooth, Devi, Int

Calculator

Following possibilities exist for working with the buffers:

Undo 'Undo' restores the data from the Undo buffer.

e Gl el [0l Data can be saved to the (main) buffer or load from it. If loading then
save fa buffer the current plot data will be overwritten.

Save to buffer | Three additional buffers I, Il and Il exist for saving the current data
Save to buffer Il into these buffers. The buffers can then be used later.

Sz o el 'Add. plot of buffer' shows in all plots of the Edit plot program additio-

Add. plot of buffer nally the data of the buffer.

'‘Data tools' opens a sub menu with following tools:

'Delete same x resp. points' are described in chapter 5.2.2.2.
Delete same points 'x — transient FFT' restores the data by interpolation in such way
x—> transient—FFT that it can be used for the FFT (Fast Fourier Transform). That
Make Fourier spectrum means the new x-data will be equidistant and the numbers of
points are a power of 2.

'Make Fourier spectrum' calculates the FFT and applies the spectrum as new data.

Delete same x

5.3.2.6.1 Delete by deviation

This is an important tool for deleting data points by plot and will also be used in similar way
from some measure program modules, see chapter 2.6.3. This function opens a combined
input and plot window. The inputs are on the left side, on the right is the plot. Some buttons
and plot parameters are above the plot.

Following buttons exist:

Do: Do the selected action with the current data, means for example the deleting of an
array range. It shows the result plot and applies its data as the current data.

Undo: Undo the last action.
Show: Do the action and shows the result plot, but don't apply the data.
Plot: Plots the current data, it don't refresh the 'Show-plot'.

Tools: Input of curve and axis parameters, copies ASCII data, lists and edits the plot data
in a data grid or in the ASCII editor, lists the deleted data. Loads the entry data or
buffers data as current data, saves the plot data in a buffer. The x- and y-values
can be changed by calling the editor.
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You can compare the current data in the plot with the undo, entry or deleted data. 'Undo’
data are the data before clicking onto the Do-button, 'entry' data are the data at starting

this menu point. 'Deleted' data are these points which were already deleted. By activating
'‘Auto window' the plot window will be set automatically.

@ Delete data by deviation

YWork mode

" Mark point
" Delete point
" Delete range

(® Delete array

Delete mode
" y-datavalues
(& Splines automatic

" Splines manual

Splines params

Smoothing =
strength 55 b4

Show

] Tools

) Undo L= Plat

Report

b1 [pF] —=

Cormpare with old data
(" no {7 undo

(® entry ( deleted

[v Auto window

0.002

0.001F

0.000F

1
140

1
150

T[K —

The deleting of data can be done in several ways, called Work mode:

Mark point: The mouse marks a data point. Only one point can be marked. You
can delete the point by the 'Delete’ button which hides the 'Do' button.
Delete point: A mouse click onto a point delete it.

Delete range:
Delete array:

The left and right marked data range can be deleted by the 'Do' button.
The program searches the full data array for 'bad' points.

The Delete mode defines criteria for the work 'Delete array":

y-data values: You can delete all points with y=0, y<0 or y>0.

Splines automatic: Calculates a smoothed spline with a given strength and checks then
the difference between smoothed and origin y-value. If it is too big,
the corresponding point will be deleted.

Similar as above but you can define manually the maximum differ-
ence between original and smoothed y-values. The inputs are the
same as explained in chapter 2.7.1 for 'Take out data'.

Splines manual:

The x-values of the deleted points from earlier sessions will be saved into a report list.
This enables to delete the same x-values in many curves (files), click onto the 'Report’
button for this feature. The report list contains only points of earlier sessions but not of the
current session. When leaving the current session, you can reset this list by a flag.
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The points of the report list can be marked (shown) in the plot by green 'x'-crosses. The
report list contains only x-values and searches the nearest y-values for the plot. It may be,
that the points of the report list don't match the y-values of the current data. Therefor it is
possible to mark the points of the report list by vertical lines instead of symbols. But a 'bad’
y-value is no problem for deleting data by the report list because only the x-values are
here necessary.

v Mark report points A small menu opens by clicking onto the Report button:

ket [y e Marks the data of the report list in the plot, uses a vertical line for the
Edit report points marked points, edits the points of the report list or deletes the current
Delete by report data by the report list (see above and note).

Note: When deleting by the report list, a point of the current data will be searched for each
x-value of the report list. This will be the nearest x-value, a 100% match is not necessary.
Don't call this function 2-times because then additional points will be deleted. When using
this function, call it first after the entry. If necessary, delete then additional points by the
work modes. Don't call this function after deleting points by the work modes.

The following input window appears if leaving the 'Delete by deviation' function. It defines
whether the changed data should be applied.

Following buttons exist: (R G e GEes
Data + axis: The new data and the new plot axes will Apply axis _

be applied. A separate input defines ™ x-axis Dtz & 2

whether only the x-axis, the y-axis or pogpa——

both axes should be applied. = bot e Data

® hoth axis

Data: Apply only the data but not the plot axis. Mo apply
No apply: The changed data will not be applied, Initreportlist of

the program restores the entry data. v Seleted paints ol

ance

Cancel: Goes back to the 'Delete by deviation'.

'Init report list of deleted points' resets the report list and applies the current deleted
points as new report list. If this flag is not activated, these points will be appended to the
report list.

When this tool will be called from a measure program module and not from the edit plot
program, you get a different input window at leaving. This may allow additional features,
for more details look in chapter 2.6.3 or in the corresponding description of the measure-
ment program.
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5.3.2.6.2 Change data

This function uses as a similar kind of combined input and plot window as introduced in
chapter 5.3.2.6.1. But the inputs are divided in 5 input sheets: x-data, y-data, Paste, Nor-
mal, Other. The action depends on the selected input sheet. So the y-data of the current
plot array will be changed by 'y-data'. At 'Paste’ you can paste ASCII data from the clip-
board or read from an ASCII file. These data can be combined with the existing ones, for
example addition, subtraction or appending.

@ Change array data
data ydte | Paste | Nomnal | Other |
i " Do & Show N Taoals
~ Mode g
e
" Orderto data | —>y —
. +
C 10thlog.  logl0fy) @ Undo I Plot
" 10th pawer 107y Slgipale Cormpare with old data ——
® Inver 4 O ® no (" undo (" entry | [V Autowindow
Chy
" Absolut [+]
2y P
" Reciproce 1y DE
 Addwvalue w+h I_ Change axis ot nnnnnnnnnnnnu ,no0oEEEos oononnn
" Multiply  v*h o u“
" Formular parser nn a
oo - o
y=flyly mol0 1} _
=]
o
a =]
-20d [
o a
1 EDD 1
160 200
TH—

The buttons are also similar as in the previous chapter.
But the Tools button has extended possibilities:
e Input of curve and axis parameters
e Copy, Paste, Save and Read ASCII data
e List and edit the plot data in a data grid or in the ASCII editor
e Load the entry data or buffer data as current data, save the plot data in buffers
e Compare the current data in a list with the entry, undo or buffer data
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5.4 List and Edit data programs

This chapter describes the list and edit data programs. The edit data programs base on
the list data programs, but are extended in the file and edit menu.

3 views exist for the list programs:
1. List grid program: The data will be shown in a grid.
2. List image program: The data will be shown on a canvas image.
3. ASCII editor: The data will be listed in an ASCII editor.

Not all views exist in all cases. The image view doesn't offer an edit possibility. The grid
view is available only for x/y data, the list view may show additionally a header, the ASCII
editor shows either x/y data or a header. Often you can switch between the 3 views, the
last selection will be stored when possible. A list program will be opened either automati-
cally by the list menus or manually in "Tools — List data' of the plot programs (chapters
5.1.6.2 and 5.2.6). The list and edit data program can also be called from the Standard
Plot program (see chapter 5.1.1). The possibilities of the list programs depend on this
origin.

5.4.1 List/Edit grid program

222 List grid - ID@A_008.T1A  [Hi[=1E3|

The list/edit grid program is the grid view of the list File Edit View Tools Help
data program. The x/y-data will be shown in a grid = = @ M

with a caption. The fix (grey) column denotes the

number of data point. If more than one curve (y- Rl E‘
array) exist, the grid contains one column for each 1.200E+02 © 8.500E-08

1.220E+02  1.723E-07
1.240E+02 | 3.065E-07

1

y-array. If coming from a list menu, the columns will :

be labeled by its meaning. A data header can not £

be shown in the grid program. The caption 'List grid' : 1.260E+02 | 5.369E-07
B

or 'Edit grid' distinguishes between list and edit data 1.260E+02 | 3.234E-07
program (list or edit mode). 1.300E+02 | 1.562E-08

The following buttons of the toolbar are not visible in all cases:

Repeat the inputs of list parameters, if available.
= Open a measurement data file, if available.
Shows Next file, if available.
&5  Print the grid on a printer.
i3 Copy data to clipboard.
~ Jumps to the list image program.
| Jumps to the ASCII editor.
E User button is a user definable button, see chapter 2.3.4.
i ik

Close the list program and goes back to the previous program.
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Following shortcuts exist for the menu, but not all are always possible:

F1: Help information, opens this manual at the corresponding chapter.
F2: Repeats the inputs of plot.

F11: Personal hot key 1, see chapter 2.3.4.

F12: Personal hot key 2, see chapter 2.3.4.

Ctri+C: Copy ASCII data into the clipboard.

Ctri+O: Opens a measurement data file.

Ctri+P: Print the data.

Ctri+V: Paste ASCII data from the clipboard.

Ctrl+Del:  Delete a line (data point) in the grid.

Alt+F4: Close the list plot program.

5.4.1.1 File menu

The entries of the file menu depend on the origin of the data. When coming from a list
menu, you can read here the (measurement) data and list these as before. If there was an
input of parameters, you can repeat this input by 'Repeat'. If not saving the last measure-
ment, you can here save these data.

File Edit View Tools Help 'Saye ASCII data' saves the current x,y values line by line

Open meas data  Cir+O in an ASCII format to a text file. In opposite to the Standard
Save ASCI data Plot Program, many y-arrays (columns) can be saved here.
Save ASCII text You can define the delimiter and the exponential format in

the ASCI| parameters of the Tools menu.
'Save ASCII text' saves additionally the grid caption in the
first line and, if selected for the grid, the number of data

Programs 4
List image program

ASCII edit

: — point in the first column. Separate column delimiters and
Print Cri+P decimal separators exist for this special saving mode.
Close 'Print' opens a dialog for printing the data.

You can jump with the current data to the list image program or the ASCII editor.
By 'Close' the program will be closed and the software goes back to the previous program.

If showing curve by curve from many data points or files (e.g. I/V curves at many tempera-
tures), a 'Next datas' sub menu exist for navigating to next or previous data or to input the
data number, for more information see chapter 5.1.7.1.

Programs opens a sub menu for further program tools, it is only visible when coming from
a list menu. If calling one of these tools, the software jumps to this tool and don't come
back to the list program. If closing this tool, the software goes back to the previous pro-
gram module, normally one of the measurement or sub programs.

EditData enables to edit the x/y-data, switches to the edit mode.

Shows the x/y-data in the standard plot program.

EditPlot enables to change, read and plot the x/y-data (5.3.2).

PresPlot opens a new complex plot program with many features (5.2). It may
be better, to call first StdPlot and from there PresPlot.

EditData program
StdPlot program

EditPlot program
PresFlot program
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If selecting 'StdPlot' or 'EditPlot' program and more than one curve are shown, the fol-
lowing input window opens, where you have to select the x- and y-data.

'Mode for y-array' defines which Select data for list —> plot
array(s) will be applied as y-data(s):
y( ) PP y ( ) Mode for x-array hMode for y-array
e One y-array  Number 0]4
° y1 y2 |y1,y2 j
2’ 1 (& xvalue Cancel
® ysy " Column input Column 31 2 3
o Yy2/y1
[ (y2-y1 )/y1 - Column w2 I3
o (y2-y1)/x
e all y-arrays Axis text Change data
' ' ' ' [v auto axis text [ Onlyyed
y1,y2’ and ‘al alrrays are not al- [ logarithmic x-axis [ Logarithmic x-data
lowed for the Edit plot program. You S o
have to input the column number(s) [ logarithmic y-axis [ Logarithmic y-data

of the grid for y1 (and y2).

'Mode for x-array' defines which data will be applied as data for the x-axis:

Number: The number of data point will be applied as new x-data.
x-value: The x-column of the grid will be used as x-data for the plot (standard).
Column input: You can input the column number of the grid.

Column number 1 means the x-data of the grid, column number 2 means the (first) y-data
array of the grid. The grid column with the data number will be denoted as column 0.

The axis text of the plot will be applied from the grid header by activating 'auto axis text'.
'‘Logarithmic x- or y-axis' defines a logarithmic axis style, but doesn't change the data.
Special flags exist for the logarithmic calculus of the x- or y-data, the logarithmic axis style
will here automatically be set. The activation of 'Only y<>0' selects only y-data which are
unequal zero.

The entry 'Read ASCII data’ is visible in the edit mode, it opens an input windows similar
as described in chapter 5.2.1.2. The reading modes 1 to 3 were already explained there:

1. Read 1 curve, standard

2. Read 1 curve, input
. Readi d Text
3. Read 1 curve, table file Sl e =l
. " Read1 curve, standard " only data cols
4. Read all columns of the ASCII file .
" Read1 curve, input @ some data cols

5. Read text " Read ] curve, table file " no data cols
The special mode 5 treats the ASCII file as (" Read all columns ¥ lines numerated
text and applies directly the file columns into @ Readtext ¥ includes cagtion

the grid columns. At the other modes the file
columns will be converted into numbers. The
input group 'Text params' appears for mode 5. sl el

The information that the text file contains L EEp——
‘'only/some/no’ real data (not text) columns is r S e
for searching the decimal separator.

You have to inform the software when the text file includes numerated lines or a caption.
Look in chapter 5.1.6.1 for the column delimiter.

Data params
~

U

skip lines
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5.4.1.2 Edit menu

Here it is possible to copy the data into the Windows clipboard or to paste data from there.

E“;‘ View Tools Help 'Copy page' copies the grid as a BMP graphic into the
opy page

Copy data Ctrl+C clipboard.
Copy select 'Copy data' copies the grid data line by line in an ASCII format.
Paste criry | CoOpy select' asks for the format before copying, see chapter

i 5.1.2.1. But now only the BMP and ASCIl modes are enabled.
,DEIEtEI.""E CtritDel  'pyste ASCII data' pastes ASCII data from the clipboard and
nsert ine

overwrite the current data, see previous page for the input
dialog. This feature is only visible in the edit mode.

You can edit the data cells of the grid in the edit mode (caption Edit grid). Click onto the
cell and input the new value. You can go to the next cell by the "Tab' key. A line in the grid,
means one data point, can be deleted by 'Ctrl+Del'. You may insert an empty line at the
current row position. A marked (blue) cell can be edited by a right mouse click.

MNew line numbers

In rare cases a special edit mode exist where the line will not immediately be deleted, but
only marked as deleted. Its value for the first column (x-value) will be set to -1.0E+100 or
-2.0E+99. The reason is that other data columns in the calling program will also be dele-
ted. The deleted lines will not be applied when saving ASCII data or calling a plot program
from the Tools menu. These data remain in the data array when calling the list image pro-
gram or ASCII editor. Don't change at the special edit mode the numbers of lines in the
ASCII editor, mark a line as deleted by setting x to -1E100.

5.4.1.3 View menu

Here you can set parameters for the view of the grid, so the font and its size.

'Numbers of digits' defines the precision at an exponential view, it is

the numbers behind the point. For example, 1.123E-10 has 3 digits.

It may be that values of some columns will be shown in a fix decimal
Numbers of digits format. By activating 'All exponentials' all columns will be shown in
All exponentials the exponential view.

7 WITEEHE (e The lines can be numerated in an own grey column, labeled by 'No'.
Personal shortcuts 1 NiS column will not be taken into account at 'Save ASCII data', but

at 'Save ASCII text'".

View Tools Help
Select font

The 3 menus above are not enabled in the edit mode, the lines are always numerated.

Ma. x [ g

. . . . . z |0.000E+00} 1.200E+02  1.220E+02
If coming from a 3-dimensional plot, the grid contains on ~ ——mee ;

" . ) 2 800E-03 | 2.357E-02 | 2.369E-02
the top an additional line with the z-values, as shown on

0
, ) : _ 1 | 4000E-03 | 2.357E-02 | 2.359E-02
the right. The view menu is then expanded by 3 entries: "2 |5E00E03 2357E-07 | 2359E-02

You can numerate the columns as shown in the example. Then the
v Numerate columns  z-values will also be saved when saving ASCII data.

Invert axis x/z The x- and z-axis can be inverted. The x-values will then be shown
in the first line, the z-values in the first column. Then the z-order can
be inverted, means the last z-value will be shown on the top.

In the edit mode lines and columns are numerated, x- and z-axis can't be inverted.
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5.4.1.4 Tools menu

This menu contains some different functions.

el | el User class was already explained in chapter 2.4.1.
LBEr Eles ASCII parameters contains parameters for copying, saving and
ASCIl parameters reading ASCII data, see chapter 5.1.6.1.
Statistic It is possible to create an extra window with a plot or data grid of

Create extra window  the current data, see chapter 5.1.6.4.
At user class 5 there are ActiveX/OLE tools as described in chapter 5.1.6.

In the edit mode you can usually jump here to the standard, edit and presentation plot
program. For this you have to select the x- and y-data as explained above. The software
comes back to the edit program after closing the plot program but doesn't apply changes
of data.

|§ Statistic values .

Data HE- 4

Statistic shows some important values of the selected column:  |mumers

65

Numbers of data points, minimum value, maximum value, sum, ﬁin = iigﬁ?ﬂi
. ax = 0 +
average, variance. Summ = 1.196E+04
Average = 1.8340E+402
= 1

Variance L405E4+03

Hall Manual Software 214



5.4.2 List image program
The list image program is the image view of the

list data program. The data will be shown on a File Edit View Tools Help

canvas image. The possibilities of the image
view are similar to the grid view, therefor only a
short description will be given. But, additionally

IEEEEE

Hame Ip@a 002.T1A

to the style of view, there are 2 big differences: 0 g reTh = 1481
e The image view has no edit mode. bate = 2@li-0z-26  Type = n-&1

e The image view may show additionally a No. * ¥

H 1 1.Z00E+02 2.500E-08

header, as shown on the right. > 1 oz0m40e 1 923mo07

&) 1.Z240E+02 3.06%E-07

The header may be a special data header or a 4  1.Z60E+0Z  5.369E-07

' : 5 1.Z80E+02 9.234E-07

global sample header with the most important 5 1 300B+05 1 SEoE-08

sample parameters. It is also possible that no

x/x-data exist but only a data header.

The toolbar contains a button for refreshing the canvas.

The PageUp and PageDown key may show previous resp. next file.

Based on the different view, the View menu of the image program differs from that one of

the grid program.

View Tools Help

Select font
Font params

v With global header
With grid
Numbers of digits
All Exponentials

v Numerate lines

L eft centered
Left sign centered
Right centered

v Auto centered

Refresh list
Personal shortcuts

Fa

The font, the font parameters used for the canvas, as explained
in chapter 2.3.3.3, and the background color of the canvas can
be selected.

If a data header or the global sample header is here available,
the list can be shown without or with this header on the top. This
flag is disabled when no header or no x/x-data exist.

A grid can be drawn around the lines and columns.

'Numbers of digits', 'All exponentials' and 'Numerate lines' were
already be explained in chapter 5.4.1.3.

These flags and the center group is not enabled if no x/a-data
exist.

'Refresh' draws again the canvas of the list image program.

If coming from a 3-dimensional plot, the menu contains three
special entries as shown in chapter 5.4.1.3.

The data in the columns can be centered in various ways in respect to the caption:
e Left centered: First character of caption and column string has the same position.

Left sign centered: First character of caption and column string has the same
position, a minus sign will not be taken into account.

e Right centered: Last visible character of caption and column string has the same
position, space characters at the end of the string will be deleted.

e Auto centered: Last character of caption and column string has the same position
(default), as shown in the example above.
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5.4.3 ASCII editor

The ASCII editor will not be used only for data but also for pure text or to list or edit ASCII
files. x/y-data will be shown as a ASCII text in lines and columns, text files as saved in the
file. There is no formatting, except of space (blank) characters and empty lines. The ASCII
editor can be in the list or edit mode. The default data type has the extension 'Txt', but in
the file dialogs you can select another one.

The ASCII editor has following functions:

e Editor view of the list/edit data program. When x/y-data exist, an additional header
will not be shown, but a pure text header without x/y-data will be shown

Integrated editor, in the main or tool programs, to list or edit ASCII text.

Separate editor (program), which can be called from the program Tools. Here it is
always in the edit mode and has the most possibilities, so an additional Tools menu.

The menus and possibilities depend on this function resp. on the origin of the text. So
changing the text or reading an ASCII file is only available in the edit mode.

B3 Ascii Editor - Untitled

File Edit WYiew Tools Help

| Dlﬁng % % #h E__-Line:f cal 6

The following buttons of the toolbar are not visible in all cases:

New text, delete all text, only enabled in the edit mode.

Open an ASCII file, only enabled in the edit mode.

Save data into an ASCII file

Print the text on a printer.

Cut marked text into the clipboard, edit mode.

Copy marked text to the clipboard.

Paste text from the clipboard, edit mode.

Mark the full text, edit mode.

Find (search) a text string.

Jumps to the list image program, only at list/edit data program.
Jumps to the list/edit grid program, only at list/edit data program.
Shows Next file, if available.

User button is a user definable button, see chapter 2.3.4.

= EE s e <l OO

Close the program and goes back, not visible for the separate editor.

The current line and column number will be shown behind the toolbar, you can move the
position of this display in the toolbar.
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Following shortcuts exist for the menu, but not all are always possible:

F1: Help information, opens this manual at the corresponding chapter.
F3: Repeats the search of a text string.

F11,F12: Personal hot key 1 and 2, see chapter 2.3.4.

Ctri+A: Marks the full text.

Ctri+B, E: Marks the begin or end of a text block.
Ctri+C, X:  Copies or cuts the marked text into the clipboard.

Ctri+F: Finds (searches) a text string.

Ctri+H: Replaces a text string.

Ctri+N: Deletes all text and starts a new document.

Ctri+O: Opens a text file.

Ctri+P: Prints the text.

Ctri+S: Saves the text into an ASCII file.

Ctrl+V: Pastes text from the clipboard.

Ctri+Z: Undoes the last new, paste or cut operation. Undo of Undo by 2. call.
Ctri+Del: Deletes marked text.

Alt+F4: Closes the program.

The File menu starts a new text document, opens an existing text file or saves the current
text. If no file name exist or by 'Save as', you have to input the file name before saving.

File Edit View Tools YOUu can print the text and open the printer setup dialog. The

New Ctri+N names of the last 5 used files will be shown in the file menu. You
Open Ctr+0 can read one of these by clicking onto its name (here test1.txt).
Save Ctri+S If the editor will be used as list/edit data program, you can jump
Save as here with the current data to the list image or grid program.
Print Ctri+P When starting the editor by the Editor button of the Set_Conf
Printer setup program (chapter 13.6), the entry 'Cfg dirs' changes the default
tost X1 directory to the customer configuration directories 'Conf, 'Conf/
: Base' or 'Conf/Init'. The default extension is then 'CFG'.
Exit
Edit View Tools Help The Edit menu enables to cut or copy a marked text range.

Cut Ctrl+X You can paste ASCII text from the clipboard, mark the full text
Copy Cirl+C or delete a marked text range.

'Find' opens the Windows standard dialog for searching a text
Dl el and starts the search from the cursor position. 'Repeat search'’
Mark all CiritA starts the search without an input dialog at the current cursor
Find Ctrl+F position. 'Replace’ replaces a text string by another one.

The entry 'Edit mode' exist only in special cases, it switches
Replace Ctri+H from the list to the edit mode.

ST | VBB R In the View menu you can select the font and the style of the

toolbar. The symbols can have a caption and the toolbar a back-
Symbol captions ground.

Select font

Symbol background 'Vista file dialogs' uses the new file dialogs under Windows Vista,
Vista file dialogs Seven and 8.X.
Personal shortcuts Personal shortcuts was explained in chapter 2.3.4.
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