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Abstract 

This report describes the automation implemented in the low temperature Positron 

Annihilation Spectroscopy system. Temperature programmer and controller unit is interfaced 

to PC through an IEEE-488.2 add-on card. Through this data can be read and written to the 

temperature controller and it can be handled remotely. The PC (Pentium, win XP) also houses 

the PCI based Multichannel Analyzer card (MCA) (8K FAST Com Tec, P7882). Software was 

developed to communicate with the temperature controller and control the function of MCA. 

This help in uninterrupted data acquisition at different time segments by automatically 

varying temperature at its preset value with better precision. Multichannel analyzer  
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1.  INTRODUCTION 

Positron annihilation spectroscopy is a powerful technique for microstructural characterization of 
condensed matter. The sensitivity of positron to low electron density region enables 
identification of atomic order defects in materials. The positron implanted in a material 
undergoes thermalization within few psec. Subsequently, a fraction of thermalized positrons may 
get trapped in defect and then annihilates with one of the electrons surrounding the defect site. 
The annihilation gamma radiation carries information about the annihilation site, viz. the electron 
momentum distribution, which is extracted through the measurement of Doppler Broadened 
Annihilation Radiation (DBAR) and/or Angular Correlation of Annihilation Radiation (ACAR); 
and electron density through the Positron Annihilation Lifetime (PAL) measurement.  

One of the activities of positron group at Radiochemistry Division pertains to phase transition 
behavior of liquids confined in nanopores. The study involves positron annihilation 
measurements below room temperature in the range 300-10 K. The group is mainly employing 
Positron Annihilation Lifetime Spectroscopy (PALS) and Doppler Broadening Spectroscopy 
(DBS) for studying the phase transition behavior of confined liquids. PALS setup consists of a 
fast-fast coincident setup, which uses a pair of BaF2 scintillation detectors optically coupled to 
Photo Multiplier Tubes (PMT), Constant Fraction Differential Discriminators (CFDD), nano-
second delay, a Time-To- Amplitude Converter (TAC) and an MCA (Fig.1). The positron 
lifetime is measured from the time distribution of registered events.  Each event is the time 
interval between the birth of 1275 keV gamma ray from 22Na (signifying the birth of positron) 
and emission of 511 keV gamma ray due to annihilation of the positron with the surrounding 
electron. The time calibration of the MCA is chosen depending on the range of the lifetimes 
required to be measured. The time resolution of the PAL spectrometer is obtained by measuring 
the time difference between two prompt gamma rays (1333 keV and 1173 keV) from 60Co in 
22Na energy window setting. The time resolution of the PAL spectrometer attached to the 
cryogenic set up is 300 ps. The DBS setup consists of a High Purity Ge detector (HPGe detector) 
coupled to a spectroscopy amplifier. The amplifier signal is directly fed to the MCA. The energy 
resolution of the detection system is 1.8 keV at 1333 keV. 

In this report, we describe the development of a positron work station wherein the master 
software accomplishes automatic temperature variation in the sample, data (DBAR or PALS) 
acquisition for a fixed duration of time at a predetermined temperature and storage of the 
acquired spectra [4 & 5]. 

2.  INSTRUMENTATION 

The present experimental setup can be divided into three parts. The first part, namely Doppler 
broadened annihilation gamma ray spectroscopy deals with spectrometric measurement of the 
annihilation gamma rays. The broadening of annihilation gamma rays is a measure of the 
electron momentum distribution. The second part, namely positron life-time spectroscopy is 
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based on fast-fast coincidence technique, wherein the measured annihilation life-time of positron 
provides information about the electron density of the medium. Third, the temperature 
programming and control helps in automatic data acquisition at different set temperatures. The 
system attains and regulates the set of user defined cryogenic temperatures within the specified 
limit 10 K-300 K. The photograph of the setup and the schematic of the experimental setup are 
given in (Fig.1 & 3).  

This exercise includes streamlining the remote operation of the temperature controller using 
necessary hardware as well as development of software to achieve this automation. 

2.1. Temperature Programmer and Controller  

The Temperature Programmer and controller (Fig.2) is a microcontroller based instrument with 
digital control of a variable current output. The instrument is having the following features [1]:  

* Auto tuning 
* Nonvolatile memory space 
* Dual temperature display 
* Continuous display of heater power 
* 25 or 50 watts (user selectable) heater power 
* Two heater outputs range i.e. low & high 
* Capability for reading sensors with 24 bit resolution 
* Selectable sensors like silicon diodes, 100_ Pt resistance temperature detector. 
* Both IEEE 488.2 and RS 232 computer interfaces 

 
2.1.1.  GPIB or IEEE 488.2 Interfaces  

The IEEE-488.2 interface is an instrument bus with hardware and programming standards 
designed to simplify instrument interfacing. The IEEE-488 interface capabilities of the controller 
are listed below [3]. 
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Command Name Function of this command 
*CLS   
 

The “*CLS” common command clears the status data structures, including 
the device error queue and the MAV (Message available) bit. 

*ESE 
 

The *ESE command sets the Standard Event Status Enable (ESE) Register 
bits. The ESE Register contains a bit mask for the bits to be enabled in the 
Standard Event Status (SEV) Register. A zero disables the bit. 
The *ESE? Query returns the current contents of the ESE register. 

*OPC 
 

The *OPC command causes the instrument to set the operation complete bit 
in the Standard Event (SEV) status register when all pending device 
operations have finished. 

*IDN? 
 

The *IDN? Query causes the instrument to identify itself.  
 

*RST 
 

Reset the controller, these results in a hardware reset in the temperature 
controller. The reset sequences takes about 15 seconds to complete. During 
that time, the instrument is not accessible over any remote interface. 
The *RST command sets the controller to its last power- up default setting. 

*SRE 
 

The *SRE command sets the Status Byte Enable (SRE) Register bits. The 
SRE Register contains a bit mask for the bits to be enabled in the Status 
Byte (STB) Register. A zero will disable the bit. 
The *SRE? Query returns the contents of the SRE register. 

*STB? 
 

The *STB query returns the contents of the Status Byte Register. 

 
2.1.2.  IEEE-488 Commands 

The controller supports several command types. These commands are broken into three groups. 
• Bus Control Command 

(a) Universal 
(i) Uniline 
(ii) Multiline 

(b) Addressed Bus Control 
• Common Command 
• Device Specific Command 
   

The controller supports a variety of Device Specific Commands to allow the user to program the 
instrument remotely from digital computer and transfer the measurements to the computer. These 
commands are further broken down into Interface, Display, Channel, Control process and curve 
commands for user convenience. 
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2.2.  Multi Channel Analyzer (MCA) Card 

FAST Com Tec, a PCI based versatile MCA (64 k Channels) PC add-on card (Fig.4), has been 
installed to acquire the spectrum in Pulse Height Analysis (PHA) mode. This MCA has inbuilt 
sliding scale successive ADC (with 500 ns conversion time) for analyzing and sorting analog 
input pulses by amplitude between 0 to 10 V. MCA-3 program is used to develop communication 
link of the card with the computer. It enables the full control of the MCA card to perform 
measurements and save data. Actually, it uses DLL(Dynamic Link Library) files to access all 
functions, parameters and data. The server can be completely controlled from the MCDWIN 
software that provides all necessary graphic displays. The server functions used for this control 
are initialization files, action menu, file menu and setting dialog [2]. 

 
3.  DEVELOPED SOFTWARE 

The automation software is developed in Visual Basic 6.0. The software includes communication 
with GPIB based temperature controller and HPGe based gamma acquisition system through 8 k 
MCA (FAST com Tech).  
 
3.1.  Algorithm 

The common algorithm for the experiment is a loop consisting of setting a desired temperature 
for the sample, selecting a time delay for stabilizing the set temperature and sensing the sample 
temperature at the end of the delay. Once the set temperature is attained, a preset time counter is 
initiated by the program and a command is sent to the MCA to start acquiring the spectrum. On 
completing the preset counting time, the program sends a command to the MCA to stop 
acquisition of the spectrum. Then, the spectrum file will be saved in a user defined path with a 
filename containing the sample ID. After this, command is given to clear the spectrum in MCA, 
switch to next set temperature and so on. The loop works up to user defined last set temperature 
value. At the end, it stops, exits from the loop and closes the program.  
 
3.2.  STEPS of Execution 

The algorithm is written in the Visual Basic language with user friendly Graphical User Interface 
(GUI) facility. The sample under study is kept in sample holder which is attached with cooled 
head assembly of the cryogenic system. The temperature of the sample is controlled in steps by 
the temperature controller through developed software. Also, before the start of the experiment, 
the MCA acquisition software needs to be configured. The set sample temperature is allowed to 
stabilize for 30 min. Then, the positron interaction with sample at this temperature is studied in 
the form of detection of gamma-ray energy (511 keV) using High purity Germanium Detector. 
The gamma spectrum is acquired for user selectable preset time (control by developed software), 
most of the time 6 hrs to 10 hrs, to get desired counts in the spectrum. The spectrum is 
automatically saved in the user defined path.  
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3.2.1.  Initialization of Software 

A set of temperatures at which the sample is to be analyzed, can be provided in an excel file. A 
command button is provided on GUI to execute software link to open Microsoft excel software, 
where user can write set of temperature reading (to be set during experiment) in only digit form 
without any alphabetical letter as shown in (Fig.5). Column ‘A’ denotes the serial number of 
temperature and column ‘B’ denotes the set of temperature points written serially either in 
ascending or descending order. The temperature, which is to be executed first, is to be written at 
the top of column B and sequentially, other temperature readings. The excel file is stored in root 
directory and is called from the root directly (as shown in (Fig.6)) by the command “Read Excel 
File”, available on GUI. This command will read the two column of the excel file and store them 
in two arrays, namely, “Sr. no” and “Temperature”. Then, the data is feed as required to run the 
software like stability time to set temperature, counting time for acquiring spectrum given in 
Frame “setting”.  With all these input parameters, now software is ready to execute the 
experiment. But we need to configure the batch file of MCA before executing the start 
command. 
 
3.2.2.  Configuration of MCA 

The MCA software has a batch mode facility. All commands of MCA software can be executed 
through dll files. The MCA.dll is defined in windows system directory ‘C:/windows/system32’. 
Also, to operate the MCA in auto mode, the MCA software needs to be configured. The 
configuration is done in MCA server window available with MCA software. Total three menus 
need to be configured; a) data operation, b) System Definition and c) Hardware settings. The 
process of configuration is described below [2]: 
 

a) Data operation: This menu option is available in File menu option as shown in (Fig.7). 
A click on data menu option will open data operation frame. The root directory, where 
the spectrum files are to be saved, is to be selected using the browse option. The 
spectrum file name is of eight digits, out of which first five digits are user selectable 
(usually sample ID) and will remain constant for all files. The rest three are variable, 
varies from 000 to 999. Thus, total 1000 spectra can be stored automatically. This brings 
restriction on the set temperature data inputs as 1000 values only.  
The check boxes ‘save at halt’ and ‘auto increment’ need to be enabled. The ‘save at 
halt’ option will save the spectrum at the predefined folder and ‘auto increment’ will 
increment the file number by incrementing last three digit number of file name by one 
number.  

b) System Definition: This menu option is available in setting menu option. A click on 
system menu option will open system definition frame as shown in (Fig.8). The mode 
“PHA” and “clear before start” check box must be selected. “PHA” mode will acquire a 
gamma spectrum and “clear before start” will clear the spectrum before acquisition of 
next new spectrum.   
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c) Hardware settings: This menu option is available in settings menu option. A click on 
hardware menu option will open PHA setting window frame as shown in (Fig.9). The 
required data like ADC gain (variable from 1 k to 64 k, generally we set 4 k for                
0 to 2 MeV gamma region), LLD and ULD is to be set by user as per experimental 
requirements.  
 

3.2.3.  Execution of Software 

The software is ready for the experiment. All instruments are to be kept on like HPGe detector to 
measure gamma-ray spectrum, Cryocon Temperature controller and Helium based cryogenic 
system with chiller unit. The start command available on GUI will execute the software loop as 
shown in (Fig.13). It will send the data from temperature array to temperature controller through 
GPIB interface during each loop. Once the temperature is set, the stabilization (delay) time timer 
will start in countdown mode. Generally, 30 mins stabilization time is sufficient to steady the set 
temperature.  When stabilization time is over, MCA is enabled to record the spectrum as shown 
in (Fig.10). The green colour indicates acquisition is ON. The spectrum acquires for a predefined 
counting time. Once the counting time is over, software sends a command to MCA to stop 
acquisition. The Red colour indicates acquisition OFF as shown in (Fig.11). The command used 
for spectrum acquisition like start, halt and clear commands are written in visual basic software 
and called through mca3.dll provided with the MCA card. The spectrum file is auto saved at a 
predefined path defined during the MCA configuration. The spectrum file can be saved in ASCII 
(.ASC/.DAT) or binary (.MCD) format. Thus, one loop is completed at one set temperature and 
the software is ready to execute the same procedure for the next set temperature. In some of the 
experiments, each spectrum is acquired for approximately 24 hours for better statistics. So, the 
software was tested for 48 hours to confirm that it supports for such huge counting time without 
any interruptions and bugs.   
 
4.  CONCLUSION 

The system has been tested successfully for low temperature studies in polymer samples as well 
as for high Tc superconductors. The Doppler broadened data acquired using this system is shown 
in (Fig.12). Automation certainly helps in terms of man-hour as well as achieving better 
precision and reduces some of the errors due to manual operation. The development of the 
present system will certainly help to boost the scope of low temperature positron annihilation 
studies in our laboratory. This facility can also be adapted to studies in other nuclear techniques 
like perturbed angular correlation, presently being pursued in our laboratory. 
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Fig.4. Fast com Tech MCA card 
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Fig.8. System Definition Configuration 
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Fig.9. Hardware configuration 
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Fig.10. User interface screen when spectrum acquisition is ON 
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Fig.11. User interface screen when spectrum acquisition is OFF 
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Fig.12. Spectrum Acquired by MCA 
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Fig.13. Flow chart of algorithm 
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