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ABSTARCT 

Software package for elemental analysis for X-ray spectrum obtained from 
Energy Dispersive Spectrometer (EDS) attached with Scanning Electron Microscope 
(SEM) has been developed. A Personal Computer Analyzer card PCA-800 is used to 
acquire data from the EDS- This spectrum is obtained in binary format, which is 
transformed into ASCH format using PCAH card software. The program is modular in 
construction and coded using Microsoft's QUICKBASIC compiler linker. Energy line 
library containing all lines of elements is created for analysis of acquired characteristic 
X-ray spectrum. Two techniques of peak identification are provided. Statistical tools 
are employed for smoothing of a curve and for computing area under the curve. 
Elemental concentration is calculated in weight% and in atomic%. 



1. Introduction 
Electron Microprobe analysis system (Energy Dispersive System (EDS)) 

attached with Scanning Electron Microscope (SEM) Model leol JSM-35CF [1] was 
installed in Nuclear Physics Division for micro structural characterisation and 
elemental analysis. A fault developed in its 'Microprocessor'. This unit stores and 
analyzes data of a specimen generated by the EDS, Consequently EDS attached 
with SEM became unable to fulfill its purpose of elemental analysis. This system is 
obsolete now. We decided to develop our own system and computer software for 
the elemental analysis to get the benefit of this high priced equipment The data 
generated by the EDS is snapped for further analysis. In this regard, the EDS is 
interfaced with a PC via PCA-8000 card to store data on PC. 

A PC-based software package for elemental analysis of X-ray spectrum 
obtained from EDS is developed A Personal Computer Analyzer Card (PCA-8000) 
[2] which can be installed in a full length slot of a PC is used to acquire data from 
EDS. PCA-3000 card contains a 100 MHz ADC (Analog to Digital Converter), 
SCA (Single Channel Analyzer), MCS (Multi-Channel Scalar) and a dual port 
memory. An input of 0-8 volts from a shaping amplifier is the external signal 
necessary for Pulse Height Analysis (PHA) operation. This card can store the 
acquired data on a floppy diskette or on a hard disk in a binary format only. For 
elemental analysis of X-ray spectrum, this X-ray spectrum data in the binary format 
has been transformed into an ASCII format using PCAIt card software. 

Energy line library [3] containing all the X-ray emission lines shorter than 
50 A4 is created for analysis of the spectrum, The data is manipulated to eliminate 
fluctuation present in the data and to have only the trend movement using a nine-
point moving averages smoothing technique [4-5], which is carried out through out 
the data excluding four points from each end. Two-point energy calibration 
algorithm is employed to calibrate a spectrum of standard which is then used to 
analyze the spectrum of certain samples. Two modes of peak identification namely, 
manual peak identification and auto peak identification are introduced for user ease. 
Area under a curve [6] is computed by summing the counts over aif the cfiannefs 
lying between a region marked by a user. The background contribution is subtracted 
from the calcuiaTed area. This area is then multiplied by efficiency factor which is 
supplied by the user (Section 9). 

The program is modular in construction and coded using Microsoft's 
QUICKBASIC compiler-linker [7-9]. In DOS environment code size is restricted to 
within the 64 KB, therefore, subprograms that can be executed independently are 
not included in the main program. Execution module of such subprograms are 
prepared and run when and where required by using "SHELL" utility of 
QuickBasic. Moreover, in auto peak identification number of elements to be 
identified is ten at a time. This limit is only to keep in view the elements 
composition and as well as the spectrum. This limit can be increased up to 25 to 
avoid the scrolling of the screen. 
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2. Data Acquiring from Energy Dispersive 
System attached with Scanning Electron 
Microscope 

The software of PCA-S0O0 card which is menu driven provides the facility 
to store data from EDS in a binary format by firs: pressing the 'FIG* 
function key. Then T3* function key is used to select the disk store feature 
in die secondary menu. It enquires about the file identifier that can be 
entered as a file name up to eight characters, and type not exceeding three 
characters- After entering a valid file identifier <5NTER> key may be 
pressed to start the data storage process. The message "SAVING DATA1 

will be displayed on the screen while the data Is being written to disk. If no 
error occurred* the message will be removed from the display and the 
spectrum will be redisplayed. 

3. Usage of Software of PCAII card 

PCA-8000 card numerically provides all channel data in ASCII format to the 
printer only. Before the channel data output, a header block of information containing 
date, time, identification code, elapsed time, number of channels in the memory group. 
Conversion Gain, and ADC Digital Offset are also written. The channel data is in the 
format of 4 digit channel number, 2 ASCII spaces, 8 digit channel data and one more 
ASCII space separating the next channel data. The channel data output pattern repeats 
for 5 channels per line. The last channel in the line is not followed by a separating 
ASCII space, but is followed by an ASCII carriage return and line feed. Output of all 
channel data in ASCII format on a printer only and provision of data in a binary format 
on a floppy diskette or on a hard disk is a drawback of this card for further analysis. 
This problem has been solved by using the software of PCAII card which is able to 
convert a binary file into an ASCII file. 

4. Spectrum Display and Cursor Movement 

The X-ray spectrum data obtained by PCA-S0O0 from the EDS is stored in an 
ASCD file Tilenam.asc1 after converting it from a binary format to ASCII by the 
PCAII card. This spectrum data is displayed on a PC with energy in (eV) along x-axis 
and counts along the y-axis. Horizontal and vertical scales are adjusted according to the 
available data and labeling along both the axes is made accordingly. Normally, the First 
peak is referred as a probe peak (with abnormally very high counts), Fig. 1. During the 
energy scale adjustment, the energy lying at this probe peak is assumed as zero. This 
peak is ignored in further analysis. Function keys with their functions are also displayed 
on the 2 bottom row for user operations, Fig. J. 
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On execution of the elemental analysis software package, initially the cursor 
resides at '0 ' energy location on the left side of the spectrum display. The values of the 
energy and counts at any position of the cursor can be seen at the bottom row of the 
screen. The .cursor can be moved to the right (increasing energy number) by pressing 
the 'Page up' (for fast movement of the cursor) or *->' (for slow movement of the 
cursor). Similarly, the cursor can be moved to the left (decreasing energy number) by 
pressing the lPage down1 or '<-3 keys. 

5, Energy Line Library 

Energy line library has been prepared which plays a key role for elemental 
analysis in the developed software package. All the X-ray emission lines shorter than 
50 A [3] have been entered and can be observed in the line library. This library is 
compiled in such a way that each line for each element is arranged on the basis of 
increasing atomic number and increasing wavelength (decreasing energy) for the lines 
of each element. 

The column entries and explanation of the symbols used within each column of 
the line library are as follows: 

1. The first entry shows the chemical symbol for each element. 
2. The 2nd entry usually designates the Siegbahn notation (K„b Lp, etc); but 

when that is not established, then the level designations are used to show the 
two levels involved in the transitions. 

3. The 3 entry furnishes the relative intensity of a given line within a given 
series for a given element. Occasional intensities left blank indicate that the 
intensity is very weak and unknown. The unresolved K ^ line intensity is 
given as 150, or the integrated intensity of the lines [3]. It is impossible to 
assign accurate relative intensity values to X-ray lines even within a given 
series (K, L, M, etc) of an element. The reason is that the observed relative 
intensities are dependent upon a host of experimental parameters including 
energy of the X-rays or electrons causing the excitation, self-absorption 
within the specimen, and wavelength dependent response or efficiency of 
the detector. The self-absorption effect is the primary basis for the observed 
chemical effect among the L-series lines. The L^ to L& line intensity ratio 
may vary by a factor of two to five, depending on the element and 
experimental conditions used, 

4. The 4th entry represents the numerical value for the atomic number. 
5. The next entry is the energy in KeV which is determined by dividing the 

wavelength of each line into the value of hv> according to the formula: 

12.396 
Key = — T T T 

7[AT 
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6. The last entry gives the wavelength X in A. 

Line library can be loaded by pressing *F1' key. Before identification of 
elements, line library should be loaded otherwise the following message will be-
displayed: 

" Press <F1> key to load library " 

6. Smoothing 
It is not possible to describe the parent distribution better than the uncertainty 

associated with data. The data represent a random sample from the parent population 
and an exact description of the data merely represents an estimate of the parent 
distribution. In order to minimize the errors associated with inaccurate description of 
the data. Fig. 2a, manipulation of the data is incorporated. This manipulation of data is 
done using a nine-point moving averages smoothing technique which is carried out 
through out the captured data excluding four data points from each end (starting 4 
points & ending 4 points). The formula employed in this regard for the i-th channel is -

14-4 

V channel(j) 

channel{i) = — 

where 
starting channel^ + 4 £ i £ last channels - 4, 

Moving overages technique reduces the amount of variation present in the data 
and hence eliminates uncounted fluctuations. Fig. 2b, It means moving averages of 
appropriate orders eliminate cyclic, seasonal and irregular patterns leaving only the 
trend movement 

A Subprogram " SMOOTHING" is developed for this purpose. This is a 
computer subprogram to smooth an array of data with an average over group of nine 
adjacent channels. The input variables are path£, filenames and max, where pathS is the 
full path (drive, subdirectory, etc.) containing the data file "filenames" and "max" is 
the channel number having maximum counts other than the noise peak. The averaged 
data is stored in an array "channels%". 
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7. Calibration 

The software package is facilitated with calibration algorithm to 
calculate the energy curve. The algorithm provides two-point energy calibration, a 
minimum energy calibration point (initial energy) and a maximum energy calibration 
point (final energy position) to be defined by the user. Energy is entered in KeV. 

When a standard is used to calibrate EDS attached with SEM its lower 
& upper energies must be known. Initial spectrum obtained from electron microscope 
represents data channels verses counts, Fig. 3a. After calibration it represents energy vs 
counts, Fig. 3b. Moreover, electron microscope has a knob which provides various 
energy ranges at which data can be acquired. It means when a spectrum of a particular 
standard is obtained at a certain range and when any sample is analyzed with that 
standard same range must be entered otherwise results will be incorrect. 

A typical energy calibration may be performed as follows: 
Action: Press function key F8, 
System prompts: 

Move cursor to initial position press F8 key. 
Action: Move the cursor to the initial position using left/right arrow key or 

PgUp/PgDn keys and then press the F8 key again. Then system will 
prompt: 
Enter initial Energy (keV): 

Action: Enter the initial energy and then press <Enter> key. System will display 
the message;' 

- Move cursor to the final position and press F8 key 
Action: Move the cursor at the desired channel and then press FS key. System 

prompts: 
£uter Filial Energy (Kev) 

Action: Enter desired energy & press <Enter> key. 
Consider, for instance, a Cu standard acquired at gain 20, Its lower 

energy 0.930 KeV [3] lies at line Lgll where its intensity is 100%. In the 

spectrum Fig. 3a, this lies at .571 KeV (first peak in the spectrum). To calibrate 
it we will press "FS" key. The system will display first message of the above 
dialog. Following this guide-line move the cursor with the help of PgUp key to 
initial energy (minimum energy) of the Cu which lies at 0.57 KeV having 
counts 244 in the captured spectrum. Press the "F8" key again. The system will 
prompt the second message of the dialog. Enter here "0.930" and press the 
"Enter" key. System will display second last message. Now position the curser 
at final energy (maximum energy) of the Cu. This energy for Cu is 8.046 KeV 
[3] in the line Kai where its intensity is 100% which is the second peak, Fig. 3a. 

In the captured spectrum of the Cu this peak correspond to 5.005 KeV having 
counts 1031. Press "F8" key and then enter the energy "8.046" in the response 
of the last prompt. Finally press the '"Enter" key to finish the calibration 
process. This calibrated spectrum is shown in Fig. 3b. 
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8. Peak Identification 

Two modes of peak identification namely manual identification and auto 
identification are incorporated in the package. These are discussed in the following sub
sections. 

8.1 Manual Peak Identification 

The function key 'F2* key carries out manual identification of a spectrum. The 
user can move the cursor at a point of interest using <Page up>/ <Page down> key for 
fast movement, and Cursor Left/Right key for slow (fine) movement. On pressing T21 

key at a point of interest, the software displays a list of elements, which may 
approximately have the same energy, or energy lying between the range ±2 eV as is 
given in the line library. User can view lines of each element with their relative 
intensity lying at different energy levels by selecting the element with help of Cursor 
Up/Down key and then pressing the <Enter> key. Keeping in view the lines of an 
element at various energy levels (peaks) with their intensity at that level, user can select 
art element by pressing <Enter> key, which has the maximum probability in that 
displayed list of elements of the spectrum. After selecting an element the symbol of the' 
selected element is displayed at top of the peak. In this way, one can identify about 10 
elements in one run. This number can be changed according to a sample which is to be 
analyzed. A sample, for instant, is analyzed below: 

Action: Move the cursor at first peak of the spectrum and dien press the "F2" 
key- (It is not necessary to start analysis from the first peak of a 
spectrum. User can start from any peak,) 

Prompt: Press <CR> to exit 
Ele Line Int Energy 
CU> 
Ce 
Pr 

Action: Select an element with the of help of Cursor Up/Down key and then 
press <Enter> key. The symbol" * " indicates the selected element. 

Prompt: Press <CR> to confirm 
Ele Line Int. Energy 
Cu * La,2 100 0.93 
Ce Lpi 20 0.95 
Pr Ka? 50 8.028 

Kct|2. 150 8.038 
KaL 100 8.043 
Kpu 20 8.905 
E{KeV)=0.9l6Counts=244(disp[ayedat2nd bottom row.) 
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Line 
Ma 
M(J ' 
Let, 
Lpi 
LP215 

Line 
Ma 
MP 
La, 

Lpi 
Ifcis 

Int. 
100 
45 
100 
50 
20 

Int. 
100 
45 
100 
50 
20 

Energy 
0.883 
0.902 
4,84 
5.261 
5.612 

Energy 
0.929 
0.949 
5.033 
5.488 
5.85 

We see that Cu has I ^ | 2 line at energy 0.93 KfiV having intensity 100%. 
Present peak is at 0.916 KeV energy. Moreover, the line data shows that 
Cu has also Kai line at 8.043 KeV with 100% intensity. If the present 
peak is of Cii then the spectrum must have a peak at this energy. We see 

• that there is a peak at 8.032 KeV (^8.043 KeV) in the present spectrum 
which confirms the presence of Cu at the selected peak. This difference 
of 1 ieV(=8.043KeV-8.032KeV) occurs when calibration was done with 
Zr, Other lines of Cu having less intensity have less priority in element 
identification. Of course, line KPn at 8.905 KeV energy with intensity 
20% is also present at the energy level 8.869 KeV. 

The element Ce has line Ma at energy 0.883 KeV with intensity 100% 
and Mft at 0.902 KeV with intensity 45%. The present peak is at 
0.9l6KeV. If the present peak were of Ce then there must be a peak at 
4.84 KeV in the spectrum where Ce has La line with 100% intensity. 
We notice that this peak is not present in the spectrum. It means the 
spectrum does not contain Ce. Similarly, the present peak is not of Pr 
peak, because if it were then there must be apeak at 5.033 KeV which is 
again not present m the spectrum. 

. Thus, Select Cu press <Enter> key. 

Prompt: The system will writedown Cu at the top of the peak. 

Action: Move the cursor at the second peak of the spectrum and then press the 
"F2"key. 

Prompt: Press <CR> to confirm 
Ele Line Int. Energy 
Cu • 

Ele 
Cu 
Ce 
Pr> 
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Action: Press <Enter> key. 

The system will display lines data of Cu as shown above. This peak is at 
8.032 KeV. As discussed above line Kai is at 8.043 with intensity 100%. 
Thus, confirm it by pressing <Enter> key. 

Prompt: The system will write down Cu at the top of the peak. 

Action: Move the cursor at the third peak of the spectrum and then press the 
"F2"key. 

Prompt: Press <CR> to confirm 
Ele Line Int. Energy 
Zn • 
Re 

Action: Select an element with the of help of Cursor Up/Down key and then 
press <Enter> key. 

Prompt: Press <CR> to confirm 
Ele Line 
Zn • tan 
Re 

Ele 
Zn 
Re> 

Lp, 
Ka3 

Ka,2 

Ka, 
Kp13 

Int. 
100 
26 
50 
150 
100 
20 

Energy 
LOU 
1-034 
8-614 
8.632 
8.638 
9.572 

E(KeV>=8.617 Counts 

Line 
Ma 
Mp 
La, 

V i 
Lfr 

Int. 
100 
45 
100 
50 
20 

Energy 
LB42 
1-906 
8.65 
10.005 
10-274 

Action: Select Zn keeping in view the arguments in the selection of Cu. 

Prompt: The system will write down Zn at the top of the peak. 

Continuing the process in this way one can identify the remaining two 
peaks (4 & 5' ) which are, of course, of Cu and Zn respectively. 

Note: It will be very helpful in spectrum analysis if one notes energy at each peak 
before starting the analysis of a spectrum,) 
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8.2 Auto Peak Identification 

In the previous subsection manual peak identification was discussed in which 
user has to position the cursor at a peak with the help of <Page Up/Down> or <L/R> 
cursor keys irrespective of order of the peak. In contrary, in auto peak identification 
system itself searches and positions the cursor at a peak and then displays element or a 
list of elements, whatever the case may be, lying at that energy within the range of ±25 
eV This search is made in descending order of counts at the peaks, that is, starting 
from a peak having maximum counts to a peak having minimum counts 

Various companies are using various techniques for peak identification, 
but literature is not available. Therefore, we developed our own methodology in this 
regard. 

_ ] 1 1 J | | | L _ J _ _ ^ 

E,7 Ete E™ Ert Er, 

F.nerev 

Fig. 4a;Auto peak identification 
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First of ail maximum counts say Cp^ excluding nojse peak in a given spectrum are 
searched. Aiter reaching maximum counts Cm„ at a certain energy level E^ ,Fig 4a, 
we Bod 7 energy levels on each side of this energy level with different counts. Let 
E,rE,,--,Ej be energy levels to the left of E^ having counts 

Cm>Cj >Cj > • • • > C; , which are different from each other. Similarly, if 

E^E^,—,£,. are energy levels to the right of E^ having counts Cri,Cri,- ,Cr?, 

respectively. The counts Cr<, Cfj, • \ Cri are different from each other each and 

Cm >Crl >-••> Cr7 The peak width is calculated using the formula 

Peak Width = E^-E, . 

If this peak width < 40 channels then this energy level with counts C ^ is declared as a 
peak. 

After deciding about an energy level having maximum counts next energy level having 
maximum counts excluding the previous one, is decided whether it is a peak or not on 
die same criterion discussed above. At the end cursor is positioned on the noise peak. 

If at certain energy level counts are less than or equal to background level then that 
energy level is not taken as a peak. 

"When a peak is searched all the elements present at that energy level are 
displayed on the screen with the help of line spectrum library. If more than one 
etefHeols are present at a particular peak one can tour through each element with the 
help of Up/Down cursor keys. The actual element is confirmed by comparing the 
values of Kft , Kp> La, Lp etc. It means if all other secondary peaks are also present in 
to^pectfum then that particular element is confirmed. 

This mode of peak identification is selected by *T6" key. 

Comments: A spectrum Is identified employing both methods of peak identification. 
Figs. 4b and 4c. Results are identical in both cases. 
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9. Area under the curve 
It is sometimes preferable to evaluate (he area under a curve corresponding to a 

set of data points by summing over the data points themselves instead of fitting them 
and extracting an area parameter from the fit. This is especially true if the background 
contribution is small or has been compensated for. Area is calculated by summing the 
counts over all the channels lying between the marked regions. The counts against 
marked channel (channels end) are also included. The background contribution. Fig. Sa, 
is subtracted from the calculated area. This area is then multiplied by efficiency factor 
which is supplied by the user. 

Net Area = <£^{counts(k) - background{k)} 

where 

efficiency factor 

ftf fzf ychannel{f}-channel(i) J 

Efficiency factor is introduced to improve the deficiency of counts. It varies 
from detector to detector. In fact when a standard of known composition is analyzed 
with a particular detector some counts escape due to one reason or the other (may be 
absorption effect of different elements and not properly reaching at the detector) and 
the coiBposition of the standard does not come out according to known value, a 
Gfmstont factor (known as efficiency factor) is employed to obtain desired composition. 
Efficiency factor of a standard of an element for detector Si (Li) is proportional to the 
ratio of total counts of the standard of Cu at its main peak to total counts of standard 
of the element at its main peak under the same conditions. Mathematically, it can be 
written as 

_ , - . _ ^ Totalcountsof CH at its main peak 
Efficiency fector of an element = • ... r. — ^ — x 3 

Total counts of standard of an elemental its main peak 

The efficiency factors of various elements for the detector used for acquiring 
data are listed in the Table 1. Composition is computed with the help of following 
formula: 

Vol % of an elem = 

n, - f Net Area under the curve 
wt%qf an elem = 

^ Total net area of selected region , 

wt% of the elem 

*100 

max# of elems * total wt%of all selected elem y 

*100 

All the information is also displayed on the right top corner of the screen in the 
following format: 
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C O M P O S I T I O N 
El. ' Grs.C. Nt.C, Background Wt% atom% 

Cu -
Zn -

Table 1: Efficiency factors of various elements for Si(Li) 

Element 

Na 
Mg 
Al 
Sj 
K 
Ca 
Ti 
Cr 
Mn 
Fe 
Ni 
Cu 
Zn 
Zr 
Mo 
Ag 
Cd 
Sn 

'W 
Au 
W 
Au 

un 

z 

11 
12 
13 
14 
19 
20 
22 
24 
25 
26 
28 
29 
30 
40 
42 
47 
48 
50J 

74 
79 
74 
79 
92 

Line 

KaP 
Kap 
Ka(3 
Kap 
Ka 
Ka 
Ka 
Ka 
Ka 
Ka 
Ka 
Ka 
Ka 
La3ya 
Lawyer 
Lal^a 
Laftya 
L a ^ a 

Ly 
Ly 
M 
M 
M+ 

Energy 
(KeV) 

1.040 
1.260 
L48Q 
1.740 
3.320 
3.680 
4.520 
5.420 
5.90 
6.40 
7.480 
8.040 
8-640 
2.06 
2-30 
2,980 
3.140 
3.440 
8.40 
9.70 
1.780 
2.160 

Peak width 

980-1200 
1080-1400 
1300-1640 
1560-1920 
3180-3480 

4320-4700 
5180-5640 
57 
6180-6620 
7220-7700 
7780-8260 
8360-8880 
1900-2340 
2140-2640 
2740-3660 
2960-3320 
3200^4260 
8180-8580 
9480-9900 
1580-1960 
1920-2360 
3000-3720 

Efficiency 
Factor 

17.85 
2-02 
L35 
1,11 
3.46 
1.25 
1.45 
1.63 
1.81 
1.97 
2.56 
3.00 
3J2 
2.40 
2.22 
2.02 
1.85 
1.81 
7.46 
11.22 
2.73 
2,78 
3.32 
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A computer subprogram " AreaUnderCurve" is developed to obtain area of the 
Selected region(s). Tt calculates total area under the curve, area of background and then 
net area of the curve by subtracting background from the total area. The composition of 
the elements is also calculated and displayed on the screen. For this purpose another 
computer subprogram "atoms" is called on accordingly. The input parameters of this 
subroutine are elet (symbol of an element), Z% {Atomic weight of the element) and 
output parameter is mass% { the mass number of the element). 

Function key T41 is used to calculate area under the curve. The user selects two 
energy points, low and high energy in either way by moving the cursor on spectrum 
display and pressing the above key. On 2nd stroke of the key, area under the curve is 
calculated and appears in a yellow color on the spectrum display. At the same time 
baeJqpQund area is also calculated and is displayed with a red color on the spectrum' 
display. As mentioned previously. Element name. Gross counts. Background counts, 
Net counts, wt% and atom% are also displayed for user information. Fig. 5b, 

OlHTlTS (ChanneJ(f),coijr]ts(l)) 

Channel 

Fig- 5a: Area under the curve 
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0.000 3.218 

COMPOSITION 
El Grs.C, Nt.C. Bckgrnd wtV, otomV. 
Cu 138339 376648 12793 71.72 72,35 
Zn 68057 UB498 23331 2S.2B 27,65 

Cu 

KeV 

6.495 9.653 12,871 

Rg.5b: Area under the curve with O m e n t a l composition. 
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10. Graphics Screen Dump Output 

When a computer being used for elemental analysis for X-ray spectrum is 
connected to a graphics printer, the display on screen can be duplicated sideways on the 
printer paper. A graphics screen dump is possible by pressing the "F10" function key, 
TTie graphics screen dump will begin and should take Few seconds to complete, 

A computer routine *T>UMP" is developed for this purpose. Its execution 
module is prepared and QuickBasic command [7-9] "SHELL" is employed to send the 
screen dump to the printer. When ICF10" function key is pressed the execution module 
of this subroutine duplicates a display on the screen and sends it to the printer 
employing Qbasic utility "SHELL". All figures shown in this document are taken using 
this DUMP utility. 

11. Zoom and Normal modes 
Two modes of display namely zoom and normal are provided in the software 

package that enhances the spectrum vision. In Zoom mode, a spectrum is 
approximately twice as large as displayed in normal mode. Switching over between the 
modes can he done by pressing "F5" Amotion key. Initially, a spectrum is in zoom 
mode and display on the screen in the bottom row in front of the "F5" function key is 
"Norm". It means that user can press this key to get the spectrum in normal mode and 
the vice versa. Figs. 6a and 6b. 
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0,000 3-210 6-435 9.653 12,371 

Fig.6b: Normal spectrum. 
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12. Expand 
Sometimes user is interested to view peaks, which are very close to the 

background To make it needful "Expand" feature is added in the package. The expand 
feature displays a part of the spectrum with enhanced scale, Figs. 7a and 7b. It is 
activated by pressing the'F?1 function key. The user may scroll up/down by moving 
cursor on the spectrum display to higher/lower energy by using the Cursor Right/Left 
key. If the Cursor Right/Left key is continuously pressed, the scrolling will be done 
continuously until the end/start of energy is reached. The step-size of each Cursor 
keystroke depends upon the Fine/Coarse mode selection of movement. The step size in 
"Fine" mode is 1 eV whereas in coarse mode it is 25eV. The function key "F9" is 
employed to toggle between these two modes. For user's information, values of energy 

.and counts at the position of the cursor are displayed on the screen Moreover, help is 
provided in the bottom row of the screen. 

When "F7" key is pressed the system prompts: 

Expansion along Counts Axis 
Expansion Factor (100%,200%,400%,600%,800%) 

Action: Enter 100 to expand the spectrum 100% along the counts axis, 200 to 
Expand the spectrum 200% along the counts axis, and so On, and then 
press the <Enter> key. 

TSe«toargy axis is divided into eight parts (E screens or displays). Four parts (screens) 
rffi ^pecmim are shown in Figs. 7c-7f First screen is displayed when <Enter> key is 
$t^£td after selecting the "Expansion Factor1*. Second screen is displayed when "Page 
^fp^foy is pressed and so on. One can tour to and fro among these screens with the 
fee^ fef *Page Up" and "Page Down'1 keys The function key "End" is defined to print 
out sereen dump of displayed part of the spectrum The "Exit" key is facilitated to leave 
this session, 

13- Clear Screen 

Sometimes during the process of elemental analysis it is desired to 
redisplay the spectrum as it was acquired initially on the screen. Instead of re-executing 
the program it can be done simply by pressing the CF5' function key. All the identified 
elements, area under the cnrve and menu specifying the gross counts, net counts, 
background area etc. can be cleared. The spectrum is displayed as it was initially 
acquired at the beginning of the program in a zoom mode. 
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Fig.7a: A part of a spectrum expanded 200% 
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Fig.7b: Same part of the spectrum expanded 800% 
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Rflv?e; First screen expanded *007*. Fig.7d: Second screen expanded AOOVi 
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$$3& Fifth screen expanded 400%, Fig.7f; Sixth screen expanded AOO'A 
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14. Conclusion 

The software package has been developed which enables analysis of EDS 
spectrum by a PC interfaced with SEM. The software can detect different elements in a 
material and can provide weight% and atomic% of different elements. All the standard 
spectrums and efficiency factor are available on line. 
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