
UM-P-79/40 

TOTAL QUANTITATIVE RECORDING OF ELEMENTAL 

MAPS AND SPECTRA WITH A SCANNING MICROPROBE 

by G . J . F . LEGGE and I . HAMMOND 

School o{s Phy&ici, Unive/uiXy o& MeZbouAr.z, Pankville., Vic, 3052, AUSTRALIA. 

Proofs should be sent to : 

Dr. G.J.F. Legge 
School of Physics, 
University of Melbourne, 
Pa rkv i l l e , V i c , 3052 
AUSTRALIA 

Running T i t l e : Total vlemmtal mapping with a micfiopnobe 



- 2 -

SUNMARY 

A system of data recording and an; lys: -• has been developed by means of 

which simultaneously all data from a scanning instrument such as a microprobe can 

be quantitatively r .orded and permanently stored, including spectral outputs from 

several detectors. Only one scanning operation is required on the specimen. 

Analysis is then performed on the stored data, which contain quantitative 

information on distributions of all elements and spectra of all regions. 

INTRODUCTION 

To date, the nonal mode of collecting data from a scanning instrument such 

as a microprobe, in order to produce maps of elemental distributions, has been 

to sort the data directly as they are collected and to store the events for each 

spatial location of the scanned specimen on a corresponding location of some 

memory device. This device might be a photographic plate, an oscilloscope screen 

(preferably of the storage type), a solid state hard wired memory or the memory 

of a computer. This method of data collection is very straightforward because 

the memory e n be scanned in synchronism with the scanning probe beam and incoming 

data are automatically routed to the appropriate location. However, the amount 

of information that can be so recorded is severely limited by the capacity of the 

memory. In general, though several channels of information may be available, 

only one or very few maps are collected in the one operation and the data are 

usually only visual and therefore qualitative. Any quantitative spectrum that 

might be collected simultaneously is associated with the entire scanned area 

of the specimen; thus any relationship between the different parts of a map and 

the spectrum is lost. Finally, any changes in spectra or maps during the course 

of an operation are, of course, unrecorded. All of this information is present 

in the incoming data. It only requires a memory of sufficient capacity coupled 

with an efficient system of labelling the incoming data and a versatile system 

of sorting, displaying and analysing the data after they have been stored in 

the memory. The large capacity memory is provided by a magnetic tape. The data 
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are stored as a succession of events with each event characterized by an X scan 

deflection, a Y scan deflection and an energy registered by some radiation 

detector. Each event is signalled and the data storage initiated by a pulse 

from the radiation detector. Several such detectors may be included in the 

system since the record includes an identification of the detector involved in 

the event. In this way, the entire data output is recorded in time sequence. 

It is played back after the scanning operation in order to sort and analyse all 

data. Total or selected area spectra and total or selected energy maps are 

available as monitors during the scanning operation. Apart from the great 

savings in time, this mode of operation has advantages in minimizing the damage 

caused to the specimen by scanning and in ensuring that all data refer to the 

identical specimen area scanned under identical conditions - in fact at the 

same time with the same beam and total charge. By inte^acting with the analysi 

programme, the operator is able to extract any data in quantitative form or in 

various representations and virtually perform what would otherwise be a series 

of complex experimental manipulations simply by working with the one set of 

data. The data are permanently available for reanalysis if required. 

DATA COLLECTION AND GENERAL PRINCIPLES OF DATA HANDLING 

The instrument for which this recording and analysis system was developed 

is the Melbourne Proton Microprobe (Legge at at, 1979); however the techniques 

are applicable to any scanning analysis system. The data handling system to 

be described is a general one and will handle any number of spectral and 

non-spectral outputs. It is most simply described in terms of one spectral 

output in addition to the X & Y co-ordinates. The data collection circuit is 

probably mo-t easily understood if described as two successive modifications 

to the familiar non-digital imaging circuit as used in most scanning electron 

microscopes and microprobes (Broers, 1973; Reed, 1975; Chandler, 1977) and in 

ion microprobes (Robinson, 1973). 

The method by which the beam is scanned across the specimen does not 

matter as long as digital signals which are proportional to the deflection of 
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the beam in the X and in the Y direction can be generated on request. Fig. la 

is a schematic diagram of a simple non-digital sweep and display system. The 

memory device here consists of a cathode ray oscilloscope (CRO) having a storage 

screen or at least a long persistence screen which is continually refreshed, or 

of a photographic record of the CRO screen. The beam is continually swept across 

the specimen in buth X and Y direction and signals proportional to the X and 

Y sweep deflections are continuously sent to the X and Y deflection circuits of 

the CRO. Particles or photons emitted by the specimen and collected by a radiation 

detector are analysed for energy by a sir.gle channel analyser (SCA). Those 

accepted by the SCA produce a gating pulse to switch on the CRO trace and hence 

contribute a point to the stored image. This simple system or something 

equivalent is the basis of most fast scanning analysis instruments and is 

essentially qualitative, by nature of the memory device. It is also restricted 

to single element or single channel mapping, unless an abundance of oscilloscopes 

or multicolor mapping (Ordonez, 1971; Pawley § Fisher, 1977) is employed. 

The system may be made quantitative and also given some flexibility in 

data manipulation by the introduction of a computer with its digital memory. 

This is shown schematically in Fig. lb. The X and Y deflection amplitudes are 

digitised by two analogue to digital converters (ADC's) every time the SCA 

accepts a radiation pulse. The computer memory stores pairs of X, Y co-ordinates 

for display on a CRO or for manipulation or quantitative output by some other 

device. This system is also restricted to single channel mapping, but only 

because energy selection is performed outside the computer. 

In Fig. lc, the SCA which restricts the range of energies (E) recorded has 

been replaced by an ADC. A discriminator accepts all energy pulses above some 

preselected background level and the output of the E ADC is fed to the computer 

along with the output of the X and Y ADC's. The hard wired memory of a computer 

would be overtaxed by this additional information. The data are therefore passed 

on to a magnetic tape which acts as a large capacity memory and a permanent store 

of all data in time sequence. Such a mode of data collection is known as tivevit 
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by even* Htco-lding or multipaAomztt'i xccc-lxLLng, and has been utilized for several 

years in fields, such as nuclear physics, where coincident events have to be 

identified and recorded. After completion of data collection, the magnetic tape 

could be played back by the computer w ;th a window on the E spectrum as was done 

previously by the SCA. This would permit multichannel anal/sis of the one set of 

data but would be very time consuming. It is, therefore, very desirable to sort 

the data according to X, Y locations and to store all such sorted data on a fast 

access memory device such as a magnetic disc. After completion of this operation, 

the sorted data can be quickly displayed with any desired X, Y or E windows. The 

second magnetic disc shown in Fig. lc is needed for storage of the STORE, SORT 

and DISPLAY programmes and for short term memory space. It is but a minor 

modification to the system to add further ADC's and thus simultaneously collect 

all data from other radiation detectors. Further programmes can be written to 

manipulate data or displays and to perform such tasks as displaying the time 

sequence of data collection in some specified channel. 

Software is mostly implemented in a high level, structured programming 

language called MAREE. MAREE is a concise language that works with integers 

and performs machine language-like tasks. MAREE also has a file system 

ami an array system that provides the user with a large virtual memory 

data space. 

Hardware comprises a PDP 11/40 with 24 K of memory, a magnetic tape unit, 

2 magnetic disk units, a storage oscilloscope and a keyboard. With appropriate 

ADC's interfaced, this is able to handle 5 * 10 5 events in three spectral inputs 

of 8K, IK and IK channels and with associated scan co-ordinates of IK * IK 

channels - that is a spatial resolution of 1 pn in 1 mm or 0.1 pm in 100 pni. 
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DATA PROCESSING AND DISPLAY 

In order to fully appreciate the techniques and operations employed in 

the analysis of data, it must be understood that spatial parameters and data 

are handled analagousiy to, and on an equal footing with, energy parameters 

and data. Thus, the data collected are three-dimensional, there being three 

orthogonal axes (X, Y and E). This three-dii.rnsional block of data may be cut 

or viewed in various ways. If only one dimension is displayed, we get a spectrum, 

either an X or Y displacement spectrum or an E spectrum. With any spectrum, two 

markers can be used to set up a window and thus select a slice of the spectrum. 

A slid, defines the range of one dimension, whether it represents a spatial 

interval (X or Y) or an energy interval (E). Two such slices, on orthogonal 

axes, must define a two-dimensional region of the data, referred to as a region 

of interest. Such a region of interest will contain a complete spectrum of 

data distributed along the orthogonal axis. 

As an example, we will show the analysis of a specimen comprising three 

human hairs on a thin (< 1 ym) nylon foil made in the manner described by 

Hall (1972). The foil was self-supporting in the region of the specimen and 

had no coating. The beam was stopped on a pure carbon blank 55 mm behind the 

specimen. No washing or other treatment was given to the specimen apart from 

storing it in a desiccator. The data were collected by scanning over an area 

of about 1 mm square. The root terminals of two hairs lay within the scanned 

area; the third hair did not terminate within the scanned area. An X-ray 

spectrum from the entire specimen is shown in Fig. 2. The detector was an 

energy dispersive one, a Si(Li) detector, and the prominent peaks represent K a 

radiation from the designated elements. The dominant light element is sulphur, 

associated with bonds in the keratin. The so called heavy metals, iron, copper 

and zinc, are only present in trace amounts, measured in tens of ppm. 



A nap representing the distribution of all X-ray events was generated 

during the scanning operation. It is shown in Fig. 3 and is designated TOTAL. 

The three hair stems and two roots are clearly visible. The eight other maps 

of Fig. 3 are distributions of individual elements. Each was extracted from 

the same set of stored data by setting a window on the appropriate ilA.ce. of 

the X-ray spectrum and calling for a map. It is readily apparent from these 

distributions that the sulphur is concentrated in the stems whereas the potassium 

is concentrated in the roots. Some of the other elements show an even greater 

degree of localization. However, we will not attempt to draw any scientific 

conclusions from this examination of a single randomly selected unwashed specimen. 

Our purpose is solely to illustrate the techniques of data reduction and we 

should emphasize that all the maps are directly comparable since they were 

measured simultaneously. 

Although such maps of elemental distributions are very informative, it is 

often necessary to obtzin a more quantitative measure of localised elemental 

composition. This also can be extracted from the stored data. Following inspection 

of some or all of the maps, certain features may be selected for more detailed 

examination. In Fig. 4a the total map is displayed with markers outlining five 

•u'yu'HJ o •', iiiteAdit. In this case the icgionA correspond to the twc roots, the 

areas immediately below them which appear to be rich in calcium and an area on 

two stems remote from any roots. Once defined, a Kngwn may be displayed with 

any magnification up to full screen size or the data within that leg-ton may be 

selected for further analysis. Thus the X-ray spectrum for each of the above 

five leg-ionA o{{ intefieAt has been extracted from the total data and is displayed 

in Fig. 4b to f. The relative layout of the spectra corresponds roughly to 

the relative positions of their respective legion*. Thus the spectra b and c 

are of roots, d and e are of KcgionA rich in calcium and spectrum f is from a 

stem \tqiun, and hence is rich in sulphur. These may be compared with the 

http://ilA.ce
file:///tqiun
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total spectrum g. Apart fi-om their quantitative nature, regional spectra can 

provide much additional information and often will bring out an element not 

previously mapped. Likewise a map of such an element may bring out new 

"leyXx'tis Ojj intcieAt, so that analysis may involve alternating between the two 

processes of generating a spectrum for a windowed lea-con of a map and generating 

a map for a windowed itice. of a spectrum. 

The third type of display commonly called for in any type of scanning 

analysis system is the Line, ican for which the scan is confined to a line along 

which is disp'ayed the number of events per unit length having a specified 

range of energy. This is merely a cLLipi.acejne.nt ipecXtum for which the xegicn 

c'j intesie&t is specified by a iticc of the orthogonal displacement spectrum, 

which specifies the width of the line, and a itice. of the energy spectrum. Such 

a line scan can readily be extracted from the stored data. In fact an entire 

map can be displayed in this form, which is equivalent to the Y-modulation 

display of a scanning electron microscope. In Fig. 5 we show three sets of line 

scans, fine, medium and coarse. Before displaying the scans, each ?s averaged 

over a specified range of X and a specified range of Y; the averaging range for 

Y is here specifying the width of the lines or the width of the Y displacement 

4<U.ct'4. This range for Y is also taken as the pacing between lines, that is 

coarseness of the scan display. The procedure is fairly obvious from the total 

medium scan. A fine scan has the effect of emphasizing features and giving a 

textured appearance. A medium scan is more readily interpreted as an elemental 

density distribution and gives a three dimensional appearance. The scans for 

sulphur and potassium emphasize the different localizations for these two 

elements, seen previously in the maps,and also present quantitative information 

on distributions within these regions of localization. 

http://cLLipi.acejne.nt
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A low level background can be suppressed or regions of high concentration 

picked out, by setting a threshold level for display of points in maps or line 

scans. This has been done for three of the line scans in Fig. 5. This display 

option must not be confused with a true quantitative background subtraction 

which could be carried out on the energy spectra by standard techniques. As with 

any other system of scanning analysis, if there is a significant background under

lying a selected peak in the energy spectrum, then a nap or line scan can be 

misleading, unless the origin of the background fortuitously is distributed 

similarly to that of the selected peak. An example of such a map is the one for 

phosphorus in Fig. 3. The map correctly indentifies the concentration of 

phosphorus in the hair roots, but also implies a continuous distribution dovn 

the stems. In theory, the background distribution could be obtained from other 

slices of the stored data and a subtraction could be performed for each point of 

the nap before display. In practice, the statistics per point would not warrant 

such a procedu- e unless averaging were performed. It is simpler and more 

informative to call for the spectra of any yejions .-f -interest, as shown in Fig. I 

These present the data quantitatively and immediately show the peak to background 

ratio. Naturally, the counting statistics for a single point, or even a small 

.-•-...' '/ i?:t erect whî 'i is part cf a Isr^c area scan, will be relatively low, 

bcinj; determined by the beam current and the total time which the scanning spot 

spends in that region; on the other hand, specimer.? can generally withstand 

higher beam currents when a large ,iiea scan is performed. 

CONCLUSION 

The numerous displays shown in this article have all been generated from 

the one set of scanning data. The major points which we have endeavoured to 

illustrate thereby are as follows. 

(1) It is possible to collect all data from one or more spectral outpjts of 
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a scanning system, to record permanently this data in a quantitatively 

retrievable manner and to perform this task in the time normally taken to 

obtain only a single spectrum or qualitative map. 

(2) The data recorded during this single scanning operation may then be 

analysed off line at leisure and any information present in the data as 

originally generated nay be extracted. 

(3) Because the data base is permanently recorded, it is possible to 

establish relationships, both qualitative and quantitative,between subsections 

of the data. 

(4) All data are directly comparable since they were collected during the 

one operation. 

(5) The simultaneous collection of all data not only reduces the time 

required to perform a detailed analysis. It also minimizes the probability 

of change occuring in the nature of a specimen during the analysis. 

(6) If such a change does occur, however, it can be detected by inspection 

of the time ordered stored data. If necessary, any portion of the stored data 

may be selected or rejected. 

There is another feature of this system of computer controlled data 

collection and analysis which we have not touched on. All incoming data, 

including scanning parameters, are digitized; if the scanning instrument is 

also under digital control of the computer performing the analysis, the 

interaction then possible between the analyst, his instrument and the 

computer further increases the power and efficiency of the system, it being 

possible to rapidly position and rescan any feature of the specimen which is 

identified during a previous analysis. 
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Fig. 1. .Modifications of beat (or sample) scanning techniques to 

enable collection, permanent quantitative storage and 

analysis of all data. .?. Basic system of bea* scanning 

anc map recording as used on many microprobes. h, A 

counter based system of dita collection and display. The 

X and V co-ordinates ot all selected events are digitized 

and recorded in the computer memory. The analogue to 

digital converters (ADC) digitize only those events which 

are acceptable to the single channel anaiyser (SCA). c, 

A computer based system of tut. ..I data collection, sorting, 

processing and display. The X, Y a.td E parameter vaiues 

for each event are digitized and peraanently recorded in 

time sequence for subsequent analysis. 

Fig. -. X-ray spectrum from the entire specimen of 5 human hairs. 

This s,»ectrum was accusal la i.-i during the scanning operation 

in which a 10 _m diameter beam of 3 McV ,>rotons scanr?d a 

1 mm square area. Beam current was 4 - 10"' " A for IS00 sec. 

The unwashed hairs were attached to a thin nylon foil with 

no further backing or coating. This foil produced negligible 

background radiation. Note the change of verticil scale 

(X <>4) for the heavy element region of the spectrum. 

Fig. .>. Maps of elemental distributions over the three hairs. The 

total X-ray map was accumulated direct"y from all X-rays 

detected during the scanning operation. The other naps 

were obtained by process'ng the stored data with a window 

set on the appropriate Si'<r.- of the X-ray spectrum. 
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Fig. \ . a, Five legiaib o$ in fete if are designated by rectangular 

markers superimposed on the total X-ray map. b-&, The 

X-ray spectrum for each of the designated legioni is 

displayed (light elements only). g, The X-ray spectrum 

rf the total area is displayed for comparison. The spectra 

were obtained by processing the stored data with windows 

set on the appropriate iticei of the X and Y spectra which 

together define a legion. 

Fig. 5. Line scans obtained by processing the stored data. The 

coarseness of the scan also defines the range over which 

the data is averaged. Averaging intervals are set 

independently for X and Y directions. The other parameters 

available are the level of any background to be subtracted 

and the specifications of any windows for X, Y or the 

energy F. 
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