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(57) ABSTRACT 

A television display system for a scanning electron mi 
croscope provides a spatially correlated area map dis 
play of X-ray events emitted from a specimen within 
one or more predetermined energy ranges as the spec 
imen is scanned at standard television scanning rates 
by an electron beam. The X-ray area map display can 
be presented alone, or in combination with a conven 
tional micrograph magnified image of the specimen. 
Provision is made for displaying X-ray events falling 
within different energy ranges in different colors on 
the area map television display to facilitate determin 
ing the distribution of selected elements within the 
specimen, and for color coding the distribution peaks 
on an associated X-ray energy distribution television 
display to facilitate correlation with the elements dis 
played in the area map display. 

11 Claims, 9 Drawing Figures 
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TELEVISION DISPLAY SYSTEM 

BACKGROUND OF THE INVENTION 
This invention pertains to video display systems, and 

more particularly to a display system for a scanning 
electron microscope. 
Scanning type electron microscope (SEM) systems, 

wherein a narrow electron beam is caused to periodi 
cally scan across the surface of a specimen, have come 
into wide use for the examination of rough specimens, 
such as a fracture or a particle in a substrate. In such 
systems a detector, mounted adjacent the specimen, 
detects the incidence of secondary electrons as the 
specimen is scanned to develop a video signal indica 
tive of the electron density of the specimen. This video 
signal, after amplification, is utilized to intensity 
modulate the electron beam of a cathode-ray tube. 
When this electron beam is caused to scan in synchro 
nism with the electron beam of the SEM, an output dis 
play is formed on the face of the cathode-ray tube 
showing the threedimensional surface features of the 
specimen with magnifications typically from 20 to 
20,000 times. - 

The usefulness of a SEM system is greatly enhanced 
if an elemental analysis can be made of the specimen 
at the same time the specimen is being scanned. This 
is accomplished by detecting and measuring the X-rays 
emitted from the specimen as it is scanned. The energy 
level of these X-rays is proportional to the atomic num 
ber of the element emitting the X-rays, and thus can be 
used to unequivocably identify the element. Further 
more, the relative number of X-rays of various energies 
can be used to calculate the relative abundance of the 
different elements in the specimen. Energy-dispersive 
analysis systems commonly used in conjunction with 
SEM systems for elemental analysis employ a highly 
purified silicon diode detector for developing current 
pulses proportional to the energy level of the X-ray 
events. After amplification, these pulses are sorted and 
tabulated according to their energy level in a multi 
channel energy distribution analyzer to ascertain the 
complete energy spectrum of the specimen. All or por 
tions of this spectrum can then be displayed as a histo 
gram on a cathode-ray tube, or can be printed-out by 
means of a teletype terminal or data plotter. 

Energy-dispersive analysis systems can also be 
equipped to single out specific energy level pulses, and 
hence specific elements. This is accomplished by 
means of a single channel window circuit which is set 
to recognize only signals within a predetermined en 
ergy range, or window, and to ignore all others. All 
X-ray events falling within this window can be sepa 
rately processed and tabulated, allowing the presence 
of a selected element to be accurately determined. 
One particularly useful application for the single 

channel window is to provide an area map of the se 
lected element on the output display of the SEM sys 
tem. This may be done by intensity-modulating the 
electron beam of the cathode-ray display tube, either 
so that only the selected element will be displayed, or 
so that the selected element will be made to stand out 
in some manner from the rest of the display. 
Unfortunately, there is an inherent delay of from 20 

to 100 microseconds in energy-dispersive analysis sys 
tems in detecting and identifying the X-ray emissions 
frm the specimen. In the case of a slow scan SEM sys 
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2 
tem this delay presents no problem, since the horizon 
tal sweep is very slow, typically in the order of 100 mil 
liseconds, and the spatial resolution error of the 100 
microsecond delay is only 0.1 percent. However, in the 
case of television-type SEM system displays, the X-ray 
detection delay has heretofore made X-ray mapping 
impossible. This is because in systems of this type the 
horizontal sweep is typically only 63.5 microseconds, 
so that the horizontal spatial error resulting from the 
X-ray detection delay ranges from 30 percent to 150 
percent. Since the actual delay is variable, depending 
on the energy of the X-ray event, the X-ray area map 
of an element resulting from direct application of a sin 
gle-channel window output to the SEM system display 
is spatially distorted and of no practical value. 

SUMMARY OF THE INVENTION 
Accordingly, it is a general object of the present in 

vention to provide a new and improved display system 
for a scanning-type electron microscope wherein ele 
mental identification from an energy-dispersive X-ray 
analysis system is displayed in spatial correlation to the 
micrographic output display of the microscope. 

It is a more specific object of the present invention 
to provide a new and improved television display sys 
tem for a scanning-type electron microscope which 
provides an elemental area map with reduced horizon 
tal spatial error. 
The usefulness of an energy-dispersive X-ray analysis 

system is further enhanced by being able to identify and 
display the location of two or more elements at one 
time. While it is possible to provide more than one sin 
gle-channel window to identify multiple elements, 
heretofore no satisfactory means has been known for 
differentiating between different elements in the SEM 
Accordingly, it is another general object of the pres 

ent invention to provide a display system for a scan 
ning-type electron microscope which provides a simul 
taneous X-ray area-map of multiple elements. 

It is another more specific object of the present in 
vention to provide a television display system for a 
scanning-type electron microscope which provides a 
means for correlating elements displayed on a multiple 
element area map display with those represented on a 
simultaneous energy histogram display. .. 

It is another more specific object of the present in 
vention to provide a television display system for a 
scanning-type electron microscope wherein individual 
ones of multiple elements are uniquely identified and 
displayed in spatial correlation to the micrograph out 
put display of the microscope. 
Accordingly, the invention is directed to a display 

system for a scanning electron microscope of the type 
wherein a series of X-ray emission events are produced 
as a specimen is cyclically scanned by an electron 
beam. The system comprises a detector for detecting 
the X-ray events and producing output pulses indica 
tive of the energy level thereof, and means for convert 
ing at least some of the output pulses to energy indica 
tive information signals, the information signals follow 
ing their respective output signals by random unpre 
dictable time intervals. Correlation means responsive 
to the information signals are provided for producing 
a display pulse after a predetermined time interval fol 
lowing each of the output signals. The system further 
includes a television monitor having a viewing screen 
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scanned in synchronism with the specimen, and means 
are provided for applying the display pulses to the tele 
vision monitor to obtain a spatially correlated display 
of the X-ray events. 
The invention is further directed, in a scanning elec 

tron microscope of the type wherein a series of X-ray 
emission events are produced as a specimen is cycli 
cally scanned by an electron beam, to a display system 
comprising a detector for detecting the X-ray events 
and producing output pulses indicative of the energy 
level thereof, and means for converting at least some of 
the output pulses to energy-indicative information sig 
nals, the information signals following their associated 
events by random unpredictable time intervals. The 
display system further comprises a first single-channel 
window circuit for analyzing the information signals to 
produce a first control effect when one of the signals 
falls within limits corresponding to a first predeter 
mined energy range, and a second single-channel win 
dow circuit for analyzing the information signal to pro 
duce a second control effect when one of the signals 
falls within limits corresponding to a second predeter 
mined energy range. Further included are means in 
cluding a timer responsive to the first control effect for 
producing a first display pulse and responsive to said 
second control pulse for producing a second display 
pulse, each of the pulses being provided after a prede 
termined delay period following the X-ray event asso 
ciated with the respective control effect. The display 
system further comprises a television monitor having a 
viewing screen scanned in synchronism with the speci 
men, and means for applying the first and second dis 
play pulses to the television monitor to obtain a spa 
tially correlated display of the X-ray events having en 
ergy levels within the first and second predetermined 
energy ranges. 
The present invention is further directed, in a scan 

ning electron microscope of the type wherein a series 
of X-ray emission events are produced as a specimen 
is cyclically scanned by an electron beam, to a display 
system comprising a detector for detecting the X-ray 
events and producing output pulses indicative of the 
energy level thereof, and means for converting at least 
some of the output pulses to energy-indicative informa 
tion signals, the information signals following their as 
sociated events by random unpredictable time inter 
vals. The display system further comprises a color tele 
vision monitor, and an energy distribution analyzer for 
developing on the television monitor from the informa 
tion signals a histogram-type display of the energy lev 
els of the X-ray events versus their cumulative occur 
rence over a period of time. Also included are a first 
single channel window for analyzing the information 
signals to generate a first control effect when the sig 
nals fall within limits corresponding to a first predeter 
mined energy range, and means for varying the color of 
the histogram display to identify that portion of the dis 
play falling within the first predetermined energy 
range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention which are be 
lieved to be novel are set forth with particularity in the 
appended claims. The invention, together with further 
objects and advantages thereof, may best be under 
stood by reference to the following description taken in 
connection with the accompanying drawings, in the 
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4 
several figures of which like reference numerals iden 
tify like elements, and in which: 
FIG. 1 is a simplified functional block diagram of a 

scanning-type electron microscope television display 
system constructed in accordance with the invention to 
present a spatially correlated X-ray area map; 
FIG. 2 is a spectral histogram of the energy levels of 

X-ray events helpful in understanding the operation of 
the display system of FIG. 1; 
FIG. 3 is a vertically expanded depiction of a televi 

sion scanning sequence helpful in understanding the 
operation of the display system of FIG. 1; 
FIG. 4 is a vertically expanded depiction of another 

television scanning sequence helpful in understanding 
the operation of the display system of FIG. 1; 
FIG. 5 depicts an SEM system micrographic output 

display helpful in understanding the operation of the 
display system of FIG. 1; 
FIG. 6 depicts an elemental X-ray area map helpful 

in understanding the operation of the display system of 
FIG. 1; 
FIG. 7 is a simplified functional block diagram of a 

scanning-type electron microscope display system con 
structed in accordance with the invention to simulta 
neously present X-ray area maps for two different ele 
ments, 
FIG. 8 depicts a simultaneous elemental X-ray area 

map display for two different elements helpful in un 
derstanding the operation of the display system of FIG. 
7; and 
FIG. 9 is a spectral histogram of the energy levels of 

X-ray events helpful in understanding the operation of 
the display system of FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODEMENT 

Referring to FIG. 1, the display system of the inven 
tion is shown in conjunction with a scanning-type elec 
tron microscope 10 which may be entirely conven 
tional in design and operation. The microscope may in 
clude an electron gun 11, an electro-magnetic condens 
ing lens 12, and an electro-magnetic objective lens 3 
for establishing and focusing an electron beam 14 onto 
the surface of a specimen 15. Because the scanning 
electron microscope is intended primarily for high res 
olution imaging, the electron beam is of relatively low 
intensity, typically in the order of 10' amperes, to ob 
tain the smallest possible contact point with the speci 
men. As mentioned previously, the specimen for this 
type of microscope will ordinarily have a rough surface 
and may consist of a plurality of tiny particles to be in 
dividually analyzed. 
The electron beam 14 is caused to scan specimen A5 

by means of an electromagnetic scanning coil 6. This 
scanning action may be two dimensional and like that 
of a television system wherein a relatively fast horizon 
tal scan is utilized in conjunction with a much slower 
vertical scan. While the scanning rate is to some extent 
a matter of choice, in the present system it is purposely 
selected to be identical to the present United States 
standard, namely a 15,750 Hz line scanning rate and a 
60 Hz field scanning rate. This permits conventional 
television monitors to be used, singly or in parallel, to 
display the output of the microscope and permits direct 
interface with other types of video equipment, Scan 
ning coil 16 is driven by scanning circuits 7, which 
may include both horizontal and vertical circuits for es 
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tablishing the necessary deflection currents in coil 16. 
These circuits are synchronized by means of a sync 
generator 18, which also has an output for synchroniz 
ing associated output display monitors. 
As the electron beam scans specimen 15 low energy 

secondary electrons are given off at a rate dependent 
upon the electron density of the specimen at the inci 
dent point of the beam. These electrons are detected by 
a detector 19, which develops an output signal indica 
tive of the electron density. This signal is applied to a 
high gain amplifier 20 wherein it is amplified to a level 
suitable for application to video processing circuits 21. 
The synchronizing output signals from sync generator 
18 are combined with the amplied detector output sig 
nal from amplifier 20 by video processing circuits 21 to 
form a composite television signal. This signal may be 
applied to one or more conventional television moni 
tors 22 to obtain an output display showing the three 
dimensional surface features of the specimen as they 
would appear to the human eye at magnifications of 
from 20 to over 20,000 times. 

Electron microscope 10 also has associated with it an 
X-ray energy-dispersive analysis system for analyzing 
the elemental composition of specimen 15. Data for 
this system is obtained by means of X-ray detector 23 
positioned adjacent to the specimen. This detector may 
consist of a lithium-drifted silicon semiconductor, 
which when appropriately biased develops a charge 
proportional to the energy of the incident X-ray. This 
charge is integrated into a current pulse by a field effect 
transistor (FET) preamplifier. The silicon detector and 
its FET preamplifier are cooled with liquid nitrogen 
from an adjacent dewar 24 to stabilize the detector and 
to reduce the dark current (noise). 
The signal from the preamplifier is amplified in a lin 

ear amplifier 25. The gain of this amplifier is variable 
but stable over extended time periods, thereby provid 
ing a means of calibrating the system and accommodat 
ing variations in detector efficiency. The amplified cur 
rent pulses from amplifier 25 are applied to a data gate 
26, which allows only those pulses which the system is 
prepared to analyze to enter the system. That is, while 
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a particular memory location, and up-dating the con 
tents of that location by adding one count, it is possible 
to develop within the memory a complete energy spec 
trum for the specimen being analyzed. In practice, 400 
or more such memory locations may be utilized in de 
veloping the final energy distribution spectrum. An 
output from analyzer 28 is also provided for controlling 
data gate 26. 

If desired the information contained in the various 
memory locations can be read out into a teletypewriter 
or into a two-axis plotter to provide an indication of the 
energy spectrum of the specimen. However, it is often 
desirable to provide a real-time video display, and to 
this end a television display generator 29 and television 
monitor 30 are provided in conjunction with analyzer 
28. Generator 29 systematically scans the memory lo 
cations of the analyzer at the line scanning rate of mon 
itor 30, and in each case converts the stored counts of 
the memory locations to a proportional field intensifi 
cation on the monitor. In practice this is facilitated by 
rotating the deflection yoke of monitor 30 by 90° so 
that the slower 60 Hz field scan is horizontal and the 
faster 15,750 Hz line scan is vertical. This makes the 
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the system is processing one or more previous pulses it 
may not have the capacity to process a closely follow 
ing subsequent pulse, and therefore the subsequent 
pulse is ignored. Since the occurrence of X-ray events, 
and hence pulses, is random over any given period of 
time, this in no way affects the accuracy of the final ele 
mental analysis. 
The output pulses from data gate 26 are applied one 

at a time to an analog to digital converter 27 wherein 
each is converted to a binary number information sig 
nal indicative of its magnitude, and hence the energy 
level of the X-ray event. This information signal is ap 
plied to an energy distribution analyzer 28, wherein it 
is used in constructing an energy distribution spectrum 
of the specimen. Specifically, analyzer 28 contains a 
memory unit having a large number of locations each 
corresponding to a possible X-ray event energy level. 
A number stored in each such memory location indi 
cates the number of X-ray events which have been re 
ceived at that energy level. By adjusting the gain of am 
plifier 25, the binary number developed by converter 
27 in response to an X-ray event is made to correspond 
to the address of the memory location corresponding to 
the energy level of the event. Then, by utilizing the digi 
tal number from converter 27 as an address to locate 
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entire 525 scanning lines of the U.S. standard, now dis 
played vertically, available for assignment to memory 
locations in analyzer 28. It will be appreciated that 
when each of these lines is extended up in proportion 
to the number or count stored in its corresponding 
memory location, a spectral display or histogram of the 
energy levels of the specimen results. A grid and addi 
tional alphanumeric information may be provided on 
the display by incorporating appropriate circuitry in 
generator 29. 

It is often desirable to analyze a certain energy level 
or range of energy levels to determine the presence of 
a particular element or group of elements. To this end, 
the X-ray analysis system of FIG. 1 includes a single 
channel window 31 which can be set to recognize and 
display one particular energy level, or centroid, or al 
ternatively a range of energy levels. It accomplishes this 
by comparing an applied digital number with an inter 
nally stored digital number, and producing an output 
only when the numbers agree or are within the selected 
range. The stored number and the permissible range 
can be set by means of switches, or can be externally 
selected and retained in a portion of the memory of an 
alyzer 28. 
The input to window 31 is alternately switched be 

tween the output of analog to digital converter 27 and 
the read-out address output of television display gener 
ator 29 by means of a multiplexer 32. It will be recalled 
that analyzer 28 periodically scans the memory loca 
tions of its core storage unit for the purpose of forming 
a spectral display. In so doing, it periodically generates 
addresses of these memory locations, and it is these ad 
dresses that are applied one at a time by multiplexer 32 
to window 31 during one portion of its operating cycle. 
If the addresses, which correspond to discrete energy 
levels, fall within the range of window 31 an output 
pulse is produced. This pulse is utilized by analyzer 28 
to enhance or brighten the video signal generated by 
display generator 29 so that the selected window will 
appear as a brightened area to the operator. It can also 
be used for statistical purposes, as for example, deter 
mining the total number of pulses within the window. 
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The histogram-type energy spectrum display pro 
duced on monitor 30 is shown in FIG. 2. Energy levels 
appear on the horizontal scale (10 electron volts per 
channel) and total events (10,000 per division) appear 
on the vertical scale. The window is shown as extending 
over and brightening an energy peak 33. A grid 34 is 
provided for operator convenience and an alphanu 
meric readout of the window centroid and display scale 
factors is provided at the top. In this case the window 
is centered at 4,510 electron volts, an energy level cor 
responding to the element titanium. 
During the other portion of its operating cycle, multi 

plexer 32 applies the digital output signals from con 
verter 27, representing energy-levels of occurring 
X-ray events, to single channel window 31, wherein 
they are compared with the internally stored number to 
determine whether the events fall within the window 
limits. If they do, an output pulse is produced by win 
dow 31 for the purpose of producing an X-ray area map 
indicating the spatial distribution of the selected ele 
ment, in this case titanium, on the SEM system display 
monitor 22. 
However, it will be recalled that the processing time 

between the actual X-ray event and the completion of 
the window analysis is relatively long, in the order of 20 
to 100 microseconds, so that the output pulse of win 
dow 31, if applied directly to monitor 22, would result 
in a large horizontal spatial error. Therefore, and in ac 
cordance with one aspect of the invention, a display 
delay timer 35 is provided for delaying the display of 
the X-ray event for a predetermined period of time 
equal to an integral multiple of the duration of one line 
scanning period. Specifically, delay timer 35 is trig 
gered by the leading edges of pulses passed by data gate 
26. After being so triggered, it produces an output after 
a predetermined period of time, in this case two line 
scanning periods, or 127 microseconds. This output is 
connected to one input of an AND gate 36, the other 
input of which is connected to the output of window 
31. Thus, an output from AND gate 36 is possible only 
if the timer has run and the analyzed X-ray event falls 
within the limits of the window. 
The functioning of this delay circuit can be better ap 

preciated by reference to FIGS. 3 and 4. In FIG.3 two 
X-ray events, X and X are shown, as they might occur 
during a portion of a scanning cycle. As a result of the 
delay in detecting and analyzing the X-ray events, it is 
seen that Y and Y displays of X and X, respectively, 
are laterally displaced by substantial amounts and pro 
vide no useful correlation with the true position of the 
events. In FIG. 4, the displays Y and Y, have each 
been delayed by two horizontal scanning periods, or 
127 microseconds, so that the displays fall immediately 
below their X-ray event. The resulting vertical spatial 
error, 2 lines in 525 lines, is less than 0.5 percent and 
can therefore be ignored. 
The output of AND gate 36 is applied to a pulse 

forming circuit 37 wherein a pulse of predetermined 
amplitude and duration is generated for application to 
video processing circuits 21. A mode select or switch 
38 is provided at the input of processing circuits 21 to 
permit the operator to select between a micrograph dis 
play mode and and X-ray area map mode. With the lat 
ter selection the X-ray events which have energy levels 
within the limits of window 31 will be displayed on the 
screen as momentary bright dots spatially aligned with 
their actual origin on the specimen as displayed in the 
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8 
micrograph mode. Since the dots appear at random 
throughout the display, it is contemplated that time 
lapse photography would be utilized in recording the 
X-ray area map. In practice, shutter openings of from 
2 to 4 minutes have been employed. Because of the 
spatial correlations made possible by the invention, it 
is possible to superimpose an area map display on a mi 
crograph by taking a double exposure; first of one, then 
of the other. It is also possible to generate a composite 
display by electronically combining the two signals with 
appropriate additive levels. 
The SEM system output displays made possible by 

the invention can better be appreciated by reference to 
FIGS. 5 and 6. In FIG. 5a micrograph is seen which dis 
plays five particles 39-43 greatly magnified. in FIG. 6, 
a time-lapse photographed X-ray area map is shown of 
the same five particles with the window adjusted to an 
energy level corresponding to one element, say tita 
nium. Now only those particles composed of titanium, 
namely 39 and 42, appear. This indicates to the opera 
tor that titanium is present, and what the relative quan 
tity and size of the titanium particles might be. It will 
be appreciated that by setting other window limits, 
other elements could be displayed instead, and that a 
simultaneous comparison is available with the histo 
gram display to determine the energy level and relative 
concentration of the selected element. 

In accordance with another aspect of the invention, 
a plurality of single channel windows is provided, the 
outputs of which can be simultaneously displayed in in 
dividual identifying colors on a single X-ray area map. 
Referring to FIG. 7, two single channel windows 44 and 
45 are connected to the output of multiplexer 32. 
These channels simultaneously receive and process the 
applied digital address, although they would normally 
be adjusted to have different window centroids. The 
output of window 44 is connected to one input of AND 
gate 46, and the output of window 45 is connected to 
one input of an AND gate 47. The remaining inputs of 
AND gates 46 and 47 are connected to the output of 
display delay timer 35, and the outputs of gates 46 and 
47 are connected to respective modulating signal in 
puts of a color modulator 48. A 3.58 MHz continuous 
wave color oscillator 49 is connected to the unmodu 
lated signal input of modulator 48. 
When the energy level of a pulse processed by analog 

to digital converter 27 falls within one of the two win 
dows, an output is produced from that window. Then, 
when display delay timer 35 completes its cycle and 
provides an enabling output, the AND gate associated 
with the particular window provides an output pulse. 
This pulse is applied to color modulator 43, which re 
sponds by phase-modulating the 3.58 MHz signal from 
generator 49 to provide a color subcarrier to accom 
pany the luminance signal. The phase of the subcarrier 
thus generated is individually adjustable for the two in 
puts, and may be made to change automatically as the 
energy centroid of the window is changed. Since the 
color of the X-ray area map ultimately displayed on the 
SEM system output monitor depends on the phase of 
the 3.58 MHz subcarrier, the output of each window 
can be displayed in a different color. Modulator 48 also 
includes a burst gate for periodically generating the ref 
erence burst required during each horizontal retrace 
interval by U.S. color television standards. 
The output of modulator 48 is amplified by an ampli 

fier 50 before application to video processing circuits 
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51. A mode switch 52 may be connected in series with 
the inputs of processing circuits 51 to provide either a 
micrograph display, a multi-color X-ray area map, or a 
composite micrograph and multi-color elemental area 
map. Video processing circuits 51 include necessary 
clamping and matrixing circuitry for combining the 
three input signals to form a composite signal suitable 
for application to one or more standard color monitors 
S3. 
The effect of this arrangement can be seen in FIG. 8, 

which depicts a multi-color X-ray area map. In this case 
window 44 is set at 450 electron-volts, which corre 
sponds to titanium, and window 45 is set at 5410 elec 
tron-volts, which corresponds to the element chro 
mium. Again, titanium particles 39 and 42 activate the 
4,510 electron-volt window, but this time they produce 
a colored display, say green. Particles 40 and 41 acti 
vate the 5,410 electron-volt window, identifying them 
selves as chromium and being displayed in red. Particle 
43, which is neither of these elements, would not be 
displayed in the X-ray area map display and would be 
displayed without color in the composite display. 
The resulting display on monitor 57 comprises a his 

togram-type energy spectrum display similar to that 
shown in FIG. 9. By displaying the energy levels falling 
within a particular single channel window in the same 
color as in the X-ray area map display; e.g., green for 
the titanium peak 58 at 4,510 electron-volts and red for 
the chromium peak 59 at 5,410 electron-volts, correla 
tion between the two displays is easily accomplished. 
As in the previously described monochrome display, 
the actual energy centroids of the single channel win 
dows can be displayed in alphanumerics above the 
graphical data. 
Thus, a novel television display system for an elec 

tron microscope has been described which permits ele 
mental identification by means of an X-ray area map 
spatially correlated to the micrographic output of the 
microscope. Identification of the elemental energy 
level under analysis is also made on a simultaneously 
presented histogram-type energy spectral display to 
permit positive identification of the element and its rel 
ative composition in the specimen. A more advanced 
system has also been shown which permits simulta 
neous identification of multiple windows by color cod 
ing the electron microscope and energy distribution 
displays. 
While particular embodiments of the invention have 

been shown and described, it will be obvious to those 
skilled in the art that changes and modifications may be 
made without departing from the invention in its 
broader aspects, and, therefore, the aim in the ap 
pended claims is to cover all such changes and modifi 
cations as fall within the true spirit and scope of the in 
vention. 
What is claimed is: 
1. In a scanning electron microscope of the type 

wherein a series of X-ray emission events are produced 
as a specimen is cyclically scanned by an electron 
beam, a display system comprising: 
a detector for detecting said X-ray events and pro 
ducing output pulses indicative of the energy level 
thereof; 

means for converting at least some of said output 
pulses to energy-indicative information signals, 
said information signals following their respective 
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output pulses by random unpredictable time inter 
vals, 

correlation means responsive to said information sig 
nals for correlating said information signals with 
limits corresponding to a predetermined energy 
range and for producing a display pulse responsive 
to said correlation after a predetermined time in 
terval following each of said respective output 
pulses; 

a television monitor having a viewing screen scanned 
in synchronism with said specimen; 

and means for applying said display pulses to said 
television monitor to obtain a spatially correlated 
X-ray area map display of said X-ray events. 

2. A display system as defined in claim wherein said 
correlation means comprise a single channel window 
circuit for producing a control effect when one of said 
information signals falls within said limits, and a timer 
responsive to said control effect for producing said dis 
play pulse after a predetermined delay period following 
the output pulse associated with said one informatio 
signal. 

3. A display system as defined in claim 2 wherein said 
specimen is scanned in a line raster and said delay pe 
riod comprises an integral number of line scanning pe 
riods. 

4. A display system as defined in claim 2 wherein said 
electron microscope includes a detector for detecting 
secondary electrons and wherein means are provided 
for applying the output of said electron detector to said 
television monitor to display a micrograph of said spec 
imen thereon in spatial correlation with said X-ray area 
map. 

5. A display system as described in claim 2 wherein 
said display pulse includes a color subcarrier signal, 
said television monitor is a color video monitor and 
said spatially correlated display is a color display. 

6. A display system as described in claim 1 wherein 
said information signals are digitally coded signals, and 
said correlation means include a digital window circuit 
for determining whether said coded signals fall within 
a predetermined energy range. 

7. In a scanning elctron microscope of the type 
wherein a series of X-ray emission events are produced 
as a specimen is cyclically scanned by an electron 
beam, a display system comprising: 
a detector for detecting said X-ray events and pro 
ducing output pulses indicative of the energy level 
thereof, 

means for converting at least some of said output 
pulses to energy-indicative information signals, 
said information signals following their associated 
events by random unpredictable time intervals; 

a first single-channel window circuit for analyzing 
said information signals to produce a first control 
effect when one of said signals falls within limits 
corresponding to a first predetermined energy 
range, 

a second single-channel window circuit for analyzing 
said information signals to produce a second con 
trol effect when one of said signals falls within lim 
its corresponding to a second predetermined en 
ergy range, 

means including a timer responsive to said first con 
trol effect for producing a first display pulse and 
responsive to said second control effect for produc 
ing a second display pulse, each of siad pulses being 
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produced after a predetermined delay period fol 
lowing the X-ray event associated with the respec 
tive control effect; 

a television monitor having a viewing screen scanned 
in synchronism with said specimen; 

and means for applying said first and second display 
pulses to said television monitor to obtain a spa 
tially correlated display of said X-ray events having 
energy levels within said first and second predeter 
mined energy ranges. 

8. A display system as defined in claim 7 wherein said 
specimen is scanned in horizontal and vertical direc 
tions and said delay period comprises an integral num 
ber of horizontal scanning periods. 

9. A display system as defined in claim 7 wherein said 
television monitor is a color monitor, and wherein said 
first display pulses appear on said monitor with a first 
distinguishing color, and said second display pulses ap 
pear on said monitor with a second distinguishing 
color. 

10. In a scanning electron microscope of the type 
wherein a series of X-ray emission events are produced 
as a specimen is cyclically scanned by an electron 
beam, a display system comprising: 
a detector for detecting said X-ray events and pro 
ducing output pulses indicative of the energy level 
thereof; 
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12 
means for converting at least some of said output 

pulses to energy-indicative information signals, 
said information signals following their associated 
events by random unpredictable time intervals; 

a color television monitor, 
an energy distribution analyzer for developing said 

television monitor from said information signals a 
histogram-type display of the energy levels of said 
X-ray events versus their cumulative occurrence 
over a period of time; 

a first single channel window for analyzing said infor 
mation signals to generate a first control effect 
when said signals fall within limits corresponding to 
a first predetermined energy range; 

and means for varying the color of said histogram dis 
play to identify that portion of the display falling 
within said first predetermined energy range. 

11. A display system as defined in claim 10 which fur 
ther comprises a second single channel window for ana 
lyzing said information signals to generate a second 
control effect when said signals fall within limits corre 
sponding to a second predetermined energy range, and 
means for futher varying the color of said histogram 
display to identify that portion of the display falling 
within said second predetermined energy range. 
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