
ilnited States atent n91 
Earnhart et al. 

l54l X-RAY SCAN AREA MAPPENG SYSTEM 

[75] inventors: Morris W. Barnhart, Buffalo Grove, 
11].; John C. Russ, Raleigh, NC. 

[73] Assignee: Edax international, Inc., Prairie 
View, [1]. 

[22] Filed: Apr. i2, 1973 

[2l] Appl. No.: 350,616 

[52] US. Cl. ............................... .. 250/306, 250/310 
[51] int. Cl. .......................................... .. H0lj 37/26 
[58] Field of Search .......... .. 250/306, 307, 309, 310 

[5 6] - References Cited >7 i 
. UNITED STATES PATENTS 

3,307,066 2/1967 Shapiro ............................. .. 250/310 
3,479,506 11/1969 Dorfler ........ .. 250/310 

3,535,516 10/1970 Munakata .... .. .. 250/310 

Sem 
DisplayCRT 

17x 
Scanning 
Circuits 

i 

.185. 
Sy nc. 

Generator 

23 

25 
Analog ‘Energy 

To Digital Distribution 
I Converter Analyzer 

Liquid 
Nitrogen 

1111 3,813,545 
[45] May 28, 1974 

Primary Examiner-—Archie R. Borchelt 
Assistant Examiner—C. E. Church 
Attorney, Agent, or Firm-—James M. Wetzel 

[57] 7 ABSTRACT 

An X-ray scan area mapping system for a scanning 
electron microscope provides a spacial area map dis 
play of X-ray events emitted fromv a specimen within 
at least one energy range as the specimen is scanned 
at scanning electron microscope rates by an electron 

' , beam. A background X-ray noise reduction circuit en 
ables intensification of the scanning electron micro 
scope cathode-ray tube display upon the occurrence 
of an X-ray event within the energy range and disables 
intensi?cation when the time between consecutive 
X-ray events within the energy range exceeds a prede 
termined time period. Background X-ray events occur 
at much slower rates than the X-ray events emitted 
from the specimen within the energy range, and there 
for, a substantial reduction in background noise on the 
scanning electron microscope display is obtained. 

11 Claims, 3 Drawing Figures 
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X-RAY SCAN AREA MAPPING SYSTEM 

BACKGROUND OF THE INVENTION 

This invention‘ pertains to X-ray area mapping sys 
tems, and more particularly to X-ray area mapping sys 
tems which provide a scanning electron microscope 
display with visual information. 
Scanning-type electron microscope (SEM) systems, 

wherein a narrow electron beam is caused to 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 indicative of the to 
pography of the specimen. This video signal, after am 
pli?cation, is utilized to intensity-modulate the electron 
beam of the SEM cathode-ray tube. When this electron 
beam is caused to scan in synchronism with the elec 
tron beam of the SEM display, an output display is 
formed on the face of the cathode-ray tube showing the 
three dimensional surface features of the‘ specimen 
with magnification 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 
puri?ed silicon diode detector for developing current 
pulses proportional to the energy level of the X-ray 
events. After ampli?cation, 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 the spectrum can then be displayed as a histo 
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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 speci?c energy level pulses, and 
hence speci?c elements. This is accomplished by 
means of a single channel window circuit which is set 
to recognize only signals with a predetermined energy 
range, or window, and to ignore all others. All X-ray 
events falling within this window can be separately pro 
cessed and tabulated, allowing the presence of a se 
lected 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 so that 
the selected element will be made to stand out in some 
manner from the rest of the display. 
Unfortunately, X-ray area mapping systems of the 

prior art operate in such a way as to continuously en 
able intensification of the SEM cathode-ray tube dis 
play. During the electron beam scanning of the speci- 

50 

55 

65 

2 
men, background X-ray events having energies within 
the electron energy range of the window cause intensi 
?cation of the display at times- when intensi?cation in 
inappropriate. This, of course, detracts from the useful 
ness of an X-ray map and results in faulty information. 

It is, therefore, an object of the invention to provide 
an improved X-ray area mapping system. 

It is a more speci?c object of the present invention 
to provide an X-ray area mapping system which sub 
stantially reduces the background X-ray noise on a 
scanning electron microscope cathode-ray tube dis 
play. 

It is a still further object of the present invention to 
provide a background noise reduction circuit capable 
of being incorporated into an X-ray area mapping sys 
tem of the prior art rendering it more useful to the op 
erator. 

SUMMARY OF THE INVENTION 

The inventionvprovides in an X-ray scanning area 
mapping system of the type which utilizes emitted X 
rays from a specimen upon scanning by an electron , 
beam and of the type which includes detecting means 
for detecting the occurrence of emitted X-rays, analyz 
ing means for analyzing the energies of the emitted X 
rays and for producing an output in response to the en 
ergies of the emitted X-rays for deriving an intensifying 
signal for a scanning visual display device, the improve 
ment rendering the visual display more free from back 
ground X-ray noise than theretofore obtainable com 
prising enabling means coupled to the analyzing means 
and to the display device for enabling intensi?cation of 
the display device in response to the analyzing means 
upon the occurrence of one of the emitted X-rays and 
disabling means coupled to the enabling means for dis 
abling the intensi?cation of the display device when the 
time between consecutively emitted X-rays exceeds a 
predetermined time period. 

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 
several ?gures of which like reference numerals iden 
tify like elements, and in which: 
FIG. 1 is a simpli?ed functional block diagram of a 

scanning-type electron microscope display system con 
structed in accordance with the invention to present a 
spacial X-ray area map; 
FIG. 2 is a schematic circuit diagram of an X-ray 

background noise reduction circuit partially in block 
form embodying the present invention; and 
FIG. 3 is a graphic representation of signal wave 

forms as a function of time, which are helpful in under 
standing the operation of the circuit of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, the display system of the inven 
tion is shown in conjunction with a scanning-type elec 
tron microscope and which may be entirely conven 
tional in design and operation. The microscope may in 
clude an electron gun 11, an electromagnetic condens 
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ing lens 12, and an electro-magnetic objective lens 13 
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 
density, typically in the order of 10-12 amperes, to ob 
tain the smallest possible contact point with the speci~ 
men. 

The electron beam 14 is caused to scan specimen 15 
by means of an electro-magnetic scanning coil 16. This 
scanning action may be two dimensional and preferably 
occurs at the scanning rate of the SEM cathode-ray 
tube display scanning rate. Scanning coil 16 is driven 
by scanning circuits 17, which may include both hori 
zontal and vertical circuits for establishing the neces 
sary de?ection currents in coil 16. These circuits are 
synchronized by means of a sync generator 18, which 
also has an output for synchronizing associated output 
display devices. 

Electron microscope 10 also has associated with it an 
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X-ray area mapping system for providing a spacial area ' 
map display of X-ray events emitted from specimen 15. 
Data for this system is obtained by means of X-ray de 
tector 23 positioned adjacent to the specimen. As the 
electron beam scans the specimen l5, X-rays are emit 
ted from specimen 15. This detector may consist of a 
lithium-drifted silicon conductor, which when appro 
priately biased, develops a charge proportional to the 
energy of the incident X-ray. This charge is integrated 
into a current pulse by a ?eld effect transistor (FET) 
pre-ampli?er. The silicon detector and its FET pre 
amplifier are cooled with liquid nitrogen from an adja 
cent dewar 24 to stabilize the detector and to reduce 
the dark current, (noise). 
The signal from the pre-ampli?er is ampli?ed in a lin 

ear amplifier 25. The gain of this ampli?er is variable 
but stable over extended time periods, thereby provid 
ing a means of calibrating the system and accommodat 
ing variations in detector ef?ciency. The ampli?er cur 
rent pulses from ampli?er 25 are applied to an analog 
to digital converter 27, one at a time, wherein each is 
converted to a binary information signal indicative of 
its magnitude, and hence the energy level of the X-ray 
event. This information signal is applied to an energy 
distribution analyzer 28 which 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'indicates the number of 
X-ray events which have been received at that energy 
level. By adjusting the gain of ampli?er 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 digital number from 
converter 27 as an address to locate a particular mem 
ory location, and updating the contents of that loca 
tion by adding one count, it is possible to develop 
within the memory a complete energy spectrum for the 
specimen being analyzed. In practice, 400 or more such 
memory locations may be utilized. , 

It is usually desirable for X-ray area mapping pur 
poses to analyze a certain energy level or range of en 
ergy levels to determine the location of a particular ele 
ment or group of elements within a specimen. To this 
end, the X-ray analysis system of FIG. 1 includes a sin 
gle channel window 31 which can be set to recognize 
and display one particular energy level, or alterna 
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4 
tively, a range of alternative 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 numbers and the permissible range 
can be set by means of switches, or can be extremely 
selected and retained in a portion of the memory of an 
alyzer 28. 
During the scanning of specimen 15, the digital out 

put signal from converter 27, representing energy 
levels of occurring X-ray events are applied to single 
channel window 31, wherein they are compared with 
the internally stored numberto determine whether the 
events fall within the window limits. If they do, an out 
put pulse is produced by window 31 for the purpose of 
producing an X-ray area map indicating the spacial dis 
tribution of the'selected element on the SEM system 
display cathode-ray tube 22. 
However, in prior art X-ray area mapping'systems, 

the SEM display cathode-ray tube 22 is continuously 
enabled for intensi?cation by the pulses produced by 
single channel window 31. As previously mentioned, 
during the scanning of specimen 15, background X 
rays are produced and some of these background X 
rays have energies within the range of the single chan 
nel window 31. In the case when the SEM display 22 
is continuously enabled, the background X-ray events 
having energies within the selected energy range will 
produce a pulse from single channel window 31 intensi 
fying the SEM display cathode ray tube. This back 
ground noise produces intensi?cation of the SEM dis 
play when such intensi?cation is inappropriate result 
ing in background noise intensi?cation of the SEM dis 
play and making the area map produced less useful to 
the operator. Therefore, and in accordance with the 
present invention, the pulses produced by single chan 
nel window 31 are applied to background noise reduc 
tion circuit 32. Background noise reduction circuit 32 
operates on the principle that the background X-ray 
events having energies within the energy range of the 
single channel window occur at slower rates than the 
legitimate X-ray events having energies within the pre 
determined range. Background noise reduction circuit 
32 enables intensi?cation of the SEM display cathode 
ray tube 22 upon the occurrence of an emitted X-ray 
falling within the predetermined range of the single 
channel window and has means for disabling intensi? 
cation of the display when consecutive X-ray events 
within the predetermined energy range are spaced 
apart by a time which exceeds a predetermined time 
period. Therefore, when consecutive X-ray events are 

' not occurring within the predetermined time period, no 
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background noise is permitted to cause intensi?cation 
ofv the SEM display cathode-ray tube. 

In accordance with another aspect of the present in 
vention, background noise reduction circuit 32 has 
means for accommodating a number of different X-ray 
area mapping operating modes. For instance, a stan 
dard operating mode of X-ray area mapping systems is 
commonly referred to as a NORMAL DOT mode 
where the pulses supplying intensi?cation of the SEM 
display cause dot images on the display. While back 
ground noise reduction circuit 32 can accommodate 
such an operating mode, it may be preferred to utilize 
one of the three additional modes which background 
noise reduction circuit 32 can accommodate in which 
it reduces the background noise of the SEM display. 
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One of these modes, the DOT mode, produces a dot 
image like that of the normal DOT mode when the 
SEM display is intensi?ed. However, unlike the NOR 
MAL DOT mode, the dot mode only enables intensi? 
cation of the SEM display upon the occurrence of an 
X-ray event which falls within the predetermined time 
period. This enablement continues as long as consecu 
tively occurring X-ray events within the window occur 
within the predetermined time period as established by 
the background noise reduction circuit. During the en 
abling period, the background noise reduction circuit 
only produces pulses in response to the pulses pro 
duced by single-channel window 31to produce a dot 
image on the SEM display. Intensi?cation of the SEM 
display is disabled when consecutive X-ray events 
within the window are spaced apart by a time period 
exceeding the predetermined time period. During this 
time, no intensi?cation can occur, reducing the back 
ground noise. - 
The second additional operating mode of back 

ground noise reduction circuit 32 provides a white on 
black line image on the SEM display as opposed to a 
dot image. The line display occurs because during 
those time periods when intensi?cation is to take place, 
background noise reduction circuit 32 applies a-contin 
uous enabling signal to the SEM display CRT as it 
scans. 

The third additional operating mode provides an out 
line image. The outline image intensi?cation occurs at 
what would be the beginning and end of the line image 
intensi?cation period for a duration longer than the dot 
image periods but shorter than the line image periods. 
As a result, an outline image of the particles of the par 
ticular element can be mapped. ' 
The present invention also provides for reversing the 

images so that instead of a white on black representa 
tion, a black on white representation may be obtained 
for each of the modes. - 
The output pulses, whether of the dot image type, the 

line image type or the outline image type, are applied 
to pulse forming circuit 33 which merely assures that 
the video information applied to video processing cir 
cuits 34 are of suf?cient amplitude to intensify the 
SEM display. 
The operation of noise reduction circuit 32 may best 

be understood by making reference to FIG. 2 which 
shows a circuit con?guration partly in schematic and 
partly in block form embodying the present invention. 
The different operating modes of noise reduction cir 
cuit 32 may be selected with mode selector 40 which 
has provision for selection the NORMAL DOT, DOT, 
White on Black and Outline operating modes. 
The noise reduction circuit of FIG. 2 comprises en 

abling means 50 and disabling means 70. Enabling 
means 50 comprises four inverters, 51, 52, 53, and 54, 
each associated with a given one of NAND gates 61, 
62, 63, and 64 respectively. The output of NAND gates 
61 through 64 are each coupled to an assigned one of 
the four inputs to OR gate 69. Enabling means 50 addi 
tionally comprises a ?rst ?ip-?op 55 and a second ?ip 
flop 56. The clock input 57 of ?ip-?op 55 is coupled to 
the single channel window of the system, to an input of 
NAND gates 61 and 62 and also to clock input 58 of 
?ip-?op 56. Output 59 of ?ip-?op 55 is coupled to an 
other input of NAND gate 62 and to set input 60 of ?ip 
flop 56. Outputs 67 of flip-flop 56 is coupled to an 
input of NAND gate 63. 
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6 
Enabling means 50 additionally comprises N/2 clock 

100, ?ip-?ops 101 and 102, and exclusive OR gate 103. 
Inputs 104 and 105 of ?ip-?op 101 are coupled to out 
puts 67 and 68 of ?ip-flop 56 respectively. Clock inputs 
106 and 107 of ?ip-?ops 101 and 102 respectively are 
coupled to clock 100. Outputs 108 and 109 of ?ip-flop 
101 are coupled to inputs 110 and 111 respectively of 
?ip-?op 102. Output 108 of ?ip-?op 101 and output 
112 of flip-?op 102 are each coupled to an input of ex 
clusive OR gate 103 and Exclusive OR gate 103 is cou 
pled to an input of NAND gate 64. At the output of OR 
gate 69 is an inverter 120 which may be switched into 
the circuit by switch 121. This provides the capacity for 
inverting the output of OR gate 69 if desired. 
Disabling means 70 comprises an oscillator 71, a 

counter 72, of the type well known in the art and shown 
in block form for simplicity, a pair of comparators 73 
and 74, noise reduction adjustment 75 which estab 
lishes input conditions on comparators 73 and 74, 
AND gate 76 having two inputs, and a flip-flop to an 
assigned one of the comparator outputs, and a ?ip-flop 
77 having inputs 78 and 79. Input 78 is directly coupled 
to the output of AND gate 76, and input 79 is directly 
coupled to output of AND gate 76, and input 79 is di 
rectly coupled to output of AND gate 76 via an inverter 
80. Clock input 81 of ?ip-?op 77 is coupled to oscilla 
tor 71. 

In operation, when enabling means 50 enables inten~ 
si?cation of the SEM display in a manner hereinafter 
described, counter 72 driven by oscillator 71, after 
being reset by the output of single channel window 31, 
begins a count. The predetermined time period is es 
tablished by noise reduction adjustment 75 which es 
tablishes input conditions on comparators 73 and 74. 
When counter 72 achieves a sufficient count, upon 
completion of the predetermined time period, indicat 
ing that a consecutive X-ray event has not occurred 
within the predetermined time period, comparators 73 
and 74 compare the output conditions of counter 72 
with the input conditions established by noise reduc 
tion adjustment 75 to produce suitable outputs for driv 
ing AND gate 76 which in turn establishes a logical one 
at input 78 of ?ip-?op 77 and a logical zero at input 79 
of ?ip-?op 77. Immediately after these input conditions 
are established at ?ip-flop 77, on the next cycle of os 
cillator 71, output 82 of ?ip-?op 77, which is coupled 
to ?ip-?op 55 and 56 of enabling means 50, disables 
the enabling means 50 by applying a logical zero signal 
to reset inputs 65 and 66 of flip-?ops 55 and 56 respec- - 
tively. This'causes disablement of the SEM display and 
enablement will not reoccur until the single channel 
window produces another pulse in response to an X-ray 
event within the window to then reset counter 72 and 
?ip-?op 55. 

It it is desired to operate the X-ray area scan mapping 
system in the NORMAL DOT mode, selector means 40 
is placed into the position as shown in FIG. 2. Mode se 
lector 40 is coupled to switch 41 which, for the NOR 
MAL DOT mode, places switch 41 in the position indi 
cated in FIG. 2. This places the input inverter 51 at 
ground potential which in turn establishes’a logical one 
voltage on the input to NAND gate 61. Once mode se 
lector 40 is placed into the NORMAL DOT position, 
any pulse produced from the single channel window is 
impressed upon NAND gate 61 enabling it and causing 
a logical zero at its output. As can be seen from FIG. 
2, the input to inverters 52, 53 and 54 are left ?oating 
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thereby producing a logical zero at the inputs to their 
respective NAND gates 62, 62, and 64 producing‘ at the 
output of these NAND gates a logical one which are ap 
plied to OR gate 69. The logical zero from NAND gate 
61 which is produced when an X-ray event occurs, 
causes the output of OR gate 69 to obtain the logical 
one state or in other words to produce at the output of 
OR gate 69 a positive pulse which is then applied to the 
pulse forming circuit 33 of FIG. 1 and subsequently to 
the video processing circuits 34,,causi'ng intensi?cation 
of the SEM display cathode-ray tube. 
A pulse applied to intensify the SEM display pro 

duces a dot image. Since the SEM display cathode-ray 
tube is scanning in synchronism with the scanning elec 
tron microscope, intensi?cation of the SEM display oc 
curs at the proper point‘relative to the point on the 
specimen. Thus, an accurate spacial representation'of 
the presence of that element which emits X-rays within 
the energy range of the single channel window is ob 
tained. This is also attributable to the fact that the scan 
ning rate of the scanning electron microscope is rela 
tively slow compared to scanning rates of say,‘ a televi 
sion cathode-ray tube, minimizing horizontal distortion 
in they display image. As previously mentioned, the 
NORMAL DOT mode of the' noise reduction circuit 
produces vthe same result as does the NORMAL DOT 
mode for conventional X-ray area mapping systems. It 
will be noted from the circuit diagram that the SEM 
display is continuously ‘enabled. Thus, background 
X-ray noise events falling within the single channel win 
dow will likewise be intensi?ed upon the SEM display. 
To reduce this obviously disadvantageous feature, the 
noise reduction circuit is preferably operated in anyone 
of the DOT, the White on Black, or the Outline modes. 

If the DOT mode is desired, mode selector 40 is set 
in the DOT mode position thereby causing switch 41 to 
contact switch position 42. This places the input to in 
verter 52 at ground potential resulting in a logical one 
being impressed on the input of NAND gate 62 to 
which the output of inverter 52 is coupled. Since the 
inputs of inverters 51, 53 and 54 are left ?oating, the 
inputs to their respective NAND gates 61, 63 and 64 to 
which their outputs are coupled will attain logical zero 
states. Upon the ?rst X-ray event falling with the single 
channel window, ?ip-?op 55 is clocked'by the pulse 
produced from the single channel window, establishing 
a logical one at output 59 and accordingly at the input 
to NAND gate 62 to which it is coupled. Clock input 
57 of ?ip-?op 55 is also coupled to an input of NAND 
gate 62 so that a pulse produced from single channel 
window 31 upon the ?rst X-ray event occurring within 
the single channel window also places a logical one at 
that input of NAND gate 62. The inputs to NAND 
gates 62 are now in the logical one state while at least 
one of the inputs to NAND gates 61, 63 and 64 are in 
the logical zero state- Thus, and future pulse produced 
from single channel window 31 evidencing an X-ray 
‘event within the window will produce a positive going 
pulse from the output of OR gate 69 which is applied 
to pulse forming circuit 33 and subsequently to inten 
sify SEM display 22. 

Intensi?cation of the display will occur from future 
single channel window pulses as long as these pulses are 
consecutively occurring within a predetermined time 
period. This period is selectable by noise reduction ad 
justment 75 which establishes input conditions on com 
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parators 73 and 74. The first single channel window 
pulse to occur resets counter 72 back to its original 
state from which, it once again resumes counting down. 
If another single channel window pulse does not occur 
within the time, it'takes for counter 72 to count down 
a sufficient number of counts to establish input condi 
tions at comparators 73 and 74 which match the input 
conditions applied by noise reduction adjustment 75, 
comparators 73 and 74 will produce a suitable output, 
such as a logical one, causing 'AND gate 76 to produce 
a logical one at its output to establish a logical one at 
clock input 78 and a logical zero at clock input 79. 
Upon the next cycle of oscillator 71,- clock input 81 of 
?ip-?op 77 will be triggered, causing output 82 to ob 
tain the logical zero state resetting ?ip-?op 65, causing 
output 59 to reassume zero state, disabling NAND gate 
62, and thus disabling enabling means 50. However, if 
a consecutively produced pulse from the single channel 
window occurs within the predetermined time, the 
counter reset of counter 72 will be reset back to zero 
and disablement will not occur. 
Even though a background X-ray event with the sin 

gle channel window may occur 'within the predeter 
mined time period, such occurrences are highly’ un 
likely since the ‘background X-ray events occur at 
much slower rates than do the legitimate X-ray passed 
without a subsequent X-ray event within the single 
channel window, the enabling means is disabled, pre 
cluding intensi?cation of the SEM display CRT by 
background X-ray events which may fall within the sin 
gle channel window. Therefore, substantial reduction 
of background noise in the displayed area maps is ob 
tained. 
The operation of the circuit of FIG. 2 and the DOT 

mode may best be understood with reference to FIG. 
3 which shows the wavefroms produced within the'cir 
cuit as a function of time. For example, a pulse within 
single channel window evidencing an X-ray event at T0 
causes the output of ?ip-?op 55 to go high and as ex 
plained earlier, enables enabling means 50. However, 
as can be seen'from FIG, 3 another single channel win 
dow pulse does not occur until T2 which is after the pre 
determined time period which ended at T1. At T, the 
counter produces a pulse to disable the enabling 
means. There is no intensi?cation-of the SEM display 
until T9 when a single channel window pulse occurs 
within the predetermined time following a pulse at T8. 
This maintains ?ip-?op 55 at output 59 in the logical 
one position and resets counter 72 precluding AND 
gate 76 from producing a disabling pulse. The consecu 
tive single channel window pulses after T9 are all within 
the predetermined time period until a pulse Tm occurs. 
The next pulse produced in the single channel window 
at T12 is spaced from the pulse produced at Tm by time 
period exceeding ‘the predetermined period which 
ended at T1,. The output of ?ip-?op 55 at T1, is there 

’ fore reset to the low position by the pulse produced by 

65 

AND gate 76 and once again is not raised to the logical 
one level until pulseTm is produced by the single chan 
nel window. » 

As can be seen, during the times which output 59 of 
?ip-?op 55 is in the logical zero state the enabling 
means 50 is disabled precluding intensi?cation of the 
SEM diaplsy. Background X-ray noise events falling 
within the single channel window are not displayed dur 
ing these times, reducing substantially the background 
noise of the X-ray area map. Also noted from FIG. 3 is 
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the fact that a dot image on the display is produced. 
Even though the SEM display intensi?cation is en 
abled, it is actually only intensi?ed during the short 
pulse intervals of the single channel window pulses. 
Thus, a dot image on the display is created. 

In the White on Black mode, a white line image is 
formed on a black background. If this mode is desired, 
mode selector 40 is positioned in the B/W position as 
shown in FIG. 2. This places switch 41 in contact with 
terminal 43, grounding the input to inverter 53, and 
thus producing a logical one potential at the input to 
NAND gate 63 to which the output of inverter 53 is 
coupled. As previously explained, the inverters which 
are not coupled to ground by switch 41 produce at their 
respective inputs a logical vzero potential. This causes 
the outputs of NAND gates 61, 62 and 64 to be in the 
logical one state, and these potentials are applied to the 
respective inputs of OR gate 69. When the ?rst single 
channel window pulse occurs, output 59 of ?ip-?op 55 
is established in the logical one position, setting input 
60 to ?ip-?op 56 in the logical one state. As in the DOT 
mode, when the ?rst single channel window pulse is 
produced, counter 72 is reset back to zero and begins 
to count down. if the next single channel window pulse 
produced occurs Within the‘predetermine'd time, flip 
flop 56 will be set, driving output 67 to the logical one 
state and impressing the resulting potential on the input 
to NAND gate 63 to which it is coupled. This causes 
the output of NAND gate 63 to go to the logical zero 
state and in conjunction with the logical one state at the 
rest of the inputs to OR gate 69, causes the'output of 
OR gate 69 to achieve the logical one state, causing in 
tensi?cation of the SEM display. Since there is no input 
of NAND gate 63 coupled to the single channel win— 
dow, and since ?ip-?op 56 maintains a logical one at its 
output 67 until reset by the disabling means 70, the in 
tensi?cation of the SEM display is continuous, causing 
a line image to be displayed on the SEM cathode-ray 
tube. If the next consecutive pulse produced by the sin 
gle channel window does not occur within the predeter 
mined time after ?ip-?op 56 is set, the disabling means 
70 will disable the enabling means 50 by producing an 
output at the output of AND gate 76 which establishes 
a logical one at input 78 and a logical zero at input 79 
of flip-?op 77. The next oscillator cycle which occurs 
after inputs 78 and 79 are established in the logical one 
and logical zero states respectively causes ?ip-?op 77 
to attain at output 82 a logical zero, resetting ?ip-?ops 
55 and 56 to thereby cause the output of OR gate 69 
to go back to the logical zero state precluding further 
intensi?cation of the SEM display. 

Referring back to FlG. 3 and remembering the fact 
that it takes two successive single channel window 
pulses occurring within the predetermined time to 
cause intensi?cation of the SEM display, it can be 
noted from FIG. 3 that such a situation does not occur 
until T9. The single channel window produces a pulse 
at T8. This sets ?ip-flop 55 causing input 60 of flip-?op 
56 to attain the logical one state and the next succeed 
ing pulse at T9 occurring within the predetermined time 
from the pulse produced at T8 causes output 67 of ?ip 
flop 56 to go to logical one, thus achieving enablement 
and intensification of the SEM display. The SEM dis 
play remains continuously intensi?ed until T“. The sin 
gle channel window pulse at T10 is not followed by a 
succeeding pulse until T12 which is subsequent to the 
end of the predetermined time period at T1, since Tm. 
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Therefore, the pulse produced by the disabling means 
at Tu resets ?ip-?ops 55 and 56 causing the output to 
the SEM display to go back to zero. While the pulse 
produced at T12 does set flip-flop 55, ?ip-?op 56 is not 
clocked by another consecutive single channel window 
pulse until T14 which is after the predetermined time 
period expiring at Tm. At T13 ?ip-?op 55 is reset to zero 
and is set once again at T14 when a single channel win 
dow pulse once again occurs. 
The line image'displayed in this mode is virtually 

noise free. During the times in which the SEM CRT is 
intensi?ed, it is continuously intensi?ed and any back 
ground X-ray events occurring within that time have no 
effect on the display. During the-times in which intensi 
?cation of the SEM display is disabled, background 
noise is not'intensi?ed on the SEM display. While it is 
possible that background noise within the window 
could occur within the predetermined time period after 
a single channel window pulse, this is highly unlikely 
since the background noise events occur at much 
slower rates than do the legitimate X-ray events emit 
ted from the specimen i5, falling within the window. 

If the Outline mode is preferred, mode selector 40 is 
positioned in the outline position as shown in FIG. 2. 
This places switch 41 in contact with terminal 44, 
grounding the input to inverter 53 and thus producing 
a logical onepotential at the input to NAND gate 64 
to which the output of inverter 54 is coupled. As in the 
case of the White on Black line mode, when the first 
single channel window pulse is produced, counter 72 is 
reset back to zero and begins to count down. If the next 
single channel window pulse produced occurs within 
the predetermined time, ?ip-?op 56 will be set, driving 
output 67 to the logical one state and impressing the 
resulting potential on input 104 of ?ip-?op 101. Clock 
counter 100 then clocks input 106 of ?ip-?op 10! pro 
ducing at output 108 a logical one potential which is 
impressed upon exclusive OR gate 103 and input 110 
of ?ip-?op 102, setting ?ip-?op 102. Because output 
£12 of ?ip-?op 102 is still at logical zero, exclusive OR 
gate 103 provides a logical one to NAND gate 64» caus 
ing NAND gate 64 to produce a logical zero signal to 
OR gate 69 and thus producing an intensi?cation sig' 
nal. Upon the next clock pulse from clock counter 100, 
which for purposes of this embodiment, is 20 microsec 
onds, input 107 of ?ip-?op 102 is clocked causing a 
logical one at output 112 which is impressed upon its 
input to exclusive OR gate 103 forcing the output of ex 
clusive OR gate 103 to go to logical zero to thereby 
proclude intensi?cation. 
Becausethere is no input of NAND gate 64 coupled 

to the single channel window, and because ?ip‘flop 56 
is maintained at logical one at output 67 until reset by 
disabling means 70, intensi?cation of the SEM display 
will not re-occur until disablement of the SEM intensi 
?cation. For instance, if the next consecutive pulse pro 
duced by the single channel window does not occur 
within the predetermined time after flip-flop 56 is set, 
the disabling means 70 will disable the enabling means 
50 producing an output at the output of NAND gate 76 
establishing a logical one at input 78 and a logical zero 
at input 79 of ?ip-?op 77. 
The next oscillator cycle which occurs after input 78 

and 79 are established in the logical one and logical 
zero states respectively causes ?ip-?op 77 to obtain a 
logical zero at output 02, resetting ?ip-?ops 55 and 56 
to thereby cause output 67 to go to the logical zero 
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state and output 68 to obtain the logical one state. 
These logical potentials are impressed upon inputs 104 
and 105 of ?ip-?op 101 so that upon the next clock 
input from clock counter 100, a logical zero is pro 
duced' at output 108 of ?ip-?op 101. Because output 
112 of flip-?op 102 is in the logical one state, exclusive 
OR gate 103 will produce a logical one at its output 
causing NAND gate 64 to impress upon OR gate 69 the 
logical zero causing intensi?cation of the SEM display. 
Another clock pulse is produced 20 microseconds later 
from clock counter 100 which causes output 112 of 
?ip-?op 102 to attain the logical zero state causing ex 
clusive OR gate 103 to impress upon NAND gate 64 a 
logical one to thereby preclude further intensi?cation. 

From the foregoing, it can be understood that the 
timing of the disabling means 70 for the outline mode 
is identical to the timing for the white on black line 
image mode. An intensi?cation output is produced at 
the beginning and at the end of what would otherwise 
be the intensi?cation period for the line image repro 
duction, each lasting ‘however, for a duration shorter 
than the line image intensi?cation. Therefore, an out 
line image is formed on the SEM display. 
Referring back to FlG. 3 and in accordance with the 

previous description, it can be noticed that at the times 
when the B/W mode would begin intensi?cation,the 
outline. mode begins intensi?cation as well. However 
the duration of intensi?cation is relatively short, for 
this embodiment 20 microseconds. lntensi?cation once 
again takes place, when the B/W mode would disable 
intensi?cation, for a 20 microsecond duration. Thus, 
an outline reproduction is produced. Effective noise 
reduction is still obtained however since during the in 
terval between outline intensi?cation, X-ray events 
within the window, and background noise within the 
window, cannot cause intensi?cation of the SEM dis 
play. Therefore, a low noise outline image is obtained. 

For each of the modes previously discussed, it has 
been assumed that switch 121 is in the position shown 
in FIG. 2, producing a white on block reproduction. By 
placing switch 121 in contact with the output of in 
verter 120 coupled to the output of OR gate 69, a re 
verse image for each of the modes can be obtained. 
Therefore, for each mode, the white on black-image 
may be reversed producing a black on white reproduc 
tion as well. 
Comparators 73 and 74 may be a pair of multiple 

input exclusive OR gates where noise reduction adjust 
ment 75 establishes input conditions at the input of the 
gates. Such structures are well known in the art. The 
amount of background noise reduction of the circuit 
shown in FIG. 2 is variable and can be adjusted by set-‘ 
ting different positions on the noise reduction adjust 
knobs 90 and 91 to obtain different amounts of back 
ground noise reduction. This varies the predetermined 
time period by establishing different input conditions to 
comparators 73 and 74 and to vary the degree of count 
ing that counter 72 must go through in order to provide 
input conditions to comparators 73 and 74 which 
match those conditions established by noise reduction 
adjust 75. 
The present invention is most attractive for the user 

of an X-ray scan area mapping system. It not only af 
fords the NORMAL DOT operating mode, but also the 
inventive improvement of a DOT, White on Black line, 
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and Outline operating modes each affording substan 
tially reduced background noise in the displayed area 
map. The invention provides a means for obtaining a 
reversed image if desired. The noise reduction is vari 
able and can be set to the amount of noise reduction 
desired. Also, the present invention can be used as an 
accessory item to update X-ray area mapping systems 
of the prior art. 
While particular embodiments of the invention have 

been shown and described, modi?cations may be 
made, and it is intended in the appended claims to 
cover all such modi?cations as may fall within the true 
spirit and scope of the invention. 
We claim: _ _ 

1. An improved background X-ray noise reduction 
circuit in a system where X-rays are emitted from a 
specimen along with background X-rays upon scanning 
by an electron beam, and where said system‘ has an 
X-ray detector, analyzing means for analyzing the ener 
gies of said detected X-rays and for producing an out 
put pulse for each detected X‘ray having an energy fall 
ing within a predetemiined range of energies, said out 
put pulses providing modulating signals for a scanning 
visual display device, and said background X-rays oc 
curring at slower rates than said emitted X-rays having 
energies within said range, the improvement compris 
mg: 
an enabler means coupled between said analyzer and 

said display device for applying said modulating 
signals to said display device for pulse modulating 
said display device; and 

a disabler means responsive to the rate of said output 
pulses and coupled to said enabler and to said ana 
lyzer for causing said enabler to terminate said 
modulating signal application to said display device 
when the time between consecutive output pulses 
exceeds a predetermined time period which is less 
than or equal to the expected period between con~ 
secutive noise pulses. 

2. A background X-ray noise reduction circuit in ac 
cordance with claim 1 where said enabler means is con 
ditioned to apply said modulating signals to said display 
device by the ?rst one of said output pulses. 

3. A background X-ray noise reduction circuit in ac 
cordance with claim 2 where said enabler means addi 
tionally comprises means responsive to the ?rst output 
pulse following said conditioning for providing said dis 
play device with a modulating signal of a ?xed duration 
and means responsive to said disabler means for pro 
viding said display device with another modulating sig 
nal of said ?xed time duration when said disabler 
means acts to cause said enabler means to terminate 
said modulating signal application to thereby provide 
an outline image on said device. 

4. A background X-ray noise reduction circuit in ac 
cordance with claim 2 where said enabler means addi 
tionally comprises means for providing said display de 
vice with continuous modulating signals ‘in response to 
said output pulses. 

5. A background X-ray noise reduction circuit in ac 
cordance with claim 1 where said disabler means com 
prises: 
a counter; 
an oscillator coupled to .said counter for driving said 

counter; 
comparator input means for providing an input con 

dition; ‘and 
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a comparator coupled to said counter and to said 
comparator input means for comparing the condi 
tion of said counter to said input condition for pro 
viding a disabling signal when they match. 

6. A background X-ray noise reduction circuit in ac 
cordance with claim 5 where said counter comprises a 
reset input. 

7. An X-ray scan area mapping system of the type 
which utilizes X-rays emitted from a specimen upon 
scanning by an electron beam comprising: 
a detector means for detecting said emitted X-rays; 

an analyzer means coupled to said detector for ana 
lyzing the energies of said detected X-rays and for pro 
ducing an output pulse for each detected X-ray having 
an energy falling within a predetermined energy range, 
said output pulses providing modulating signals for a 
scanning visual display device; 
an enabler means coupled between said analyzer and 

said display device for applying said modulating 
signals to said display device for pulse modulating 
said display device; and 

a disabler means responsive to the rate of said output 
pulses coupled to said enabler and to said analyzer 
for causing said enabler to terminate said modulat 
ing signal application to said display device when 
the time between consecutive output pulses ex 
ceeds a predetermined time period which is less 
than or equal to the expected period between con-_ 
secutive noise pulses. 

8. An X-ray scan area mapping system in accordance 
with claim 7 where said enabler means is conditioned 
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to apply said modulating signals to said display device 
by the ?rst one of said output pulses. 

9. An X-ray scan area mapping system in accordance 
with claim 8 where said enabler means additionally 
comprises means for providing said display device with 
continuous modulating signals in response to said ou 
tupt pulses. 

10. An X-ray scan area mapping system in accor 
dance with claim 8 where said enabler means addition 
ally comprises means responsive to the first output 
pulse following said conditioning for providing said dis 
play device with a modulating signal of a ?xed time du 
ration and means responsive to said disabler means for 
providing said display device with another modulating 
signaleof said ?xed time duration when said disabler 
means acts to cause said enabler means to terminate 
said modulating signal application to thereby provide 
an outline image on said device. ' 

11. An X-ray scan area mapping system in accor 
dance with claim 7 where said disabler means com 
prises: 

a counter coupled to said analyzer means; 
an oscillator coupled to said counter for driving said 

counter; 
comparator input means for providing an input con 

dition; and 
a comparator coupled to said counter and to said 
comparator input means for comparing the condi 
tion of said counter to said input condition supplied 
by said comparator input means for providing a dis 
abling signal when they match. 

_ * * * * * 


