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A close-up view of specimen stage and eyepiece of the modified microscope. The 

solid lines represent unobstructed beams, and the dashed lines are diffracted beams from the 

object (crack line). 
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Figure 1. Plane view of Vickers indentation with radial cracks. 
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Figure 2. The distribution pattern in an Airy Discs. 

(website: http ://gl iiida. lrsm upem. edd-wee kskon focal/) 
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Figure 3. (a) Conventional polarizing microscope; (b) modified microscope with a frame edge 

positioned at the middle of the field of view. The optical systems are simplified and the 

illumination optical paths (Condenser lenses) are unfolded schematically for clarity. 
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Figure 4. A close-up view of specimen stage and eyepiece of the modified microscope. The 

solid lines represent unobstructed beams, and the dashed lines are diffracted beams from the 

object (crack line). 



U.S. Patent Mar. 20,2007 Sheet 5 of 6 US 7,193,774 B2 

Figure 5 .  SEM micrograph of pure 8YSZ. 
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Figure 6.  Vickers indentation on an 8YSZ specimen at about 300x magnification. (a) without 

shadow, (b) with shadow introduced from left by the frame edge. 
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SUB-DIFFRACTION LIMIT RESOLUTION IN 
MICROSCOPY 

CROSS REFERENCE TO RELATED 
APPLICATION 

The following application claims priority to provisional 
patent application 601526,375 filed on Dec. 2, 2003. 

GOVERNMENT RIGHTS 

The United States Government may have certain rights in 
this invention pursuant to NASA Grant # NAGS-1469. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The following invention relates to sub-diffraction limit 

resolution in microscopy. The invention has particular utility 
in the use of microscopy in the testing of fracture toughness 
of thin ceramic substrates and will be described in connec- 
tion with such utility, although other utilities such as mea- 
suring sub-micron size particles including biological par- 
ticles. 

2. Description of the Prior Art 
Indentation techniques are well developed for hardness 

study. The American Society of Testing and Materials 
(ASTM) developed a standard test method for Vickers 
indentation hardness of advanced ceramics (ASTM C 1327- 
96a, 1996) incorporated herein by reference. Vickers inden- 
tation techniques have also been widely used for studying 
fracture toughness of brittle materials such as glass and 
ceramics since surface crack traces were first recognized as 
indicative of fracture toughness by Palmqvist in 1957. These 
crack traces are referred to as indention traces or Palmqvist 
cracks. 

In general, the procedure of the Vickers indentation 
toughness test includes producing an indentation on a plane 
surface of the material under investigation by a standard 
hardness tester and subsequently studying the induced 
cracks by a microscope. It is important to note that inden- 
tation is considered micro when the applied indenter load is 
less than 5N, otherwise, indentation is called macro inden- 
tation. 

With the measured data of the indenter, load, and the 
dimensions of the induced cracks, it is possible to evaluate 
the toughness of the material. For example, a Vickers 
hardness tester usually makes a diamond indentation with 
cracks emanating from the diamond corners as shown in 
FIG. 1. For most mathematical models based on the Vickers 
hardness tester and published in the literature, the cia or lia 
ratio depicted in FIG. 1 was limited to a certain range. For 
example, Niihara et a1 (1982) proposed an equation that 
requires the lia ratio to be between 0.25 and 2.5. 

The advantages of the Vickers indentation toughness 
technique are the simplicity and cost effectiveness of the 
measurement procedure. The specimen preparation is also 
relatively simple, requiring only a flat surface. And, at least 
10 tests can be performed on a surface of only 100 mm2. The 
disadvantage of this technique is that an accurate measure- 
ment of the crack length c or 1, usually measured under an 
optical microscope, is difficult. The indentation induced 
cracks are often hard, if not impossible, to observe because 
the width of indentation-induced cracks is very narrow, 
especially near the crack tips that the indention-induced 
cracks are beyond the resolution of common optical micro- 
scopes. Although measurements of the indention induced 
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cracks can be conducted under a scanning electronic micro- 
scope (SEM), the usage of a SEM will significantly slow 
down the experimental procedure and greatly increase 
experiment costs. 

Also, ordinary optical microscopes are limited in resolv- 
ing power, and therefore cannot observe smaller indention 
cracks using light diffraction. Even assuming an optical 
system is perfect, because of the wave property of the light, 
the smallest spot resolvable by an optical microscope is 
ultimately defined by the diffraction of the illuminating light. 
At a small enough scale, physical optics principles take 
effect, i.e., the wave-like motion of light will deflect around 
comers of an object under observation to a tiny but finite 
degree. This phenomenon is known as the “diffraction limit” 
of an optical microscope. For example, suppose two point 
sources of light are to be imaged by a microscope. Because 
of light diffraction the two point sources of light will be 
imaged by a microscope as two discs of light distribution. 
These discs are each referred to as an Airy Disc, Le., a high 
irradiance circular spot. FIG. 2 shows graphically a light 
distribution pattern of an Airy Disc of a point source due to 
light diffracting from an object under observation. 

As shown in FIG. 2, the Airy Disc consists of a central 
bright peak surrounded by a set of concentric dark and light 
rings. The resolution limit of a microscope is defined as the 
distance of the two point sources at which their images has 
a separation so that the peak of one Airy Disc coincides with 
the first dark ring of the other. This is referred to as the 
Rayleigh’s Criterion for resolution. The numerical expres- 
sion of Rayleigh‘s Criterion is as follows: 

h f  h (1) d = 1.22- = 0.61- D N . A .  

where d is the smallest distance between two objects resolv- 
able by a microscope, h is the wavelength of light, f is the 
focal length of the microscope’s objective lens, D is the 
diameter of the aperture of the microscope, and N.A. is the 
numerical aperture of the microscope (Smith, 1966). 

Using Eq. (l), a numerical value of the resolution 
imposed by the diffraction limit can be calculated. For 
example, for a modem microscope objective lens having a 
N.A. of 1.3, assuming that the illumination light has a 
wavelength of 400 nm, the smallest object the microscope 
can resolve is 200 nm. However, it is desirable to be able to 
optically observe objects smaller than that scale. 

Several designs have been invented to overcome the 
aforementioned problem with microscopes available in the 
art. Among them are confocal microscopes with a spatial 
resolution of 200 nm (Pawley, 1995), and near-field scan- 
ning microscopes with a spatial resolution of 60 nm ( D m ,  
R. C., 1999). There is also an older technique in optical 
microscopy called dark-field microscope, which is capable 
of observing particles of the size as small as 5 nm (Monk, 
1963). 

Outside the field of microscopy, there also exist several 
ways to observe structures with dimensions smaller than the 
diffraction limited scale. In optical testing, a Foucault knife- 
edge method is commonly used to find defects as small as 
one tenth of the wavelength hi10 (e.g. 40 nm, using blue 
light illumination at 400 nm) in an optical component, such 
as a mirror surface. In this technique, an illuminated pinhole 
and a sharp knife-edge are located in the same plane away 
from the mirror (e.g. a spherical concave mirror) being 
tested. If the mirror surface is perfectly spherical and free of 
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any defect, then an image of the pinhole will be formed with tion, many thin ceramic substrates are used with an as-fied 
a uniform light distribution. When the knife-edge is moved surface finish. Polishing of such surfaces would alter the 
across the line of light at the image point, a uniform shadow actual fracture toughness of the substrates. However, leaving 
can be observed to cross the surface of the mirror. However, the surface of the substrate unpolished introduces even more 
if very small surface defects exist on the mirror, these 5 difficulties in the observation and measurement of small 
defects will cause the light impinged upon them to diffract cracks. 
and subsequently deform the spherical wave of the incident Thus, a better technique for measuring indentation cracks 
light. Now an observer behind the knife-edge will see light in thin substrates is needed. 
spots (diffraction patterns from the defects) on the dark 
shadow when the knife-edge is moved across the field i o  
(Longhurst, 1973). This technique resembles the method 
used in dark-field microscope, in which the direct illumi- The present invention provides a system, i.e., method and 
nating light beam is obstructed and only half of the diffrac- apparatus for sub-diffraction limit resolution by modifica- 
tion orders from the small particles are observed. Further- tion of a conventional polarizing microscope by obstructing 
more, an extension of the Foucault knife-edge, or the 15 a portion of the illuminating beam upstream of the con- 
Schlieren method, is used to detect small variation of denser lens whereby to produce a shadow or dark back- 
refractive index in a medium. The Schlieren method has ground or region upon which diffracted light from the target 
been applied to fluid dynamics to study the behavior of a may be projected. 
moving fluid (Longhurst. 1973). 

microscopy, some researchers focused on the observability 
of indention cracks, Ponton and Rawlings (Ponton and 
Rawlings, 1989b) proposed a method where a minimum 
indenter load of about 50 N produces visible cracks SO that conjunction with the accompanying drawings wherever like 
accurate measurement of the indention cracks under com- 25 numerals depict like Parts, and wherein: 
mon optical microscope. These macro-hardness testers have FIG. 1 &ows a diamond pattern produced from a Vickers 
dominated the art because they ensure cracks produced by hardness tester with measured cracks; 
the Vickers hardness tester could be measured, and micro FIG. 2 shows graphically a light distribution pattern of an 
indentation was believed to produce no indentation cracking Airy Disc of a Point Source due to light diffracting from an 
(Anton and Subhash, 2000). Other researchers have focused 30 object under observation; 
on improving the observability of indentation cracks pro- FIGS. 3(a) and 3(b) illustrate the optical Path of a light 
duced using Vickers hardness testers by polishing the sur- beam when a conventional Polarizing microscoPe and 
face of the test specimens, The specimen surfaces were method are used to evaluate a sample and the optical path of 
usually polished to at least 1 pn diamond finish (Ponton and a light beam (FIG. 3(a)),  and when an exemplary micro- 
Rawlings, 1989b). Although Ponton and Rawlings pointed 35 scope and method of the invention are used for the obser- 
out that processes such as polishing, could produce residual vation of the sub micron cracks (FIG. 3(b)), respectively; 
stresses on the surface to prevent correct test results (Ponton FIG. 4 &ows in detail the optical Path of a light beam for 
and Rawlings, 1989b), polishing seemed to be a necessary an m h t r u c t e d  part ofthe beam and a diffracted part ofthe 
process for specimen preparation reported in the literature. beam in a microscope employing the exemplary method of 

based on the assumption that there are no pre-existing FIG. 5 is an SEM micrograph of pure XYSZ for use in an 
surface stresses on test specimens. Although proper heat experiment employing the exemplary method of the inven- 
treatment could remove the stresses created by polishing; it tion; and 
may change the physical properties of the test specimen. FIGS. 6(a) and 6(b) show a Vickers indentation on an 
Other prior art methods proposed to deal with the problems 45 XYSZ specimen at about 300x magnification without a 
associated with these pre-existing stresses on specimens by shadow (FIG. 6(a)) and with a shadow (FIG. 6(b)), respec- 
highlighting the pre-existing surface cracks using a fluores- tively. 
cent dye penetrant (Ponton and Rawlings, 1989). However, 
these methods produce side effects, such as extra post- 
indentation slow crack growth in many ceramics, thereby 50 
preventing an accurate evaluation of the specimen's tough- 
ness. The instant invention provides a system for achieving 

There are other problems with the above mentioned sub-diffraction limit resolution in microscopy by a modifi- 
methods of indention testing. Thin ceramic substrates are cation of a conventional polarizing microscope. More par- 
widely used as electrolytes in solid oxide electrolyzers, and 55 ticularly, in accordance with the present invention a portion 
are typically made by a tape-cast process. After sintering, the of the illuminating beam to a polarizing microscope is 
products are usually in the form of thin sheets with a typical obscured upstream of the condenser lens as to produce a 
thickness 0.5 mm or less in engineering applications. As a shadow or dark background upon which diffracted light 
result, indenter load of 50 N tends to break the specimen from the target is projected. 
substrates. In practice, the majority of the ceramic substrates 60 FIG. 3(a) illustrates the optical paths of a conventional 
with this thickness can only be indented by micro-indenta- polarizing microscope and FIG. 3(b) a modification permit- 
tion. ting the observation of the micro-indentation cracks consis- 

Other researchers in the art, Cook and Pharr (I WO) ,  found tent with an embodiment of the instant invention respec- 
that a radial crack forms extremely early (possibly almost tively. Both the conventional polarizing microscope and the 
instantly) in the loading process (typically 0.8 N). Small 65 polarizing microscope of the instant invention include a 
cracks caused by such loads can not possibly be detected by polarizer 100, a condenser lens 102, a specimen stage 104, 
the conventional optical methods described above. In addi- an objective lens 106, and analyzer 108 and an eyepiece 110. 

SUMMARY OF THE INVENTION 

In addition, to solve some of the above problems with 20 BRIEF D~SCRIPTION OF THE DRAWINGS 

Further features and advantages of the present invention 
will be seen from the following detailed description taken in 

However, most of the prior art mathematical models are 40 the invention; 

DETAILED DESCRIPTION OF THE 
INVENTION 
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In the conventional polarizing microscope, a light beam microscope. FIG. 5 is a SEM picture showing the micro- 
(depicted by arrows) passes through the polarizer 100, where structure of this material. An intersection method was used 
the light beam is plane polarized, to condenser lens 102. The to estimate the average grain size, Le., lines were drawn on 
condenser lens 102 focuses the light beam onto the specimen the SEM pictures, with the distance between two grain- 
stage 104. At the specimen stage 104, the light beam is 5 boundaries being measured along the lines. The average 
separated into individual wave components that are each grain size of pure XYSZ is found from FIG. 5 to be 2.1 pm. 
polarized in separate, but perpendicular planes i.e., “extraor- A micro Vickers indentation was made with a 
dinary rays”. The extraordinary rays then pass through the MICROMET83 micro hardness tester, which is a product of 
objective lens 106, where magnification occurs, to the BUEHLER LTD. The indenter load applied was 4.91 
analyzer 108. The analyzer 108 polarizes light at a 90 degree 10 N-which was determined by trial and error to ensure a cia 
angle from the polarizer, and if no specimen is present, the ratio within the required range. The half-diagonal length (a) 
field will become black. However, if a specimen is placed on of the indentation was measured directly by the light micro- 
the specimen stage 104, the extraordinary rays will be scope attached to the hardness tester. 
Polarized by the analyzer, where the recombined light beam To determine the crack length, a polarizing metallurgical 
will be passed to the eyepiece. Light rays will then emerge 15 microscope (Zeiss Model IM 35) was used to measure the 
from the eyepiece Parallel from each other, and the specimen total length (2c) of the induced crack on the ceramic sheet 
will appear bright or colored. specimen. The characteristics of the crack are as follows: 

In the polarizing microscope of the instant invention the length of the crack typical 80 pm and width of the crack 40 
polarizer 100 includes a frame edge 10 positioned at the nm, as measured by a scanning electron microscope (Hita- 
middle of the field of view for the microscope, and a rotating 20 chi, Model S-2460N). These cracks were not visible under 
specimen stage 104a. The frame edge 10 obstructs half of the normal working condition of the Zeiss microscope at 
the illuminating light beam. This obstruction produces two 300x magnification (FIG. 6(a)). When the magnification 
effects. First, it generates an oblique, incident beam on the was switched to lOOOx, the image could no longer be 
specimen under observation e.g., a crack line, and part of properly focused due to the surface roughness. Therefore, it 
this oblique light beam is diffracted by the crack line. 25 was impossible to observe any cracks by this microscope in 
Second, the shadow of the frame edge provides a dark normal operation mode. However, using the method of this 
background to see the diffracted light from the crack line (if invention, the expected cracks could be observed. The crack 
no crack is seen, the specimen stage may be rotated andor line became clearly visible when the opaque frame of the 
moved). The combination of these two effects makes it polarizer of the polarizing microscope was moved to near 
possible to observe features with sub diffraction-limit reso- 30 the center of the observing field with the shadow of the 
lution. polarizer frame being near the location of the crack line, as 

FIG. 4 shows in detail the optical ray trace of the shown in FIG. 6(b). 
unobstructed part of illuminating beam 200, i.e., the solid The above method was repeated using a BUEHLERB 
lines, and the diffracted beam 202, Le., the dashed lines, metallurgical microscope (BUEHLERB VERSAMET 3 
from a sub-micron object or target 204, e.g., an indention 35 METALLOGRAPH) and the same effect was observed. The 
crack in accordance with the present invention. As is shown only visible crack line was the one parallel to the shadow 
in FIG. 4, half of the light beam passes through the polarizer cast by the frame. Crack lines perpendicular to the frame 
100, where the light is polarized, to the condenser lens 102. edge were not visible because the incident light was only 
From the condenser lens 102, the light beam then passes to being diffracted in the bright region, producing a small 
the sub-micron sized object or target 204, where part of the 40 signal in a very noisy background. Thus, the diffracted beam 
illuminating beam is diffracted off the sub-micron sized could not reach the dark region to be observed. 
object or target and into the darkened region. Thus, an image Two thin Xysz ceramic substrates were tested using the 
of the sub-micron sized object Or target against a dark above method and apparatus, and over 30 tests were per- 
background is produced when the sub-micron sized object or formed on each substrate. With the indenter loads and the 
target is viewed from an eyepiece. 45 dimensions of indentation and the resultant cracks, the test 

As can be seen from FIG. 4, generally, two geometrical results were processed to obtain fracture toughness values 
conditions are met for this system to work optimally: (1) the using the following equations (Selquk and Atkinson, 2000). 
object needs to be located in the vicinity of the shadow line 
made by the frame edge; and (2) the object needs to be able 
to cause diffraction into the dark region. This entails it 50 Hva  E# 8 1 - 2  1 (2) 

observation range. The second requirement presents a limi- E 3  p 1 - 2  1 (3) 

orthogonal images of the same object and superimposing 

2 1  

having structural components parallel to the edge of the Klc = 0.035- (%) (;I f o r 0 . 2 5 r - r 2 . 5  

Klc = 0.0143(H1)2( ,](;j I for 1 r ; r 2.5 

frame edge. The first condition specifies the size of the 

tation on the observable structural feature of the object. 
However, this limitation can be overcome by making two 55 

I (4) 
them to form a complete picture. Klc = 0.055- 

Experiments and Test Results and 

stabilized zirconia (XYSZ) were made from TZ-XYSZ pow- 
Thin (0.76 mm in thickness) specimens of 8-mol % yttria 60 2 

I E s  
Klc = H V a 2 ( % )  (10‘) 

der (from Tosoh, Japan). The powder was then processed 
into a slurry with dispersant, binder, and plasticizer, and the 
slurry was tape-cast. The specimens were laser-cut out of 
green sheets and sintered at 1450” C. for 3 hours (Cheng, 65 where E is the Young’s modulus, Hv is the Vickers hardness, 
Chen and Sridhar, 2002). The surface flatness of as-fired is a dimensionless constant taken to be 2.7, P is the 
specimens was between 20 and 30 pm as measured by a applied load, a is the half length of the indenter diagonal, c 
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is the crack length from the center of the indent, and 1 is the 
crack length from the corner of the indent. In Eq. (5), 

F=-l.59-0.34~-2.02a?+ll .23x3-24.97x4+1 6 . 3 2 ~ ~  (6) 

where x=log,,(c/a). 
The reason for selecting these four equations is not only 

because they have been reported to be valid for the Palm- 
qvist-type cracks and more accurate in determining tough- 
ness than others, but also that these equations have been 
used by Se lpk  and Atkinson (2000) to evaluate the tough- 
ness of the same material using macro indentation toughness 
evaluation methods. Thus, it is possible to compare the test 
results from different sources using different methods. 

The Young’s modulus used in Equations (2)-(5) to evalu- 
ate toughness values was 216 GPa. This is in concurrence 
with the Young’s modulus of XYSZ ceramic material as 
reported by Se lpk  and Atkinson (2000). The fracture tough- 
ness results reduced from the experiments using the method 
of this invention are shown in Table 1. The results by Selquk 
and Atkinson (2000) are also listed in Table 1 for compari- 
son. The test results are statistically stable as evidenced by 
the small standard deviations. The specimens Aand B can be 
considered identical in properties since they were made from 
one green tape with the same processing parameters. The 
tests on specimens Aand B were conducted at different times 
intentionally for the purpose of avoiding perspective errors. 
Tests on specimen A were about one week later than those 
on specimen B. it is shown from Table 1 that the differences 
of the measurements of the average toughness between 
specimenA and specimen B are 0.53% by Eq. (2), 6.09% by 
Eq. (3), 1.61% by Eq. (4) and 2.27% by Eq. (5). The number 
of tests on specimen A and B were more than 30 each. 
Equation (2) shows the minimum standard deviation among 
these four equations whereas Eq. (3) shows the maximum 
standard deviation. In comparison with the toughness mea- 
surement results from Selpk  and Atkinson (2000) as shown 
in Table 1, the micro indentation toughness evaluation 
results obtained using the system of this invention are 
comparable with the results obtained by macro indentation 
evaluation methods. It should be noted that the system of 
this invention is more versatile and can be applied on thin or 
small specimens where macro indentation is not applicable. 

TABLE 1 

Fracture toughness (KIC, MPa . m1/2) measured by micro 
Vikers indentation at ambient temperature for 8YSZ 

Selquk and 
Atkinson Specimen A Specimen B 

Equation KIC std KIC Std KIC Std 

Equation (2) 1.85 0.11 1.89 0.06 1.90 0.10 
Equation (3) 1.50 0.18 1.15 0.12 1.22 0.21 
Equation (4) 1.85 0.09 1.86 0.09 1.89 0.13 
Equation ( 5 )  1.80 0.08 1.76 0.10 1.80 0.16 

To investigate the effects of surface polishing on the 
toughness values, another group of micro Vickers indenta- 
tion toughness evaluation tests were performed on a surface- 
polished but otherwise the same specimen. The test results, 
which are listed in Table 2, confirmed that the surface 
polishing could significantly change the test results. The 
tests were conducted on a specimen with the same surface 
condition as that in practical service; otherwise, the speci- 
men must be rigorously heat treated to recover the surface 
condition. 

8 

TABLE 2 

Fracture toughness values (K,,, MPa . m”2) of 8YSZ 
with different surface machining finish measured by micro 

Vickers indentation technique oat ambient temperature 5 

Eauation Eauation Eauation Eauation 
(2) (3) (4) (5 ) 

State K,, std. K,, std. K,, std. K,, std. 

As-fied 1.90 0.10 1.22 0.21 1.89 0.13 1.80 0.16 
Polished 2.22 0.20 1.99 0.58 2.25 0.17 2.21 0.16 

10 

Thus, if the SEM measurements are assumed to be an 
15 accurate determination of crack length, the experimental 

results using the system of the present invention show that 
the error of measurement was within 5%. Thus, it is possible 
to use the system of this invention with a conventional 
microscope to evaluate the toughness of thin ceramic sub- 

20 strates, even substrates with as-fired surface conditions. 
Further, specimens of XYSZ material were tested using 

the system of the present invention. The experimental results 
are comparable to the results from literature, corroborating 
the validity of the present invention. Experiments with 

25 surface-polishing specimens indicated that the polishing 
procedure increased the toughness measurement results sig- 
nificantly. Thus, the present invention provides an efficient 
method and apparatus and economical method and apparatus 
to measure small crack dimensions on thin ceramic substrate 

While the invention has been described in connection 
with measuring of small crack, i.e., sub-micron size dimen- 
sions on thin ceramic substrate surfaces the invention also 
advantageously may be used for detecting and for measuring 
sub-micron sized particles such as mold, dust, and various 
biological particles including weaponized bio-agents. A par- 
ticular feature and advantage of the present invention is that 
the invention permits resolution to 40 nm (equivalent to hi10 
in visible wavelength), using a conventional polarizing 
microscope with minimal, low-cost modification. 

30 surfaces, either polished or as-fired. 

35 

40 
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1. A method for visualizing sub-micron size particles 

projecting a focused beam of polarized light onto a 
rotating target; 

blocking a portion of the focused beam of polarized light 30 
from reaching the target with a blocking element; 

producing a shadow region with a frame edge positioned 
in a field of view of the polarizing microscope; and 

diffracting light from the target onto the shadow region. 

The invention claimed is: 25 

using a polarizing microscope comprising: 

10 
2. The method as claimed in claim 1, wherein half of the 

polarized light is blocked by the frame edge. 
3. The method as claimed in claim 1, wherein two 

orthogonal light beams are directed onto said target, and 
superimposed light diffracted from said target is projected 
onto the shadow region. 

4. The method as claimed in claim 1, wherein the target 
comprises a microstructure or crack and wherein the micro- 
structure or crack diffracts light into the shadow region. 

5. The method as claimed in claim 1, wherein the target 
comprises a sub-micron size particle. 

6. The method as claimed in claim 5, wherein the sub- 
micron size particle comprises a biological particle. 

7. The method as claimed in claim 5, wherein the sub- 
micron size particle is selected from the group consisting of 
mold, dust and a weaponized bio-agent. 

8. The polarizing microscope as claimed in claim 1, 
further comprising a rotating stage for supporting the target. 

9. A polarizing microscope for practicing the method of 
claim 1, said microscope having a condenser lens and an 
objective lens with a rotating target stage for rotatably 
supporting a target located at a focal point of the condenser 
lens, and a blocking element for blocking a portion of 
illuminating light up stream of the condenser lens. 

10. The polarizing microscope as claimed in claim 9, 
wherein the blocking element is adapted to obstruct half of 
the illuminating light. 

11. The polarizing microscope as claimed in claim 9, 
wherein the blocking element comprises a frame edge 
positioned in the polarizing microscope field of view. 

* * * * *  


