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METHOD AND APPARATUS FOR 
NONDESTRUCTIVE SAMPLE INSPECTION 

STATEMENT OF GOVERNMENT INTEREST 

This invention Was made With Government assistance 
under Air Force Contract No. F336l5-02-C5705. The Gov 
ernment has certain rights in this invention. 

FIELD OF THE INVENTION 

The ?eld of the invention is sample analysis. The inven 
tion concerns other more particular ?elds, including but not 
limited to nondestructive testing and evaluation of physical 
properties of materials. 

BACKGROUND OF THE INVENTION 

Various techniques are knoWn for conducting non-de 
structive inspection of structures having a surface area. In 
one knoWn technique, monochromatic, phase coherent elec 
tromagnetic radiation in the 5*50 GHZ frequency range (i.e., 
microWaves) is used for nondestructive testing of dielectric 
materials. A portion of the impinged beam is combined With 
the signal re?ected by the specimen being inspected. The 
signals combine to produce an interference pattern, a pattern 
that changes as the specimen changes, or as the position of 
the specimen changes relative to that of the detector. 

In another knoWn technique, a near-?eld microWave 
microscope including a dielectric resonator is used. The 
microWave microscope has a resonant slit in the conductive 
end of a microWave Waveguide that forms a probe tip. A 
short dielectric rod is ?t into the microWave Waveguide near 
its conductive end. A longer dielectric rod is placed in back 
of the short dielectric rod With a small gap betWeen the tWo 
rods. The length of the shorter rod and the siZe of the gap are 
chosen to form a dielectric resonator at the microWave 
frequency adjacent to the probe tip. 

Yet another knoWn testing technique uses a near-?eld 
sensor including circuitry Which removes variation in the 
“standoff distance” (i.e., the distance of the sensor from the 
inspected object) as a factor in the inspection system read 
ings. An original output voltage Which varies linearly 
according to the standoff distance is modi?ed and added to 
a counterbalancing output voltage Which equivalently but 
oppositely varies linearly according to the standoff distance, 
resulting in a constant output voltage regardless of the 
standoff distance. 

SUMMARY OF THE INVENTION 

The present invention involves an apparatus for inspect 
ing a sample for defects. The apparatus includes a signal 
generator for generating a signal and a device for splitting 
the signal into tWo separate signals Which have substantially 
equal phases and magnitudes. A sensor radiates the tWo 
signals on the sample and receives the tWo signals re?ected 
from the sample. A device is provided for determining a 
difference betWeen the tWo signals re?ected from the sample 
Without unWanted in?uence of variations of distance 
betWeen the sensor and sample, and re?ections from nearby 
sample edges and boundaries. A defect is determined to exist 
When a difference is found betWeen the tWo re?ected signals. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the testing system in 
accordance With one embodiment of the present invention; 

FIG. 2 is a schematic diagram of one embodiment of the 
testing system shoWn in FIG. 1; 

FIG. 3 is a schematic diagram of another embodiment of 
the testing system shoWn in FIG. 1; 

FIG. 4 is a schematic diagram of a further embodiment of 
the testing system shoWn in FIG. 1; 

FIG. 5 is a schematic diagram of yet another embodiment 
of the testing system shoWn in FIG. 1; and 

FIG. 6 is a schematic diagram of still another embodiment 
of the testing system shoWn in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In the present invention, tWo coherent electromagnetic 
signals such as, for example, microWave or millimeter Wave 
signals having substantially identical phase and magnitude 
are provided from a single generating source and transmitted 
to a sensor having dual probes. The sensor transmits these 
signals to a sample under inspection, and receives the signals 
re?ected from the sample. The difference in the re?ected 
signals indicates the presence of a defect in the sample. 
The use of dual probes provides for increased sensitivity 

of the inspection technique and probability of detection of 
defects. An electrical distance betWeen tWo apertures of the 
dual probes provides for removing or signi?cantly reducing 
unWanted variations or ?uctuations in the re?ected signals, 
Which could mask the desired re?ected signals. These varia 
tions or ?uctuations may result from variations in the 
standoff distance caused by, for example, sample surface 
roughness, sample curvature, scanning platform ?uctua 
tions, presence of nearby sample edges and boundaries, etc. 
In another example, the unWanted variations or ?uctuations 
in re?ected signals may be the result of ?uctuations in 
temperature, instability of the source frequency and/or 
poWer. 

Turning noW to FIG. 1, a nondestructive testing system 10 
in accordance With the present invention includes a signal 
generator 12, a sensor 14 for radiating signals from the 
generator 12 to a sample 16 under inspection and for 
receiving signals re?ected from the sample. The testing 
system 10 also includes a poWer splitter 18 for dividing a 
single signal from the signal generator 12 into tWo separate 
signals, and obtaining the difference, if any, of the tWo 
signals after being re?ected from the sample 16. A detector 
20 quanti?es the difference in the tWo re?ected signals 
obtained by the poWer splitter 18. An indicator 22 such as a 
voltmeter, an oscilloscope or a computer provides a visible 
indication of the signal di?ference quanti?ed by the detector 
20. The sample 16 and/or the sensor 14 are connected to a 
position controller 24, e.g., a scanning platform, for expos 
ing the desired areas of the sample 16 to the sensor 14 at a 
desired standolf distance. 

Referring to FIG. 2 and in accordance With one embodi 
ment of the testing system 10, the signal generator 12 is an 
oscillator for generating electromagnetic energy, for 
example, radio frequency (RF), microWave or millimeter 
Wave energy at the desired operating frequency. A signal 
from the generator 12 goes through an isolator 26, Which is 
a device for alloWing the signal to transmit forWard, but very 
little re?ected signal to be retransmitted into the signal 
generator. The isolator 26 protects the signal generator 12 
from unWanted re?ected signals, Which may cause unac 
ceptable source poWer and frequency instability. 
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The isolator 26 is connected to the power splitter 18, 
Which in this embodiment is a hybrid tee (also knoWn as a 
magic tee). The poWer splitter 18 may also be other hybrid 
devices Which divide signals from the generator 12, and 
obtain the difference in the tWo signals after being re?ected 
from the sample 16. A magic tee With 30-dB isolation and 
0.5-dB balance over the Waveguide frequency bandWidth is 
an example of the poWer splitter 18. The poWer splitter 18 
includes four arms 28, 30, 32, 34 Which come together at a 
center point 36. Signals sent from the generator 12 through 
the isolator 26 to the arm 28 are divided by the poWer splitter 
18 into tWo signals having equal phases and magnitudes. 
The divided signals are routed into tWo arms 30, 32 to be 
transmitted to the sensor 14. The tWo arms 30, 32 also 
receive signals that have been re?ected from the sample 16. 
The poWer splitter 18 combines these re?ected signals and 
obtains the difference in the signals, Which is routed in the 
arm 34. 

The arms 30, 32 in the poWer splitter 18 are connected 
respectively to tWo transmission lines 38, 40, Which have 
substantially the same length and cross-sectional dimen 
sions. While a pair of rectangular Waveguides serve as the 
tWo transmission lines 38, 40 in one embodiment, other 
types of lines for carrying signals may be used, such as, for 
example, circular Waveguides, coaxial cables, dielectric 
Waveguides, microstrip lines, ?ber optic lines, etc. 

The transmission lines 38, 40 at the opposite ends from 
the poWer splitter 18 are respectively connected to tWo 
probes 42, 44, of the sensor 14. The distal ends (the ends 
closer to the sample 16) of the probes 42, 44 are open, and 
thus, they are open-ended transmission lines such as open 
ended rectangular Waveguides, dielectric Waveguides, 
coaxial cables, microstrip lines, ?bers optic lines, etc. The 
probes 42, 44 may also be open-ended tapered transmission 
lines (for example, rectangular Waveguides Which narroW 
gradually toWard their ends) or open-ended ?ared 
Waveguides (for example, homs). The tWo probes 42, 44 
have substantially identical length and dimensions, and in 
one embodiment, have a rectangular cross-section. It should 
be understood, hoWever, that the cross-sections of the probes 
42, 44 may have other shapes such as, for example, circular, 
square, elliptical, etc. 
The dimensions of the probes 42, 44 vary With the 

function of the frequency of the signal from the generator 12 
and are proportional to the Wavelength. As the frequency of 
the signal increases, the dimensions of the probes 42, 44 
decrease. For example, at the Wavelengths of approximately 
3 centimeters and 1 centimeters (frequency of 10 gigaher‘tZ 
(GHZ) and 30 GHZ ), the cross-section of a typical open 
ended rectangular Waveguide probe Would be approximately 
2 centimeters by 1 centimeter and approximately 0.7 centi 
meters by 0.3 centimeters, respectively. The probes 42, 44 
can be any desired length, Which, in effect, includes the 
length of the transmission lines 38, 40 since they also act as 
Waveguides. 

The operating frequency (Wavelength) and the probe 
dimensions are selected according to the desired spatial 
resolution and radiation e?iciency of the testing system 10. 
When operating in the near-?eld and for the purpose of 
microWave or millimeter Wave imaging, the aperture siZe of 
the probe signi?cantly in?uences the resulting system spatial 
resolution. For example, open-ended rectangular Waveguide 
probes 42, 44 at frequencies of greater than 10 GHZ may be 
suitable for inspecting samples such as a metal plate for 
defects in the form of pits larger than 1 millimeters in 
diameter. HoWever, for aircraft health monitoring and effec 
tive maintenance purposes it is necessary to detect smaller 
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4 
pits since detection of smaller pits means the discovery of 
earlier corrosion initiation. In this type of application, it may 
be necessary to increase the frequency of the signal to 
increase the spatial resolution. As the frequency of the signal 
increases, the physical aperture dimensions of the probes 42, 
44 decrease, resulting in higher spatial resolution. A higher 
spatial resolution may also be achieved at a given signal 
frequency by utiliZing physical reduction of the probe aper 
ture dimensions through tapering of the Walls of the probes 
42, 44. On the other hand, When operating in the far-?eld, 
open-ended ?ared Waveguide such as, for example, horns, 
may be used as the probes 42, 44 to increase radiation 
e?iciency and directivity (gain) of the probes. 
The signals originating from the generator 12 are radiated 

from openings of the probes 42, 44 and are incident on an 
area of the sample 16. In the embodiment shoWn in FIG. 2 
for operating in the near-?eld, the probes 42, 44 are placed 
Wall to Wall and both probes are positioned near the sample 
16 approximately 2 mm, for example. In this manner, the 
signals from the probes are incident on substantially the 
same location areas of the sample surface and the signals 
incident on the sample 16 re?ect back into the same probes 
42, 44 from Where they Were radiated. The distance betWeen 
the probes 42, 44 may be varied by moving the probes 42, 
44 With respect to one another. When the distance betWeen 
the centers of the probe apertures is equal to multiple halves 
of operating Wavelength, the testing system 10 e?fectively 
removes or signi?cantly reduces the in?uence of unWanted 
re?ected signals that may come from incidental extended 
discontinuities of the sample (edges, boundaries, etc.) as a 
result of the inherent cancellation of the tWo signals appear 
ing at each probe due to the speci?c distance betWeen the 
probes (e.g., half of a Wavelength). 
The re?ected signals travel back through their respective 

probes 42, 44 and the transmission lines 38, 40, and enter the 
arms 30, 32 of the poWer splitter 18, Where one signal is 
subtracted from the other (i.e., one is added to the negative 
of the other through a 1800 phase shift caused by the magic 
tee). The result of the subtraction in the poWer splitter 18 
appears as a signal across the detector 20 Which in this 
embodiment is a device that converts microWave energy to 
DC signal such as a diode or a poWer meter, for example. If 
the tWo signals re?ected from the sample 16 are identically 
the same, they cancel out to Zero, and the detector 20 ideally 
does not detect any signal. HoWever, a ?nite signal at the 
detector 20 (other than minimal signal due to noise, for 
example) indicates a detection of a defect. The signal 
detected at the detector 20 can be converted to a user 
readable form by connecting the detector 20 to an indicator 
22 (shoWn in FIG. 2) such as a voltmeter, an oscilloscope or 
a computer. 

In the embodiment of the present invention shoWn in FIG. 
2, the paths of the signals generated by the signal generator 
12 from the poWer splitter 18 to the ends of the probes 42, 
44 are bi-directional, so that the signals being transmitted to, 
and being re?ected back from, the sample 16 are propagat 
ing simultaneously. In this manner, signals from the genera 
tor 12 are generated and transmitted continuously as long as 
necessary to scan the sample 16. 
As a Way of example, the present invention may be used 

in inspecting a sample such as a metal plate for anomalies or 
defects in the form of microscopic corrosion pits, Which can 
groW and become visible corrosion under the paint in a car, 
for instance. In the aircraft industry, detection of corrosion 
pits aid in predicting Where the corrosion is going to occur. 
A defect such as a corrosion pit causes the signal radiated on 
the sample 16 to change in phase and/or magnitude. There 
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fore, a difference in the phase and/or magnitude of the tWo 
signals re?ected from the sample indicates the presence of a 
defect. 

In operation, the position controller 24 (shoWn in FIG. 1) 
continuously moves the sample 16 or the sensor 14 so that 
if a defect is present, it Would ?rst reach the one of the tWo 
probes 42, 44 and then the other one a moment later. The 
signal re?ected from the probes 42 or 44 that ?rst encoun 
tered the defect Would be different in phase and/or in 
magnitude from the signal re?ected from the other probe 
Which has not yet reached the defect. When the tWo re?ected 
signals are combined and subtracted in the poWer splitter 18, 
a ?nite (e.g., non-Zero) signal (Without unWanted in?uence 
of standoff distance variation, incidental extended disconti 
nuities of the sample, temperature variation, and frequency 
and poWer non-stability of the source) Would be obtained. 
Accordingly, some DC signal drop Would appear across the 
detector 20, indicating that a defect has been found. 

Turning noW to FIG. 3, and in accordance With another 
embodiment of the invention, the testing system 10 includes 
a variable phase shifter 46 connected betWeen the arm 30 of 
the poWer splitter 18 and the transmission line 38, and 
another variable phase shifter 48 connected betWeen the arm 
32 of poWer splitter 18 and the transmission line 40. The 
phase shifters 46, 48 adjust the phase of one or both signals 
that come out of the poWer splitter 18, so that they have 
substantially equal phases When the signals are radiated onto 
the sample 16. The phase shifters 46, 48 may be required, for 
example, When the total distance from the poWer splitter 18 
to the ends of the tWo Waveguides 42, 44 are not equal, 
resulting in the tWo signals having different phases. The 
phase shifters 46, 48 are controlled to balance the tWo 
signals output from the poWer splitter 18. The phase shifters 
46, 48 may be typical variable phase shifters, for example, 
rotary vane phase shifters, or simple rectangular Waveguides 
With internal moveable dielectric insertions. 

In FIG. 4, another embodiment of the testing system 10 
includes a directional coupler 50 connected betWeen the 
isolator 26 and a variable phase shifter 52 connected to the 
arm 28 of the poWer splitter. 18, another directional coupler 
54 connected betWeen the arm 34 and the detector 20, and 
a variable phase shifter 52 connected betWeen the direction 
couplers 50, 54. The variable phase shifter 52 may be a 
rotary vane phase shifters, or simple rectangular Waveguides 
With internal moveable dielectric insertions, for example. 
While FIG. 4 does not shoW the variable phase shifters 46, 
48 being included in the testing system 10, the directional 
couplers 50, 54 may be incorporated in the testing system 
With or Without the phase shifters. Directional couplers 50, 
54 With 10-dB coupling and 20-dB directivity or higher over 
the transmission line bandWidth are examples of couplers 
that are suitable for use in this embodiment of the invention. 

In operation, the coupler 50 routes part of the signal 
produced by the generator 12 to the coupler 54. The phase 
shifter 52 provides this part of the signal to be in phase With 
the difference betWeen the tWo signals re?ected from the 
sample 16 before being input to the detector 20. In this 
manner, the couplers 50, 54 and phase shifter 52 supply the 
detector 20 With some extra poWer or bias. For example, the 
signal coming out of the arm 34 of the poWer splitter 18 may 
be in the range of approximately 0 milliWatt (if no defect is 
found) to about 5 milliWatts (if a defect is detected). Even at 
5 milliWatts, the signal Will not provide for operating of the 
detector 20 such as a square laW diode in optimal linear 
region and Will only result in approximately 2 millivolt drop 
at the detector 20, making it di?icult to accurately read the 
results of the inspection. By inserting the couplers 50, 54 and 
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6 
the phase shifter 52 in the testing system 10, the detector Will 
be biased at its square laW region and smaller input signals 
Will be better detected. 

In FIG. 5, another embodiment of the system 10 includes 
a signal ampli?er 56 connected betWeen the arm 34 of the 
poWer splitter 18 and the detector 20. The signal ampli?er 56 
is an ampli?er for amplifying electromagnetic energy, for 
example, microWave or millimeter Wave energy at the 
operating frequency of the signal generator 12. A solid state 
microWave or millimeter Wave loW noise ampli?er With 
1(k20 dB gain is an example of the signal ampli?er 56. In 
operation, the ampli?er 56 ampli?es the signal obtained 
from taking the difference betWeen the tWo signals re?ected 
from sample 16 before being input to the detector 20. While 
FIG. 5 does not shoW the variable phase shifters 46, 48 
(shoWn in FIG. 3) being included in the testing system 10, 
the signal ampli?er 56 may be incorporated in the testing 
system With or Without the phase shifters 46, 48. 

Turning noW to FIG. 6, and in accordance With another 
embodiment of the invention, the testing system 10 includes 
a directional coupler 58 connected betWeen the arm 30 of the 
poWer splitter 18 and the transmission line 38, and another 
directional coupler 60 connected betWeen the arm 32 of the 
poWer splitter 18 and the transmission line 40. The direc 
tional couplers 58 and 60 With 10-dB coupling and 20-dB 
directivity or higher over the transmission line bandWidth 
are examples of couplers that are suitable for use in this 
embodiment of the invention. Regardless of the type direc 
tional coupler used, both couplers 58 and 60 should be 
identical to one another and inserted into the same location 
along their respective transmission lines 38 and 40 (relative 
at least With respect to the probes 42, 44) so that the 
difference, if any, betWeen the tWo re?ected signals from the 
sample 16 are not affected by the insertion of the couplers 
58, 60 in the transmission lines 38, 40. 
A part of the signal re?ected from the sample 16 goes 

through the directional coupler 58 from the probe 42 to a 
detector 62, Which is a device that converts microWave 
energy to DC signal such as a diode or a poWer meter, for 
example. Similarly, the part of signal re?ected from the 
sample 16 goes through the directional coupler 60 from the 
probe 44 to a detector 64, Which is also a device that 
converts microWave energy to DC signal such as a diode or 
a poWer meter, for example. The signals detected at the 
detectors 62, 64 can be converted to a user readable form by 
connecting the detectors 62, 64 to the indicator 22 (shoWn in 
FIG. 1), such as a voltmeter, an oscilloscope or a computer. 
These signals provide increasing probability of defect detec 
tion and evaluation. While FIG. 6 does not shoW the variable 
phase shifters 46, 48 (shoWn in FIG. 3) being included in the 
testing system 10, the directional couplers 58, 60 and the 
detectors 62, 64 may be incorporated in the testing system 
along With the phase shifters. The directional couplers 58, 60 
and the detectors 62, 64 may also be incorporated in the 
testing system 10 With or Without the directional couplers 
50, 54 (shoWn in FIG. 4). The directional couplers 58, 60 
and the detectors 62, 64 may also be incorporated in the 
testing system 10 With or Without the signal ampli?er 56 
(shoWn in FIG. 5). 

In one embodiment, the position controller 24 (shoWn in 
FIG. 1) is a scanning table (not shoWn), Which moves the 
sensor 14 and the sample 16 With respect to each other to 
provide a raster or C-scan. As the scanning table moves the 
sample 16 under the sensor 14, a 2D matrix consisting of DC 
voltages proportional to the local re?ection properties of the 
sample are produced. These voltages are then processed by 
the indicator 22, Which in this embodiment Would be a signal 
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processor such as a computer to generate an image of the 
scanned area. The indicator 22 may generate one image in 
the case of the embodiments shoWn in FIGS. 2*4, Where the 
indictor is connected only to the detector 20, or three images 
simultaneously for the embodiment shoWn in FIG. 5, Where 
the indicator 22 Would be connected to three detectors 20, 
58, 60. 

While a speci?c embodiment of the present invention has 
been shoWn and described, it should be understood that other 
modi?cations, substitutions and alternatives are apparent to 
one of ordinary skill in the art. Such modi?cations, substi 
tutions and alternatives can be made Without departing from 
the spirit and scope of the invention, Which should be 
determined from the appended claims. 

Various features of the invention are set forth in the 
appended claims. 

The invention claimed is: 
1. An apparatus for inspecting a sample for defects, 

comprising: 
a signal generator for generating a ?rst signal; 
means for splitting said ?rst signal into a second signal 

and a third signal, said second and third signals having 
substantially equal phase and magnitude; 

a sensor for radiating said second and third signals on the 
sample and receiving said second and third signals 
re?ected from the sample; and 

means for determining a difference betWeen said second 
and third signals re?ected from the sample; 

Wherein a defect is determined to exist When said differ 
ence is found betWeen said second and third signals 
re?ected from the sample. 

2. The apparatus as de?ned in claim 1, Wherein said signal 
generator comprises an oscillator for generating electromag 
netic signals. 

3. The apparatus as de?ned in claim 2, Wherein said ?rst 
signal comprises a microWave, a millimeter Wave or an RF 
signal. 

4. The apparatus as de?ned in claim 1, Wherein said ?rst 
signal splitting means and said di?‘erence determining 
means are incorporated in a poWer splitter. 

5. The apparatus as de?ned in claim 4, Wherein said poWer 
splitter comprises a hybrid tee. 

6. The apparatus as de?ned in claim 4, Wherein said poWer 
splitter includes a ?rst arm for receiving said ?rst signal 
from said signal generator, and a second arm for receiving 
said difference between said second and third signals 
re?ected from the sample. 

7. The apparatus as de?ned in claim 6, Wherein said poWer 
splitter further includes a third arm for transmitting said 
second signal to said sensor and said re?ected second signal 
from said sensor, and a fourth arm for transmitting said third 
signal to said sensor and said re?ected third signal from said 
sensor. 

8. The apparatus as de?ned in claim 1, further comprising 
a ?rst transmission line connected betWeen said splitting 
means and said sensor for transmitting said second signal to 
said sensor and said re?ected second signal from said sensor, 
and a second transmission line connected betWeen said 
splitting means and said sensor for transmitting said third 
signal to said sensor and said re?ected third signal from said 
sensor. 

9. The apparatus as de?ned in claim 8, Wherein said ?rst 
transmission line and said second transmission line have 
substantially equal length and dimensions. 
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10. The apparatus as de?ned in claim 9, Wherein said ?rst 

and second transmission lines are rectangular Waveguides, 
circular Waveguides, coaxial cables or dielectric 
Waveguides. 

11. The apparatus as de?ned in claim 8, further including 
a ?rst phase shifter connected to said ?rst transmission line 
for adjusting a phase of said second signal, and a second 
phase shifter connected to said second transmission line for 
adjusting a phase of said third signal. 

12. The apparatus as de?ned in claim 11, Wherein said ?rst 
and second phase shifters are rotary vane phase shifters or 
rectangular Waveguides With internal moveable dielectric 
insertions. 

13. The apparatus as de?ned in claim 8, further including 
a ?rst coupling device electrically connected to said ?rst 
transmission line for directing a part of said second re?ected 
signal to a ?rst signal detector, and a second coupling device 
electrically connected to said second transmission line for 
directing a part of said third re?ected signal to a second 
signal detector, Wherein said ?rst signal detector detects 
voltage proportional to said second re?ected signal and said 
second signal detects a voltage proportional to said third 
re?ected signal. 

14. The apparatus as de?ned in claim 1, Wherein said 
sensor comprises a ?rst probe for radiating said second 
signal on the sample and receiving said second signal 
re?ected from said sample, and a second probe for radiating 
said third signal on the sample and receiving said third signal 
re?ected from said sample. 

15. The apparatus as de?ned in claim 14, Wherein said 
?rst and second probes are open-ended transmission lines 
having substantially identical dimensions. 

16. The apparatus as de?ned in claim 15, Wherein said 
?rst and second probes have a cross section Which is 
substantially rectangular, circular or elliptical. 

17. The apparatus as de?ned in claim 1 further comprising 
a signal detector connected to said di?‘erence determining 
means for obtaining a signal indicating said difference 
between said re?ected second and third signals. 

18. The apparatus as de?ned in claim 17, Wherein said 
signal detector is a diode or a poWer meter. 

19. The apparatus as de?ned in claim 17, further com 
prising a ?rst coupling device electrically connected to said 
signal generator, and a second coupling device electrically 
connected to said signal detector, Wherein said ?rst coupling 
device is operatively connected to said second coupling 
device for channeling a part of said ?rst signal to said signal 
detector. 

20. The apparatus as de?ned in claim 19, further com 
prising a phase shifter connected betWeen said ?rst and 
second coupling devices for adjusting said part of said ?rst 
signal, to be in phase With said signal indicating said 
difference between said re?ected second and third signals. 

21. The apparatus as de?ned in claim 17, further com 
prising a signal ampli?er connected betWeen said di?‘erence 
determining means and said signal detector for amplifying 
said difference between said re?ected second and third 
signals. 

22. The apparatus as de?ned in claim 21, Wherein said 
signal ampli?er is a microWave or millimeter Wave ampli 
?er. 

23. The apparatus as de?ned in claim 17 further compris 
ing an indicator electrically connected to said signal detector 
for visually indicating said difference between said re?ected 
second and third signals. 

24. The apparatus as de?ned in claim 23, Wherein said 
indicator is a voltmeter or an oscilloscope. 
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25. The apparatus as de?ned in claim 23, wherein said 
indicator comprises a computer connected to a position 
controller for generating an image of said desired area of 
said sample. 

26. The apparatus as de?ned in claim 1 , further com 
prising a position controller operatively connected to at least 
one of said sample and said sensor for exposing a desired 
area of said sample to said sensor. 

27. The apparatus as de?ned in claim 1 further comprising 
an isolator connected betWeen said signal generator and said 
splitting means for guiding said ?rst signal into said splitting 
means and preventing second and third signals from entering 
said signal generator. 

28. A method for inspecting a sample for defects, com 
prising: 

generating a ?rst signal and a second signal having 
substantially equal phase and magnitude; 

radiating said ?rst and second signals on the sample; and 
determining a difference betWeen said ?rst and second 

signals re?ected from the sample; 
Wherein a defect is determined to exist When said differ 

ence is found betWeen said ?rst and second signals 
re?ected from the sample. 

29. The method as de?ned in claim 28, further comprising 
generating a source signal and splitting said source signal to 
generate said ?rst and second signals. 

30. The method as de?ned in claim 28 further comprising 
converting said difference between said ?rst and second 
signals re?ected from the sample to a DC signal. 

31. The method as de?ned in claim 27 further comprising 
adding a part of said source signal to said difference betWeen 
said ?rst and second signals re?ected from the sample to 
amplify said difference. 
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32. The method as de?ned in claim 28, Wherein ?rst and 

second signals are radiated on and received from the sample 
using ?rst and second open-ended transmission lines having 
substantially identical dimensions. 

33. The method as de?ned in claim 32, Wherein said ?rst 
and second signals radiated on, and re?ected from, the 
sample are transmitted to and from said ?rst and second 
open-ended transmission lines using ?rst and second trans 
mission lines having substantially equal length and dimen 
s1ons. 

34. The method as de?ned in claim 28, further comprising 
adjusting the phase of at least one of said ?rst and second 
signals to make the phases of said ?rst and second signals 
substantially equal. 

35. The method as de?ned in claim 28, further comprising 
dividing at least one of said ?rst re?ected and second 
re?ected signals into tWo parts, and converting one of said 
tWo parts to a DC signal to obtain a DC signal proportional 
to said at least one of said ?rst and second re?ected signals. 

36. The method as de?ned in claim 28, further comprising 
moving said sample or sensor to expose a desired area of 
said sample to said ?rst and second signals. 

37. The method as de?ned in claim 28, further comprising 
generating an image of said desired area of said sample 
based on said difference between said ?rst and second 
re?ected signals. 

38. The method as de?ned in claim 28, further comprising 
amplifying said difference between said ?rst and second 
signals re?ected from the sample. 
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