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METHOD AND APPARATUS FOR ULTRASONIC
SCANNING OF A FABRICATION WAFER

FIELD OF THE INVENTION

[0001] This invention relates generally to the field of
ultrasonic scanning. More particularly, this invention relates
to a method an apparatus for scanning fabrication wafers.

BACKGROUND

[0002] Ultrasound has been used for non-destructive
inspection of parts for many years. In the ultrasonic scanning
of shafts or tubes, the part is rotated about its axis of
symmetry while an ultrasonic transducer is moved parallel
to the axis (i.e. along the shaft or tube) to complete a scan
and detect flaws in the part.

[0003] More recently, ultrasonic inspection has been
extended to small parts such as integrated circuits or other
electronic components. Positioning and scanning of indi-
vidual parts is too time-consuming for production line
testing. However, the parts are often loosely arranged in
trays or carriers to facilitate transfer of the parts through the
production process. Scanning of the parts in trays speeds up
the inspection process, but requires special apparatus to hold
the parts in place while they are immersed in an acoustic
coupling fluid or subjected to a flow of coupling fluid.
Additional apparatus is required to dry the parts after they
have been scanned. The scan itself is usual performed by
moving the tray of parts in a series of steps in one direction
while an ultrasonic transducer is moved in a perpendicular
direction. In this way a raster scan of each part is performed
on a rectangular grid. The process of stopping the transducer
at the end of each scan and reversing its motion consumes
a significant proportion of the scanning time.

[0004] An alternative to scanning individual devices is to
scan a complete wafer. In this approach, a wafer is held
stationary in a wafer chuck and an ultrasound transducer is
moved in a rectangular grid scan pattern across the surface
of the wafer.

[0005] Wafers may be rotated or spun during various
stages of fabrication. Example processes utilizing wafer
rotation include spinning coating, spin-drying and thickness
measurement. Devices for holding and spinning wafers are
commercially available.

SUMMARY

[0006] The present invention relates generally to a method
and apparatus to scanning fabrication wafers. Objects and
features of the invention will become apparent to those of
ordinary skill in the art upon consideration of the following
detailed description of the invention.

[0007] In one embodiment, a transducer generates ultra-
sound in the wafer and the ultrasound emitted from the wafer
is sensed. A controller adjusts the relative positions of the
wafer and the transducer and controls the transducer to
generate ultrasound at a number of scan points.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The novel features believed characteristic of the
invention are set forth in the appended claims. The invention
itself, however, as well as the preferred mode of use, and
further objects and advantages thereof, will best be under-
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stood by reference to the following detailed description of an
illustrative embodiment when read in conjunction with the
accompanying drawing(s), wherein:

[0009] FIG. 1 is a diagrammatic representation of a scan-
ning system in accordance with certain embodiments of the
present.

[0010] FIG. 2 is a further diagrammatic representation of
a scanning system in accordance with certain embodiments
of the present.

[0011] FIG. 3 is a plot of part of an exemplary grid of scan
points.
[0012] FIG. 4 is a flow chart depicting certain embodi-

ments of the method of the present invention.

[0013] FIG. 5 is a diagrammatic representation of a scan-
ning system in accordance with a certain embodiment of the
present invention.

[0014] FIG. 6 is a diagrammatic representation of a scan-
ning system in accordance with an embodiment of the
invention.

DETAILED DESCRIPTION

[0015] While this invention is susceptible of embodiment
in many different forms, there is shown in the drawings and
will herein be described in detail one or more specific
embodiments, with the understanding that the present dis-
closure is to be considered as exemplary of the principles of
the invention and not intended to limit the invention to the
specific embodiments shown and described. In the descrip-
tion below, like reference numerals are used to describe the
same, similar or corresponding parts in the several Views of
the drawings.

[0016] Micro-devices, RF components, integrated circuits,
MEMS etc. are typically manufactured as a collection of
devices on a thin disc or fabrication wafer. The wafer may
be, for example, a Silicon-on-Insulator (SOI) wafer, a
ceramic wafer or a glass wafer. Such wafers are commonly
used in the manufacture of integrated circuits, micro-de-
vices, RF components, power components, etc. During the
manufacturing process, the wafers are supported by a wafer
chuck. The wafers are held in place on the chuck by vacuum
suction or by an electrostatic force. The chuck allows the
wafer to be rotated rapidly for spin-coating material onto the
surface of wafer. When the wafer manufacturing process is
completed, the individual devices on the wafer are sepa-
rated. The separated devices are then placed in trays for
movement through the rest of the manufacturing and testing
process. Currently, ultrasonic testing of devices is performed
on individual devices or on devices held in trays, or on
stationary wafers.

[0017] The present invention relates to ultrasonic inspec-
tion of devices while they are still joined in a single wafer
and to inspection of an assembly of wafers. In accordance
with one aspect of the present invention, the wafers are held
in a wafer holder, such as a wafer chuck, and rotated while
one or more ultrasonic transducers are moved in a substan-
tially radial direction parallel to the surface of the wafer
using a transducer manipulator, such as a linear motor or
robot arm. In one embodiment, a fluid supply injects cou-
pling liquid is injected into the space between the face of the
ultrasonic transducer and the surface of the wafer to provide
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acoustic coupling between the transducer and the wafer. The
rotational motion of the wafer causes the coupling liquid to
be spun from the wafer, and aids in the drying of the wafer
after the inspection process. In a further embodiment, ultra-
sound is generated by impacting a pulsed laser beam on the
surface of the wafer so as to cause rapid heating of a thin
surface layer. In this embodiment, the reflected ultrasound
may be detected by a laser interferometer for example.

[0018] In a further embodiment, the transducer is held
stationary, while the wafer is both rotated and translated. A
positioning device, such as a robot arm, may be used to
adjust the relative positions of the wafer and the transducer
by moving the wafer, the transducer or both the wafer and
the transducer.

[0019] In the sequel, the invention is described with ref-
erence to a single wafer. However, it is to be understood that
the invention also relates to the scanning of assemblies of
wafers or the scanning of other object. For example, in the
manufacture of micro-electromechanical devices (MEM’s),
two or more wafers may be bonded together. The wafers
may be scanned or the bond between the wafers may be
scanned. Similarly, a wafer assembly is taken to include both
a single wafer and an assembly of two or more wafers.

[0020] FIG. 1 is a side view of an exemplary ultrasonic
scanning system of the present invention. Referring to FIG.
1, a micro-device wafer 102 held by a wafer holder or wafer
chuck 104. The wafer may be moved between the wafer
holder and one or more storage units by a wafer manipulator,
such as a robot arm. An ultrasonic transducer 106 is posi-
tioned close to the surface of the wafer such that an
ultrasonic beam emitted from the face 108 of the transducer
impinges upon the wafer. Reflections of the ultrasonic beam
are sensed by the transducer 106. The properties of the
reflected ultrasound wafer relate to the acoustic wave speed
within the wafer and may be used to identify the structure of
the wafer. Typically, wafers diameters are in the range 30
mm to 300 mm or larger. In the embodiment shown in FIG.
1, acoustic coupling of the ultrasonic beam to the wafer is
enhanced by a column of water or other fluid 110 that is
maintained by flowing fluid from one or more positions in
close proximity to the transducer. The wafer may be oriented
in any direction. However, the wetting of the wafer by the
coupling liquid is minimized when the axis of rotation in
substantially vertical, with the surface of the wafer facing
downwards and the transducer positioned below the wafer,
as depicted in FIG. 1. Coupling liquid 112 may be collected
in a reservoir 114 positioned below the transducer and
re-circulated using a pump (not shown) coupled to tube 115.
The periphery of the wafer 102 is held in contact with the
wafer chuck 104 by use of vacuum suction maintained in
channel 116. The channel is coupled via passage 118 to a
vacuum pump 120 that is used to draw air out of the channel
116 and maintain the vacuum. Alternatively, a mechanical
holder or electrostatic charge may be used to hold the wafer
102 to the chuck 104. The chuck may be recessed to provide
a cavity 122 behind the wafer 102 or may be configured to
support more of the wafer so as to prevent flexing. In
operation, the wafer chuck is rotated about an axis 124
perpendicular to its surface. The axis may correspond to the
axis of symmetry of the wafer. A rotational position or shaft
encoder 126 is used to indicate the rotational position of the
wafer or, equivalently, the rotational position of the wafer
chuck. The rotational position encoder 126 may, for
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example, be an optical, magnetic or mechanical encoder that
senses the angular position of the shaft of the wafer holder
or the wafer. In one embodiment the resolution of the
rotational position encoder is sufficient to maintain the
desired linear resolution at the periphery of the wafer. For
example, if a 1.51 um linear resolution is required at a radius
of 0.15 m, the angular resolution should be approximately
1.5x10 /0.15=10"" radians. Such encoders are commer-
cially available. In one embodiment of the invention, a
computer 128 triggers the transducer 106 to produce an
ultrasound pulse and simultaneously records the signal from
the position encoder 126. In a further embodiment, the
chuck is rotated at a constant speed and a phase locked loop
circuit is used to determine the times at which the ultrasound
is generated. In a still further embodiment, the computer 128
monitors the signal from the rotational position encoder 126
and triggers the transducer to produce an ultrasound pulse
when wafer 102 is at a predetermined rotational position.
For example, if a constant spacing of d is required between
scanned points on a circular scan, the angular spacing at
radius r should be

0=2 n( d
=2 arcsi Z_rn]’

[0021] where, for example, the radius of the scan is
r,=(20-1)d/2, n=1, 2, 3, . . . . In this example the circum-
ferential distance between scanned points is held constant,
but the angular spacing between points varies with the
radius. Alternatively, the angular spacing can be held con-
stant to obtain points on a polar grid. Other grid patterns will
be apparent to those of ordinary skill in the art. The resulting
scan is displayed on visual display unit 130.

[0022] When a linear (raster) scan of a wafer or an
individual device is made, a significant proportion of the
scan time elapses while the transducer stops at the end of
each scan line and reverses direction. In the present inven-
tion the, wafer can be rotated continuously. This is possible
provided that the distance moved by a scan point within each
scanning pulse is small. The duration of the ultrasonic pulse
is very small (typically a few nanoseconds), so the time scale
is dependent upon the propagation time of the pulse from the
transducer to the wafer and back. For example, if the
transducer has a focal length of 5 mm and the speed of sound
in the coupling liquid is 1481 m/s, the propagation time is
0.01/1481=6.75 us (note, however, that the sound speed is
usually higher in the wafer material, so this is the maximum
propagation time). This time is related to the minimum time
between ultrasound pulses. If the region of the wafer to be
scanned is moving at 1.48 m/s, the distance between pulses
will be approximately 10 um. For a 300 mm diameter wafer
rotating at k revolutions per second, the speed at the periph-
ery is 0.3*n*k. So a speed of 1.48 m/s at the periphery
corresponds to approximately 1.57 revolutions per seconds.
However, the wafer can be rotated n times faster if only
every n'™ point is measured on each rotation. Faster rotation
may be beneficial for removing coupling liquid from the
surface of the wafer. Additionally, the wafer may be spun at
a much faster rate after the scan is completed. Starting the
scan from the center of the wafer may provide the best
removal of coupling liquid from the surface. The position of
the transducer 106 is controlled by a linear positioning stage
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or robot arm 132. Such devices are commercially available,
and devices designed for wafer handling may be readily
converter for transducer handling. The positioning stage or
robot arm 132 is controlled by the computer 128. Addition-
ally, the distance between the transducer and the wafer may
be adjusted to alter the focus of the ultrasonic beam. The
computer 128 may also include a visual display unit 130 for
displaying images of the scanned wafer. It is to be under-
stood that linear motions, such as that for radial motion or
focusing, may be performed by moving the wafer, the
transducer or both.

[0023] FIG. 2 shows a diagrammatic view of the scanning
system from below. During operation, the wafer 102 is held
by wafer chuck 104 and is rotated as indicated by the arrow
202. The angular position of the chuck is indicated by the
angle 204 from a reference line 206. In one embodiment of
the invention, the transducer 106 is moved parallel to the
wafer 102 in a radial direction, as indicated by the arrow
208.

[0024] The duration of the ultrasonic pulse is short enough
that the wafer moves only a small distance within the
duration of the pulse. Hence, the wafer can be kept in
constant rotation and it is not necessary to stop the wafer to
perform a scan measurement. This reduces the time taken for
a scatl.

[0025] A position at a radial distance r from the center of
the wafer and at a rotational angle 6 has polar coordinates {r,
8}, relative to the center of the wafer, which correspond to
rectangular coordinates {r.cos(8), r.sin(8)}. Similarly, the
rectangular coordinates {x, y} correspond to polar coordi-

nates {\/x2+y2, arctan(y, x)}.

[0026] In one embodiment of the invention, the polar
coordinates {r, 8} at which a measurement is made are
chosen to yield a predetermined position in a rectangular
grid.

[0027] In a further embodiment, the measurements are
made on a polar grid and interpolated to a rectangular grid
for display. The polar grid corresponds to points in a number
of concentric circles. The measurements made on the polar
grid may be interpolated to a rectangular grid for display.

[0028] Inastill further embodiment, the measurements are
made on a spiral grid and interpolated to a rectangular grid
for display.

[0029] The rotation speed of the wafer may be held
constant for the duration of the scan or it may be varied. For
example, rotation the speed may be varied to maintain
constant speed past the face of the transducer at different
radial positions.

[0030] The radial motion of the wafer relative to the
transducer may be achieved by motion of the wafer, by
motion of the transducer or a combination thereof. The
motion may be generated by a linear servo-motor, for
example.

[0031] In one embodiment of the invention, the scan is
performed on a set of concentric circles, starting at the
innermost circle and extending outwards. The following
code, in the MATLAB® programming language of The
Mathworks, generates scan points on a set of concentric
circles and guarantees that neighboring points are separated
by a distance no greater than d.
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d = le-5;

maxRadius = 0.15;

% set innermost scan circle
N=3;

theta(1) = 2*pi/N;

(1) = d/(2*sin(theta(1)/2));

% maximum separation of scan points
% maximum radius for scan

% no. of points on innermost circle
% angle between adjacent scan points
% radius of circle that gives ...
% ... exactly this number of points
rMax = r(1);
count = 0;
n=20;
while rMax <= maxRadius
n = n+l; % circle number
% calculate rectangular coordinates
for k=1:N
count = count+1;
x(count) = r(n)*cos((k-1)*theta(n));
% x-coord. of scan point
y(count) = r(n)*sin((k-1)*theta(n));
% y-coord. of scan point
end
% estimate radius of next circle (using worst case scenario)
r(n+1) = r(n)*cos(theta(n)/2) + sqrt(3)*(d/2);
% get angle increment if new points separated by d
theta(n+1) = 2*asin(d/2/r(n+1));
% reduce radius to get whole number of points on circle
N = fix(2*pi/theta(n+1)); % whole number of points
theta(n+1) = 2#pi/N; % corresponding angle increment
r(n+1) = d/(2*sin(theta(n+1)/2)); % radius of circle that has
% exactly this number of points
rMax = r(n+1); % new maximum radius
end

[0032] The scan described above requires about 0.89 bil-
lion scan points.

[0033] FIG. 3 shows the first few circular scans, with the
dimensions in micrometers. The scan may be executed as a
series of circular scans. The transducer is held in a fixed
position as each circular scan is made. In a revolution of the
wafer, one or more scan points are measured.

[0034] The rectangular scan coordinates {x, y} may be
used to interpolate to a rectangular grid using interpolation
techniques known to those of ordinary skill in the art.

[0035] Multiple transducers may be used. Each transducer
may act as both a transmitter and receiver of ultrasound, or
one transducer may generate ultrasound while another
senses the ultrasound reflected by the wafer. The latter
approach allows for oblique incidence of the ultrasonic
beam upon the wafer.

[0036] FIG. 4 is a flow chart depicting one embodiment of
the method of the invention. Following start block 402, the
wafer to be scanned is placed on the wafer chuck at block
404. The wafer is then spun at block 406. The spinning of
the wafer allows a variety of scan patterns to be followed
and aids in the removal of coupling fluid from the surface of
the wafer. At block 408, the transducer is moved, if neces-
sary, to the position of the next scan. This may involve radial
motion of the transducer to a new scan circle or movement
perpendicular to the surface of wafer to adjust the focus of
the transducer. At block 410 the computer controller senses
the rotational position of the wafer (or, equivalently, the
wafer chuck). At decision block 412, the position is checked
to determine if a measurement is to be made at this position.
If not, as depicted by the negative branch from decision
block 412, flow returns to block 410 until the next rotational
position is reached. If a measurement is to be made at the



US 2005/0257617 Al

current position, flow continues to block 414 as depicted by
the positive branch from decision block 412. The transducer
is triggered to emit a pulse of ultrasound at block 414 and the
resulting ultrasound reflected from the wafer is sensed at
block 416. The same transducer may be used to generate and
sense the ultrasound, or different transducers may be used.
At block 418, the sensed ultrasound is processed and/or
recorded. If interpolation from the measurement grid to a
display grid is required, the computation may proceed in
parallel to the measurement process so as to reduce time at
the end of the scan and possibly to reduce memory require-
ments for the computer. At block 420 a check is made to
determine if all of the measurements have been completed.
If not, as depicted by the negative branch from decision
block 420, flow returns to block 408. If the scan has been
completed, as depicted by the positive branch from decision
block 420, the rotation rate of the wafer may be increased at
block 422, if necessary, to removed coupling liquid from the
surface of the wafer. The wafer is than removed from wafer
at block 424. At block 426, any additional processing is
performed and the resulting scan is displayed and recorded.
The scan of the wafer is then complete, as indicated by
termination block 428.

[0037] In an alternative embodiment of the invention,
shown in FIG. 5, ultrasound is generated by a transducer
106 at an angle to the surface of the wafer. The resulting
reflected ultrasound is detected by a second transducer 402.
The angles of the transducers 106 and 402 may be adjusted
to alter the angle at which the ultrasound is incident upon the
wafer. Additionally, the transducers may be moved together
in a radial direction to complete the desired scan pattern.

[0038] Inthe embodiment shown in FIG. 6, the wafer 102
is held from below and the upper surface of the wafer is
scanned from above using transducer 106. The coupling
fluid 110 may have an undesirable tendency to flow over the
edge of the wafer and onto the underside of the wafer. This
may be prevented by directing a flow of gas across the
underside of the wafer. The flow of gas has a component that
is directed radially outwards at the edge of the wafer. This
flow prevents coupling fluid from wetting the underside of
the wafer. The flow may be provided by a variety of means
including one or more gas jets, such as air-knives. In FIG.
6, a lower channel surface 602 is provided beneath the wafer
102. The lower channel surface and the underside of the
wafer provide a gas channel. Air, or other gas, enters tube
604 in the direction of arrow 606 and flows into the channel.
Air flows out of the channel in a substantially radial direc-
tion, as indicated by the arrows 608. The lower channel 602
may be stationary or may rotate with the wafer chuck.

[0039] While the invention has been described in conjunc-
tion with specific embodiments, it is evident that many
alternatives, modifications, permutations and variations will
become apparent to those of ordinary skill in the art in light
of the foregoing description. Accordingly, it is intended that
the present invention embrace all such alternatives, modi-
fications and variations as fall within the scope of the
appended claims.

What is claimed is:

1. A method for ultrasonic scanning of a wafer assembly,
comprising;

rotating the wafer assembly about an rotational axis
substantially perpendicular to the surface of the wafer
assembly;
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for each scan point of a plurality of scan points:

generating an ultrasound pulse in a region of the wafer
assembly using a transducer positioned at the scan
point in proximity to the region of the wafer assem-
bly; and

sensing ultrasound emitted from the wafer assembly.

2. A method in accordance with claim 1, further compris-
ing moving the transducer in a direction substantially par-
allel to the surface of the wafer assembly from a first scan
point to a second scan point.

3. A method in accordance with claim 2, wherein the
transducer is moved in a direction substantially radial rela-
tive to the rotational axis of the wafer assembly.

4. A method in accordance with claim 1, further compris-
ing moving the wafer assembly in a radial direction relative
to the rotational axis of the wafer assembly.

5. A method in accordance with in claim 1, further
comprising determining the location of the region of the
wafer assembly from the position of transducer and the
rotational position of the wafer assembly.

6. A method in accordance with claim 5, wherein the
rotational position of the wafer assembly is sensed by a
position encoder.

7. A method in accordance with claim 5, wherein the
rotational position of the wafer assembly is determined by a
phase locked loop.

8. A method in accordance with claim 1, wherein the
plurality of scan points are positioned on a plurality of
concentric circles.

9. A method in accordance with claim 8, wherein the
plurality of scan points are positioned such the maximum
separation between neighboring scan points is less than a
predetermined distance.

10. A method in accordance with claim 8, wherein the
plurality of scan points are positioned at substantially equal
circumferential separations.

11. A method 1n accordance with claim 1, wherein the
plurality of scan points are positioned on one of a rectan-
gular coordinate grid, a polar grid and a spiral grid.

12. A method in accordance with claim 1, further com-
prising:

determining properties of the wafer assembly from the
ultrasound emitted from the region of the wafer assem-
bly on a non-rectangular coordinate grid; and

estimating properties of the wafer assembly on a rectan-
gular coordinate grid by interpolating from the prop-
erties measured on the non-rectangular coordinate grid.

13. A method in accordance with claim 1, wherein the
wafer assembly is rotated as a substantially constant speed.

14. A method in accordance with claim 1, wherein the
rotational rate of the wafer assembly is varied dependent
upon the radial position of the transducer.

15. A method in accordance with claim 1, wherein the
transducer is an ultrasonic transducer, further comprising
maintaining a flow of coupling fluid between the transducer
and the surface of the wafer assembly to enhance acoustic
coupling between the transducer and the wafer assembly.

16. A method in accordance with claim 15, wherein the
rotational rate of the wafer assembly is sufficient to remove
coupling fluid from the surface of the wafer assembly from
the surface of the wafer assembly.
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17. A method in accordance with claim 15, further com-
prising rotating the wafer assembly at an increased speed
after the scan is completed so as to remove coupling liquid.

18. A method in accordance with claim 16, wherein the
surface of the wafer assembly faces downwards and the
transducer is positioned below the wafer assembly.

19. A method in accordance with claim 18, further com-
prising collecting coupling fluid in a reservoir and re-
circulating the coupling fluid to maintain flow between the
transducer and the surface of the wafer assembly.

20. A method in accordance with claim 16, wherein the
surface of the wafer assembly faces upwards and the trans-
ducer is positioned above the wafer assembly and further
comprising directing a flow of gas to the underside of the
wafer assembly to keep the underside of the wafer assembly
free from coupling fluid.

21. A method in accordance with claim 1, further com-
prising:

positioning the wafer assembly on a wafer chuck using a
robot arm;

holding the wafer assembly in place on the wafer chuck;
and

rotating the wafer chuck to rotate the wafer assembly.

22. A method in accordance with claim 1, further com-
prising moving the transducer using a robot arm.

23. A method in accordance with claim 1, further com-
prising moving the transducer using a linear positioning
stage.

24. A method in accordance with claim 1, further com-
prising:

determining properties of the wafer assembly from ultra-
sound emitted from the wafer assembly; and

displaying the properties on a visual display unit.

25. A method in accordance with claim 1, wherein the
ultrasound pulse is generated by local heating of the surface
of the wafer assembly.

26. A method in accordance with claim 1, wherein the
emitted ultrasound is sensed by measuring motion of a
surface of the wafer assembly.

27. An ultrasonic scanner for scanning a wafer assembly,
the ultrasonic scanner comprising:

a wafer chuck for holding and rotating the wafer assembly
about a rotational axis substantially perpendicular to
the surface of the wafer assembly;

a first transducer operable to generate an ultrasound pulse
at the surface of the wafer assembly;

a second transducer operable to sense ultrasound emitted
from the surface of the wafer assembly;

a rotational encoder operable to determine means for
determining the rotational position of at least one of the
wafer assembly and the wafer chuck; and

a controller, responsive to the means for determining the
rotational position rotational encoder, that adjusts for
adjusting the relative positions of the wafer assembly
and the first and second transducers and for controlling
the generation of the ultrasound pulse.

28. An ultrasonic scanner in accordance with claim 27,

wherein the means for determining the rotational position
rotational encoder comprises a position encoder.
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29. An ultrasonic scanner in accordance with claim 27,
wherein the means for determining the rotational position
rotational encoder comprises a phase locked loop.

30. An ultrasonic scanner in accordance with claim 27,
further comprising a transducer manipulator operable to
move means for moving the first and second transducers in
a substantially radial direction relative to the rotational axis
of the wafer assembly.

31. An ultrasonic scanner in accordance with claim 27,
further comprising a transducer manipulator operable to
move means for moving the first transducer in a direction
substantially parallel to the rotational axis of the wafer
assembly to adjust focus of the first transducer.

32. An ultrasonic scanner in accordance with claim 27,
further comprising a means wafer manipulator operable to
position for positioning the wafer assembly on the wafer
chuck and removing the wafer assembly from the wafer
chuck.

33. An ultrasonic scanner in accordance with claim 27,
wherein the wafer chuck is one of a mechanical chuck, a
vacuum chuck and an electrostatic chuck.

34. An ultrasonic scanner in accordance with claim 27,
further comprising a fluid supply that provides flow means
for maintaining a flow of acoustic coupling fluid between the
first transducer and surface of the wafer assembly.

35. An ultrasonic scanner in accordance with claim 34,
wherein the fluid supply flow means comprises:

a reservoir positioned below the first transducer for col-
lecting acoustic coupling fluid; and

a pump operable to pump for pumping acoustic coupling
fluid from the reservoir to maintain the flow of acoustic
coupling fluid between the first transducer and surface
of the wafer assembly.

36. An ultrasonic scanner in accordance with claim 34,
wherein the surface of the wafer assembly faces substan-
tially downwards and the first transducer is positioned below
the surface of the wafer assembly.

37. An ultrasonic scanner in accordance with claim 34,
wherein the wafer assembly is rotated at a speed sufficient to
remove acoustic coupling liquid from the surface of the
wafer assembly.

38. An ultrasonic scanner in accordance with claim 27,
further comprising a positioning device operable to adjust
means for adjusting the position of the wafer chuck relative
to the first transducer.

39. An ultrasonic scanner in accordance with claim 27,
further comprising a processing unit for determining prop-
erties of the wafer assembly from the ultrasound emitted
from the wafer assembly.

40. An ultrasonic scanner in accordance with claim 39,
further comprising a visual display unit, coupled to the
processing unit, for displaying the properties of the wafer
assembly determined from the ultrasound emitted from the
wafer assembly.

41. An ultrasonic scanner in accordance with claim 39,
wherein the properties of the wafer assembly are measured
on a non-rectangular grid and wherein the processing unit is
operable to estimate properties of the wafer assembly on a
rectangular grid by interpolating from the properties are
measured on the non-rectangular grid.

42. An ultrasonic scanner in accordance with claim 27,
wherein the first and second transducers comprise a single
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ultrasonic transducer operable to generate an ultrasound
beam that impinges on the surface of the wafer assembly.

43. An ultrasonic scanner in accordance with claim 27,
wherein the first transducer comprises an ultrasonic trans-
ducer on one side of the wafer assembly and the second
transducer comprises an ultrasonic transducer on the oppo-
site side of the wafer assembly.

44. An ultrasonic scanner in accordance with claim 27,
wherein the first transducer comprises a laser operable to
cause the ultrasound pulse by heating the surface of the
wafer assembly.

45. An ultrasonic scanner in accordance with claim 27,
wherein the second transducer comprises a laser interfer-
ometer operable to detect motion of the surface of the wafer
assembly.

46. An ultrasonic scanner for scanning of micro-device
wafer assembly, the ultrasonic scanner comprising:

a wafer chuck operable to hold and rotate for holding and
rotating the wafer assembly about a rotational axis
substantially perpendicular to the surface of the wafer
assembly;

a first ultrasonic transducer operable to emit an ultrasound
beam that impinges upon the surface of the wafer
assembly;

a second ultrasonic transducer operable to sense ultra-
sound reflected from the wafer assembly;

a rotational encoder operable to determine means for
determining the rotational position of at least one of the
wafer assembly and the wafer chuck; and

a controller, responsive to the rotational encoder means
for determining the rotational position, that adjusts for
adjusting encoder, that adjusts the relative positions of
the wafer assembly and the first and second ultrasonic
transducers and controls for controlling the emission of
the ultrasound beam.

47. An ultrasonic scanner in accordance with claim 46,
further comprising a means for moving the first and second
transducers in a radial direction relative to the rotational axis
of the wafer assembly.

48. An ultrasonic scanner in accordance with claim 46,
further comprising a fluid supply that maintains flow means
for maintaining a flow of acoustic coupling fluid between the
first and second transducers and surface of the wafer assem-
bly.

49. An ultrasonic scanner in accordance with claim 48,
wherein the wafer assembly is rotated at a speed sufficient to
remove acoustic coupling liquid from the surface of the
wafer assembly.
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50. An ultrasonic scanner in accordance with claim 48,
wherein the surface of the wafer assembly faces substan-
tially downwards and the ultrasonic transducer is positioned
below the surface of the wafer assembly.

51. An ultrasonic scanner in accordance with claim 46,
further comprising a means for adjusting the angle of the
first transducer and thereby adjust the angle at which the
ultrasonic beam impinges upon the surface of the wafer
assembly.

52. An ultrasonic scanner in accordance with claim 46,
further comprising a means for adjusting the angle of the
second transducer and thereby adjusting the angle at which
the reflected ultrasound isn received by the second trans-
ducer.

53. An ultrasonic scanner for scanning a wafer assembly,
the ultrasonic scanner comprising:

a wafer holder operable to hold and rotate means for
holding and rotating the wafer assembly about a rota-
tional axis substantially perpendicular to the surface of
the wafer assembly;

a transducer for generating ultrasound in the wafer assem-
bly;

a sensor responsive to means for sensing the ultrasound
emitted by the wafer assembly; and

a position adjuster operable to adjust means for adjusting
the relative positions of the transducer and the wafer
assembly such that the ultrasound is moved in a scan
path across the surface of the wafer assembly.

54. An ultrasonic scanner in accordance with claim 53,
further comprising:

an automated wafer manipulator operable to position
means for positioning the wafer assembly on and
removing the wafer assembly from the wafer holder
means for holding and rotating the wafer assembly.

55. An ultrasonic scanner in accordance with claim 53,
further comprising:

means for supplying a coupling fluid supply operable to
provide an acoustic coupling between the transducer
and the surface of the wafer assembly; and

a dryer operable to remove means for removing coupling
fluid from the wafer assembly after the wafer assembly
has been scanned.
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