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ABSTRACT 

Aconfocal three dimensional inspection system, and process 
for use thereof, alloWs for rapid inspecting of bumps and 
other three dimensional (3D) features on Wafers, other 
semiconductor substrates and other large format micro 
topographies. The sensor eliminates out of focus light using 
a confocal principal to create a narroW depth response in the 
micron range. 
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CONFOCAL 3D INSPECTION SYSTEM AND 
PROCESS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to the following 
provisional patent applications all ?led on Jul. 16, 2001: 
US. Ser. No. 60/305,730, and US. Ser. No. 60/305,729. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates to a system, and 
process for use thereof, for inspecting Wafers and other 
semiconductor or microelectronic substrates, and speci? 
cally for inspecting three dimensional (3D) surfaces or 
features thereon such as bumps. Speci?cally, the present 
invention relates to a confocal optical system for inspecting 
bumps and other 3D features on Wafers or like substrates, 
and a process of using such system. 

[0004] 2. Background Information 

[0005] Over the past several decades, the microelectronics 
and semiconductor has exponentially groWn in use and 
popularity. Microelectronics and semiconductors have in 
effect revolutioniZed society by introducing computers, elec 
tronic advances, and generally revolutioniZing many previ 
ously dif?cult, expensive and/or time consuming mechanical 
processes into simplistic and quick electronic processes. 
This boom has been fueled by an insatiable desire by 
business and individuals for computers and electronics, and 
more particularly, faster, more advanced computers and 
electronics Whether it be on an assembly line, on test 
equipment in a lab, on the personal computer at one’s desk, 
or in the home via electronics and toys. 

[0006] The manufacturers of microelectronics and semi 
conductors have made vast improvements in end product 
quality, speed and performance as Well as in manufacturing 
process quality, speed and performance. HoWever, there I 
continues to be demand for faster, more reliable and higher 
performing semiconductors. 

[0007] One process that has evolved over the past decade 
plus is the microelectronic and semiconductor inspection 
process. The merit in inspecting microelectronics and semi 
conductors throughout the manufacturing process is obvious 
in that bad Wafers may be removed at the various steps rather 
than processed to completion only to ?nd out a defect eXists 
either by end inspection or by failure during use. In the 
beginning, Wafers and like substrates Were manually 
inspected such as by humans using microscopes. As the 
process has evolved, many different systems, devices, appa 
ratus, and methods have been developed to automate this 
process such as the method developed by August Technol 
ogy and disclosed in US. patent application Ser. No. 09/352, 
564. Many of these automated inspection systems, devices, 
apparatus, and methods focus on tWo dimensional inspec 
tion, that is inspection of Wafers or substrates that are 
substantially or mostly planar in nature. 

[0008] One rapidly groWing area in the semiconductor 
industry is the use of bumps or other three dimensional (3D) 
features that protrude outWard from the Wafer or substrate. 
The manufacturers, processors, and users of such Wafers or 
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like substrates having bumps or other three dimensional 
desire to inspect these Wafers or like substrates in the same 
or similar manner to the tWo dimensional substrates. HoW 
ever, many obstacles eXist as the signi?cant height of bumps 
or the like causes focusing problems, shadoWing problems, 
and just general depth perception problems. Many of the 
current systems, devices, apparatus, and methods are either 
completely insuf?cient to handle these problems or cannot 
satisfy the speed, accuracy, and other requirements. 

SUMMARY OF THE INVENTION 

[0009] The inspecting of semiconductors or like sub 
strates, and speci?cally the inspection of three dimensional 
surfaces or features, such as bumps, is accomplished by the 
present invention, Which is a confocal sensor With a given 
depth response functioning using the principle of eliminat 
ing out of focus light thereby resulting in the sensor pro 
ducing a signal only When the surface being inspected is in 
a narroW focal range. The result is an accurate height 
determination for a given point or area being inspected such 
that the accumulation of a plurality of height determinations 
from use of the confocal sensor system across a large surface 
alloWs the user to determine the topography thereof. 

[0010] In sum, this system and process creates multiple 
parallel confocal optical paths Whereby the out of focus light 
is eliminated by placing an aperture at a plane Which is a 
conjugate focal plane to the surface of the sample. The result 
is that the sensor produces a signal only When the sample 
surface is in a narroW focal range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Preferred embodiment of the invention, illustrative 
of the best mode in Which applicant has contemplated 
applying the principles, are set forth in the folloWing 
description and are shoWn in the draWings and are particu 
larly and distinctly pointed out and set forth in the appended 
claims. 

[0012] FIG. 1 is a draWing of one embodiment of the 
present invention. 

[0013] Similar numerals refer to similar parts throughout 
the draWings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0014] The three dimensional (3D) inspection system of 
the present invention is indicated generally at 120 as is best 
shoWn overall in FIG. 1 and is used in one environment to 
vieW, inspect, or otherWise optically measure three dimen 
sional features or surfaces. One eXample is the measurement 
of bumps on Wafers or like substrates. The 3D inspection 
system includes a light source 122, an optical subsystem 
124, and a camera 126. The optical subsystem includes an 
intermediate focal assembly and a pair of imager or reim 
agers. The intermediate focal assembly in one embodiment 
includes an optional critical baffle 129, a beamsplitter 130, 
a photon motel 131, and an array mount including an 
aperture array 132, While the imager/reimagers in one 
embodiment include an object imager 134, and a camera 
reimager 136. 

[0015] The light source 122 is any source of light that 
provides sufficient light to illuminate the sample S, and the 
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light source may be positioned in any position so long as it 
provides the necessary light to sample S to be vieWed, 
inspected or otherWise optically observed. Examples of the 
light source include, but are not limited to White light 
sources such as halogen or arc lights, lasers, light emitting 
diodes (LEDs) including White LEDs or any of the various 
colored LEDs, ?uorescent lights, or any other type of light 
source. 

[0016] In the preferred embodiment, the light source 122 
is an incoherent light source, preferably of an incandescent 
type, that includes a ?lament, a condenser lens and a heat 
absorbing glass. In one embodiment, Which is most pre 
ferred and is shoWn in the Figures, the light source is an 
incoherent, optimally baffled, lamp. It is also preferred in 
certain embodiments that the light source is spatially uni 
form and of a quasi-telecentric or preferably telecentric 
design. The system also needs bright light Which is typically 
provided by a broadband or broad-spectrum style light 
source. It is also very desirable to de?ne the light source as 
one of a matched numerical aperture design With the object 
imager to reduce stray light and improve ef?ciency. 

[0017] One style of incoherent light source is an incan 
descent lamp such as a halogen lamp such as a 12 volt, 100 
Watt quartZ-style halogen lamp With a color temperature in 
the 3000-3500 Kelvin range. Halogen provides a very con 
sistent, stable light output that is broadband or over many 
Wavelengths and is cost effective and readily manufactur 
able. It is highly preferred that the light source is incoherent 
to avoid or reduce spatial non uniformity and/or speckle. 

[0018] The light source is of a Kohler design such as a 
simple or reimaged Kohler design, and most preferably a 
reimaged Kohler design Which includes additional lenses 
beyond the condenser lens, Which effectively matches the 
telecentric properties of the optical subsystem thereby 
matching the numerical aperture and ?eld properties needed 
by the system 120 to produce accurate height measurements 
of bumps on the surface of the sample S. One of the 
embodiments to create such a Kohler or reimaged Kohler 
system uses an aspheric condenser lens. 

[0019] One of the advantages of our Kohler or reimaged 
Kohler design is that every ?eld position or spot in our ?eld 
“sees” all of the ?lament so the system has a very uniform 
irradiance. 

[0020] The spatial extent of the source coupled With the 
numerical aperture of the condenser lens plus the focal 
length and the conjugate provides a combination of ?eld of 
vieW and numerical aperture that is optimiZed. The system 
optimiZes the A9 Where the A is the siZe of the area of the 
?eld and Q is the solid angle of the cone of light. This 
provides a very uniform ?eld. The Kohler illumination 
design (1) maps pupil of light source onto spatial extension 
of aperture array, and (2) maps spatial extension of ?lament 
in light source into numerical aperture or angle space of 
reimaging system. The reimaged Kohler design differs from 
a standard Kohler design in tWo Ways: (1) reimaged Kohler 
designs have a ?lament that is reimaged to a circular 
aperture that very precisely de?nes a constant numerical 
aperture over an entire ?eld, and (2) in betWeen the ?lament 
and the sample there is a focal plane that is conjugated to our 
aperture array, and at that focal plane the light is baffled and 
masked so that light outside of the desired range at the 
aperture array never enters the system. One baffle de?nes the 
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numerical aperture and another baffle limits the light that 
passes through to only light Within the desired ?eld of vieW. 

[0021] In one embodiment, the ?lament length, Width and 
packing density are optimiZed. The ?lament length, Width 
and packing density are adjustable to scale the system to 
inspect signi?cantly larger or smaller bumps or the like. 

[0022] In one embodiment, the light source is also broad 
band Which provides signi?cant light to the system, and 
avoids laser-based system speckle problems. The broadband 
concept provides light across many Wavelengths versus a 
single or small range of Wavelengths. This broadband is 
provided by mercury-type, incandescent-type or other 
broadband light sources. 

[0023] In the telecentric environment of one of the 
embodiments, it is optional to provide an intermediate 
numerical aperture stop and intermediate ?eld stop that 
provides improved stray light elimination. 

[0024] In the quasi-telecentric environment of one of the 
embodiments, the system has an illuminator interface in the 
light path adjacent to the illuminator or light source 122. 
This illuminator interface provides optimal baf?ing to better 
match the illuminator cone of light With the ?eld of vieW 
cone of light, i.e., in effect improving the quasi-telecentricity 
to as close as possible to complete telecentricity. In various 
embodiments, from one to multiple baf?es are provided in 
front of the illuminator, and optimally siZed and shaped. 
These baf?es are basically WindoWs that are siZed and 
shaped to alloW desirable light through While eliminating 
stray, peripheral or other undesirable light. This provides the 
optimal signal to noise ratio. Additionally in a non-preferred 
embodiment, an optical ?lter may be used in conjunction 
With baffling Within the illuminator interface. This removes 
unWanted Wavelengths of light. 

[0025] A thermal barrier may optionally also be provided 
to reduce the heat transfer of the light from the light source 
to other components of the system. This reduces or elimi 
nates thermal expansion Which causes distortions. The ther 
mal barrier is preferably placed betWeen the lens and the 
baffle. 

[0026] This light source provides sufficient energy to 
illuminate the sample S. The light emitted from the light 
source 122 is directed into the optical subsystem 122. 
Speci?cally the light is directed toWard beamsplitter 130. 

[0027] In more detail and in the embodiment shoWn in the 
Figures, the optical subsystem 124 includes the intermediate 
focal assembly including the critical baffle 129, beamsplitter 
130, photon motel 131, and array mount With aperture array 
132, and the system further includes object imager 134, and 
camera reimager 136. 

[0028] Critical baffle 129 is an optional additional baf?e 
that is positioned as close as possible to an intermediate 
focal surface as possible. The critical baffle is positioned in 
betWeen the light source and the beamsplitter and is pref 
erably as close as possible to the beamsplitter. The critical 
baffle reduces stray light entering the intermediate focal 
assembly as Well as removing stray re?ections off of the 
beamsplitter. 

[0029] Beamsplitter 130 in the embodiment shoWn is a 
pellicle beamsplitter. A pellicle beamsplitter has several 
advantages since it is achromatic, has very loW polariZation 
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effects, and less variation With angle and color issues, and 
more uniformly provides light even after beam splitting 
effects than a polarized beamsplitter. Apellicle beamsplitter 
also alloWs for an optical system that does not need a 1A 
Waveplate. 
[0030] Another important feature is the design, setup, 
alignment and con?guration of the light source 122, pellicle 
beam splitter 130 and the aperture array 132 as is shoWn in 
the FIG. 1. The light or illumination source 122 provides 
re?ected light to the beamsplitter Whereby some of this light 
passes through the beamsplitter and emanates out of the 
entire system and is lost, a small amount may be lost Within 
the beamsplitter, and the remaining light is re?ected toWard 
the aperture array. In one embodiment as is shoWn in the 
Figures, the camera is axial With the imager/reimagers While 
the light source is not and uses the beamsplitter to introduce 
the light into the axis de?ned betWeen the imager/reimagers 
134 and 136 and the camera. This design maintains a good 
transmitted Wave front through a pellicle beamsplitter, i.e., 
the imaging performance is preserved betWeen the imager/ 
reimagers through the array and beamsplitter. The reason for 
the maintaining of this good transmitted Wave front is the 
combination of the axial camera and reimager design 
coupled With a pellicle beamsplitter as de?ned beloW rather 
than a polariZing beamsplitter since the pellicle beamsplitter 
have good transmitting Wave fronts in comparison to re?ec 
tive Wave fronts versus the polariZing beamsplitter Which 
has good re?ective Wave fronts in comparison to its trans 
mitted Wave front. 

[0031] The beamsplitter 130 is pellicle and is of a broad 
band con?guration, loW polariZing effect that is spatially 
dependent, loW scattering, non-absorbing or loW absorbing, 
and is color independent With negligible internal or stray 
re?ections. In contrast to a polariZing beamsplitter Where 
incoming light is re?ected at 90 degrees to the path of at least 
one of the paths of outgoing light such that incoming and all 
exiting light are basically near normal incident to the faces 
of the cube, the pellicle beamsplitter in this embodiment 
overcomes the detrimental design limitations of a typical 
achromatic beamsplitter. This broadband con?guration is 
necessary because in a typical achromatic beamsplitter it is 
dif?cult to successfully achieve very small Fresnel re?ec 
tions on the surfaces unless the beamsplitter includes coat 
ings that adopt broad Wavelength ranges Which are very 
expensive, very sophisticated and dif?cult to provide. 

[0032] The pellicle beamsplitter in one embodiment pro 
vides better performance than the polariZing beamsplitter in 
the above described arrangement With the axial camera and 
reimagers even though a polariZing beamsplitter and 1A wave 
plate With axial camera and reimagers Would only require 
the system to lose half of its light once While the pellicle 
system With axial cameras and reimagers requires the system 
to lose half of its light tWice or successively. This is 
acceptable due the providing of broadband illumination 
from the light source Which provides more light so extra loss 
is alloWed. 

[0033] A pellicle beamsplitter is preferred over merely a 
beamsplitter because the pellicle removes internal obstruc 
tions and optical aberrations that are undesirable. 

[0034] It has been discovered that using the above system, 
the pellicle beamsplitter is more ef?cient, provides less stray 
light, is more spatially uniform, and generally provides 
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better properties than the polariZing beamsplitter When the 
system uses a broadband light source. The pellicle beam 
splitter is all dielectric rather than containing a metallic layer 
resulting in a beamsplitter that is non-absorbing or loW 
absorbing. The dielectric pellicle beamsplitter is also pref 
erably as close to 50/50 re?ective/transmissive. It also 
preferred that the beamsplitter is loW scattering. As a result, 
the system has optimiZed the amount of “good” light that 
passes through While minimiZing the amount of “bad” light 
passing through Which is absorbed or scattered light. 

[0035] Photon motel 131 is critical because 50% of light 
is lost in the beamsplitter. This large amount of “lost” light 
needs to be eliminated from the system so an optimiZed and 
ef?cient photon motel is critical. Photon motel 131 is a tWo 
Walled device Where the ?rst Wall is a highly ef?cient light 
absorbing and controlled re?ecting glass surface and the 
second Wall is a highly ef?cient light absorbing surface 
optimally positioned to receive the light re?ected from the 
?rst Wall. The ?rst Wall is a piece of highly polished 
absorbing glass that eliminates signi?cant amounts of the 
light While the remaining light is re?ected in a controlled 
manner but not scattered. In the one embodiment, 96% of the 
light is absorbed. The re?ected light is directed toWard the 
second face Which is a ?at black coated surface Where 
signi?cant amounts of the light re?ected from the ?rst Wall 
is absorbed While the remainder is scattered into a Lamber 
tian distribution. In one embodiment, 90% of the light 
re?ected to the second Wall is absorbed While 10% is 
scattered. The result is that less than 1/2 of a percent is 
scattered back into the intermediate focal assembly since 
10% of 4% is less than 1/2 of a percent. 

[0036] An aluminum anodiZed mounting holder that is 
pinned holds the aperture array 132 in place. The pins alloW 
the aperture array to be removed, returned and/or replaced in 
the exact same position. 

[0037] Aperture array 132 in the embodiment shoWn is an 
opaque pinhole array. Speci?cally, the aperture array is 
chrome on glass or chrome on quartZ With the chrome being 
on the ?rst or re?ective side While the pinholes are etched 
out of the second side Which is the side facing the sample S 
(chrome side) While the re?ective side faces the beamsplit 
ter. Either one or both sides of the array in one alternative 
embodiment include an anti-re?ective (A/R) coating. The 
chrome coating has an optical density of 5. 

[0038] The pinhole array may be of any X by y number of 
pinholes, While in the most preferred embodiment is an 
approximately 100 pinhole by an approximately 1000 pin 
hole array. The holes in this embodiment are of a circular 
nature although other con?gurations are contemplated. 
HoWever, other aperture, pinhole or like arrays of differing 
numbers and ranges of holes are contemplated. 

[0039] The aperture array is slightly canted as shoWn by 
13. This canting results in the directing or steering aWay of 
stray re?ections in directions that do not effect the system. 
For instance, the canting keeps light re?ected from the 
pellicle toWard the aperture array that does not pass through 
a pinhole in the array from being re?ected back into the 
camera reimager and camera. In the embodiment shoWn the 
canting [3 is 4.5 degrees although it may be at other angles 
betWeen 0.1 degree and 25 degrees. As discovered, the 
greater the cant angle the easier it is to remove stray light 
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such as that caused by the re?ection from the chrome 
surface; however, canting too much introduces other nega 
tive effects. 

[0040] The pinholes in the aperture array are optimized in 
terms of siZe and pitch. In one embodiment, the siZe of the 
pinholes matches the camera pixels, that is the siZe of each 
pinhole matches the diffraction siZe of the spot coming back 
from the object imager. 

[0041] HoWever, in another embodiment, under sampling 
is used meaning the system has more pinholes than camera 
pixels, and as such more than one pinhole is mapped or 
correlated into each pixel. This under sampling reduces the 
effects of aliasing in the system so that holes do not have to 
match up directly With the pixels and thus alignment, 
distortions, and imperfections in optical system and other 
similar issues are avoided because this design assures that 
the same or substantially the same amount of light reaches 
each pixel regardless of the orientation, phase, etc. of the 
pixel With respect to a pinhole. The under sampling also 
broadens the depth response pro?le of our optical system to 
alloW the system to operate over a broad range of three 
dimensional heights on the sample S. 

[0042] In addition, in one embodiment the apertures are 
orthogonal or grid-like. HoWever, in alternative embodi 
ments the apertures are non-orthogonal or non-grid-like such 
as a hexagonal or other geometric pattern. This non-orthogo 
nal pattern in at least certain applications may reduce 
aliasing and alignment issues. 

[0043] Pitch is preferably calculated from pinhole siZe 
Which is optimiZed to numerical aperture siZe. The pinhole 
siZe is chosen inter alia to match the diffraction of the object 
imager. The pitch is tWice the pinhole siZe Which optimiZes 
the reduction of cross talk betWeen pinholes While maxi 
miZing the number of resolution elements. Magni?cation 
and spatial coverage may then be adjusted to optimiZe 
resolution at the Wafer surface. 

[0044] Another key feature of this invention is that light 
passing from the aperture array is in transmission so that any 
surface anomalies on the pellicle beamsplitter are irrelevant 
to the imaging properties of our system and We are not 
susceptible to vibrations of pellicle beamsplitter. 

[0045] The positioning of the aperture array into the 
system provides a confocal response. Only light that passes 
through an aperture in the aperture array, passes through the 
dual telecentric object imager, re?ects off of the sample S, 
passes back through the dual telecentric object imager, and 
passes back through an aperture in the aperture array is in 
focus. This confocal principle results in bright illumination 
of a feature in focus While dim or no illumination of an out 
of focus feature. 

[0046] Aperture array in the preferred embodiment is a 
fused-silica material such as chrome on glass or chrome on 
quartZ because of the loW coef?cient of thermal expansion. 
It may alternatively be made of any other material having a 
loW coef?cient of thermal expansion such as air apertures, 
black materials, etc. This eliminates a mismatch potential 
betWeen pixel siZes and the CCD camera elements. 

[0047] The object imager 134 in the preferred embodiment 
shoWn is of a dual telecentric design. The object imager 
includes a plurality of lenses separated by one or more stops 
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or baf?es. In one embodiment, the object imager includes 
tWo to six lenses, and preferably three to four, on the right 
side of the imager and tWo to six lenses, and preferably three 
to four, on the left side of the imager separated in the middle 
by the stop. Since the imager is dual telecentric, the stop is 
located one group focal length aWay from the cumulative 
location of the lenses on each side. 

[0048] The object imager functions to: (1) provide a front 
path for the light or illumination to pass from the aperture 
array to the object (Wafer or sample S), and (2) provide a 
back path for the reimaging of the object (Wafer or other 
sample S) to the aperture array 132. 

[0049] This system is unique because it is a dual telecen 
tric optical imager/reimager. This dual telecentric property 
means that When vieWed from both ends the pupil is at 
in?nity and that the chief rays across the entire ?eld of vieW 
are all parallel to the optical axis. This provides tWo major 
bene?ts. One bene?t Which relates to the object or sample 
end of the imager is that magni?cation across the ?eld 
remains constant as the objectives focus in and out in 
relation to the sample. The second bene?t relates to the 
aperture end of the imager Where the light that comes 
through the aperture array is collected ef?ciently as the 
telecentric object imager aligns With the telecentric camera 
reimager. 

[0050] The optical throughput is very high. This is a result 
of a numerical aperture of the system on the object side is in 
excess of 0.23 With a ?eld of vieW on the object With a 
diameter of 5 mm. 

[0051] In an alternative embodiment, the numerical aper 
ture of the object imager may be adjustable or changeable by 
placing a mechaniZed iris in for the stop. This Would alloW 
for different depth response pro?le Widths. This alloWs for 
broader ranges of bump or three dimensional measurements 
since the taller the object that it is desirable to measure the 
loWer the desirable numerical aperture to maintain speed of 
the system. Similarly the smaller the object to be measured, 
the more desirable it is to have a higher numerical aperture 
to maintain sharpness, i.e., accuracy. 

[0052] The magni?cations of the object imager are 4 x. 
The aperture array is four times larger than the object 
(sample S). 
[0053] The camera reimager 136 in the preferred embodi 
ment shoWn is of a telecentric design, although it may in 
other embodiments be a dual telecentric design. The camera 
reimager includes a plurality of lenses separated by a stop. 
In one embodiment, the camera reimager includes tWo to six 
lenses, and preferably three to four, on the right side of the 
reimager and tWo to six lenses, and preferably three to four, 
on the left side of the reimager separated in the middle by the 
stop. Since the reimager is telecentric, on the telecentric side 
Which is the side nearest the pellicle beamsplitter, the stop is 
located one group focal length aWay from the cumulative 
location of the lenses on that side. 

[0054] The camera reimager functions to provide a path 
for the light passing through the aperture array from the 
object imager to the camera. It is preferable to match or 
optimiZe the camera reimager properties to the object imager 
and the camera Where such properties include numerical 
aperture, magni?cations, pixel siZes, ?elds of vieW, etc. 
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[0055] The telecentric properties of the camera reimager 
are on the aperture array side or end so that it ef?ciently and 
uniformly across the ?eld of vieW couples the light coming 
through the aperture array from the object imager 134. It is 
pixel sampling resolution limited so its aberrations are less 
than that from the degradation of the pixel sampling. Its 
numerical aperture is designed based upon the object imager 
so any misalignments betWeen the reimagers do not translate 
into a ?eld dependent change in ef?ciency across the ?eld of 
view. 

[0056] The combined system magni?cation of the object 
and camera imagers/reimagers is chosen to match spatial 
resolution at the object to pixel siZe. 

[0057] The magni?cations of the camera reimager are 0.65 
X. The CCD or detector array is 0.65 times the aperture array. 
Thus, the preferred object and camera reimager magni?ca 
tion is 2.6 X. 

[0058] The imagers/reimagers have very high numerical 
apertures, and the greater the numerical aperture the ?ner the 
resolution and the sharper/narroWer the depth response 
curve. 

[0059] In addition, an optional feature in this invention 
that is used in certain embodiments is the canting of either 
the sample S With reference to the optical axis of the entire 
optical subsystem, or vice versa (that is the canting of the 
entire optical subsystem With respect to the sample S). This 
option compensates for the canting of the aperture array as 
described above thus maintaining the Scheimp?ug condi 
tion. In the Figure, the canting is shoWn as a. In the current 
preferred embodiment, the cant angle a is 0 degrees, 
although in other embodiments it ranges from 0 to 5 degrees 
such as a cant angle a of 1.2 degrees in one alternative 
embodiment. 

[0060] It is also an option not to cant the sample or the 
optical subsystem When the aperture array is canted. In this 
scenario, some desensitivity of the signal occurs but is often 
not signi?cant or noteWorthy. 

[0061] The camera 126 may be any line scan camera, area 
scan camera, combination of multiple line scan cameras, 
time delay integration (TDI) line scan camera or other 
camera or cameras as one of skill in the art Would recogniZe 
as functionally operational hereWith. The camera may be 
angled y. 

[0062] In the embodiment shoWn in the Figures, the cam 
era 126 is a TDI camera. TDI provides additional speed by 
transferring the charge such that the system integrates light 
over time. The aperture array With line scan camera uses 
only one array of pinholes While With TDI the aperture array 
is 100 or more arrays by multiple apertures in each line (an 
example is 100 lines by 1024 apertures per line). 

[0063] Image acquisition is typically limited by camera 
read rates, stage velocity and light. This broadband solution 
eliminates or signi?cantly reduces light issues. Thus con 
tinue scalability of the system Will occur as read rates 
continue to improve for TDI cameras or related technology 
such as CMOS imagers. Alternatively, system throughput is 
also increasable by increasing the number of apertures from 
approximately 1000 to 2000 or even 4000. 

[0064] Sampling or vieWing may be 1:1 or at another ratio. 
Where at 1:1, the camera operates at a 1 pinhole to 1 pixel 
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ratio. Where under sampling is used, the camera is at a ratio 
other that 1:1 pinholes to pixels, and in one embodiment is 
at 11/2 or 2 pinholes per pixel element at the camera sensor. 

[0065] Light passes through the system as folloWs: Light 
source 122 illuminates and directs such light toWard beam 
splitter 130. Some of the light that reaches the beamsplitter 
passes through the beamsplitter and emanates out of the 
entire system thus avoiding interference With the system, a 
small amount is lost Within the beamsplitter, and the remain 
ing light is re?ected toWard the aperture array. Light that 
reaches the aperture array either passes through an aperture 
therein, or hits the plate around the holes in the aperture 
array and is re?ected out of the system due to the cant. Light 
that passed through the aperture array is reimaged and 
collimated in the dual telecentric object imager. The light is 
directed toWard the sample S and re?ects off of the sample 
S. If the point that is illuminated is in or near focus, 
substantially all of the light re?ects back into the object 
imager While if not in focus then little or none is re?ected 
back. Light passes back through the object imager and is 
directed toWard the aperture array. Light that reaches the 
aperture array either passes through an aperture therein, or 
hits the plate around the holes in the aperture array and is 
re?ected out of the system due to the cant. Light that passed 
through the aperture array is in focus due to the confocal 
principle, and it is reimaged and collimated in the telecentric 
camera reimager. It is directed into the camera and the 
intensity recorded. In any given pass, the above process 
occurs for every point on the sample that is being vieWed. 

[0066] The light that passes through the system is received 
by camera 126 and stored. After this process has been 
repeated at different heights, and across at least a portion of 
the surface, all of the stored data is then processed by a 
computer or the like to calculate or determine the topogra 
phy of the sample including the location, siZe, shape, con 
tour, roughness, and/or metrology of the bumps or other 
three dimensional features thereon. 

[0067] In one of the current design and embodiment for 
bumps or other three dimensional features, the process 
involves one, tWo or more (generally three or more) passes 
over all or a selected portion of the sample surface S each at 
a different surface target elevation to measure surface eleva 
tion folloWed by tWo or more (generally three or more) 
passes each at a different bump target elevations to measure 
bump elevation folloWed by calculations to determine bump 
height. The result of the passes is an intensity measurement 
for each point at each elevation Where these points as to 
surface elevation and separately as to bump elevation are 
plotted or ?tted to a Gaussian curve to determine the 
elevation of both the surface and the bump from Which the 
actual bump height at a given point is determined. It is the 
difference betWeen the surface elevation and the bump 
elevation. 

[0068] In more detail, a pass is made over a portion or the 
entire surface of the sample S. Intensity is determined for 
each pixel. Initially, a course or approximate surface eleva 
tion is used that is approximating the surface location or 
elevation of the sample S. The entire sample (or portion it is 
desired to measure) is scanned and the intensities are noted 
for each pixel, While if very small or no intensity at a given 
point then the system is signi?cantly out of focus at that 
location or pixel (an example is scanning at the surface 
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elevation Where bumps exists results in little or no intensity 
feedback). This step is generally repeated tWice more 
(though any number of passes may be used so long as a 
curve can be calculated from the number of passes) at a 
slightly different elevation such as 5, 10 or 20 microns 
difference in elevation to the ?rst pass. The result is three 
data points of intensity for each pixel to plot or ?t a Gaussian 
curve to determine the actual Wafer surface elevation at that 
location. The Wafer surface elevation is noW knoWn for the 
entire sample except Where bumps or other signi?cant three 
dimensional protrusions or valleys exist since each of these 
reported no intensity as they Were too out of focus to re?ect 
back any light. Curve ?tting may be used to determine 
surface location under the bumps. 

[0069] The second step is to determine the elevation of 
these signi?cant protrusions or valleys (such as bumps). 
Another pass is made over a portion or the entire surface of 
the sample S (often only Where bumps are expected, knoWn, 
or no intensity Was found in the surface elevation passes). 
This pass occurs at a course or rough approximation as to the 
elevation of the expected bumps such as 50, 100, 200, 300 
or the like microns above the surface. Intensity is determined 
at each pixel as the entire sample (or only select locations 
Where bumps are expected, knoWn or no intensity Was 
previously found) is scanned and the intensities are noted for 
each pixel, While if very small or no intensity at a given point 
then the system is signi?cantly out of focus at that location 
or pixel (an example is scanning at bump elevations Where 
no bump exists results in little or no intensity feedback). This 
step is generally repeated several more times (though any 
number of passes may be used so long as a curve can be 
calculated from the number of passes) at a slightly different 
elevation such as 5, 10 or 20 microns different. The result is 
multiple data points of intensity for each pixel to plot or ?t 
a Gaussian curve to determine the bump elevation at that 
point. 

[0070] Once the surface elevations are knoWn and the 
bump elevations are knoWn, the bump heights can be 
determined. The surface elevations are determined for the 
bump location based upon analysis, plotting, and/or other 
knoWn curve extension techniques of all of the proximate 
surface elevations around the bump. The difference betWeen 
a bump elevation and the proximate surface elevations 
therearound, or the bump elevation and the calculated sur 
face elevation thereunder, equate to the bump height for a 
given bump. 

[0071] In sum, the scanning process for the above inven 
tion is as folloWs: The system Will scan lines across the 
sample surface S at a ?xed elevation above the sample 
surface S. This scan Will generate one Z axis elevation on a 
depth response curve for each pixel on the sample under the 
scan. The sensor Will then be moved in the Z axis direction 
to a second elevation and the scan Will be repeated to 
generate a second Z axis elevation on the depth response 
curve for each location on the sample S under the scan. This 
can then be repeated any number of times desired for the 
interpolation method used (typically at least tWo or three 
scans, although more are certainly contemplated and Will 
improve accuracy). The multiple locations on the depth 
response curve are then interpolated for each pixel to 
generate a map of the surface height under the scan. The 
elevation of the sample surface S is noW knoWn. 
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[0072] In the case of signi?cant three dimensional protru 
sions (such as bumps), this process may be repeated at the 
approximate elevation of the outermost portion of the pro 
trusions just as it Was performed above at the approximate 
elevation of the sample surface S. The bump elevations Will 
then be knoWn, and the bump heights are then calculated as 
the difference betWeen the surface elevation and the bump 
elevation. 

[0073] It is important to understand that the siZe of the “in 
focus” region is determined by the telecentric imaging lens. 
If this lens has a larger numerical aperture (~ratio of the 
focal length to diameter) the focus range Will be small, and 
conversely if the lens has a loW numerical aperture the focus 
range Will be large. The best in focus range is dependent on 
the elevation range that needs to be measured. 

[0074] The invention also in at least one embodiment is 
capable of adjusting depth response. This is desirous since 
With larger bumps a broader depth response is desirable 
While With smaller bumps a thinner or smaller depth 
response is desired. In effect, the system degrades the high 
numerical aperture to look at larger or taller bumps, and this 
assists in maintaining speed. Inversely, to vieW smaller or 
thinner bumps it is desirable to provide a higher numerical 
aperture. This broadening of depth response is accomplished 
either by providing a baffle to adjust the aperture, or by 
providing or increasing the tilt of the sensor. 

[0075] A signi?cantly different alternative involves imag 
ing multiple heights at each point rather than making mul 
tiple passes. This is accomplished by using multi-line line 
scan cameras Where each camera or sensor is looking at 

different elevations. For example, a four line, line-scan 
camera system Would involve line 1 reading elevation 0, line 
2 reading elevation plus 20 microns, line 3 reading elevation 
plus 40 microns, and line 4 reading elevation plus 60 
microns. All four data points in this example are gathered 
simultaneously. It is also contemplated and recogniZed that 
a CMOS imager Would Work successfully. Alternatively, 
multiple TDI sensors could also be used stacked close 
together. It is necessary to introduce a variable amount of 
optical path difference betWeen each scan lines either by 
shifting the aperture array or introducing a difference in 
compensator thickness in a media such as glass betWeen the 
aperture arrays Which are in a plane and the end of the object 
imager closest to the aperture array. The result is multiple 
separate planes that are conjugated to separate Z heights at 
the Wafer or sample surface S. In this case Where imaging 
occurred as to multiple heights on a given pass, the surface 
height calculation and the bump height calculation Will 
involve only one pass each. 

[0076] In yet another alternative embodiment, tWo modes 
of speed are provided. A precise mode is provided Where 
scanning occurs as to every die in either or both surface 
elevation determination and bump elevation determination. 
A faster mode is provided Where scanning as to Wafer 
surface elevation is performed only in one or a feW places 
along the Wafer and interpolation is used to calculate the 
surface over the remaining surface including at the die. 

[0077] Some alternative light sources include an illumi 
nator With a ?lament designed for providing a uniformly 
?lled area internally imaged ?rst into a numerical aperture 
stop and then reimaged into the telecentric pupil of the 
object imager and Whereby the angular spectrum from the 
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?lament is mapped ?rst into a ?eld stop inside the illumi 
nator and then reimaged to the a ?led located in the 
intermediate focus or IFAof the object imager at the aperture 
array. Another light source is an illuminator With a ?lament 
designed to provide a uniformly ?lled area that is imaged 
into the telecentric pupil of the imaging system (object 
imager) and Whereby the angular spectrum from the ?lament 
is mapped into the ?eld located in the intermediate focus or 
IFA of the imaging system at the aperture array and Whereby 
the light outside the useful AQ product of the imaging 
system is eliminated via a series of baffles. Yet another light 
source is an illuminator With an array of bright monochro 
matic or quasi-monochromatic sources instead of a ?lament. 
Yet an even further illuminator is a bright monochromatic or 
quasi-chromatic source that is collimated and directed into 
the ?eld located in the intermediate focus or IFA of the 
imaging system at the aperture array Whereby preferably an 
array of lenslettes are employed to create an angular spec 
trum at each aperture, Whereby it is preferably but optional 
that the source is apodiZed. 

[0078] Accordingly, the invention as described above and 
understood by one of skill in the art is simpli?ed, provides 
an effective, safe, inexpensive, and efficient device, system 
and process Which achieves all the enumerated objectives, 
provides for eliminating dif?culties encountered With prior 
devices, systems and processes, and solves problems and 
obtains neW results in the art. 

[0079] In the foregoing description, certain terms have 
been used for brevity, clearness and understanding; but no 
unnecessary limitations are to be implied therefrom beyond 
the requirement of the prior art, because such terms are used 
for descriptive purposes and are intended to be broadly 
construed. 

[0080] Moreover, the invention’s description and illustra 
tion is by Way of eXample, and the invention’s scope is not 
limited to the eXact details shoWn or described. 

[0081] Having noW described the features, discoveries and 
principles of the invention, the manner in Which it is 
constructed and used, the characteristics of the construction, 
and the advantageous, neW and useful results obtained; the 
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neW and useful structures, devices, elements, arrangements, 
parts and combinations, are set forth in the appended claims. 

What is claimed is: 
1. An inspection device including: 

a light source; 

a pellicle beamsplitter for receiving light from the light 
source and redirecting said light; 

an aperture array for receiving light from the pellicle 
beamsplitter Where the aperture array includes multiple 
arrays; and 

an imaging system including an object imager including 
a plurality of lenses, a camera reimager including a 
plurality of lenses, and a camera for collecting focused 
light. 

2. The inspection device of claim 1 Wherein the multiple 
arrays include multiple arrays of pinholes. 

33. The inspection device of claim 2 Wherein the multiple 
arrays include multiple one dimensional arrays of pinholes. 

4. The inspection device of claim 3 Wherein each one 
dimensional array in the multiple one dimensional arrays of 
pinholes is conjugate to a different height from a surface to 
be inspected. 

5. The inspection device of claim 4 Wherein each one 
dimensional array in the multiple one dimensional arrays of 
pinholes is conjugate to a different height from a surface to 
be inspected. 

6. The inspection device of claim 5 Wherein the camera is 
one of a multi-sensor line scan camera, a multi-sensor TDI 

line scan camera, and a CMOS area scan camera. 

7. The inspection device of claim 2 Wherein the multiple 
arrays include multiple tWo dimensional arrays of pinholes. 

8. The inspection device of claim 7 Wherein each tWo 
dimensional array in the multiple tWo dimensional arrays of 
pinholes is conjugate to a different height from a surface to 
be inspected. 

9. The inspection device of claim 8 Wherein the camera is 
one of a multi-sensor line scan camera, a multi-sensor TDI 
line scan camera, and a CMOS area scan camera. 

* * * * * 


