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CHROMATIC CONFOCAL AREA SENSOR
CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application claims priority o the provisional patent application filed July 24,
2018 and assigned U.S, App. No. 62/702894, the disclosure of which is hereby mcorporated by

reference.

FIELD OF THE DISCLOSURE

{0002} This disclosure relates to 3D measorement systems.
BACKGROUND OF THE DISCLOSURE

{0603} Evolution of the sevmconductor manufactuting mdustry 1z placing greater demands
on vield management and, i particular, on metrology and mspection systems. Critical dimensions

continue to shrink, vet the industry needs to decrease time for achieving high-vield, high-value

production. Minimizing the total time from detecting a vield problem to fixing it determines the

return-on-investment for g semiconducior manufaciurer.

{0004] Inspection systems can be used on the back end of semivonductor manufactaring.
Ingpection of finished packages can include measwring, for example, component thickness,
leads on leaded devices. 3D inspection is becoming more important because of developments i the

package industry, such as stacking devices.

[0005] Many semiconductor devices include 3D surfaces or features. 3D surfaces or
featares have been measured using chromatic confocal systems, but such systems are slow or have
high operation costs. Confocal point and line sensors typically require some mechanical movenent
duning the height measurement. Mechamical movement is generally slow and can lead to vibrations

that reduce the accuracy of the measarements.
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{0606] For example, a chromatic confocal point sensor has been used. Light from a
broadband point source i3 directed al a workpiece through an optical system with an axial chromatic
aberration. As a result, different wavelengths will be focused at different distances from the optical
systent. The light reflects on the workpiece under test back into the optical system. The reflecied
light then travels towards a pinhole which acts ax a spatial filter. Wavelengths that are out of focus
on the object under test will be blocked by the pinhole, Only the wavelength which s in focus can
pass. A spectrometer collects the light which passes the pinhole. Based on the measured
wavelength the distance from the optical svstem to the object under test can be determined. A
system with the chromatic confocal point sensor requuires a transiation of the object under test in X

and Y directions, which is mcreases complexity, reduces throughput, and reduces accuracy,

{0607} In another example of the chromatic confocal ling sensor, the point scurce is replaced
by a hine source and the pinhole is replaced by g shit. The spectrometer is 2 2D sensor. One axis is
used to determine the position on the line. The other axis is used to determine the wavelength. In
this example, individual points of the line qre measured in parallel. A system with the line source
and slit still requires a translation of the object in one direction, which presents the same drawbacks

as with a confocal point sensor.

{0608] In yet another example of the chromatic confocal, the point source 1s replaced by an
array of pomnt sovrces and the pivhole e replaced by anwareay of pinhioles. The spectromaeter
analyzes three dimensions: x-location, y-location, and wavelength, An arrangenent is required to
multiplex these three dimensions on the 2D sensor in the spectrometer. A system with an array of
point sources and pinholes may not require mechanical movement during the height measurement.
In this case X, Y, and wavelength are measured in a single shot. However, the 3D data is
multiplexed on a 2D sensor. Consequently, compromises are made on the resolution. Increasing
XY resolution will decrease Z resolution and vice versa. Such a compromise can be msufficient for

large-scale semiconductor manufacturing or can mpact the accwracy of measwrements.

[e809] In another example, a galvo nurvor is vsed such that the projected point from the
chromatic confocal point sensor is swept over the workpiece under test to niake a chromatic
confocal line sensor. Individual points of the line are measured in series. A system with the galvo
nHrror requires a transiation of the object in one divection while the galvo mirror is scanning in the
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other direction. This, like other previous designs, increases complexity, reduces throughput, and

reduces accuracy.

{0010} A chromatic confocal area sensor also can be made by combining a chromatic
confoeal lne sensor with a galve mirror. This way the line 8 swept over the workpiece. Individual

lines from the scanned area are measured in series. With a system combining the confocal line

Compared to an area scan system, the integration time of the image acquisition is smaller for a galvo

arror system. This can place stringent requirements on the output level of the hight source.

0011} Confocal sensors which are not based on chromatic aberration also require scanning
in Z-direction to be able 10 do a full 3D reconstroction of the object under test. This can be done by
iransiating the object in Z-direction or by translating the pinholes in Z-divection. However, this still

requires translation of the object or microlens in a Z-direction.
{0012} Therefore, an improved 3D measurement system is needed.
BRIEF SUMMARY OF THE DISCLOSURE

{0013} A system is provided i a first embodiment. The system conprises a broadband light
source that generates a light beam; & stage configured 1o hold a workpiece; g microlens array
positioned in a path of the light beam; a tunable color filter positioned in the path of the hight beam;
a lens system positioned to tmage the plurality of points onto the workpiece using the light beany;
and a detector positioned to recetve the light beam from the workpiece on the stage. The microlens
arcay focuses the hight beam to a plurality of points in a focal plane of the microlens array. The
microlens array also is configured as a spatial filter for the hight beam that is reflected from the
workpiece on the stage thereby only passing the Huht beam that s in focus at the workpiece on the
stage. The tunable color filter is configured to narrow the light beam to a band at a central
wavelength, The lens system is configwred to provide longitudinal chromatic aberration whereby
different wavelengths are imaged at different distances from the lens system. The light beam
reflected from the workpiece on the stage is directed through the microlens array before being

received by the detector,
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{0614] The svstem can further tnclude a collimating lens positioned m the path of the light
beam between the tunable color filter and the microlens array. The collimating lens canbe
confignred to collimate the light beam and divect the light beam at the microlens array. Inan
mstance, the tunable color filter s disposed between the nucrolens arrav and the lens system along

the path of the light beam.

{0615} The detector can be a greyscale arga scan camera.
{0616} The lens system can be an objective lens.
{0617} The system can further inclade a beam splitter positioned in the path of the light

beam between the tunable color filter and the lens system.

{0018} The svstem can further include a tube lens positioned in the path of the light beam

between the microlens array and the lens system.

[0019] The tunable color filter can be disposed between the broadband light source and the

myicrolens array.

{00201 The tunable color filter can be disposed betwesn the microlens array and the detector.
j0021} A plurality of the tunable color filters can be positioned in the path of the light beam.
{0622} The tunable color filter can be a liquid crystal tunable filter, an acowsto optical

tunable filter, or a tunable Fabry Perot etalon.

j0023] The system can further include a processor in electronic convmunication with the
detector. The processor can be configured to determine 3D measarements of features on the

workpiece.

{0624] A methed is provided in a second embodiment. A light beam s generated using a
broadband light sowrce. Using a microlens array, the hght beam is focused into a plosality of points
in a focal plan of the microlens array. The microlens array is configured as a spatial Glter. The light
beam is narrowed to a band at a central wavelength using a tunable color filter. A pluralitv of ponts
are unaged onto a workpiece using a lens system. The lens system is configured to provide
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tongitudinal chromatic gberration whereby different wavelengths are imaged at different distances
from the lens systenn. The Hght beam reflected from the workpiece that is in focus at the workpiece

using the microlens array 15 passed. The light beam reflected from the workpiece 13 received at a

detector.
j0025] The method can further include detenmining 3D measurements of features on the

workpiece using a processor. In an instance, the method further includes sweeping a narrow band
from a low wavelength to a high wavelength and determining s topography of the workpiece using
the processor. In an instance, the 3D measurements include one or more of ball height, co-planarity,
component thickness, and warpage. In an instance, the method further includes skipping part of the

workpiece during the determining.

0626} Only one or more features from the workpiece located at a selected Z-level may be

detected by the detector.
DESCRIPTION OF THE DRAWINGS

[0627) For a fuller understanding of the nature and olyects of the disclosure, reference
should be made to the following detailed description taken in conjunction with the sccompanying

drawings, o which:

FIG. 1 is a diagram of a first embodiment of a system in accordance with the present disclosure;
FIG. 2 is a diggram of the measuring range using the svstem of FIG. {;

FIG. 3 illustrates measurements on an exemplary workpiece;

FIG. 4 is a flowchart of a method in accordance with the present disclosure;

FIGK. 5-8 are diagrams of other embodiments of a system in accordance with the present disclosure;
and

FIG. 9 ilustrates a combined measuring range.

j0028] Although claimed subject matter will be described in terms of certain embodiments,
other embodiments, including embodiments that do not provide all of the benetits and features set

forth heretn, are also within the scope of this disclosure. Varions structural, logical, process step,



16

o
i

b
LA

WO 2020/023427 PCT/US2019/042897

and electronic changes may be made without departing from the scope of the disclosure.

Accordingly, the scope of the discloswre i3 defined only by reference to the appended claims.

{0629 Embodiments disclosed herein can be used to do 3D measurements on a workpiece,
which can include electronic components or other objects under test. 3D measurements can include

ball height, co-planarity, component thickness, warpage, or other measurements.

[0030] High resolution {(in both XY and Z directions} 3D reconstruction of objects can be
achieved. Scalability using the embodiments disclosed herein is better than previous solutions
because XY and Z resolution are independent of each other. There is no mechanical movement
involved, which eliminates vibrations. This provided improved accuracy and repeatability. Parts of

the megsuring range that are of no interest can be skipped, which provides taster results,

o031} FIG. 1 s a dingram of a first embodinment of a system 100 and FIG. 2 1s a diagram of
the measuring range using the system 100, Mechanical scanning of the workpiece 108 in the Z-
direction is eliminated. The system 100 uses a tunable color filter to scan through the measuring

i regions of interest and skip the parts where no relevant data likely can be found. The system 100
can enable optimized sampling of the confocal curve by using real-time algorithms to determine the

confocal curve shape. This can allow for faster scanning which can provide faster metrology.

{0032} As shown in FIG. 2, the lenses 106 and 107 are designed so that the focal length of
the lens is a function of the wavelength. Each dot in FIG. 2 corresponds to a certain wavelength
band selected by the tunable color filker. By changing the wavelength band from A to %, the

measuring range can be scanned to detect at which position the object is located.

{0033} Turning back to FIG. 1, the system 100 has a broadband light source 101 that
generates a light beam 111, The wavelength of the broadband light source 101 can be detected by
the detector 110, The wavelength can be visible hght, pear-infrared, short-wave infrared,

ultraviolet, or other wavelengths,
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{0634] A stage 112 1s configured to hold & workpiece 108, In an instance, the workpiece
108 andfor stage 112 are fixed and do not move. The workpiece 108 may be a semiconductor wafer

or senticonductor package.

{00835 A tunable color filter 102 is positioned in the path of the light beam 111, The tunable
color filter 102 is configured to narrow the light beam 111 to a band at a central wavelength. The
tunable color filter 102 may be a liquid crystal tunable filter, an acousto optical tunable filter, or a
tunable Fabry Perot etalon. The tunable color filter 102 algo can include a polarizer, such as with
the haquid crystals. A motorized filter wheel or other mechanism to change between different optical
filters also may be used. The tunable color filter 102 may be bandpass for one or multiple

wavebands.

{0836} In an instance, the tunable color filter 102 has a bandwidth that is approxunately

equal to a width of a confocal curve.

{0037} In an instance, the tunable color filter 102 can be positioned m the path of the light
beam 111 between the broadband light source 101 and the microlens grray 1035 or beam splitter 104,
in another instance, the tunable color filter 102 can be disposed in the path of the lght beam 111
between the microlens array 105 and the detector 110, In another particular embodiment, a plorality
of the tunable color filter 102 are positioned in a path of the light beam 111 at one or more locations

along a path of the light beam 111

{0038} A collimating lens 103 is positioned in the path of the light beam 111 between the
tunable color filter 102 or broadband light source 101 and a microlens array 105, The collimating
lens 103 is configured to change the light beam 111 to be collimated and divected at the microlens

array 105,

[0039] A beam splitter 104 can be positioned in the path of the hight beam 111 between the

tunable color filier 102 and the microlens array 1035 or the lens system 107,

{0640} A microlens array 105 is positioned in a path of the light beam 111, The acawacy of
the system 100 may depend on the numerical aperture (NA) of the microlens array 105, The pitch
between the microlenses of the microlens array 105 can affect the lateral sampling resolution and the

-
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amount of crosstalk. The nucrolens array 105 focuses the light beam 111 1o a plurality of points ina
focal plane of the microlens array 105, The microlens array 105 is configured as a spatial filter for
the light beam 111 that is reflected from the workpiece 108 on the stage 112 thereby only passing

the light beam 111 that is tn focus at the workpiece 108 on the stage 112,

joadi} A lens system 107 is positioned in @ path of the lpght beam 111 to image the plorality
of pomnts onto the workpiece 108 using the light beam 111, For exaniple, the lens system 107 may

be an objective lens. The lens system 107 is configured to provide longitudinal chromatic aberration
whereby different wavelengths ave tmaged at different distances from the lens system 107, The
chromatic aberration can be induced by refraction, diffraction, or & combination of both refraction

and diffraction.

0642} A tube lens 106 can be positioned in a path of the lght beam 111 between the
microlens array 105 or beam splitter 104 and the lens system 107, In an instance, the tube lens 106

is diffvactive with chromatic sberration.

{8043] The light beam 111 reflected from the workpiece 108 on the stage 112 canbe

directed through the microlens array 105 before being received by the detector 110,

{0044} An imaging fens 109 is positioned in a path of the light beam batween the beam
splitter 104 and a detector 110, The tmaging lens 109 can image the microlens arrav 105 onto the

detector 110,

{0045] An optional focus tunable lens can be used in the systern 100 and may be positioned
in a path of the light beam between the fube lens 106 and the lens system 107, By mtroducing a
focus tunable lens into system 100, the measuring range can be shifted m Z-direction withouot
mechanical movement. This can be used to extend the Z-range. An electrically tunable hguid lens

is an example for a focus tunable lens. FIG. 9 illustrates a combined measuning range.

{0046} A detector 110 is positionad to receive the light beam 111 from the workpiece 108 on
the stage 112. The defector 110 may be a greyscale area scan camera or other types of devices. The

detector 110 mav measure intensity.
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{0647} A processor 113 can be in electronic conunuiication with the detector 110, The
processor 113 can be configured to determine 3D measurements of features on the workpiece 108,
The processor 113, other systemn(s), or other subsystem{s) described herem niay be part of various
systers, including a personal computer system, image computer, mainframe computer systen,

workstation, network appHance, internet appliance, or other device,

[0048] The processor 113 may be disposed in or otherwise part of the system 100 or another
device. In an example, the processor 113 may be part of a standalone control unit or in a centralized

quality control pnit. Meltiple processors 113 may be ased.

{0049 The processor 113 may be implemented in practice by any combination of hardware,
software, and firmware. Alse, its functions as described herein may be performed by one unit, or
divided up among different components, each of which may be hmplemented in turp by any
combination of hardware, software and firmaware. Program code or instructions for the processor
113 to implement various methods and functions may be stored in readable storage media, such as 4

memory in an electronic data storage unit in electronic communication with the processor 113,

j00501 The processor 113 may be configured to perfonm a number of functions using the
output of the system 100 or other output. For instance, the processor 113 may be configured fo send
the cutput to an electronic data storage unit. The processor 113 may be further configared as

described herein.

{0051} The processor 113 may be configured according to anv of the embodiments described
heremn. The processor 113 also may be configured to perform other functions or additional steps

using the output of the system 100 or using unages or data from other sources.

{0052} The processor 113 may be commmunicatively coupled to any of the various
componenis or sub-systems of system 100 1n anv manner known in the art. Moreover, the processor

113 may be configured to recetve andor acquire data or information from other systems {e.g.,
mspection results from an ingpection system such as a review tool, a remote database including
design data and the like} by a transmuission medium that may include wired andfor wireless portions.
In this manner, the transmission medinm may serve as a data link between the processor 113 and

other subsystems of the system 100 or systems external fo system 100,
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{0653] Various steps, functions, and/or operations of system 100 and the methods disclosed
herein ave carried out by one or more of the following: electronic circuits, logic gates, muliiplexers,
programmable logie devices, ASICs, analog or digital controls/switches, mucrocontrollers, or
computing svstems. Program instroctions inplementing methods such as those described herewn
may be transmitted over or stored on carrier medium. The carrier medium may include a storage
medinm such as a read-only memory, a random access memory, a magnetic or optical disk, a non-
volatile memory, a solid state memory, a magnetic tape, and the like. A carrier medium may include
a transmission medium such as a wire, cable, or wireless transmission link., For instance, the various
steps described thronghowt the present disclosure may be carried out by a single processor 113 or,
alternatively, multiple processors 113, Morgover, different sub-systems of the system 100 may
inclade one or more computing or logic systems, Therefore, the above description should not be

tnterpreted as a limitation on the present disclosure but mevely an itlustration.

0054} i an instance, the lght beam 111 frony the broadband light sowrce 101 13 sent
through a collimating lens 103, The light beam 111 that s collimated tmpinges on microlens aray
105, which focuses the light beam 111 to a plurality of points in the focal plane of the microlens
array 105, The plurality of points is imaged by a lens system 107 onto the workpiece 108, Because
of longitndinal chromatic aberration in the lens system 107, different wavelengths will be imaged at

different distances from the lens system 107,

[0055] instead of using the complete bandwidth of the broadband hight source 101, the
systern 100 uses a tunable color filter 102 1n the Hlurmnation path of the hght beam 111, This
tunable color filter 102 can allow the passage of only a narrow band at a selected central
wavelength, At the object side this can correspond to selecting a single Z-level within the

nleasuring range.

{0056} The light beam 111 reflects on the workpiece 108 and travels back through the lens
systern 107 towards the microlens array 105, The microlens array 105 now acts as a spatial filter
and only passes the light beam 111 which is in focus at the workpiece 108. So only points fom the

workpiece 108 which are located at the selected Z-level result in a signal on the detector 110,

{0
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{0657] By sweeping the narrow band from low wavelength to high wavelength, the system
100 can scan through a complete measwring range and reconsiyuct the complete topography of the

workpiece 108,

{0058} {Operation iz not lmited to a single range of wavelengths. The used wavelength
range can be chosen as regaired by the object under test. For example, objects with good reflection
can use visible light, low wavelength can be at 430 nm, and high wavelength can be at 650 nm.

How the bandpass changes may depend on the type of tunable color filter.

{0059} No mechanical movement may be needed during the measwrement using the system
100, XY-direction movement is not needed since the system is based on a microlens array 103 and
captures a large rectangular area at once. Scanning in the Z-direction is done by changing the
bandpass from the tunable color filter 102, Because there is no mechanical movement, the system
100 iz free from vibrations and has improved throughput compared to previous systems. Switching
between wavelengths can be done within microseconds or milhiseconds depending on the type of

tunable color filter 105,

jo060} it is possible to skip certain parts of the measuring range. FIG. 3 tlustrates
measurements on an exemplary workpiece. For example, the ball height on a ball grid srvay m FIG.
3 can be measwead. InFIG. 3, the dots in the measoring range mdicate the color set by the tunable
color filter and the resulting focus points. This shows that multiple scan points are being used in
range A and B. There are no scan points m range C since the tunable filter immediately changes the

color from Aahigh 10 Adjow.

oo} A range A around the substrate and a range B around the ball top can be selected
based on the nominal ball height. The range C between A and B (i.¢., between A pige and Aniow) has
no relevant data and can be skipped. The tunable color filter can change the wavelength in small
steps. Then the wavelength can be changed from Aa mg t0 Asfow. Then small steps may be used

agam to go ffom Asow 1O AB high.

{0062} Previous systems with a mechanical Z-scan could not skip part of the measuring

range because the object or microlens array has 0 move physically from one location to the other.

i
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So wcase of a mechanical scan range C has © be scanned anyway. The svstem 100 provides faster

measurement of the relevant data by jumping from range A to range B,

{0063} A grayscale area scan camers may be used as the detector 110, A wavelength s
selected with the tunable color filter 102, XY resolution and Z resolution are mdependent of each
other becanse there are no multiplexed signals. Interdependent XY resolution and Z resolution also

becomes clear, as seen with the example of the ball height measurement in FIG. 3.

{0064] In previous chronatic confoeal systems, each sampling point on the object a line of
pixels is reserved on the sensor 1o measwre the wavelength, The amount of pixels in each line was a
compromise between XY resolution and Z resolution. Longer lines give better Z resolution but
worse XY resolution and vice versa. The wavelength measurement covers the full range Aspw t0
Asnigt but the pixels assigned to measure the wavelengihs Aasigh 10 Apjow ave useless 1 this instance.
Expensive high resolution cameras may be used to get sufficient XY and Z resolution, but many of
the pixels are not used. This also creates overhead when processing the data. Even though the

pixals contain no useful information, the pixels are still processed.

{0065} FIG. 4 1s a flowchart of a method 200. At 201, a light bean is generated using a
broadband light source. The light be 15 focused, nsing 8 microlens array, into a plurality of points in
a focal plan of the microlens array at 202, The nucrolens array is configured a spatial filter. At 203,
the light beam is narrowed 10 a band at a central wavelength using a tunable color filter. A plurality
of points are unaged onto a workpiece using a lens system at 204. The lens system 15 configured to
provide longitudinal chromatic aberration whereby different wavelengths are 1maged at different
distances from the lens system. At 205, the light beam reflected from the workpiece that is in focus
at the workpiece is passed vsing the microlens array. The light beam reflected from the workpiece

is recetved at a detector at 206

{0666} The method 200 can further include deternuning 3D measurements of features on the
workpiece using a processor. The 3D measurements can include one or wore of ball height, co-
planarity, component thickness, and warpage. In an instance, the method 200 further mcludes
sweeping a narrow band from a low wavelength to a high wavelength and determining a topography

of the workpiece using the processor,
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{0667} The light beam can be collimated before the forusing using the microlens array.
{0068} Only one or more features from the workpiece located at a selected Z-level may be

detected by the detector. As mentioned with respect to FIG. 3, part of a range on the workpiece can

be skipped using method 200.

{0069} While illustrated in FIG. 1 with the runable color filter 102 berween the broadband
light source 101 and the collimating lens 103 with respect to a path of the light beam 111, the
tunable color filter 102 can be positioned elsewhere in the system 100, For example, the tunable
color filter 102 can be disposed between the microlens array 105 and the lens svstem 107 along the

path of the Hybt beam 111

{8670} FIGS. 3-8 ave diagrams of other embodiments of a system in accordance with the
present disclosure. These other embodiments can affect the overall size or space requirements of the
system, The tunable color filter 103 can be positioned in front of the detector 110 at other places in
the optical path. This does not change the functionality of the system. In FIG. §, the system 300
positions the tunable color filler 102 in the path of the hight beamn 111 between the collimating lens
103 and the beam splitter 104, In FIG. 6, the svstam 400 positions the tunable color filter 102 m the
path of the light beam 111 between the beam splitter 104 and the mucrolens array 105, In FIG. 7, the
systenm 500 positions the tunable color filter 102 in the path of the light beam 111 between the beam
splitter 102 and the imaging lens 109, In FIG. 6, the svstem 400 positions the tunable color filter

102 o the path of the light beam 111 between the imaging lens 109 and the detector 110

{0671} More than one tanable color filter 105 also may be used at multiple locations in the
optical path in order to improve andfor natrow bandwidth. Thus, the system can include two or
more tunable color filters 105 at locations shown i FIG. 1 or FIGS. 5-8. By using two color filters
the bandwidth of the passband can be reduced. A smaller bandwidth may result in a more accurate
Z measuyrement. To reduce the bandwidth, the passband of a first filter and the passband of a second
filter can overlap while having different central wavelengths, For example, the first filter can have g
bandwidth of 10 nm and centered at 500 wm while the second filter can have a bandwidth of 10 nm
centered at 305 nm. The combination of both filters can have a bandwidth of 5 nm centered at 502.3

.
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{0672} In an embodiment, a Ronchi ruling can be used instead of the microlens array 108,
The Ronchi ruling is a group of parallel slits. I the system is based on the microlens array 108 i
can behave like point sensors running in parallel. If the system is based on @ Ronchi ruling it can
behave like line sensors nming in parallel, While a shightly wider confocal curve may occur, the

Ronchi reling can lower cost.

{0073} In another embodiment, a pinhole array can be nsed instead of a microlens array 105
{0674 Although the present disclosure has been described with respect to one or more

particular embodiments, it will be understood that other embodiments of the present disclosure may
be made without departing from the scope of the present disclosure. Hence, the present disclosure 1s

deented limited only by the appended clais and the regsonable interpretation thereof,

14



What is claimed is:

1. A system comprising:

a broadband light source that generates a light beam;

a stage configured to hold a workpiece;

a microlens array positioned in a path of the light beam, wherein the microlens array focuses the
light beam to a plurality of points in a focal plane of the microlens array, and wherein the
microlens array is configured as a spatial filter for the light beam that is reflected from the
workpiece on the stage thereby only passing the light beam that is in focus at the workpiece
on the stage;

a tunable color filter positioned in the path of the light beam, wherein the tunable color filter is
configured to narrow the light beam to a band at a central wavelength;

a lens system positioned to image the plurality of points onto the workpiece using the light
beam, wherein the lens system is configured to provide longitudinal chromatic aberration
whereby different wavelengths are imaged at different distances from the lens system; and

a detector positioned to receive the light beam from the workpiece on the stage, wherein the light
beam reflected from the workpiece on the stage is directed through the microlens array

before being received by the detector.

2. The system of claim 1, further comprising a collimating lens positioned in the path of the light
beam between the tunable color filter and the microlens array, wherein the collimating lens is

configured to collimate the light beam and direct the light beam at the microlens array.

3. The system of claim 2, wherein the tunable color filter is disposed between the microlens array

and the lens system along the path of the light beam.
4. The system of claim 1, wherein the detector is a greyscale area scan camera.
5. The system of claim 1, wherein the lens system is an objective lens.

6. The system of claim 1, further comprising a beam splitter positioned in the path of the light

beam between the tunable color filter and the lens system.

15



10.

11.

12.

13.

14.

The system of claim 1, further comprising a tube lens positioned in the path of the light beam

between the microlens array and the lens system.

The system of claim 1, wherein the tunable color filter is disposed between the broadband light

source and the microlens array.

The system of claim 1, wherein the tunable color filter is disposed between the microlens array

and the detector.

The system of claim 1, wherein a plurality of the tunable color filter is positioned in the path of

the light beam.

The system of claim 1, wherein the tunable color filter is a liquid crystal tunable filter, an

acousto optical tunable filter, or a tunable Fabry Perot etalon.

The system of claim 1, further comprising a processor in electronic communication with the
detector, wherein the processor is configured to determine 3D measurements of features on the

workpiece.

A method comprising:

generating a light beam using a broadband light source;

focusing, using a microlens array, the light beam into a plurality of points in a focal plane of the
microlens array, wherein the microlens array is configured as a spatial filter;

narrowing the light beam to a band at a central wavelength using a tunable color filter;

imaging a plurality of points onto a workpiece using a lens system, wherein the lens system is
configured to provide longitudinal chromatic aberration whereby different wavelengths are
imaged at different distances from the lens system;

passing the light beam reflected from the workpiece that is in focus at the workpiece using the
microlens array; and

receiving the light beam reflected from the workpiece at a detector.

The method of claim 13, further comprising determining 3D measurements of features on the

workpiece using a processor.
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15.

16.

17.

18.

The method of claim 14, further comprising:
sweeping a narrow band from a low wavelength to a high wavelength; and

determining a topography of the workpiece using the processor.

The method of claim 14, wherein the 3D measurements include one or more of ball height, co-

planarity, component thickness, and warpage.

The method of claim 14, further comprising skipping part of the workpiece during the

determining.

The method of claim 13, wherein only one or more features from the workpiece located at a

selected Z-level are detected by the detector.
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