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CHROMATIC CONFOCAL AREA SENSOR
CROSS-REFERENCE TO RELATED APPLICATIONS

oo} This application claims privrity to the provisional patent application filed July 24,
2018 and assigned V.S  App. No. 62/702894, the disclosure of which s hereby incorporated by

reference.

FIELD OF THE DHSCLOSURE

{0062} This discloswre relates to 31 measarement systems.
BACKGROUND OF THE DISCLOSURE

D003} Evolution of the sermconductor mamfhctoring industry 18 placing greater demands
on vield management and, in particular, on metrology and mspection systemns. Critical dimensions
continue to shrink, vet the industry needs to decrease time for achieving high-vield, igh-value
production. Minimizing the total time from detecting a yield problem to fixing it determines the

retpr-on-investment for 4 semiconductor imanufachurer,

[0004] Inspection systems can be used on the back end of semiconductor manufacturing,
Ingpection of finished packages can include measuring, for example, component thickness,
coplanarity of ball grid arravs (BGAs), height of integrated passive devices (IPDs), or tilt angle of
leads on leaded devices. 3D inspection is becoming more important because of developments m the

package mndustry, such as stacking devices.

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

that reduce the accuracy of the measurements,
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[0606] Forexample, a chromatic confocal point sensor bas beenysed, Light from g
broadband point source is directed at a workpiece through an optical system with an axial chromatic
aberration. As a result, different wavelengths will be focused at ditferent distances from the optical
system, The light reflects on the workpiece under test back into the optical system. The reflecied
light then travels towards a pishole 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 is in focus can
pass. A spectrometer collects the light which passes the pinhole. Based on the measured
wavelengih the distance from the optical system 10 the object under test can be determined. A
system with the chromatic confocal point sensor requires a translation of the object under test in X

and Y directions, which is facreases complexity, reduces throughput, and reduces accuracy.

{p607] In another example of the chromatic confocal ling seusor, the point source is replaced
by a hine source and the pishole s veplaced by ¢ st The spectrometeris a 2D sensor. Oneaxis 18
used to determine the position on the e, The other axis is used to determine the wavelength. In
this example, individual points of the line are measured in parallel. A system with the line source
and slit still vequires 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 Is replaced by an
array of point sources and the pinhole is replaced by an array of pinholes. The spectronteter
analyzes three dimensions: x-focation, v-location, and wavelength, An arrangement is required to
multiplex these three dimenstons on the 2D sensor in the spectrometer. A svstem with an array of
point sources and pinholes may not require mechanical movement during the height measurament.
In this case X, Y, and wavelength are measured in a single shot. However, the 3D data is
nntipiexed on a 21D 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 tmpact the accuracy of measuraments.

[0009] In anothier example, a galvo nurror is wsed such that the projected point from the
chromatic confocal point sensor is swept over the workpiece under test to make 8 chromatic
confocal line sensor. Individual points of the line are meagsured in serfes. A system with the galve
nHrror requires a transiation of the object in one divection while the galve 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
confocal ine sensor witha galvo mirror. This way the line is swept over the workpiece: Individual

Hnes from the scanned area are measured in series. With a system combining the confocal lne

Compared to an area scan system, the integration time of the image acquisition 1s smaller for a galvo

mirror system. This can place stringent requurements on the output level of the light sowrce.

j0011] Confocal sensors which are not based on chromatic abersation also require scanning
in Z-direction to be gble 10 do a full 3D reconstroction of the object under test. This can be done by
transiating the object in Z-direction or by translating the pinholes in Z-direction. However, this still

requires transkation of the object or microlens in a Z-direction.
[0612] Therefore, an improved 3D measurement system is needed.
BRIEF SUMMARY OF THE DISCLOSURE

jo013] A system is provided i a first embodiment. The system comprises & broadband Hght
source that generates a light beam; @ stage configured to hold a workpiece; a microlens array
positioned n a path of the light beam; a tunable color filter positioned in the path of the light beam;
3 lens system positioned to tmage the plurality of points onto the workpiece using the hight beany;
and a detector positioned to receive the light beam from the workpiece on the stage. The microlens
array focuses the light beam to a plurality of points i a focal plane of the microlens array. The
microlens array also is configured as a spatial filier for the light beam that is reflected from the
workpiece on the stage thereby only passing the Hght beam that is 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
wavelengih, The lens system is configwred to provide longitudinal chiromatic 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 armay before being

received by the detector.
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[0614] The svstom can further tnclude a collimating lens positioned in the path of the light
beam between the tnable color Bher and the microlens array. The collimating Tens cannbe
configured to collimate the light beam and direct the light beam at the micrelens armay. Inan
mstance, the wnable color filter ts disposed between the nucrolens array and the lens system along

the path of the Hght beam.

{0615} The detector can be a greyscale area sean camera.
jouls) The lens system can be an objective lens.
[ou17] The system can further include a beam splitter positioned 1n 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 scurce and the

microlens array.

0020} The wnable color filter can be disposed between the miceolens arkay and the detector,
{0021} A plurality of the tunable color filters can be positioned in the path of the lght beam.
{0022] The tunable color filter can be a liquid crystal tunable filter, an acousto optical

tunable filter, or a funable Fabry Perot etalon.

jo023] The system can further mclude a processor in electronic communication with the
detector. The processor can be configured to determyine 31 measurements of features on the

workpiece.

fo624] A method is provided in a second embodiment. A light beam {s generated using a
broadband light source. Using a microlens array, the hght beam is focused into a plurality of points
in a focal plan of the microlens array. The microlens array is configured as a spatial filter. The light
beam is narrowed 1o a band at a central wavelength using a funable color filter. A plurality of points
are inaged onto a workpiece using a lens system. The lens system is configured to provide

4
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fongitudinal chromatic gberration whereby different wavelengths are tmaged at different distances
from the lens systemt. The Hght beam reflecied from the workpiece that is in focus at the workpiece
using the microlens array is passed. The light beam reflected from the workpiece is received at a

detector,

jonzs] The method can further include determining 3D measurements of features on the
workpiece using a processor. I an instance, the method frther 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 inchude one or more of ball height, co-planarity,
component thickaess, and warpage. In an instance, the method further includes skipping part of the

workpiece during the determining.

0026} Only one or more featores 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 obyjects of the disclosure, reference
should be made tothe Bllowing detailed description taken 1o conjunction with the socompanying

drawings, in which:

FIG: s a diagrameof a first embodiment of a svstent i accordance with the presest disclosure]
FIG. 2 is a dlagram of the measuring range using the svstem of FIG. §;

FIG. 3 illustrates measurements on an exemplary workpiece;

FIG. 4 15 a flowehart of a method i accordance with the present disclosure;

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

FIG. 9 illustrates a combined measuring range.

jou2s] Although clatmed subject matter will be described in terms of certain embodiments,
other embodiments, including embodiments that do not provide all of the benefits and features set

forth heretn, are also within the scope of this disclosure. Vartous structuzal, logical, process step,
]
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and electronic changes may be made without departing from the scope of the disclosure.

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

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

ball height, co-plananity, component thickness, warpage, or other meastrements.

o030 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 eliminatey vibrations. This provided improved accuracy and repeatability. Parts of

the measuring range that are of no interest can be skipped, which provides faster resulis,

jee3i] FIG. 1 s a diagram of a first embodinent of a system 100 and FIG. 2 is a diageam of
the measuring range using the system 100, Mechanical scanming of the workpiece 108 in the Z-
direction is eliminated. The system 100 uses a tunable color filter to scan through the measuring
range without mechanical movement. The system 100 has a capability to splitthe measwing range
in vegions 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 carve shape. This can allow for faster scanning which can provide faster metrology.

[oa32] 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 filter. By changing the wavelength band from A1 to %, the

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

j0833] 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 Hght source 181 can be detected by
the detector 110, The wavelength can be visible light, near-infrared, short-wave infrared,

ultraviplet, or other wavelengths.
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[0634] A stage 112 is configured to hold a workpiece 108, In an instance, the workpiece
108 and/or stage 112 ave fixed and do not move. The workpicce 108 may be a senviconductor wafer

or senviconductor package.

{0835 A tunable color filter 102 is positioned in the path of the hight beam 111, The tunable
color filter 102 is configored to narrow the Hight beam 111 fo a band at a central wavelength. The
tunable color filter 102 may be a liguid crvstal tunable filter, an acousto optical tunable filter, or a
tunable Fabry Perot etalon. The tunable color filter 102 also can inclode a polarizer, such as with
the hiquid orystals. 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,

0036} In an instance, the tunable color filter 102 has a bandwidth that is approxamately

equal to a widih of a confocal curve.

[0637) In an instance, the tunable color filter 102 can be positioned in the path of the light
beam 111 between the broadband Hght source 101 and the microlens array 105 or beam splitier 104
in another instance, the tunable color filter 102 can be disposed in the path of the lglt beam 111
between the microlens array 105 and the detector 110, In another particniar embodimen, a plurality
of the tunable color filter 102 are positioned in a path of the hight 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 soarce 101 and a microlens array 105, The collimating
lens 103 is configured to change the light beam 111 to be collimated and directed at the microlens

array 105,

{0039} A beam splitter 104 can be positioned in the path of the light beam 111 between the

funable color filer 102 and the microlens atray 1035 or the lens systens 107,

[oaaiy A moierolens array 105 is positioned in a path of the light beam 111, The accuracy 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 resolation and the

-
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amount of crosstalk. The microlens array 105 focuses the light beamn 111 to a plurality of points in'a
focal plane of the microlens array 103, The microlens array 103 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,

joud1] A lens svstem 107 is positioned i g path of the bt beam 111 to image the plorality
of points onto the workpiece 108 using the light beam 111, For example, the lens system 107 may
be an objective lens. The lens system 107 18 configured to provide longitudinal chromatic aberration
whereby different wavelengths are imaged at different distances from the lens system 107, The
chromatic aberration can be induced by refraction, diffraction, or & combination of hoth refraction

and diffraction.

0042} A tube lens 106 can be positioned in a path of the Hght beam 111 between the
microlens array 103 or beam splitter 104 and the lens system 107, In an instance, the tube lens 106

1s diffractive with clromatic sberration.

0043] The light beam 111 reflected fom the workpiece 108 on the stage 112 can be
{ g p g

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

{0044} An imaging tens 109 iy positioned in a path of the light beam between the beam
spliter 104 and a detector 110, The imaging teng 109 can image the microlenk array 105 onto the

detector 110

[0045] An optional focus tunable lens can be used in the systerny 100 and may be pusitioned
in a path of the light beam between the tbe lens 106 and the lens system 107, By introducing a
focus tunable leng into system 100, the measuring range can be shifted 1 Z-direction without
mechanical movement. This can be used to extend the Z-range. An electrically tunable higuid lens

is an example for a focus tonable lens. FIG. 9 illustrates a combined measuring range.

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

detector 110 mav measure indensity.
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[0647] A processor 113 can be in electronic conununication with the detector 110, The
processor 113 can be configured to determine 3D measwrsments of features on the workpiece 108,
The processor 113, other aystem(s), or ather subsysteny{s) described herein may be part of various
systerns, including @ personal Computer system, mage computer, miinframe computer svstem,

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 vait. Multiple processors 113 may be used.

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

memeory in an electronic data storage unit m electronic commumication with the processor 113,

0050} The processor 113 may be configared to perform a number of functions using the
output of the system 100 or other cutput. For instance, the processor 113 may be configured to send
the output o an electronic data storage unit. The processor 113 may be further configared as

described herein.

{0051 The processor 113 may be configured according to dny'of the embodunents desaribed
heremn. The processor 113 also may be configured to perform other functions or additional steps

using the output of the system 100 or using images or data from other sources,

0052} The processar 113 may be communicatively coupled to any of the various
components or sub-systems of system 100 in any manner known in the art. Moreover, the processor
113 may be configured to receive amdfor acquire data or information from other systems (e.g.,
inspection resuls from an inspection system such as a review tool, a remote database including
design data and the like} by a transnuission mediosm that may include wired and/or wireless portions.
in this manner, the transmission meditm may serve as a data link between the processor 113 and

other subsystems of the systeny 100 or systems external to system 100,
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[0653] Various steps, functions, and/or operations of system 100 and the methods disclosed
hrerein are carried out by one or more of the following: electronic circuits, logic gates, multiplexers,
programmable logic deviees, ASICs, analog or digital controls/switches, microcontrollers, or
computing systems, Program instroctions implementing methods such as those deseribed herein
may be transmitted over or stored on carrier medium. The carrier medium may include a storage
medinm sach as a read-only memory, 8 random access memory, a magnetic or optical disk, a non-
volatile memory, a solid state menory, a magnetic tape, and the like. A carrier medium may include
g transmission medium such as a wire, cable, or wireless transmission link. For instance, the various
steps described throughowt the present disclosare may be carvied owt 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

interpreted as a limitation on the present disclosure but merely an iflustration.

j[B0S4] I an instarce, the Hght beam 111 fronuthe broadband hight sowrce 101 15 sent
through a collimating lens 103, The light beam 111 thatis collimated bnpinges on microlens artay
105, which focuses the light beam 111 to a plurality of points in the focal plane of the microlens
array 105, The plurality of potats is imaged by a lens svstem 107 onto the workpiece 108, Because
of fongitadinal chromatic aberration in the lens system 107, different wavelengths will be imaged at

different distances from the lens system 107,

[B055] Instead of nsing the complete bandwidth of the broadband hight source 101, the
systern 100 uses a tunable color filter 102 in the dlumination path of the light 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

nieasuring range.

|0056] The light beam 111 reflects on the workpiece 108 and travels back through the lens
systemn 107 towards the microlens array 105, The microlens arvay 105 now acts as a spaual filter
and only passes the light beam 111 which is in focus at the workpiece 108, So ouly points from the

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

10
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D857 By sweeping the narrow band from low wavelength o high wavelength, the system
100 can scan through a complete measwing range and reconsiyuct the complete topography of the

workpiece 108

0058 {Oiperation is not limited to a single range of wavelengths, The used wavelength
range can be chosen as reguired by the object under test. For example, objects with good reflection
can use visible light, low wavelength can be at 4530 nm, and high wavelength can be at 650 nm.

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

[0639] Mo mechanical movement may be needed during the measurement using the system
100, XY-direction movement is pot needed since the system is based on a microlens array 105 and
captures a large rectangular area at once. Scanning in the Z-direction is done by changing the
bandpass from the tusable color filter 102, Because there is no mechanical movement, the system
100 is free from vibrations and has improved throughput compared to previous svstems. Switching
between wavelengths can be done within nucroseconds or milliseconds depending on the type of

tunable color filter 105,

o6 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 array in FIG.
3 can be measwred. In FIG. 3, the dots in the measuring range indicate 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 in range C since the tunable filter immediately changes the

color from i 10 Absow.

(00611 A range A around the substrate and a range B around the ball fop can be selected
based on the nominal ball height. The range C between A and B (i.¢., between A pige and Aujow) 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 Asmer 10 Abjow. Then small steps may be used

agam to go Fom A jow 10 A8 high.

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

range because the object or microlens array has to move physically from one location 1o the other.
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S0 invase of 2 mechanical scan range € has o be scanned anyway, The svstem 100 provides faster

wieaswrement-of the relevant data by jumping frons range A tovange B,

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

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

HHEY In previous chromatic confocal systems, each sampling point on the object a line of
pixels is reserved on the sensor o measure the wavelength., The amount of pixels in each ine was g
comprontise between XY resolution and Z resolution. Longer Hines give better Z resolution but
waorse XY resolution and vice versa. The wavelength measurement covers the full range Asjon 0
At bat the pixels assigned to measure the wavelengihs Aawas 10 Rpew are wseless invthis instance.
Expensive high resolution cameras may be used to get sufficient XY and Z resolution, but maay of
the pixels are not used. This also creates overhead when processing the data. Even thoogh the

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

joBos] FIG. 4 15 a flowchart of a method 200, At 201, a light beam is generated using a
broadband light source, The light be is focused, using & microlens array, into a plurality of points in
a focal plan of the mucrolens arvay at 202, The nucrolens array is configured a spatial filter. At 203,
the light beam is narrowed to a band at a central wavelength using a tunable color filter. A plurality
of points are imaged onto a workpiece using a lens system at 204, The lens system 15 configured to
provide longitudinal chromatic aberration whereby different wavelengths are imaged 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

s received at g detector at 206.

{0066} The method 200 can farther include deternuning 3D measurements of features on the
workpiece using a-processor. The 3D measurements-can include one or more of ball heighe co-
planarity, component thickness, and warpage. In an instance, the method 200 further includes
sweeping a narrow band from a low wavelength to a high wavelength and determining a topography

of the workpiece using the processor,



10

g
(23

LA

WO 2020/023427 PCT/US2019/042897

{0667 The light beam can be collimated before the fovusing 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 tunable color filter 102 between the broadband
light source 101 and the collimating lens 103 with respect to a path of the light beam 111 the
funable 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 system 107 along the

path of the light beam 11 1.

{0670} FIGS. 5-8 are diagrams of other embodiments of a system in accordance with the
present disclosnre. These other esnbodiments can affect the overall size or space requirements of the
system. The tunable color filter 103 can be positioned i front of the detector 110 at other places in
the optical path. This dees not change the functionality of the system. In FIG. §, the system 300
positions the tungble color filier 102 in the path of the hght beam 111 between the collimating lens
103 and the beam splitter 104, In FIG. 6, the system 400 positions the tunable color filter 102 m the
path of the light bean: 111 between the beam splitter 104 and the microlens array 105, InFIG. 7, the
system 500 pogitions the tunable color filter 102 in the path of the Heht beam 111 between the beam
splitter 102 and the imaging lens 109, In FIG. 6, the svstem 400 positions the tunable color filter

102 in 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 muay be used at multiple locations in the
optical path in order to improve and/or narrow bandwidth. Thus, the system can include two or
more tunable color filters 103 at locations shown in FIG. T 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 measursment, Toreduce 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 a
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 302.5

.

g
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[0672] In an embodiment, a Ronchi ruling can be used instead of the microlens array 103,
The Ronchi ruling is a group of parallel slits. I the syster is based on the microlens array 108 &
can behave like point sensors running in paraliel. If the system is based on @ Ronchi ruling # can
hehave like line seusors rnming in paraliel, While g slighthy wider confocs! curve mayoccur, the

Ronchi ruling can lower cost
{0673} In anocther embodiment, a pinhole array can be used instead of a microlens array 105,

jou74) Althougl the present disclosure has been desertbed 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 13

deented Himited only by the appended claims and the reasonable interpretation thereof

14
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What 1s claimed is;

1. A system comprising
a broadband light source that generates a light beam,;
a stage configured to hold a workpiece;

S a nricrolens array positioned o a path of the lght beam, wherein the nucrolens array focuses the
light beam to a plurality of points i a focal plane of the microlens array, and wherein the
microlens arrvay is configured as a spatial filier 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 ight beam, wherein the tunable color filter is
configured o narrow the light beam to a band at a central wavelength;
a lens system positioned to image the plarality of points onto the workpiece using the light
beam, wherein the leas systam is configured to provide longimdinal chromatic aberration

whereby different wavelengths are inaged st different distances from the lens systeny; and

15 a detector positioned to receive the lght beam from the workpiece on the stage, wherein the Hght
beam reflected from the workpiecs on the stage is directed through the microlens array
betore being received by the detector.

2. The system of claim 1, further comprising a collimating lens positioned in the path of the lght
beam between the tunable color filter and the nucrolens array, wherein the collimating lens 15
20 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 svstem along the path of the light beam.
4. The system of claim 1, wherein the defector is a greyscale area scan camera.
3. The systemof claim 1, wherein the lens system is an objective lens.
25 & The system of claim 1, further comprising a beam splitter positioned in the path of the light

beam benween the tunable color fiter and the lens system.
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The system of claim 1, further comprising 4 tube lens positioned in the path of the Haht beam
hetween the microlens arvay and the lens system.

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

sourge and the picrolens arvay.

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 1s positioned in the path of

the light beam.

The system of claim 1, wherein the tunable color filier iy a lquid crystal tunable filter, an

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

. The system of claim 1, further comprising 8 processor in electronie communication with the

detector, wherein the processor 1s configured 1o determing 3D measurements of festures 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 phurality of points in a focal plan of the
microlens array, wherein the microlens array is configured as a spatial filer;

parrowing 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 systeny;

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

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

. The method of claim 14, forther comprising detenmining 3D measurements of featwes on the

workpiece using a processor.
{6
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The methed of claim 15, further comprising:
sweeping a narrow band from a low wavelength to a high wavelengih; and

deterniining a topography of the workpiece using the processor.

The method of claim 13, wherein the 31 measurements include one or more of ball height; co-

planarity, component thickoess, and warpage.

. The method of elaim 15, further comprising skipping part of the workpiece doring the

determining.

The method of claim 14, wherein only one or more features from the workpiece located at a

selected Z-level are detected by the detector,



