MEASUREMENT OF FOCAL POINTSAND OTHER FEATURESIN OPTICAL
SYSTEMS

FIELD OF THE DISCLOSURE
[0001] This disclosure relates to measuring focal points and other features in optical

systems.

BACKGROUND

[0002] Optical and opto-€electronic devices typically include one or more active or
passive optical components. Passive components, such as reflective, refractive,
diffractive or other lenses, for example, can help direct or guide light in adesired way. It
often is critical to the proper functioning of the device that various values relating to the
passive optical components satisfy tight tolerances. Measurements often are made to
determine whether such passive optical components meet desired requirements, or to
determine whether adjustments may need to be made prior to shipping or further
manufacturing. Such measurements, however, can be time-consuming, thereby
increasing the overall manufacturing cost of the optical devices and systems. Itis,

therefore, desirable to improve the efficiency of such optical measurement techniques.

SUMMARY
[0003] Techniques are described for determining the focal point of an optical system,

which can include one or more optical elements such as lenses or prisms.

[0004] For example, in one aspect, the disclosure describes techniques for determining
the focal point of alens system by matching the focal point of the lens system with the
focal point of sensor system. Thus, a method of identifying alocation of afocal point of
an optical system can include using a sensor system to detect light that passed through the
optical system, and determining alocation of afocal point of the optical system based on
alocation of afoca point of the sensor system that substantially matches the location of
the focal point of the optical system. Various types of sensor systems can be used.
Examples include polychromatic or monochromatic confocal sensors, confocal



microscopes, white light interferometers, and sensors that include an astigmatic optical

element.

[0005] According to another aspect, a method of identifying alocation of afocal point of
an optical system includes using a sensor system that includes an astigmatic optical
element to detect light that passed through the optical system, and determining an extent
of mismatch between alocation of the focal point of the optical system and alocation of
afocal point of the sensor system based on an image of the detected light detected by the
sensor system. An approximate location of the focal point of the optical system is
determined based on the extent of the mismatch. For example, in some implementations,
the extent of the mismatch is determined based on the élipticity of the image detected by

the sensor system.

[0006] Various systems for implementing the techniques also are described. The systems
also can be used, for example, to measure a distance to a reference surface associated
with the optical system under test. The measurements then can be used, for example, to

calculate the flange focal length (FFL) for the particular optical system.

[0007] Some implementations can achieve relatively fast and accurate scanning of
multiple devices. The resulting measurements can be used, for example, to check
whether the devices meet manufacturing tolerance requirements and, if needed, to adjust

features of the devices during subsequent fabrication.

[0008] Other aspects, features and advantages will be readily apparent from the following

detailed description, the accompanying drawings and the claims.

BRIEF SUMMARY OF THE DRAWINGS
[0009] FIG. 1 illustrates an example of adevice that includes an optical system.
[0010] FIG. 2illustrates a technique for detecting afocal point of an optical system using

aconfoca sensor.



[0011] FIG. 3 illustrates how the distance of focal points of a polychromatic confocal
sensor depends on wavel ength.

[0012] FIG. 4 illustrates geometric optics associated with detecting the focal point of an
optical system.

[0013] FIG. 5illustrates a technique for determining the distance to a reference surface
using a confocal sensor.

[0014] FIG 6 illustrates an example of awafer stack including multiple optical systems.
[0015] FIG. 7 illustrates a technique for determining focal points of different optical
systems on awafer stack as well as distances to reference surfaces on the wafer stack
[0016] FIGS. 8 and 9 illustrate examples of focal points, reference surfaces and flange
focal length (FFL).

[0017] FIG. 10 illustrates use of a sensor system, which includes an astigmatic element,
to determine the focal point of an optical system.

[0018] FIGS. 11A and 11B illustrate examples of images detected by the sensor system of
FIG 10.

[0019] FIG. 12 illustrates another example of a sensor system, which includes an
astigmatic element, to determine the focal point of an optical system.

[0020] FIG 13illustrates an example of the sensor system of FIG. 10 in combination

with a distance sensor.

DETAILED DESCRIPTION

[0021] Asshownin FIG. 1, an optical device 10, or part of an optical device, includes an
optical system that includes optical elements 12A, 12B, respectively, on upper and lower
surfaces of amember 14. Examples of optical elements 12A, 12B include reflective,
refractive, diffractive lenses and prisms. In some implementations, such optical
structures may be present on only one side of member 14 rather than both sides. The
optical system can thus include asingle optical e ement or a combination of two or more
optical elements. The optical system aso can include lens stacks with several optical
elements stacked in the vertical direction. Member 14, to which optical elements 12A,
12B are mounted or attached, can be composed of a substantially transparent material or,



in some implementations, may be composed of a non-transparent material that has holes
filled with transparent material at the locations of optical elements 12A, 12B.

[0022] In the illustrated example, a baffle structure 16 surrounds optical element 12A and
is attached to the upper surface of member 14, and a spacer member 18 surrounds optical
element 12B and is attached to the lower surface of member 14. Optical device 10 can be
attached, for example, to a substrate (not shown) on which is mounted an opto-electronic
device such as alight emitting or light sensing component. The opto-electronic device

can be aligned with the optical elements.

[0023] The following paragraphs describe techniques for determining the focal point of
an optical system (e.g., alens system) by matching the focal point of the optical system
with the focal point of sensor system that includes an objective lens (e.g., as part of the
sensor optics). In some implementations, the techniques include directing light from a
sensor system through alens system and determining afocal point of the lens system
based on light reflected back through the lens system and sensed by the sensor system.

[0024] FIG. 2illustrates an example of atechnique of using a confocal sensor to
determine the position of the focal point FP of an optical system that includes elements
12A, 12B. Asshownin FIG. 2, amirror or other reflective surface 20 is placed on one
side of optical device 10 (e.g., on the top surface of baffle 16), and a confocal sensor 22 is
positioned on the opposite side of the optical device. Confoca sensor 22 should be

positioned in line with the optical axis of optical elements 12A, 12B.

[0025] Confocal sensor 22 can be implemented, for example, using a polychromatic
white light source that is focused onto the target surface using a multi-lens optical
system. Confocal sensor 22 includes alight emitter and light receiver that can be
arranged along the same axis. One or more lenses are arranged so that the whitelight is
dispersed into monochromatic light by controlled chromatic deviation. The dispersed
light is focused with each monochromatic wavelength having different axial positions of
thefocal point. See FIG. 3. Thelight reflected by the target surface is received by the



object lens and guided, for example, by a beam splitter to a spectral analyzer which
contains arow of photo diodes. The spectral analyzer causes the light to impinge on a
certain location of the row of the photo diodes dependent on the received wavel ength.
Thus, the receiver detects and processes the spectral changes. In other implementations,
confocal sensor 22 can be implemented using a monochromatic light source (e.g., a
laser), in which case the sensor (or an objective lens of the sensor) can be moved up and
down in the z-direction to adjust the position of the sensor’sfocal point. Such
polychromatic and monochromatic confocal sensors are commercialy available.

[0026] The geometric optics associated with detecting the focal point FP of an optical
system 12 (e.g., alensor prism) isillustrated in FIG. 4. To ensure that the reflected rays
travel substantially along the same path as the incident rays, mirror 20 should be placed
in aplanethat is substantially perpendicular to the optical axis. This can be
accomplished, for example, by placing mirror 20 in contact with the upper surface of
baffle 52. In the case of a polychromatic light source, confocal sensor 22 detects asignal
at a particular wavelength of light only if the focal point of optical system 12 matches
(i.e., issubstantially the same as) the focal point of confocal sensor 22. Based on the
wavelength of light which confocal sensor 22 detects, the focal point, as well as the focal
length, of lens system 12 can be determined, for example, using a controller 24 coupled
to confocal sensor 22. Sensor 22 (or sensor controller 24) can store distance values for
each wavelength, where the distance values correspond to the focal point in an optical
sensing measurement and the distance to areference plane in a distance sensing
measurement. All aspects of the data acquisition, scanning, and displaying of the
measured data can be under software control and fully automated.

[0027] Thus, as shown in FIG. 2, by directing light from confocal sensor 22 through
optical elements 12A and 12B, and determining the wavel ength of light that is detected
by the confocal sensor (or determining the position of the confocal sensor along the z-
axis), afocal point of the optical system (in this case, optical elements 12A, 12B) can be
obtained. Thefocal length of the optical system (i.e., the distance from the focal point to
the lens system) can be obtained, as well, based on the identified focal point.



[0028] Confocal sensor 22 also can be used to obtain other measurements. For example,
confocal sensor 22 can be moved horizontally (i.e., substantialy in parallel with member
14, along the x-axis) to a second position (e.g., below spacer member 18, as shown in
FIG. 5). Oncein the second position, confocal sensor 22 can be used, in known manner,
as asurface profiler to detect the distance from areference surface (e.g., the physical
plane of device 10 that is closest to sensor 22, which, in the example of FIG. 5, isthe near
surface of spacer member 18). The distance between the objective lens and the reference
surface then is determined using sensor internal calibration.

[0029] A single polychromatic or monochromatic confocal sensor 22 can, therefore, be
used to obtain two different types of measurements with respect to the device 10. Inthe
foregoing example, one measurement uses optical sensing to determine the focal point of
the optical system, whereas a second measurement uses distance sensing to detect the
distance to areference surface. The technique can be advantageous because, at least in
some implementations (e.g., where a polychromatic light source is used), it does not
require scanning along the optical axis (i.e., the z-axisin FIG. 5). Furthermore, evenin
situations where scanning along the optical axisisrequired (e.g., where a monochromatic
light sourceis used), the scanning can be performed at arelatively high frequency. In
addition, back side illumination is not needed for the foregoing measurements.

[0030] The two types of measurements can be made in either order. Thus, in some
implementations, the optical sensing technique to determine the focal point of the optical
system is performed first, and the distance sensing technigue to determine the distance to
the reference surface is performed subsequently. 1n other implementations, the distance
sensing technigue to obtain the distance to the reference surface is performed first, and
the optical sensing technique to obtain the focal point of the optical system is performed

subsequently.

[0031] The sensed signals and information can be provided to a computing system (e.g.,
personal computer 26 in FIG. 4) for further processing. For example, it may be desirable

in some applications to calculate the flange focal length (FFL) for device 10, where the



FFL value equals the distance between the last physical plane of the device (i.e., the
physical plane of device 10 that is closest to sensor 22) and the focal point of the device's
optical system. FIGS. 8 and 9 illustrate examples having different surfaces that serve as
reference surface for calculating the FFL. Thus, FIG. 8 isan example in which the
reference surface is the near surface of an optics wafer, whereas FIG. 9 is an examplein
which the reference surface is the near-surface of alower spacer wafer below the optics
wafer. The calculated FFL value can be used, as necessary, for quality checks and/or to
make optical adjustmentsto device 10 in later processing steps. For example, the length
of a spacer that forms part of device 10 can be adjusted according to the cal culated FFL

value.

[0032] The foregoing example illustrates how a confocal sensor can be used to obtain
measurements of asingle optical device 10. Similar measurements can be made
sequentially with respect to multiple devices 10. Such an approach can be especialy
useful, for example, in wafer-level fabrication processes. 1n awafer-level process, the
measurements (optical sensing and distance sensing) can be performed, for example,
sequentially, for each lens system, one at atime. In other implementations, the optical
sensing technigue can be performed to obtain the focal pointsfor al of the optical
systems (e.g., lens systems), followed by performance of the distance sensing technique
to obtain the respective distance for all the corresponding reference surfaces (or vice-
versa). In other applications, the measurements can be performed after the individual
devices have been separated from one another (e.g., by dicing). In that case, the
measurements can be performed, for example, with the diced devices attached to a tape.
In some implementations, it may be desirable to attach the lens stacks to a FFL correction

layer and subsequently measure the focal point and FFL value.

[0033] For example, as shown in FIG. 6, awafer stack 48 includes multiple optical
systems, each of which comprises lenses 12A, 12B, formed on the upper and lower
surfaces of afirst substantially transparent wafer 50. Lenses 12A, 12B can be, for
example, optical elements formed on wafer 50 by areplication process. In some

implementations, optical systemsincluding optical elements are formed by injection



molding techniques. In some implementations, wafer 50 can be composed of a non-
transparent material that has openings filled with atransparent material at the locations of
lenses 12A, 12B. Baffles 16 and spacers 18 can be provided, respectively, by a second
wafer 52 and athird wafer 54, which are attached to first wafer 50. In general, awafer
can be cylindrical with adiameter, for example, of 2, 4, 6, 8 or 12 inches, one inch being
about 2.54 cm. The wafer thickness can be, for example, between 0.2 mm and 10 mm,
and in some cases, is between 0.4 mm and 6 mm. Different materials and dimensions
may be appropriate for other implementations. Although FIG. 6 only shows provisions
for four optical devices (10, 10A, 10B, 10C), in some implementations there can be, in
one wafer stack, provisions for an array of at least ten devicesin each lateral direction
(i.e., thex and y directions), and in some cases at |east thirty or even fifty or more devices
in each lateral direction.

[0034] The techniques described above for using a confocal sensor to make various
measurements based on optical and distance sensing can be employed for the array of
devices. Depending on the implementation, a single confocal sensor 22 or multiple
confocal sensors 22 can be used to make the measurements for the devices in the array.
Thus, if wafer stack 48 includes an array composed of rows and columns of devices 10, a
single confocal sensor 22 can scan one row (or column) at atime. Asindicated by FIG.
7, acontroller 62 can be coupled to a stage on which confoca sensor 22 is mounted to
move the confocal sensor laterally with respect to the wafer stack 48. Thus, for example,
controller 62 can cause confocal sensor 22 to be moved aong the x-axis from position A
to position B, then to position C, etc. until it reaches position H. At each specified
position, movement of confocal sensor 22 is stopped briefly so that it can perform a
measurement (e.g., location of the focal point of an optical system mounted on the wafer
stack or the distance to a reference surface on the wafer stack). In some implementations,
if the measurements are performed sufficiently slowly, movement of the sensor may not
need to be stopped. At positions A, C, E and G, an optics sensing technique is employed
to determine the focal point of one of the optical systems (i.e., including a pair of lenses

12A, 12B). At positions B, D, F and H, a distance sensing technique is used to determine



the distance from confocal sensor 22 to the various reference surfaces defined by third
wafer 54.

[0035] After measurements have been made with respect to the devicesin a particular
row (or column), controller 62 can cause confocal sensor 22 to move, for example, in the
y-direction, to the next row (or column) in the array. This process can be repeated until
measurements have been made for all devices 10 on the wafer stack 48. As explained
above, the information obtained by confocal sensor 22 can be processed by computing
system 26 (see FIG. 4). For example, in some implementations, computing device 26 can
calculate a corresponding FFL value for each device. The FFL values may be used for
quality checking purposes and/or to adjust devices 10 in subsequent processing steps.
Using confocal sensor 22 can result in relatively fast scans of the entire array of devices
10, in some implementations, on the order of less than one second for each optical system
(i.e, lenses 12A, 12B).

[0036] After performing the measurements using confocal sensor 22, wafer stack 48 can
be separated (e.g., diced) aong lines 60 to form individual devices 10, 10A, 10B, 10C,
etc.

[0037] Although the foregoing example describes use of a confocal sensor to scan an
array of devicesthat are part of awafer stack, the foregoing techniques aso can be used
to scan an array of individual devices 10 that are held, for example, in atray. Inthat
case, asingle confocal sensor 22 can be moved across the array (e.g., one row or column
at atime) to obtain the focal point of the optical system (e.g., the lenses) of each device

10 as well as the distance to a respective reference surface.

[0038] In some implementations, instead of moving confocal sensor 22 with respect to an
individual device 10 or array of devices, the device or array of devices can be moved
relative to the confocal sensor. Inthat case, controller 62 can be coupled to a stage on
which wafer stack 48 rests or to atray holding devices. In some implementations, both

the sensor and the devices can be moved relative to one another. For example, in some



cases, wafer stack 48 is moved only in the x-direction, and sensor 22 is moved only in the
y-direction. In some cases, movement in the z-direction also may take place. For
example, in order to match the focal points of the sensor and device under test, the
measurement range should cover the focal point. Thus, depending on the particular
arrangement, confocal sensor 22 can scan one or more devices 10 either by moving the

confocal sensor, by moving the devices or by moving both the sensor and the devices.

[0039] In some implementations, instead of a confocal sensor to determine the focal point
of the optical system, a confocal microscope can be used. Asin the case of aconfocal
sensor, the focal point of the optical system (e.g., lenses 12A, 12B) can be determined by
directing light from the confocal microscope through the optical system, reflecting the
light back through the optical system, and determining the position at which the focal
point of the optical system matches the focal point of the confocal microscope based on

the light sensed by the confocal microscope.

[0040] In addition, the confocal microscope can be used, in known manner, as a surface
profiler to determine the distance from a reference surface (e.g., the physical plane of
device 10 that is closest to sensor 22). Furthermore, in some implementations, the two
types of measurements (i.e., the optical sensing technique to determine the focal point of
the optical system and the distance sensing technique to determine the distance to the
reference surface) can be performed without moving the confocal microscope
horizontally along the x- or y-axes. Thus, in some cases, the confocal microscope can

obtain both types of measurements for a given optical system from a single position.

[0041] Aswith the confocal sensors, a confocal microscope can be used to scan an entire
array of optical systems during awafer-level fabrication process. The scanning can be
performed either by moving the confocal microscope relative to the optical systems or by
moving the optical systems relative to the confocal microscope. The confocal
microscope can be used to perform the measurements on optical systems after they have
been separated from one another. A computing system can use the measured values to

calculate a corresponding FFL value for each device.

10



[0042] In other implementations, awhite light interferometer can be used to determine
the focal point of an optical system (e.g., lenses 12A, 12B). Heretoo, the focal point of
the optical system can be determined by matching the focal point of the optical system
with the focal point of white light interferometer. The white light interferometer also can
be used to perform optical sensing techniques and distance sensing techniques

simultaneously.

[0043] In addition to confocal sensors, confocal microscopes and white light
interferometers, another type of sensor system that can be used for focal point detectionis
one that includes an astigmatic component (e.g., an astigmatic lens) as part of, or in
addition to, itsrelay optics. An example of such a sensor system 58 isillustrated in FIG.
10, which shows back illumination in the form of collimated light 61 being provided into
an optical system 63 under test. Intheillustrated example, optical system 63 includes a
single lens; however, in other implementations, the optical system may include additional
lenses or other optical elements. The light source for the back illumination can be, for
example, aLED or alaser. Relay optics 64, which includes an astigmatic component,
focuses the incoming light onto a semiconductor light sensor (e.g. a CMOS sensor) 66.

In some cases, collimated backlight can be used in the confocal sensors. 1n such cases,
the reflective surface can be replaced with a collimated backlight, and the light source of
the confocal sensor can be switched off. However, this type of arrangement would lose it

“confocal” behavior because only the sensor part is used.

[0044] If the focal point of the lens under test 63 matches the focal point of relay optics
64, the focal point will be focused substantially perfectly onto the sensor and will be
detected substantially asacircle (see*A’ in FIG. 11A). In some cases, the image
appearing on the sensor may have a circular but blurred shape with little or no elipticity.
On the other hand, if there is a mismatch between the two focal points along the optical
axis (i.e., the z-axisin FIG. 10), the image on sensor 66 will appear elliptical, with the
direction of the principal axis of the ellipse depending on the prefix of the mismatch (see
‘Bl and ‘B2 in FIG. 11B). If thereisamismatch, then, in some implementations, relay

optics 64 (or the entire sensor system) are moved along the z-axis until the two focal
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points substantially match (i.e., until the image detected by sensor 66 appears
substantially circular). Alternatively, scanning is performed with moving relay optics 64
at several predetermined positions along the z-axis, and the location at which thereisa
best match (i.e., the location which results in the detected image having the least amount
of elipticity) isidentified. That position will correspond to the situation in which the
focal point of the sensor system and the focal point of the optical system match or closely
match. In some cases, finding the best match can be supported by fitting the
measurement curve to obtain higher accuracy. The sensor system controller 70 can store
the correlation between positions of relay optics 64 and locations of the sensor system’s
focal point. The location of the focal point of the lens under test 63 then can be
determined automatically (e.g., by a computing device such as a personal computer 72)
since it matches the location of the sensor system’sfocal point.

[0045] In some implementations, instead of adjusting the position of relay optics 64 until
the focal point of the optical system matches the focal point of sensor system, the sensor
system of FIG. 10 can be used in alternative way to determine the focal point of the
optical system (e.g., lens 63). As noted above, the elipticity (if any) in the image
detected by sensor 66 is indicative of the extent to which the focal points of the sensor
system and optical system match or do not match. When there is a mismatch between the
focal points, the principal axis of the ellipse depends on the prefix of the mismatch in the
z-direction (i.e., along the optical axis). Computing device 72 can store in memory
information correlating the elipticity of the image detected by sensor 66 and the distance
between the focal point of the sensor system and the focal point of the optical system.
Thus, the focal point of the optical system 63 can be determined based on asingle
measurement by sensor 66. One advantage of this technique is that scanning along the z-
axis (i.e., the optical axis) is not necessary. On the other hand, scanning along the z-axis
as described above may result in more accurate determinations of the position of the
optical system’sfocal point.

[0046] In the implementation of FIG. 10, back-illumination is used such that the light

source is located on one side of optical system 63 and sensor system (including sensor 66

12



and relay optics 64) islocated on the opposite side of the optical system. In other
implementations, as shown in FIG. 12, alight source 73 and relay optics 64 can be
located on the same side of the optical system 63, and amirror or other reflecting surface
74 can be placed behind optical system 63. In that case, a beam splitter 76 can be
provided to separate the incoming beam 77 and the reflected beam 78.

[0047] Asillustrated in FIG. 13, adistance sensor 80 can be provided on a common
stage 82 adjacent sensor system 58. Distance sensor 80 can be used to determine the
distance from areference surface 84 associated with optical system 63. Furthermore, in
some implementations, the two types of measurements (i.e., the optical sensing technique
to determine the focal point of the optical system and the distance sensing technique to
determine the distance to the reference surface) can be performed with respect to a
particular optical system 63 without moving the stage horizontally along the x- or y-axes.
As explained above, the two measurements can be used (e.g., by a computing device

coupled to the sensors) to calculate the FFL to optical system 63.

[0048] The sensor system of FIG. 12 also can be used to make two types of
measurements (i.e., an optical sensing measurement to determine the focal point of the
optical system and a distance sensing measurement to determine the distance to the
reference surface). Inthat case, however, it may be necessary to move the sensor system

dlightly along the x- or y-axes to perform the second of the two measurements.

[0049] As aso noted above, in some implementations, instead of moving the sensor
along the x- and y-axes with respect to an individual device or array of devices, the
device or array of devices can be moved relative to the sensor system. Thus, depending
on the particular arrangement, any of the foregoing sensor systems can scan one or more
devices under test either by moving the sensor system, by moving the devices or by
moving both sensor system and the devices relative to one another.

[0050] Other implementations are within the scope of the claims.
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What isclaimed is:
1. A method of identifying alocation of afocal point of an optical system, the method
comprising:
using a sensor system to detect light that passed through the optical system; and
determining alocation of afocal point of the optical system based on alocation of
afocal point of the sensor system that substantially matches the location of the focal
point of the optical system.

2. The method of claim 1 wherein the sensor system comprises a confocal sensor.

3. The method of claim 2 wherein the sensor system is a polychromatic confocal sensor.

4. The method of claim 3 including:

directing light of different wavelengths from the confocal sensor through the
optical system;

detecting in the confocal sensor system light that was reflected back through the
optical system; and

determining the focal point of the optical system based on the wavelength of light
detected by the sensor system.

5. The method of claim 2 wherein the sensor system is a monochromatic confocal

SeNsor.

6. The method of claim 5 including:

adjusting a position of an objective lens of the confoca sensor along an optical
axis of the optical system;

using the sensor system to make a respective measurement while the objective
lensis at different positions along the optical axis of the optical system; and

determining the focal point of the optical system based on the measurement at a

particular one of the positions at which light is detected by the confocal sensor.

14



7. The method of claim 2 further including using the confocal sensor to measure a

distance to areference surface associated with the optical system

8. The method of claim 7 further including using the location of the focal point of the

optical system and the distance to the reference surface to obtain a flange focal length.

9. The method of claim 1 wherein the sensor system includes a confocal microscope.

10. The method of claim 9 including:
directing light from the confocal microscope through the optical system;
reflecting the light back through the optical system; and
determining the position at which the focal point of the optical system matches
the focal point of the confocal microscope based on the reflected light sensed by the

confocal microscope.

11. The method of claim 10 further including using the confocal microscope to determine

adistance from areference surface associate with the optical system.

12. The method of claim 11 wherein the confocal microscope performs first and second
measurements from a single position, wherein the position at which the focal point of the
optical system matches the focal point of the confocal microscope is determined from one
of first or second measurements, and wherein the distance from the reference surface is

determined from the other one of the first or second measurements.

13. The method of claim 11 further including using the location of the focal point of the

optical system and the distance to the reference surface to obtain aflange focal length.

14. The method of claim 1 wherein the sensor system includes a white light

interferometer.

15. The method of claim 1 wherein the sensor system includes an astigmatic component.
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16. The method of claim 15 including:

moving the astigmatic component along an optical axis of the optical system;

using the sensor system to obtain measurements of light that passed through the
optical system when the astigmatic component is, respectively, at each of a plurality of
different positions along the optical axis; and

identifying a particular one of the positions at which the focal point of the sensor

system most closely matches the focal point of the optical system.

17. The method of claim 16 wherein the method includes back-illumination of the optical

system.

18. The method of claim 1 wherein the optical system comprises alensor a prism.

19. The method of claim 1 wherein the optical system comprises a plurality of optical

el ements.

20. A method of identifying alocation of afocal point of an optical system, the method
comprising:

using a sensor system that includes an astigmatic optical element to detect light
that passed through the optical system;

determining an extent of mismatch between alocation of the focal point of the
optical system and alocation of afocal point of the sensor system based on an image of
the detected light detected by the sensor system; and

determining an approximate location of the focal point of the optical system based

on the extent of the mismatch.

21. The method of claim 20 including determining the extent of the mismatch based on
dlipticity of the image detected by the sensor system.

22. The method of claim 21 including back-illumination of the optical system.
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23. The method of claim 21 including providing light to the optical system from alight

source that is located on a same side of the optical system as the sensor system.

24. A method of testing a plurality of devices each of which includes one or more optical
elements, the method comprising:

(a) device, using a sensor system to detect light that passed through the one or
more optical elements of a particular one of the devices;

(b) determining alocation of afocal point of the optical device based on a
location of afocal point of the sensor system that substantially matches the location of
the focal point of the one or more optical el ements of the particular one of the devices;
and

(c) adjusting arelative position of the sensor system with respect to the plurality

of devices and repeating (a) and (b) for another one of the devices.

25. The method of claim 24 wherein the sensor system is a confocal sensor.

26. The method of claim 25 wherein the sensor system is a polychromatic confocal

SeNsor.

27. The method of claim 25 wherein the sensor system is a monochromatic confocal

SeNsor.

28. The method of claim 24 wherein the sensor system is a confocal microscope.

29. The method of claim 24 wherein the sensor system is awhite light interferometer.

30. The method of claim 24 wherein the sensor system includes an astigmatic component.

31. The method of claim 24 including using the sensor system to perform measurements

while scanning, respectively, along an optical axis of each device.
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32. The method of claim 24 including moving the sensor system to scan an array of the

devices so asto perform (@) and (b) for each devicein the array.

33. A system for measuring features of an optical system comprising one or more optical
elements, the system comprising:

a sensor system including optics having afocal point, the sensor system arranged
to detect light that passed through the optical system and through the sensor system’s
optics; and

a computing device to determine alocation of afocal point of the optical system
based on alocation of afocal point of the sensor system that substantially matches the
location of the focal point of the optical system.

34. A system for measuring features of an optical system comprising one or more optical
elements, the system comprising:

a sensor system including optics having afocal point, the sensor system arranged
to detect light that passed through the optical system and through the sensor system’s
optics; and

a computing device to determine an approximate location of afocal point of the
optical system based on an image detected by the sensor system, wherein the imageis
indicative of an extent of mismatch between alocation of the focal point of the optical

system and alocation of the focal point of the sensor system’s optics.
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