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Systems and Methods for MOKE Metrology with Consistent MRAM Die
Orientation

RELATED APPLICATION

{6081} This application claims prionity to ULS. Provisional Patent Application No.
627877 908, filed on July 24, 2019, which s incorporated by reference in its entivety forall

PUIPOSEs,
TECHNICAL FIELD

{8002} This disclosure refates to the magneto-optic Kerr effect (MOKE), and more

specifically to MOKE metrology for characterizing magnetic random-access memory {(MRAM).
BACKGROUND

LA The magneto-optic Kerr effect (MOKE) refers to the rotation of the polarization
of light when reflected from a magnetic surtace. MOKE measurements can be used t©
characterize both continuous and patterned thin films. For example, MOKE measurements are
used to characterize magnetic random-access memory {MRAM) devices, in which magnetic thip
films are patterned into bit cells. MOKE measurements can be made before and after patterning,
to measure the impact of the patterning on magnetic properties of the devices. MOKE

measurements are also referred to as MOKE metrology.

0004} Figure 1 s a schematic view of a MOKE measurenient system 100, The MOKE
measurement systemn 100 includes a magnet 102 with a first pole piece 104-1 and a second pole
piece 104-2. The magnet 102, which is an electromagnet, also includes respective conductive
coils 106-1 and 106-2 wrapped around the pole pieces 104-1 and 104-2. A wafer 110 i3
positionad in the magnet between the pole pleces 104-1 and 104-2. (When the water 110 35
posttioned between the pole pieces 1041 and 104-2, portions of the wafer may extend sideways
beyvond the bottom edges of the pole pleces 104-1 and 104-2, as shown in Figure 1) The wafer
110 may be an MRAM wafer {e.g, MRAM wafer 300, Figure 3) that is divided into a plurality

of MRAM dies {e.g., MRAM dies 302, Figure 3). The magnet 102 generates a magnetic field
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{H) 108 that is normal (e, perpendicolar) to the surface of the wafer 110, I the wafer 110 is an
MRAM wafer, then the magnetic field 108 is perpendicular 1o the surfaces of the MRAM dies on

the wafer.

{0005] The MOKE measwement system 100 also includes optics to provide a laser beam
114 and direct the laser bearn 114 10 be incident upon the wafer 110 with the wafer 110
positioned i the magnet between the pole pieces 104-1 and 104-2. The laser beam 114 i
normally incident on (fe., perpendicular to the surface of) the wafer 110, The optics include
aser 112 1o generate the laser beam 114, 2 polanizer 116 to polarize the laser beam 114, and
mirrors 118-1 and 118-2 to divect the laser beam 114 so that it is incident upon the wafer 110,
While Figure 1 shows two mirrors 1181 and 118-2, the number and arrangement of mirrors 118
may be different for different implementations of the MOKE measurement system 100, The
laser beam 114 as polarized by the polarizer 116 has a specific polanization {e.g., with a specific

a plane of polarization}.

{00066} To take MOKE measurements, the laser beam 114 13 provided and directed onto
the wafer 110 while the magnet 102 generates the magnetic field 108 (e.g., while current is
applied to the condoctive coils 106-1 and 106-2), with the wafer 110 positioned in the magnetic
field 108, The laser beam 114 s reflected by thewalfer 110 (e.gl, by an MRAM arvay 304 . an
MRAM die 302, Figure 3), producing a reflected laser beany 126 that is received by a detector
122, The polarization {e.g., plane of polarization) of the reflected laser beam 120 15 rotated with
respect to the polarization (e.g., plane of polarization) of the laser beam 114, due to the MOKE.
The detector 122 measures this rotation. The detector 122 includes an analyzer that 13 used in
comjunction with the polanizer 116 to measure the rotation. Various magnetic properties of
interest {e.g., coercivities, saturation magnetization, exchange coupling, domain structure, spin
polarization, switching curves, and/or hysteresis curves) can be determined based on these

MOKE measurements,

{6087 The MOKE measurement systen 100 measures the polar MOKE, with the
magnetic feld 108 and laser beam 114 both normal to the surface of the wafer 110, Polar
MOKE measurements are useful for chavacterizing MRAM devices with perpendicular-type

magnetic-tunnel-junction (MTJ stacks, such as spin-torque-transfer (STT) MRAM devices.
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{6008] Figare 2 is a perspective view of 4 stage system 200 that is traditdionally used to
position the wafer 110 in the magnet 102, between the pole pieces 104-1 and 104-2 (Figure 1).
The stage system 200 includes a rotational chuck 202 on which the wafer 110 can be mounted,

A motor 208 rotates the chuck 202 about a central axis of the chuck 202, The central axis 13 the
rotational axis of the'chuck 202, The chuck 202 is coupled to 8 transladional stage 204 (largely
obscured by the chuck in Figure 2) that can be moved {Le., transtated} along rails 206 by a motor
210. The stage system 200 thus has a single axis of translation, in the divection of {i.e., parallel
to} the rails 204, along which the chiuck 202 can be translated. Through a combination of
rotation of the chuck 202 and translation of the chuck 202 along the simgle axis of translation,
different regions of the wafer 110 {e.g., each die on the wafer 110} are successively positioned in
the laser beam 114 {i.¢., are positioned to receive the laser beam) and MOKE measurements for

the regions (e.g., dies) are taken accordingly.

{00069} Figure 3 i3 a hypothetical example of an MRAM wafer 300 divided into a
plurality of MRAM dies 302, Fach MRAM die 302 is g fully or partially fabricated MRAM
device that inchudes an array 304 of MRAM biteells. (In Figure 3, the array 304 is only shown
for a single MRAM die 302, for simplicity.) The MRAM wafer 300 can be mounted on the
chuck 202 (Figure 2} and positioned in the magnet 102 of the MOKE measurement system 100,
between the pole pieces 104-1 and 104-2 (Figure 1}. In Figure 3, the wafer 300 has been
positioned so that 4 beam spot 306 for the laser beam 114 {Figore 1} is incident on an array 304
of an MRAM die 302, The beam spot 306 may have a spot size on the order of one millimeter or
substantially less {(e.g., on the order of microns). By rotating the chuck 202 and translating the
chuck 202 along the single axis of translation for the stage system 200 (Figure 2), each MRAM
die 302 can be successively positioned so that the beam spot 306 15 successively incident on the
MRAM dies 302, Each MRAM die 302 can thereby receive and reflect the laser beam 114 while
positioned in the magnetic field 108 (Figure 1), and MOKE measurements for each MRAM die

302 can be taken accordingty.

SUMMARY
0010} The successive positioning of each MRAM die 302 on the MRAM wafer 300 in

the beam spot 306 (Figure 3) using the stage system 200 (Figure 2}, with its single axis of
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transiation, cavses ditferent MRAM dies 302 on the MRAM wafer 300 to have different
orientations with respect to the polarization of the laser beam 114 {e.g., with respect to the plane
of polarization of the laser beam 114} The orientation of MRAM dies 302 with respect o the
polarization of the laser beam 114 thus varies depending on the location of the MRAM dies 302
on the MRAM wafer 300. The signal<to-noise ratio for MOKE measorements of MRAM dies
varies, however, depending on the MRAM-die orientation with respect to the polarization of the
taser beam 114, This wafer-location dependence of the relative orientation resulis from the
patterning of the magnetic films on the MRAM dies to form bit cells, which exposes portions of
underlying layers (¢.g., of the bottom electrode). Some relative orientations cause drastic
reduction of the signal-to-noise ratio. For example, the sigual-fo-neise ratio for some relative
orientations may fall below a threshold for performing MOKE messurements. As a result,
MOKE measurements may be hmited to samapling a portion of MRAM dies on a wafer and may

be noisier for some dies than for others.

je011} Accordinglv, there is a need for methods and systems of measuring the MOKE for
MRAM dies in which respective MRAM dies (e g, all MRAM dies} on an MRAM wafer are
positioned such that they bave a common orientation with respect to the polastzation of the laser

beam used for the MOKE measurements.

{0012} In some embodinents, a metrology tool includes a magnet to generate a wmagnetic
field. The metrology tool also includes a stage system to position a plurality of MRAM dies on
an MRAM wafer in the magoetic field. The stage system inclodes a chuck on which to mount
the MRAM wafer. The metrology tool further meludes optics o provide a laser beam and direet
the laser beam to be incident upon respective MRAM dies on the MBAM wafer with the
respective MRAM dies posttioned in the magnetic field. The laser beam has a polarization. The
metrology tool additionally includes a detector to recetve the laser beam as reflected by the
respective MRAM dies on the MRAM wafer and to' measure the rotation of the polarization of
the reflected laser beam. The metrology tool is configurable to provide each MRAM die on the
MRAM wafer with a common orientation with respect to the polanization of the laser beam when
the laser beam is mcident on the MRAM die with the MRAM die positioned in the magnctic
field.
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{6013 In some embodiments, a method performed by a mettology tools includes
cenerating a magnetic field and positioning an MRAM wafer that includes a plurality of MRAM
dies in the magnetic field. With the MRAM water positioned in the magnetic field, a laser beam
is provided to be mcident upon the MRAM wafer. The laser beam has a polanzation.
Respective MRAM dies on the MRAM wafer are successively positioned so that the laser beam
is successively incident on the respective MRAM dies while the respective MRAM dies are
positioned in the magnetic flield. Each of the respective MRAM dies is onented with a common
orientation with respect to the polarization of the laser beam when the laser beam is incident on
the MRAM die. For cach of the respective MRAM dies, rotation of the polarization of the laser

beam as reflected by the MRAM die is measured.

U in some emboduments, a metrology tool includes a magnet to generate a magnetic
field. The metrelogy tool alse includes a stage system to position a plurality of MRAM dies on
an MRAM wafer in the magnetic field. The stage system includes a chuck on which to mount
the MRAM wafer. The metrology tool further includes optics to provide a laser beam and direct
the laser beam to be incident upon respective MRAM dies on the MRAM wafer with the
respective MRAM dies positioned in the magnetic field. The laser beam has a pelarization. The
metrology ool additionally includes a detector to receive the laser beam as reflected by the
respective MRAM dies on the MRAM wafer and to measure rotation of the polarization of the
reflected laser beam. The metrology tool further inclades one or more processors and memory
storing one or more programs for execution by the one or more processors. The one or more
programs include instructions for providing each MRAM die on the MRAM wafer with a
conmmon orientation with respect to the polarization of the laser beam when the laser bean 13

incident on the MRAM dig with the MRAM dic positioned in the magnetic field.

BRIEF DESCRIPTION OF THE DRAWINGS

{0015} For a better understanding of the varicus described implementations, reference
should be made to the Detailed Description below, in conjunction with the following drawings.
The drawings may not be toscale.

{016} Figure 1 is a schematic view of a MOKE measurement system,
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HEL R Figare 2 is a perspective view of 4 stage system to rotate a waler and translate the

water along one axis of pranslation,

{6018} Figure 3 15 a hypothetical example of an MRAM wafoer divided into a pluality of

MRAM die, with a laser beam incident on a respective MRAM die.

j0019] Figure 4 is a perspective view of a stage system to rotate a wafer and translate the

wafer along two axes of translation, in accordance with some embodiments.

{60289 Figure § 1s a schematic view of a MOKE measurement system, in accordance

with some embadiments.

{0021} Figures 6 and 7 are examples of MOKE measurements for an MRAM array on an
MRAM die.

{0022} Figure ¥ 15 8 flowchart showing a method of characterizing MRAM dies using the

MOKE, In accordance with some embodiments.

{8023} Figure 9 is a block diagram of a MOKE metrology system in accordance with

some embodiments.

{80244 Like reference numerals refer 1o corresponding parts throughout the drawings and

specification.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to various embodiments, examples of which
are illustrated in the accompanying drawings. In the following detailed description, numerous
specific details are set forth in order to provide a thorough understanding of the various
described embodiments. However, it will be apparent to one of ordinary skull in the art that the
various deseribed embodiments may be practiced without these specific details. In other
instances, wellknown methods, procedures, components, circuits, and networks have not been

described in detail 30 as not to unnecessarily obscure sspects of the embodiments.

{6026] Methods and systems for performing MOKE measurements on MRAM dies are
disclosed that allow respective MRAM dies (e.g., all MRAM dies) on an MRAM wafer (eg.,

MRAM wafer 300, Figure 3) {o be positioned for MOKE measorements with a conmymon
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orientation with respect o the polarization {e.g., with respect {0 the plane of polarization) of a
laser beam (e.g., laser beam 114, Figure 1) used for the MOKE measurements. Such methods
and systems ensare that MOKE measurements for the respective MRAM dies may be parformed
with a sufficient signal-fo-noise ratio. For example, such methods and systems may ensure that
all MRAM dies on an MRAM wafer, or all MRAM dies identified as candidates for inspection

on the MRAM wafer, may be characterized {i.e., inspected) using MOKE measurements.

160274 Figure 4 is a perspective view of a stage system 400 that may be used ina MOKE
easurernent system to position respective MRAM dies (e, all MRAM dies) on an MRAM
wafer {e.g., MRAM wafer 300, Figure 3) in a magnetic field (e, H 108, Figare 1). The stage
system 400 may orient the respective MRAM dies (e.g., all MRAM dies) on the MRAM wafer
with a common orientalion with respect to the polarization (e.g., to the plane of polarization) of
the MOKE measurement system’s laser beam {e.g., laser beam 114, Figure 1}, in accordance
with some embodiments. For example, the stage system 400 may be used in a polar MOKE
measurement system {e.g., the MOKE measurement system 100, Figure 1}, longitudinal MOKE
measurement systern, or transverse MOKE measprement systern. The commen otientation may
be an orfentation that has been predetermiined o provide a sufficient signal~-to-noise ratio for
MOKE measurements. The stage system 400 inclodes a rotational chuck 402 on which a wafer
{e.g., wafer 110, Figure 1: wafer 300, Figure 3} can be mounted. A motor 404 rotates the chuck
402 about a rotational axis {e.g., a central axis) of the chuck 402, The chuck 402 is coupled to a
first translational stage 400 that can be moved (Le., transtated) along rails 408 by a motor 410,
The first translational stage 406 is coupled to a second transiational stage 412 that that can be
moved (Le., franslated) along rails 414 by amotor 416, The first translational stage 406 coaples
the chuck 402 to the second translational stage 412, Movement of the first translational stage
406 and the second translational stage 412 translates the chuck 402 accordingly: moving the first
transiational stage 406 translates the chuck in the direction of the rails 408, and moving the
second translational stage 412 wansiates the Grsi translational stage 406 and the chock 402 in the

direction of the rails 414,

j0028] The stage svstem 400 thas has two gses of tanshation: & first s of translstion in
the direction of {i.e., paraltel 10) the rails 408, along which the first stage 406 can translate the
chuck 402, and a second axis of translation in the direction of {i.e., parallel o} the rails 414,

along which the second translational stage 412 can translate the first translational stage 406 and
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the chuck 402, The motor 410 moves the first translational stage 406 along the frst translational
axis. The motor 416 moves the second transiational stage 412 along the second axis of
transhation. In some embodiments, the first and second axes of translation are perpendicular,
For example, the rails 408 ave perpendicular to the rails 414 (to within manufacturmg

tolerances).

{6829] By mounting an MRAM wafer on the chuck 402, positioning the MRAM wafer as
mounted on the chuck 402 o g magnet of 8 MOKE measurement system {2.g., between the pole
pigces 104-1 and 104-2 of the magnet 102, Figure 1), and performing a combination of rotating
the chuck 402 and translating the chuck 402 along the first and second axes of transiation,
respective MRAM dies {e.g,, each MRAM die) on the MRAM wafer may be successively
positioped in the magnet’s magnetic field (e.g., H 108, Figure 1} with a common orientation with
respect to the polarization of the MOKE measurement systemt’s laser beant when the laser beam
is successively meident on the MRAM dies. For example, the common ortentation may be
achieved by rotating the chuck 402 and thus the MRAM wafer. Respective MRAM dies may
then be successively positioned, with the commuon orientation, to recetve the laser beam by
transiating the chuck 402, and thus the MRAM wafer, along the fivst and second axes of

transiation.

{00304 The conunon orientation may alternately be achieved by rotating optical
components, Figure § is a schematic view of a MOKE measurement system 500, in accordance
with some embodiments. The MOKE measurement system 300 includes the components of the
MOKE measurement system 100 (Figure 1), with the laser 112, polarizer 116, and detector 122
being replaced by a laser 512, polarizer 516, and detector 522 that are rotatable about their
respective longitudinal axes: the laser 512 is rotatable about its longitudinal axis 502, the
polarizer 516 is rotatable about a longitudinal axis paraliel to the optical path of the laser beam
314, and the detector 322 {e.g., an analyzer within the detector 522} is rotatable about a
fongitudinal axis parallel o the optical path of the reflected laser beam 520, In some
embodiments, the laser 512 and polarizer 316 are configured to rotate by equal amounts {e.g., to
rotate together). In some ambodiments, the detector 522 (e.g., the analyzer within the detector
522) s configured to rotate in accordance with the rotation of the laser 512 and polarizer 516

For example, the detector 5322 (e.g., the analvzer within the detector 3223 is configured to rotate

o
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by an equial amount as the laser 512 and polarizer 316 (¢ g, 10 rotgie together with the lager 512

&
and polarizer 516).
{6031} Rotating the laser 512 and polarizer 316 rotates the polarization of the laser beam
514 (e.g., rotates the plane of polarization of the laser beam 514). The laser 512 and polarizer
516 mayv be rotated to maintain a conunon onentation of different MRAM dies with respect to
the polarization of the laser beam 514 when performing MOKE measurements for the different
MRAM dies. For exanple, different MRAM dies 302 on an MRAM water 300 may be
successively posttioned in the magnetic field 108, betwesn the first gnd second pole pisces 104-1
and 104-2, using the stage system 200 (Figure 2, so that the laser beam 514 is successively
incident on the different MRAM dies 302, The stage system 200, with its single translational
axis, causes the different MRAM dies 302 to have different absolute orientations when
positioned to recetve the laser beam 514 in this manner. Rotating the laser 512 and polarizer 316
allows the different MRAM dies 302 to have a common ovientation with respect {0 the
polarization of the laser beam 314, despite the different absolute orientations of the different
MRAM dies 302, Rotating the detector 522 {e.g., the analyzer within the detector 322} in
accordance with the rotation of the laser 512 and polarizer 516 allows the detector 522 to
measure the rotation of the polarization for the reflected laser beam 520 {1e., as measored with

respect o the polarization of the incident laser beam 514}

[00323 In still other alternatives, the common orientation may be achieved by holding the
MRAM wafer stationary and moving all or a portion of the MOKE measorement system. For
example, the magnet 102 and all or a portion of the optics of the MOKE measurement svstem
100 {Figure 1) may be moved while the stage system on which the MRAM waler is mounted is

stationary,

{0033} Fignres 6 and 7 are examples of MOKE measurements for an MRAM arrav on an
MRAM die. Figure 6 shows a high-field, full-stack measureraent for the MRAM array, while
Figure 7 shows a low-field, free-layer measurement for the MRAM array. The x-axes of Figures

& and 7 are the magnetic field strength (e.g., in O}, while the y-axes are Kerr rotation in

arbitrary units. In Fiyure 6, curve 602 is measured for an increasing magaetic field and curve
604 is measured for a decreasing magnetic field. In Figure 7, curve 702 is measured for an

increasing magnetic field and curve 704 is measured for a decreasing magnetic field. Magnetic

9
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properties of witerest may be extracted from the cufves 602, 604, 702, and 704 using kiown
techniques. These types of carves may be obtained using a MOKE measurement system such as

the MOKE measurement system 100 {Figure 1) or 300 {(Figure 5).

0034} Figure § is a flowchart showing a method 300 of characterizing MRAM dies
using the MOKE, in accordance with some cmbodiments. In the method 800, an MRAM wafer
{e.g.. MRAM wafer 300, Figure 3) is mounted {802) on a chuck. The MRAM wafer includes a
plurality of MRAM dies (e.g., MRAM dies 302, Figure 33

{6035] A magnetic field is generated (804). The MRAM wafer is positioned (806) in the
magnetic fekd, For example, the MRAM wafer is positioned between the fust pole piece 104-1

and the second pole piece 104-2 (Figure 1 or 83 In some smbodiments, the magnetic field (e.g.,
H 103, Figure | or ) is configured (8U8) to be novmal o vespective MRAM dies on the MRAM
water.,

{0036} With the MRAM wafer positioned in the magnetic fleld, & laser beam {e.g., laser

beam 114, Figure 1, faser heam 514, Figare 8} is provided (810) 1o be incident upon the MRAM

wafer, The laser beam has a polarization with an ovientation. The laser beam is generated (812)
psing a laser {e.g., laser 112, Figure 1; laser 512, Figure 5) and polanized (814) to have the

polarization using a polarizer (e.g., polarizer 116, Figure 1; polarizer 516, Figure 3).

{06637} The respective MRAM dies {e.g., each MRAM die on the MRAM wafer) are
successively posttioned {816) so that the laser beam is successively incident on the respective
MRAM dies while the respective MRAM dies are positionad in the magoetic field. Each of the
respective MRAM dies {e.g., cach MRAM dic on the wafer) is onented (816) with a common
orientation with raspect 1o the polarization of the laser beam {e.2., with respect to the plane of
polarization of the laser beam) when the laser beam is ineident on the MRAM die. The conmnon
orientation may be an ortentation that bas been predetermined to provide a sufficient signal-to-

noise ratio for MOKE measuraments. The respective MRAM dies refloct the laser beam.

{0038} in some embodiments, the laser beam is directed {818) to be notmally incident on

the respective MRAM dies {e.g., as shown in Figares 1 and 5).

[0639] In some embodiments, successively positioning the respective MRAM dies

mcludes rotating {820} the chuck and translating {822} the chuck along a first translational axis

10
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and along a second transtationial axis. For example, the chuck 402 is wanslated alonyg the first
and second transiational axes of the stage system 400 (Figure 4). The first and second

translational axes may be perpendicular (to within manufacturing tolerances).

0040} In some embodiments, orfenting each of the respective MRAM dies with the
conmmnan erientation includes rotating (824) the laser {e.g., laser 512, Figure 5) and the polanizer
{e.g., polarizer 316, Figure 5} about their respective longitudinal axes to vary the polarization of
the incident laserbeam. For example, orienting the MRAM dies by rotating the laser and
polarizer 1s performed in conjunction with successively positioning the respective MRAM dies
by rotating the chuck {e.g., chuck 202, Figure 2) and translating the chuck along a single

transiational axis (e.g., using the stage svstem 200, Figure 2}

{6841} For each of the respective MRAM dies, rotation of the polarization of the lagser
beam {e.g., of the plane of polarization of the laser beam} as reflected by the MRAM die 1s
reasured (§26). MOKE measurements are thus performed. In some embodiments, the detector
122 (Figure 1} or 522 {(Figure 5) includes an analvzer that is used (o measwre the rotation of the

polarization of the laser beam as reflected by the MRAM die.

{0042 In some embodiments (e.g., which inclode step 824), a detector {e.g., detector
522, Figure 5} used to measure the rotation of the polarization of the laser beam as reflected by
the respective MRAM dies is rotated (828) in accordance with the rotating of the laser and the

polarizer.

j0043] While the method 800 includes a number of operations that appear to occur in a
specific order, the method 00 can include more or fower operations.. Some operations can be
execnted serially or in paraliel. The order of two or more non-order-dependent operations may
be changed, performance of two or more operations mway overlap, and two or more operations
may be combined fato a single operation. For example, step 806 may include positioning the
MRAM wafer in the magnet befors the magnetic field is generated, such that the MRAM wafer
is in the desired position when the magnetic field is generated {e.g.. by applving current fo the

coils 106-1 and 106-2, Figure 1 or 5} in step 804,

0044} Figure 9 15 a block diagram of @ MOKE metrology system 900 in accordance with
some embodiments. The MOKE metrology system 800 mcludes a MOKE inspection teol 930

and & computer systen with one or more processors 902 {e.g., CPUS), user interfaces 200,

11
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memory 210, and conumpnication bus(es)y 904 nterconnecting these components. The contputer
system alternatively may be communicatively coupled with the MOKE inspection tool 930
through one or more networks. The computer system may further include one or more network
interfaces {wired andfor wireless, not shows) for communicating with the MOKE mspection tool

930 andfor remote computer systems.

{6845] The MOKE ingpection tool 930 includes a measorement sysiem 932 {e.g., MOKE
measurement system 100, Figure 1, or 500, Figure 5) and a stage system 934 (e g, stage system
200, Figure 2, or 400, Figure 4). In sonie enbodiments, the measyrgment system #3215 the
MOKE measurement system 100 (Figure 1) and the stage system 934 is the stage system 400
{Figure 4). In some other embodiments, the measurement system 932 s the MOKE

measuretnent system 500 (Figure 5) and the stage system 934 is the stage system 200 (Figure 2).

{0046} The user interfaces 906 may inchude a display 907 and one or more input devices
908 (e.z., 4 keyboard, mouse, touch-sensitive surface of the display 907, eic.). The display 907
may display MOKE measurement results (g.g., results of the method 806, Figure 8). For

example, the display 907 may display corves of the types shown in Figures 6 and 7.

{0047} Memory 910 mcludes volatile andfor non~-volatile memory. Memory 910 (e.g.,
the non-volatile memory within memory 910} includes a non-transitory computer-readable
storage medivm. Memory 910 optionally includes one or more storage devices remotely located
from the processors 902 andfor a non-transitory computer-readable storage medium that is
removably inserted into the computer system.  In some embodiments, memory 910 (e.g., the
non-transitory computer-readable storage medium of memory 910} stores the following modules
and data, or a subset or superset thereof: an operating system 912 that includes procedures for
handling varions basic system services and for performing bardware-dependent tasks, a
positioning module 914 for causing the stage system 934 1o position MRAM dies in the magnet
of the measurement system 932 to receive a laser beam with a common orientation with respect
to the polarization of the laser beam, 3 MOKE measwrament module 916 for causing the
mecasurement system 232 to take MOKE measurements, and s reporting module 920 for
reporting MOKE measurement results {e.g., curves such as the curves in Figures 6 and 7) (e.g.,
results of the method 800, Figore 8). The memory 910 (e.g., the non-transitory computer-

readable storage mediom of the memory 91 {e.g., the positioning module 914 together with the
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MOKE measurement module 916} may mehude 1ustructions for pecfonning all or & portion of the

method 800 {Figure 8).

{0048} Each of the modules stored in the memory 910 corresponds to g set of mstructions
for performing one or more functions described berein. Separate modules need not be
implemented as separate software programs. The modules and varous subsets of the modules
may be combined or otherwise re-arranged. In some embodiments, the memory ¢10 stores a

subset or superset of the modules andior data structures identified above.

{6049 Figure 9 is intended more 8s a functional description of various features that may
be present in 8 MOKE metrology system than as a structural schematic, For example, the
functionality of the computer system in the MOKE metrology system 900 may be split between
muliiple devices. A portion of the modules stored in the memory 910 may alternatively be
stored in one or more other computer systems communicatively coupled with the computer

system of the MOKE metrology systemn 900 through one or more networks,

{0050} The foregoing description, for purpose of explanation, has been described with
reference to specific embodiments. However, the illostrative discussions above are not intended
to be exhaunstive or to limit the scope of the clatms to the precise forms disclosed. Many
modifications and variations are possible in view of the above teachings. The embodiments were
chosen i order to best explain the principles underlying the claims and their practical
applications, to thereby enable others skilled in the art to best use the embodiments with vanous

modifications gs gre suited to the particular yses contemplated.
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