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(57) Abstract: Multiple pin probes and methods for controlling such multiple
pin probes to support parallel measurements are disclosed. The method may
include: establishing electrical contact between a multiple pin probe and a
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additional pins out of the plurality of pins included in the multiple pin probe
as voltage-metering pins; injecting a current through the current-carrying
pins; simultaneously measuring voltage signals through the voltage-metering
pins; calculating a simulated a voltage distribution curve at least partially
based on the voltage signals simultaneously measured through the voltage-
metering pins; and determining one or more processor monitor parameters of
the subject of measurement at least partially based on the simulated voltage
distribution curve.
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MULTIPLE PIN PROBES WITH SUPPORT FOR
PERFORMING PARALLEL MEASUREMENTS

CROSS-REFERENCE TO RELATED APPLICATIONS
foouil The present application claims the benefit under 35 U.5.C0 § 119{e}
of U.S, Provisional Application Serial No, 62/154,233, filed Aprit 29, 2015.
Said U.S. Provisional Application Serfal No. 62/154,233 i hereby

incorporated by reference in its entirety.

TECHNICAL FIELD
{00021 The disclosure generally relates to the field of measurement devices,

and particularly to measurement devices using mulliple pin probes.

BACKGROUND
[00031 A multiple pin probe is a probe that includes multiple pins. A
measurement technique commonly referred to as current in-plane
tunneling, or CIPT, uses multiple pin probes to take measurements of

magnetic tunnel junction resistance.

{0004] More specifically, current in-plane tunneling takes measurements in
multiple measurement steps. Each measwrement step commences by
selecting four of the pins in a multiple pin probe. Two of the selected pins
are coupled to current sources and the other two of the selected pins are
coupled to voltage meters. Current is passed through the two current-
carrying pins and voltage is measured through the two voltage-metering
pins. This measurement step is then repeated multiple times ({with
different selection/coupling of four pins in each measurement step} to

extract the magnetic tunnel junction resistance.
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f0005] It is noted that the repetitive nature of the current in-plane
tunneling measurement process means that the measurement steps are
performed at different times. It also requires a relative long period of time
to complete the measurement process {e.g., in eight or more measurement
steps}, during which the pins may change positions, leading to measurement
variations and inaccuracies.

SUMMARY
foonel An embodiment of the present disclosure is directed to a system.
The system may include a multiple pin probe having Ne-number of ping,
where N is greater than four. The system may also include a control circuit
configured to measure a subject of measurement utilizing the multiple pin
probe, The control circuit may be configured to: select two current-
carrying pins out of the Nenumber of pins included in the multiple pin
prabe; select more than two voltage-metering pins out of the N-number of
pins included in the multiple pin probe; inject a current through the two
current-carrying pins; simultaneously measure voltage signals through the
more than two voltage-metering pins; calculate a simulated voltage
distribution curve at least partially based on the voltage signals
simultaneously measured through the more than two voltage-metering pins;
and determine one or more processor monitor parameters of the subject of
measurement at least partially based on the simulated voltage distribution

curve,

f0007] A further smbodiment of the present disclosure is directed to a
system. The system may include a multiple pin probe having N-number of
pins, where N is greater than four. The system may also include a control
circuit configured to measure junction parameters of a subject of
measwrement utilizing the multiple pin probe. The control circuit mya be
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configured to: select two current-carrying pins out of the N-number of pins
included in the multiple pin probe; select more than two voltage-metering
pins out of the N-number of pins included in the multiple pin probe; injfect a
current through the two current-carrying pins; simultaneously measure
voltage signals through the more than two voltage-metering pins; calculate
a simulated voltage distribution curve at least partially based on the voltage
signals simultaneously measured through the more than two voltage-
metering pins; and extracting one or more junction parameters of the
subject of measurement at least partially based on the simulated voltage

distribution curve.

[0008] An additional embodiment of the present disclosure is directed to a
method. The method may include: establishing electrical contact between
a multiple pin probe and a subject of measurement; selecting two pins out
of a plurality of pins included in the multiple pin probe as current-carrying
pins; selecting more than two additional pins out of the plurality of pins
included in the multiple pin probe as voltage-metering pins; injecting a
current through the current-carrying pins; simultaneousty measuring voltage
signals through the voltage-metering ping; calculating a simulated a voltage
distribution curve at least partially based on the voltage signals
simultanecusly measured  through the voltage-metering pins; and
determining one or more processor monitor parameters of the subject of
rgasurement at least partially based on the simulated voltage distribution

curve,

foon9y it is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and
are not necessarily restrictive of the present disclosure, The accompanying
drawings, which are incorporated in and constitute a part of the
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specification, illustrate subject matter of the disclosure. Together, the
descriptions and the drawings serve to explain the principles of the
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The numerous advantages of the disclosure may be better understood
by those skilled in the art by reference to the accompanying figures in
which:

FIG. 1 is a block diagram depicting a measurement system configured
in accordance an embodiment of with the present disclosure;

FIG. 2 is another block diagram depicting the measurement system
configured in accordance an embodiment of with the present disclosure;
and

FIG. 3 is a flow diagram depicting a measurement method configured

in accordance an embodiment of with the present disclosure.

DETAILED DESCRIPTION
[0011] Reference will now be made in detail to the subject matter

disclosed, which is llustrated in the accompanying drawings.

foo12] Embodiments in accordance with the present disclosure are directed
to multiple pin probes and metheods for controlling such multiple pin probes
to support parallel measurements. 1t is contemplated that performing
parallel measurements helps improve measurement efficiency and
accuracy,

[0013] Referring generally to FIGS. 1 and 2, simplified block diagrams of a
measurement system 100 configured in accordance with an embodiment of
the present disclosure are shown. it is noted that the block diagrams shown
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in FIGS, 1 and 2 have been simplified for illustrative purposes. It is to be
understood that the measurement system 100 may utilize various types of
amplifiers, filters, signal converters, and/or gain controllers along the signal
paths as needed without departing from the spirit and scope of the present

disclosure.

{00141 The measurement system 100 configured in accordance with an
embodiment of the present disclosure includes a multiple pin probe 102
communicatively coupled with a control circuit 104, The multiple pin probe
107 includes Nenumber of pins, where N is greater than 4. I some
embodiments, the multiple pin probe 102 may include 12 pins denoted as
pins 102-1 through 102-12 in FIG. 1. The distances between adjacent pins in
the multiple pin probe 102 may be non-uniform and may vary from
relatively narrow {e.g., in the order of 1 ym) to relatively wide (e.g., in the
grder of 10 ym or greater), N is to be understood that the 12-pin
configuration depicted in FIG. 1 is merely exemplary and is not meant to be
limiting. It is contemplated that the multiple pin probe 102 may include
different number of pins, and the pins may be spaced at various distances
apart from each other, without departing from the spirit and scope of the

present disclosure.

100151 While specific implementations of the multiple pin probe 102 may
vary, it is noted that the pins of the multiple pin probe 102 are configured
in a manner that allows them %o simulianeously contact a subject of
measurement {e.g., a wafer) 106 during a measuremant process. Allowing
the pins of the multiple pin probe 102 to simultaneously contact the wafer
106 enables the multiple pin probe 102 to support parallel measurements of
the wafer 106. Performing multiple measurements in parallel may lead to

improved measurement efficiency and accuracy.
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foots} In some embodiments, the control circuit 104 of the multiple pin
probe 102 is configured {e.g., using a multiplexer or the like) to select two
of the N-number of pins as current-carrying pins. The control circuit 104
may couple the two current-carrying pins to a current source 108 and
couple the rest of the pins {up to N-2 of them)} to multiple voltage meters
110 {with respect {0 a common ground, or a common pin), This coupling
allows the voltages to be measurad simultaneously at multiple voltage
meters 110 when a current is injected, effectively performing multiple

measurgments in parallel.

[00171 More specifically, for illustrative purposes, suppose the pins 102-5
and 102-8 shown in FIG. 1 are selected to be current-carrying pins. The
control circuit 104 may couple the pins 102-5 and 102-8 to the current
source 108 and couple the other ten pins (102-1 through 102-4, 102-6, 102-
7, and 102-9 through 102-12) to their respective voltage meters 110, it is
noted that because the pins 102-1 through 102-4, 102-6, 102-7, and 102-9
through 102-12 {collectively referred to as voltage-metering pins) are
distributed at variable distances away from the current-carrying pins {with
some voltage-metering pins very close to the current-carrying pins and some
far away from the current-carrying pins}, the voltages measured at the
various voltage meters 110 may provide adequate information to help a
signal processor 112 {which may include one or more dedicated processing
devices, application-specific integrated circuits (ASICs), digital signal
processors {DSPs), field-programmable gate arrays (FPGAs), or various other
types of processors or processing devices) to sxtract tunneling junction
resistance of the top {first) layer, the junction layer, and/or the bottom
{second} layer of the wafer 106 all at once.

{00181 FIG. 3 is a more detailed flow diagram depicting the parallel

measurement process/method 300 performed using the multiple pin probe
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102, As shown in FIG. 3, electrical contact between the multiple pin probe
102 and the surface of the wafer 106 is established in a step 302. Two of
the pins in the multiple pin probe 102 are selected as current-carrying pins,
which are coupled to the current source 108 in a step 304, At {east some
{or all) of the rest of the pins in the multiple pin probe are selected as
voltage-metering pins, which are coupled to one or more vollage meters
110 in a step 306. In some embodiments, the voltage meters may include
one or more lock-in amplifiers. It is contemplated, however, that the
implementations of the voltage meters may vary without departing from the

spirit and scope of the present disclosure.

[0019] With the cuwrrent-carrying pins and the voltage-metering pins
selected, a predefined current can be injected through the current-carrying
pins in a step 308. Voliage signals can be metered in a step 310, and the
voltage signals in terms of amplitude and phase angle (1,Q) can be read out
simultaneously for the various voltage-metering pins distributed around the
current-carrying pins. The results obtained in the step 310 can then be
utilized in a step 312 to calculate a simulated volfage distribution curve
with junction parameters {e.g., resistance of the top layer, the junction
layer, and/or the bottom layer), probe parameters {e.g., spacing, spacing
deviation, contact size and contact conductivity}, as well as various other
types of parameters {e.g., including test pad parameter indicating whether
it is a monitor wafer without pad size Umitation, or it is a limited pad size
or the like), Values of some of these parameters {e.g., the junction
parameters} can be determined based on the simulated voltage distribution

curve and reported as process monitor parameters in a step 314,

foo20} it is noted that by effectively performing multiple measurements in
parallel, the measurement method 300 is able to shorten the measurement

time. The measurement method 300 is also able to reduce measursment
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errors caused by probe spacing vibrations. The measurement method 300
may further prolong the lifetime of the multiple pin probe {due to reduced
contact time} and may reduce the current distribution range reguirement

for measurement on small pads.

{00211 it is noted that the measurament method 300 can also be configured
to repeat the steps 304 through 312 more than once. In some
embodiments, different current-carrying pins and voltage-metering pins are
setected when the steps 304 through 312 are repeated to obtain one or
more additional voltage distribution curves.  These additional voltage
distribution curves can be used for arbitrary probe position error correction
in the fitting process, which may further improve the measurement
accuracy. In some embodiments, pins that are selected as current-carrying
pins are also selected as voltage-metering pins at some point during the

measurement process.

fooz21 Furthermore, in some embodiments, selection of the current-carrying
pins is Umited to be around the middle pins of the multiple pin probe 102,
Such a limitation may help reduce the voltage distribution area, allowing
the multiple pin probe 102 to be better suited for measuring a finite size
pad on a patterned wafer. Alternatively, in some embodiments, pins that
are spaced farther apart from each other may be selected as the current-
carrying pins, and the pins located between the current-carrying pins may
be selected as the voltage-metering pins.  In some embodiments, sample
size effect and probe contact size effect tan be simulated and utilized to
modify the voltage distribution, which may help further improve the
measurement accuracy and prolong the lifetime of the multiple pin
probe 102.
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{0023} it is contemplated that the advantages provided by the measurement
systems and the measurement methods configured in accordance with the
present disclosure may be appreciated in various applications. it is
contemplated that while some of the examples above referred to certain
specific paramelers {e.g., the junction parameters), the systems and
methods configured in accordance with the present disclosure are
applicable to obtain measurements of other types of parameters without
departing from the spirit and scope of the present disclosure. in addition, it
is contemplated that the term wafer used in the present disclosure may
include a thin slice of semiconductor material used in the fabrication of
integrated circuits and other devices, as well as other thin polished plates

such as magnetic disc substrates, gauge blocks and the like.

f00241 it is contemplated that the measurement methods configured in
accordance with the present disclosure may be implemented in various
meastrement tools as sets of instructions executed by one or more
processors, through a single production device, and/or through multiple
production devices, Further, it is understood that the specific order or
higrarchy of steps in the methods disclosed are examples of exemplary
approaches. Based upon design preferences, it is understood that the
specific order or hierarchy of steps in the method can be rearranged while
remaining within the scope and spirit of the disclosure. The accompanying
method claims present elements of the various steps in a sample order, and
arg not necessarily meant to be limited to the specific order or hierarchy
presented.

{0025} it is believed that the systems and methods of the present disclosure
and many of its attendant advantages will be understood by the foregoing

description, and it will be apparent that various changes may be made in
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the form, construction and arrangement of the components without
departing from the disclosed subject matter or without sacrificing all of its

material advantages. The form described is merely explanatory.

10
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CLAIMS
What is claimed is:

1. A system, comprising:
a multiple pin probe having N-number of pins, where N is greater
than four; and
a control circuit configured to measure a subject of measurement
utilizing the multiple pin probe, the control circuit configured to:
select two current-carrying pins out of the N-number of pins
included in the multiple pin probe;
seltect more than two voltage-metering pins out of the N-
number of pins included in the multiple pin probe;
inject a current through the two current-carrying pins;
simuttaneously measure voltage signals through the more than
two voltage-metering pins;
calculate a simulated voltage distribution curve at least
partially based on the voltage signals stmultaneously measured
through the more than two voltage-metering pins; and
determine gne of more processor monitor parameters of the
subject of measurement at least partially based on the simulated

voltage distribution curve,

2. The system of claim 1, wherein distances between adjacent pins

included in the multiple pin probe are different.
3. The system of claim 1, wherein the more than two voltage-metering

pins include all N-number of pins included in the multiple pin probe except

for the two current-carrying pins.

11
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4, The system of claim 3, wherein the multiple pin probe includes 12

pins,

5. The system of claim 1, wherein the control circuit comprises a
plurality of voltage meters configured to simultaneously measure voltage
signals through the more than two voltage-metering pins,

6. The system of claim 5, wherein the plurality of voltage meters

includes a plurality of tock-in amplifiers operating in parallel.

7. The system of claim 1, wherein the control circuit & further
configured to:

change selections of the two current-carrying pins and the more than
two voltage-metering pins to repeat the measurement utilizing the multiple
pin probe,

A system, comprising:
a multiple pin probe having N-number of pins, where N is greater

than four; and
a control circuit configured to measure junction paramsters of a
subject of measurement utilizing the multiple pin probe, the control circuit
configured to:
select two current-carrying pins out of the N-number of pins
included in the multiple pin probe;
select more than two voltage-metering pins out of the N-
number of pins included in the multiple pin probe;
inject a current through the two current-carrying pins;
simultanecusly measure voltage signals through the more than

two voltage-metering pins;

12
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calculate a simulated voltage distribution curve at least
partially based on the voltage signals simultanesously measured
through the more than two voltage-metering pins; and

extracting one or more junction parameters of the subject of
measurement at least partially based on the simulated voltage
distribution curve,

8. The systemn of claim 8, wherein the subject of measurement s 3
semiconductor wafer, and wherein the one or more junction parameters

include a resistance of a junction layer of the semiconductor wafer,

9, The system of claim 8, wherein distances between adjacent pins

included in the multiple pin probe are different.

10.  The system of claim 8, wherein the more than two voltage-metering
ping include all N-number of pins included in the multiple pin probe except

for the two current-carrying pins.

1. The system of claim 11, wherein the multiple pin probe includes 12

pins,

12.  The system of claim 8, wherein the control circuit comprises a
plurality of voltage meters configured to simultaneously measure voltage

signals through the more than two voltage-metering pins.

13.  The system of claim 13, wherein the plurality of voltage meters

includes a plurality of lock-in amplifiers operating in parallel.

13
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14. The system of claim 8, whersin the control circuit s further
configured to:

change selections of the two current-carrying pins and the more than
two voltage-metering pins to repeat the measurement utitizing the multiple

pin probe.

15. A method, comprising:

establishing electrical contact between a multiple pin probe and a
subject of measurement;

selecting two pins out of a plurality of pins included in the muitiple
pin probe as current-carrying pins;

selecting more than two additional pins out of the plurality of pins
included in the multiple pin probe as voltage-metering pins;

injecting a current through the current-carrying pins;

simultaneously  measuring voltage signals through the voltage-
metering pins;

calculating a simulated a voltage distribution curve at least partially
based on the voltage signals simultaneously measured through the voltage-
metering ping; and

determining one or more processor monitor parameters of the
subject of measurement at east partially based on the simulated voltage

distribution curve.

16.  The method of claim 16, wherein the multiple pin probe includes
more than four pins.

17.  The method of claim 17, wherein distances between adjacent pins
included in the multiple pin probe are different.

14
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18. The method of claim 18, wherein the voltage-metering pins include
all of the pins included in the multiple pin probe except for the current-

carrying pins.

19.  The method of claim 16, further comprising:

selecting two different pins out of the plurality of pins included
the multiple pin probe as new current-carrying pins;

selecting more than two different additional pins out of the plurality
of pins included in the multiple pin probe as new voltage-metering pins; and

repeating the injecting step, the measuring step, the calculating
step, and the determining step utilizing the new current-carrying pins and

the new voltage-metering pins.

15
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