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(54) Title: METHOD FOR MEASURING AN ELECTRIC PROPERTY OF A TEST SAMPLE

(57) Abstract: The method may be used for measuring an electric property of
a magnetic tunnel junction used in an embedded MRAM memory for example.
The method uses a multi point probe with a plurality of probe tips for contacting
a designated area of the test sample, which is electrically insulated from the
part of the test sample which is to be tested. Electrically connections are placed
underneath the magnetic tunnel junction and goes to the designated area.
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METHOD FOR MEASURING AN ELECTRIC PROPERTY OF A TEST SAMPLE

DESCRIPTION

The present invention refates to measuring at least one electiic property of a test sample
such as a multifayer stack composed of electrically conductive layers and at {east one
tunnelling barrier, for example a magnetic tunnel junction (MTJ).

Typically, microscopic multi-point probes are used on for example magnetoresistive ran-
dom-access memory (MRAM) wafers for cufrent-in-plane- tunnelling megsurement for
determining a number of electric properties of the test sample, i.e. for testing that the
wafer is according o specifications.

The electric properties may be the resistance area product, the sheet resistance of a
first electrically conductive sheet on top of the tunnelling barrier, the sheet resistance of
a second sheet below the tunneliing barrier (bottom sheet), and the magneto tunnelling

resistance.

The test sample may contain any number of tunnelling barriers and electrically conduc-
tive sheets, deposiied on top of each other; in such case, multiple resistance area prod-
ucts may be defined. i is also possible that a sample containing more than one funnel-
fing barrier is modelled by a single barrier mathematical model.

The typical method of placing the mutti-point probe above the wafer, and contacting the
{op surface of the ‘wafer with the lips of the electrodes of the probe may result in an
erronaous measurement if, for example in the case of a single tunnelling barrier modet,
the sheet resistance. of the top sheet is fower than the sheet resistance of the bottom

sheet.
If is an object of the present invention to achieve an improved measurement.
The above object and advaniages together with numerous other objects and ad-

vantages, which will be evident from the description of the present invention, are ac-
cording to a first aspect of the present invention obtained by:
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A method for measuring an electrically property of a multilayer test sample such as a
magnetic tunnel junction, said method comprising:

providing said muitilayer test sample having a stack including at least a first fayer and
a second laver, said stack being above an electrically insulating layer,

providing a first test sample terminal above said electrically insulating layer for a first
connection with a2 measurement circuil,

providing a second fest sample terminal above said electrically insulating layer for a
second connection with said measurement circuit,

said first test sample terminal, said second test sample {erminal, and said stack being

electrically insulated from each other,

providing a first electrically conductive path embedded in said electrically insulating
layer, said first efectrically conductive path electrically interconnecting said first test
sampie terminal and said stack, and

providing a second electrically conductive path embedded in the elecirically insulated
layer, said second electrically canductive path electrically interconnecting said second
fest sample terminal and said stack,

said method further comprising:

providing said measuring circuit including a first measuring terminal, and a second

measuring terminal,

confacting said first measuring terminal with said first test sample terminal,
contacting said second measuring terminal with said second test sample terminal, and

measuring said electric property of said stack by means of said measuring circuit.

The terms electric, electronic, electrically are to be undersiood are interchangeable.
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A third test sample terminal above the electrically insulating layer for a third connection
with a measurement circuit may be provided. And the third measuring terminal may be
contacted with the third test sample terminal.

A fourth test sample terminal above the electrically insulating layer for a fourth connec-
tion with a measurement circuit may be provided. And the fourth measuring terminal
may be contacted with the fourth test sampie terminal.

Embedded meansfeatures may be provided or embedded in the test sample forem-
bedded measuring of the electronic property, i.e. by embedded measuring i8 meant
measuring the elecironic property by means of features embedded in the test sample
during the microfabrication of the test sample.

The embedded means may be constituted by the two terminals, and the electrically
conductive paths below the stack and terminals.

The electrically insulated layer below the stack may support the stack. Similarly, the
electrically insulated layer may support the test sample terminals.

The first layer may be made of an electrically conductive materiai, and the second
layer may also be made of an electrically conductive material.

Alternatively, one of the two layers (preferably the second layer, which may be below
the first layer) may be made of an electric insulator.

Each of the first layer and/or the second layer may be subdivided into muttiple lay-
ers/sheets.

An electric insulator may also be sandwiched between the first layer and the second
{ayer such that the stack is a three-layer stack — the electric. insulator constituting a
tunnelling barrierflayer.

The multifayer test sample may be a semiconductor wafer having multiple conductive
and tunneling layers.
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The multilayer test may for example be a magnetoresistive random-access memaory,
wherein each memory cell may be constituted by a magnetic tunnel junction — each
junction may be constituted by a pillar.

There may be a high confact resistance barrier between the first (conductive) layer,
and the second (conductive) fayer such as Schottky barrier.

The stack may comprise the electronics for the desired purpose of the dies of the sem-
jconductor wafer, i.e. the two layers may be for a memory purpose or for a Sensor pur-

pose.

The wafer is to be undersiood as a substrate for microelectronic devices built in during
the microfabrication process of the wafer.

The microelectronics may comprise an electronic component directed towards the de-
sired purpose as well as circuits or components for controiling the electronic compo-
nent, i.e. @ memory cell and a switch for the memory cell for example.

The wafer may be fabricated by eiching and/or layer growth, which may be repeated in
a number of steps in a usual wafer fabrication method.

The measuring circuit may include a movable probe for moving the first measuring ter-
minal and the second measuring terminal to the test sample such that the contact be-
tween the first measuring terminal and the first test sample terminal and also the sec-
ond measuring terminal and the second test sample terminal may be established.

The first test sample terminal and second test sampie terminal may each constitute a

landing pad for each of the two measuring terminals, i.e. such that a measuring termi-
nal may be brought into contact (electrically) with a test sample for a measuring termi-
nal to land on.

Each of the first and the second test sample terminals may ke manufactured during
the manufacturing of the semiconductor wafer by etching each test sample terminal
out asan island, i.e. efching around the area of the semiconductor wafer, which is des-
ignated the test sample terminal such that g profruding structure remains.
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The etching may extend through the three-layer stack (constituting an MTJ stack for
example) such that the test sample in itself has the same three layers as the rest of
the wafer where there are no etchings.

Alternatively, a test sample terminal may be manufactured such that the material of the

terminal is only deposited/grown in the area designated for the test sample terminat.

The test sample terminals may be positioned in the scribe lines of the test sample, i.e.
the lines dividing the test sample into the respective dies having the integrated circuits

constitufing the electronics.

The scribe lines are typically arranged as a rectangular grid for dicing the dies, i.e. with
gridlines being orthogonal.

A scribe line may have a width between 20 o 200 microns, such as 75 o 125 microns
or such-as 100 microns.

The test samiple terminals may be made simultaneously as the elecironics/integrated
circuits of the dies, i.e. the area of the dies and the scribe lines is exposead with the
material of the first layer in one step. In a second step, the test sample terminals may
be insulated.

Thus, the first layer of a test sample terminal, and the first layer of the stack may be in
the same plane.

Several test sample terminals may be placed next to each other, such as four test
sample terminals. They may have a pitch (distance between them) matching the pitch
of a muttipoint probe for example, i.e. the second test sample terminal may be adja-
cent the first test sample terminal. A third test sample terminal may be placed adjacent
to the second test sampie terminal, and a fourth test sample terminal may be placed
adjacent to the third test sample terminal. Such four test sample terminals may be
placed lineasly with respect o each other, i.e. constituting a row of test sample termi-

nais.

The electiically insulated layer supports the upper layers, and it may also be used for
embedding electric wiring, i.e. electric interconnections between different paris of the
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wafer. Several of such metallization layers may be provided for electric interconnec-

tions through the wafer.

The electric wiring such as the first electrically conductive path and the second electri-
cally conductive path may be manufactured during manufacturing of the wafer as cop-
per lines deposited on the elecirically insulated layer before the paths are embedded
by further depositing the material of the electrically insulated layer.

Electric connections between the layers may be made by vertical vias, i.e. vias extend-
ing in a direction from one layer to another, which will be in a veriical direction when
the wafer is on a horizontal surface. Thus, a first via may interconnect the first electri-
cally conductive path with the first test sample terminal. Such vias may be made of
tungsten, copper, copper nitride, tantalum, tantalum nitride, coball, ruthenium. Two
separate vias or more may be used for establishing the vertical part of the path, which
may interconnect a test sample terminal and the stack o be tested — the slectrically
cenductive path may have two vertical parts of the path (below the test sample termi-
nal and below the stack, respectively) and one horizontal part. Both of the vertical
parts may be constituted by two or more vias instead of only one via.

The electrically insulating layer may be made of an electrically insulating material such
that the electric wiring in the fayer defines the circuit paths and where current may flow

and the current is confined {o the defined paths.

Two electrically conductive paths leading to separate test sample terminals may consti-
tute a circuit together with the MTJ stack for feading a supply current from a first test
sample terminal to the MTJ stack and a return cutrent back {o a second test sample
terminal.

According o a second aspect of the present invention the above objecis and ad-
vantages are obtained by:

A multilayer test sample for embedded measuring of an electrically property of said
mutlilayer test sample, said multilayer test sample comprising:

a stack including at least a first layer and a second layer, said stack being above an
electrdeally insulating layer,

(o]



WO 2020/205236 PCT/US2020/023232

10

15

20

25

30

35

a first test sample terminal above said slectrically insulating layer for a first connection

with a measurement circuit,

a second test sample terminal above said electrically insulating layer for a second con-

nection with a measurement circuit,

said first fest sample terminal, said second test sample terminal, and said stack being
electrically insulated from each other,

said muitilayer test sample further comprising:

a first electrically conductive path embedded in the electrically insulated layer, said first
electrically conductive path electrically interconnecting said first test sample terminal
and said stack, and

a second electrically conductive path embedded in the electrically insulated electrically
layer, said second electtically conductive path interconnecting said second test sample
terminal and said stack such that said first electrically conductive path and said second
electrically conductive path together with said stack forming a circuit between said first
test sample terminal and said second test sampie terminal for measuring said electri-

cally property.

The invention will now be explained in more detail below by means of examples with

reference 1o the accompanying drawings, in which

Fig. 1 shows an exploded view of a test sample.

Fig. 2 shows a test sample.

Fig. 3a shows a test sample.

Fig. 3b shows an enlarged view of part of fig. 3a.

Fig. 4a shows a test sampie.
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Fig. 4b shows an enlarged view of part of fig. 4a.

The invention may, however, be embodied in different forms than depicted below, and
should not be construed as limited 1o any examples sei forth herein. Rather, any exam-
ples are provided so that the disclosure will be thorough and compiete, and will fully

convey the scope of the invention to those skifled in the art.

Like reference numerals refer to like elements throughout. Like slements will thus not
be described in detail with respect to the description of each figure.

Fig. 1 shows an exploded view of a test sample.

The test sample 10 has five layers wherein the top three {ayers constitute a magnaetic
tunnel junction (MTJ}, i.e. a MTJ stack,

The test sample may constitute a semiconductor wafer comprising at least two efectri-
cally conductive layers and a tunnelling electrically insulating layer sandwiched in the
middle, for example an MTJ.

The top layer 12 of the MTJ stack may or may not coniain a ferromagnetic material,

but it is electrically conductive.

The direction of the magnetization of the top layer may be changed.

A middie fayer 14 is sandwiched between the fop layer and a bottom layer 16 of the
MTJ stack.

The middlie layer is a thin electrically insulator - the thickness of which is not so large
that electrons may not tunnel through i, i.e. the middie layer is a tunnelling barver

fayer.

The botiom layer 16.may also or may not contain ferromagnetic materials, but itis

electrically conductive.
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Altematively, the top layer may have a permanent magnetization, and the botiom layer
may have a variable direction of the magnetic moments. Both layers may also have a
variable direction of the magnetic moments.

The resistance of the stack when a voltage potential is applied across the stack could
depend on if the magnetization of the top and bottom layer are paraliel or antiparailel,
i.e. if they are parailel, the tunnelling barrier is lower than if the magnetizations are an-

tiparatiel.

The top layer is illustrated with a planar top surface, and the layers are in general ilius-
trated as being parallel to each other.

The stack may also have more than two condugctive layers and one barrier with several

electrical properties, which are {o be measured.

Alternatively, the layers of the test sample may have anotherfunclionthanas fora
MRAM cell. For example, a stack having only two {ayers, the purpose of which being a
sensor.

The three layers of the stack are shown as seven islands in fig. 1, i.e. six smaller is-
lands next to each olher on a row and one larger island by iself (such as a testisland
constituting an MTJ stack 28 for MRAM or a sensor purpose). This is a resuit of etch-
ings in the stack fayers such that these islands become electrically insulated from each
other, i.e. the islands are not electrically connected with each other.

The removed parts of the layers could also be constituted by oxide material or anather
material constituting an electrical insulator, i.8. such that the space between the is-
lands themselves, and the space between an island and the MTJ stack is fifled with an

electrical insulator material.

The six smaller islands constitute six fest sample terminals, which may have the pur-
pose of landing pads such as a first landing pad 26 having a first landing area on {op
of the landing pad, i.e. the exposed surface 30 which is not covered by another layer
on top of it —except for possibly a thin oxide layer:
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A test sample terminal may have any in-plane shape. Fig. 1 shows rectangular
shapes/areas but the shape may be round, oval, elliptic, polygonal or a random shape.

Each landing area of each landing pad is for landing a probe ip, i.e. contacting a
probe tip with the landing area such that an electric signal may be injected into the
landing pad during a measurement routine, or alternatively, an electric measurement
signal may be picked up. In this way, terminals are provided on the {est sample for a

probe, and for doing a probe measurement.

Instead of using a probe, the test sample may be inserted into a measuring device
wherein the measuring terminals have fixed positions aligned with the position of the
test sample terminals when the test sample is placed correctly in the measuring de-

vice.

The larger island 28 may the identical as of the in the MRAM cell neaded to be tested,

specifically one or more electrical properties of the MTJ stack.

Below the MTJ stack is a fourth layer constituting a first electrically insulating layer 18,
i.e. no current is intended o flow freely in that laver without control of the current path.

Betow the fourth electrically insulating layer fs the fifth layer constituling a second elec-

frically insulating layer 20.

The first electrically insulating layer, and the second electrically insulating layer may be
made as cne electrically insulating layer.

The first electrically insulating layer has vias such as a first via 22 extending vertically

throughout the thickness of the laver.

One via is lllustrated below each of the six islands constifuting a row of islands.

Six vias, such as a second via 34, are also shown under the larger istand, which alf go

into contact with the botiom surface of the bottom fayer of the MTJ stack.

10
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In the second electrically insulating tayer are six cobberlanes, i.e. cobber deposited
during one of the fabrication sieps (ahother slecirically conductive material than cob-
ber may be used).

The cobber lanes constitute electrically conductive paths such as a first electrically
conductive path 24.

For the electric connection between a terminal and the particular part of the test sam-
ple, which needs to be {ested, it is contemplated that the vias may be omitted. For ex-
ample if a test sample terminal and test island are next to each other so that the elec-
tric connection only needs to be established undemeath the isolated/etched part of the
fest sample.

The electrically conductive paths extend paraliel with the lavers and each electrically
conductive path interconnects a via for one landing pad with one of the vias contacting
the MTJ stack.

One of the electrically insulating layers may also be used for electrically connections
leading to for example control electronics such as a switch. The switch itself may be
placed in a sixth layer, which may be lower than the electrically insulating layer.

A landing pad may not necessarily be constituted by three MTJ lavers. Alternatively,
the landing pad may be a semiconductor material deposited or otherwise created on
the first electrically insulating layer as an island which may conduct an electric signal
from a probe tip to the via, which contacts the respective landing pad from below.

Fig. 2 shows a test sample.

The {est sample in fig. 2 corresponds to the test sample mentioned in connection with
fig. 1, but where a probe has been placed above the test sample.

The test sample is shown in a non-exploded view. The vias and electricaily conductive

paths are #llustrated as dotted lines below the top three layers.

The probe has six cantifever arms extending paralle! to each other. Each cantilever
arm ending in a probe fip such as a first probe tip 32.

11
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Each respective prebe {ip has been brought into contact with the landing areas of each
respective landing pad, i.e. the first probe tip 32 contacts the first landing pad 26 with
the first via 22 contacting the first landing pad from below.

For the measurement of the electric property, the contact is such that there is an-elec-
tric contact between the. probe tip and the landing pad, i.e. the probe tip may penetrate
a possible oxide layer on top of the landing pad such that the electiic contact may be
established.

A probe tip may peneirate the landing pad a small distance so that it not only rests on
the surface constituting the landing area.

The first electrically conductive path extends from the first via to the MTJ stack 28, i.e.
to a point below the MTJ stack.

The vias and electrically conductive paths enable a circuit path to be completed from
one probe tip to ancther such that a current may be injected into the circuit path and
go info the MTJ stack and further to a second probe tip.

Four of the cantilever arms may be for a four point measurement {four terminal sens-
ing). Two of these are for injecling a current, and the other two are for voliage meas-

urement.

The fifth cantilever arm may be for distance measusing so that the distance between a
probe tip and fanding pad may be controfled during the landing of a probe tip.

Fig. 3a shows a test sample.
The test sample in fig. 3a corresponds to the test sample mentioned in connection with
fig. 1, but where a cross section has been made through the vias which connects 1o

the MTJ stack o be {ested.

In fig. 3b, an enfarged view of one of the vias in fig. 3a is shown, i.e. of a part of the

test sample shown in fig. 3a.

12
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The magnified view shows the top layer 12, the middie layer 14, and the bottom layer
18 of the MTJ stack. The second via 34 extends vertically from the first electrically
conducting path 24 1o the bottom layer 16 of the MTJ stack 28.

Fig. 4a shows a test sample.

The test sample in fig. 4a corresponds ta the test sample mentioned in connection with
fig. 1, but where a cross section has been made through one of the electrically con-
ductive paths — the cross section is in a plane arthogonal o the cross section of fig.

3b.

In fig. 4b, an enlarged view of one of the vias in fig. 4a is shown, i.e. of a part of the
test sample shown in fig. 4a.

The magnified view shows the top layer 12, the middie layer 14, and the bottom layer
16 of the MTJ stack.

The second via 34 extends vertically from the first electrically conducting path 24 {o
the boltom layer 16 of the MTJ stack 28.

The electrically conducting path 24 extends between the first via 22 and the second
via 34.

13
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Below is a list of reference signs used in the detailed description of the invention and

in the drawings referred {o in the detalled description of the invention.

10
12
14
16
18
20
22
24
26
28
30
32
34

Test sample

Top layer

Middle layer

Bottom layer

First electrically insulating layer
Second electrically insulating tayer
First via

First electrically conductive path
First landing pad

MTJ stack

First landing area

Probe tip

Second via
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CLAIMS

1. A method for measuring an electrical property of a multilayer test sample such as a
magnetic tunnel junction, said method comprising:

providing said multilayer test sample having a stack including at least a first layer and
a second {ayer, said stack being above an electrically insulating layer,

providing a first test sample {erminal above said electrically insulating layer for a first

connection with a measurement circuit,

providing a second tesi sample terminal above said electrically insulating layer for a

second connection with said measurament circuit,

said first fest sample terminal, said second test sample terminal, and said stack being

electrically insulated from each other,

providing a first electtically conductive path embedded in said electrically insulaling
layer, said first electricaily conductive path electrically interconnecting said first test
sampie terminal and said stack, and

providing a second electrically conductive path embedded in the electrically insulated
fayer, said second electrically conductive path elecirically interconnecting said second
test sample terminal and said stack,

said method further comprising:

providing said measuring circuit including a first measuring terminal, and a second

measuring terminal,

contacting said first measuring terminal with said first test sample terminal,

contacting said second measuring terminal with said second test sampie terminal, and

measuring said electric property of said stack by means of said measuring circuit.

18
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2. The method according to any of the preceding claims, said multilayer test sampie

being a semiconductor wafer for magnetoresistive randoni-access memory.

3. The method according to any of the preceding claims, said stack constituting a mag-
netic tunnel junction.

4. The method according to any of the preceding claims, said first layer being a ferro-
magnetic sheet.

5. The method according to any of the preceding claims, said second layer being a fer-
romagnetic sheet.

8. The method according o any of the preceding claims, said stack including a middie

layer sandwiched between said first layer and said second layer.

7. The method according {o claim 6, said middie layer being an electric insulator for
tunnelling electrons between said first layer and said second tayer.

8. The method according {c any of the preceding claims, said first test sample having
at least three layers.

9. The method according {0 any of the preceding claims, said second fest sample hav-
ing at ieast three layers.

10. The method according 10 any of the preceding claims, said first electrically conduc-

five path extending planarly in said electrically insulating laver.

11. The method according 1o any of the preceding claims, comprising providing a first

via between said first {est sample and said first electrically conductive path.

12. The method according 1o claim 11, comprising providing a second via between
said stack and said first electrically conductive path.

13. The method according to any of the preceding claims, comprising providing a test

probe including a first probe tip constituting said first measuring terminat and a second
probe tip constituling said second measuring terminal,

16
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contacting said first probe tip with said first test sample terminal, and
contacling said secend probe tip with said second test sample terminal.

14. A multilayer test sample for embedded measuring of an electrically property of said

muttilayer test sample, said multilayer test sample comprising:

a stack including at least a first layer and a second layer, said stack being above an

electrically insulaling tayer,

a first test sample terminal above said electiically insulating layer for a first connection

with a measurement circuit,

a second test sample terminal above said electrically insulating {ayer for a second con-
nection with 8 measurement circuit,

said first test sample terminal, said second test sample lerminal, and said stack being
electrically insulated from each other,

said multilayer test sample further comprising:

a first electrically conductive path embedded in the electrically insulated layer, said first
electrically conductive path electrically interconnecting said {first test sample terminal

and said stack, and

a second electrically conductive path embedded in the slectrically insulated layer, said
second electricaily conductive path interconnecting said second test sample terminal
and said stack such that said first electrically conductive path and said second electyi-
cally conductive path logether with said stack forming a circuit between said first test
sample terminal and said second test sample terminal for measusing said electri-

cally property.

17
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