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(57) Abstract: The invention relates to a device for measuring an electrical characteristic of a substrate comprising a support made
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METHOD, DEVICE AND SYSTEM FOR MEASURING AN ELECTRICAL
CHARACTERISTIC OF A SUBSTRATE

FIELD OF THE INVENTION

The present invention relates to the field of the
characterization of the electrical, notably radiofreguency
(RF), performance levels of substrates that can be employed
for the fabrication of microelectronic, optoelectronic,

micromechanical or photovoltaic devices.
TECHNOLOGICAL BACKGROUND OF THE INVENTION

Integrated devices are wusually formed on substrates
which serve mainly as supports for their fabrication. However,
the increase 1in the degree of integration and in the
performance levels expected of these devices is leading to an
increasingly significant coupling between their performance
levels and the characteristics of the substrate on which they
are formed. Such is particularly the case with RF devices,
which deal with signals with a frequency of Dbetween
approximately 3 kHz and 300 GHz, which are notably applicable
in the field of telecommunications (telephony, Wi-Fi,
Bluetooth, etc.).

As an example of device/substrate coupling, the
electromagnetic fields, derived from the high-frequency
signals that are propagated in the devices, penetrate into the
depth of the substrate and interact with any charge carriers
which are located therein. The result thereof is a pointless
consumption of a portion of the energy of the signal through
insertion loss and possible influences between components by
crosstalk.

It is therefore particularly important to ensure a
suitable match between the electrical characteristics of the

substrate and the performance levels expected of the devices.
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One usual technique for measuring the electrical
characteristics of a substrate for the fabrication of RF
devices consists in forming a test structure on this substrate
by employing the usual microelectronic fabrication means:
deposition, masking, etching, etc. The test structure can thus
be designed to measure a particular characteristic of the
substrate (such as, for example, its resistance, its
linearity, its capacitance, its permittivity) and/or
characterize its suitability for a particular application
considered. The test structure can, for example, consist of
coplanar 1lines in which a signal from a generator 1is
propagated. A signal analyser is used to identify the power
dissipated in the substrate and deduce therefrom the insertion

loss characteristic.

The known techniques, like those which have just been
described, are not entirely adequate. They in fact require the
implementation of significant means, for example for the
production of the test structures on the substrate, which are
slow and costly. These means cannot be automated, or can be
automated only to a small extent, and they are, moreover,
destructive techniques. They are not therefore suitable for
operating a substrate production control or substrate quality
control on the input side of a device production line. Each
measured characteristic must, in addition, be the subject of a
separate test. Finally, these known techniques, although they
make it possible to locally measure an electrical
characteristic, are not suited to producing a mapping of this
characteristic over the entire surface of the substrate. They
do not therefore make it possible to accurately characterize

this substrate.

OBJECT OF THE INVENTION

One aim of the invention is therefore to propose a
method and a device for measuring an electrical characteristic
of a substrate and a system for characterizing a substrate

which are easy to implement, inexpensive and multi-purpose.
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Another aim of the invention is to ©propose a
measurement method and device and an accurate characterization
system, which notably make it possible to provide the mapping
of an electrical characteristic over the entire surface of a

substrate.

Another aim of the invention is also to propose a
method and a device for measuring an electrical characteristic
and a system for characterizing a substrate upon which it 1is
possible to base a control of production or of quality of

these substrates.

BRIEF DESCRIPTION OF THE INVENTION

In order to achieve at least one of these aims, the
object of the invention proposes a device for measuring an
electrical characteristic of a substrate comprising a support
made of a dielectric material having a bearing surface, the
support comprising an electrical test structure having a
contact surface flush with the bearing surface of the support,
the bearing surface of the support and the contact surface of
the electrical structure being suitable for coming into close
contact with a substrate. The measurement device also
comprises at least one connection bump contact formed on
another surface of the support and electrically linked to the

electrical structure.

Thus, the measurement device can be applied to a chosen
point of a main face of the substrate to be tested for a
measurement to be able to be performed rapidly, without

damaging the substrate.

Advantageously, the measured characteristic is a
radiofrequency (RF) characteristic and the electrical test
structure comprises at least one active or ©passive RF

component. The RF component can be a transmission line, an
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inductor, a contactor, a crosstalk characterizing component,

an antenna, a resonator.

There is thus a device for measuring an RF

characteristic of a substrate.

In a variant, the measured characteristic can also be a

static characteristic.

Particularly advantageously, the dielectric support is
rigid, which facilitates its handling and its placement in

close contact with the substrate.

Preferably, the connection bump contact of the support
is formed on the face opposite the bearing surface of the

support, which simplifies its interconnection in the system.

Advantageously, the support comprises a via filled with
an electrically conductive material to electrically link the
electrical test structure to the connection bump contact. The

device is thus more compact.

The object of the invention relates also to a system
for characterizing a substrate comprising the measurement

device according to the invention.

Advantageously, the characterization system comprises a
plate for positioning the substrate thereon, and this plate

can be configured to apply a voltage to the substrate.

Particularly advantageously, the characterization
system also comprises means for relatively displacing the
measurement device with respect to the plate. These means make
it possible to easily produce a mapping of the electrical
characteristic measured over the entire surface of the

substrate.
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Preferentially, the characterization system comprises a
holding member, secured to the support, and configured to

place the support in close contact with the substrate.

Preferentially, the characterization system comprises
an analysis computer connected to the connection bump contact
of the support, the analysis computer comprising an electrical
signal source and a signal analyser. There is then an
integrated measurement system capable of applying, tapping and
processing a measurement signal to provide the

characterization information.

Another object of the invention relates to a method for
measuring an electrical characteristic of a substrate
comprising the following steps:

a) supplying a substrate having a main face;

b) placing the main face of the substrate in close
contact, by joining in a contact =zone, with a
contact surface of an electrical test structure;

c) propagating a signal in the electrical test
structure while maintaining the close contact;

d) measuring the signal propagated to determine the

electrical characteristic of the substrate.

According to other features of this method, taken alone

or 1n comblnations:

- the electrical test structure is included in a support
made of a dielectric material, the contact surface of
the electrical structure being flush with a bearing

surface of the support.

- The step of placing in close contact consists in
placing the support on the main face of the substrate,
in the contact =zone, then in applying a controlled
holding force on the support during the propagation

step c) and the measurement step d).
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- The measurement sequence, consisting in performing the

succession of the steps B to D, is repeated.

- The measurement sequence is applied in distinct contact

zones of the main face of the substrate.

- The method comprises, after the measurement step d), a
step e) of removal of the electrical structure from the

substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will
emerge from the detailed description of the invention which

follows with reference to the attached figures in which:

- Figure 1 represents a schematic block diagram of
the measurement device according to the

invention;

- Figure 2 represents a schematic block diagram of
the system  for characterizing a substrate

according to the invention;

- Figure 3 represents the main steps of the

measurement method according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 2, a system 10 for characterizing a

substrate 11 has been represented.

The substrate 11 can be of any kind: it can be a
semiconductive substrate, such as a silicon substrate, or an
insulating substrate, for example made of sapphire. It can
also be a compound substrate such as a silicon on insulator

substrate. Preferably, the substrate is unprocessed, that is
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to say that the substrate does not contain any functional

devices.

In the system 10, a plate 7 has been provided to
receive the substrate 11. As 1is well known in itself, the
plate can be provided with means making it possible to hold
the substrate in place, mechanically or even by wvacuum. The
substrate 11 can be positioned on the plate via a manipulating

robot which is not represented in Figure 2.

The characterization system 10 also comprises a device
1 for measuring an electrical characteristic of the substrate,
a detailed description of which will be given later. This
measurement device makes it possible to apply and/or extract a
signal propagated on the surface and in proximity to the

surface of the substrate 11.

To this end, and as is represented in Figure 2, the
measurement device 1s placed in close contact with the
substrate 11. To do this, the system 10 is provided with a
holding member 8 secured to the measurement device 1. It can,
for example, be an articulated arm that can be controlled by
the computer 9, and capable of applying a controlled holding
force onto the device 1 in order to press it against the
substrate 11.

The measurement device 1 can comprise, on the side of
its bearing surface 3 in contact with the substrate 11,
sensors making it possible to adjust the holding force applied

by the holding member 8 onto the measurement device 1.

The characterization system 10 is also provided with
means that make it possible to adjust the relative position of
the plate 7 with respect to the measurement device 1. The
measurement device 1 can then be placed and moved to a chosen

point of the main face of the substrate 11.
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In a first configuration of the system, these means can
correspond to the articulated arm forming the holding member 8

given by way of example previously.

In a second configuration, the plate 7 can be made
mobile by a robot 12 capable of moving in all the directions
of the plane in which it lies. This second configuration 1is
preferred, because it avoids moving the measurement device 1

which can be fragile.

Obviously, these two means of adjusting the relative
position of the plate 7 and of the measurement device 1 can be

combined.

The characterization system also comprises an analysis
computer 9. This computer <can handle the control of the
different mobile elements of the system (the holding member 8,
the robot 12) and the sequencing of the measurement method
which will be described later. To this end, 1t 1is linked to
all the elements of the system with which it is 1likely to

communicate.

The analysis computer 9 can also comprise an electrical
signal generator 9a and an analyser 9b. The generator 9a
and/or the analyser 9b are connected to the connection bump
contact (s) of the measurement device 1. It is thus possible to
apply, propagate and/or tap a signal from the measurement

device 1.

The measurement can be processed by the computer 9 to

supply the characterization of the substrate 11.

A set of measurements can also be processed by the
computer 9 to establish a more comprehensive characterization,

such as a characterization mapping of the substrate 11.

The system 10 therefore forms an automated assembly for

characterizing a substrate which is well suited to
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incorporation in a production line, for example for substrate

production control or for substrate quality control.

An essential element of the system 10 lies 1in the
measurement device 1 which will be described in the following

paragraphs.

The inventors of the present application found, totally
unexpectedly, that it was not essential to form the electrical
test structures directly on and in the substrate 11 by using
the traditional techniques of deposition, masking, etching of
the microelectronic to apply and extract usable electrical

signals from this test structure.

They found in fact that it was sufficient, subject to
certain precautions being taken, to position these electrical
test structures in close contact with the substrate by joining

them together.

Figure 1 represents a schematic block diagram of such a
measurement device 1 according to the invention. It comprises
a support 2 made of a dielectric material, such as glass,

alumina, a polymer, quartz, sapphire, SiC, etc.

Preferably, particularly in  the case where the
measurement device 1 is incorporated in the characterization
system which has been described previously, this support 2 is

rigid.

The support 2 has a bearing surface 3 and comprises an
electrical test structure 4 with an exposed contact surface 5
flush with the bearing surface 3 of the support 2. This side
of the device 1 therefore has a planar surface, made up of the
bearing surface 3 and the contact surface 5, suitable for

coming into close contact with the substrate 11.

“Close contact” should be understood to mean, in the

present application, that a satisfactory electromagnetic
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coupling is formed between the electrical test structure 4 and
the substrate 11.

This satisfactory coupling is obtained, for example,
when the surfaces in contact are sufficiently planar and/or
smooth to avoid the formation of air pockets between the
measurement device 1 and the substrate 11, which could affect
the propagation of the electrical signal in the electrical
test structure 4 or 1in the substrate 11 and disturb the

measurement.

A holding force applied onto the measurement device 1

contributes to this close contact condition.

The electrical test structure 4 can consist of any kind
of RF components, which are active or passive, making it
possible to propagate a signal useful to the characterization
of the substrate. They can be transmission lines, an inductor,
a crosstalk characterizing component, switches, antennas,
resonators, etc. The electrical test circuit 4 is therefore
chosen according to the characteristic or the performance of
the substrate that i1is to Dbe characterized: resistance,

linearity, capacitance, permittivity, etc.

As 1s well known 1in i1tself, the electrical test
structure 4 can be formed by a number of elements, such as
lines or bump contacts that are electrically separate, but
coupled electromagnetically together and with the substrate
11.

In order to be able to apply and extract the signal
which 1is propagated in the electrical test structure 4, the
support 2 1is provided with at least one connection bump
contact 6 formed on a face of the support 2 distinct from the
bearing face 3 and electrically linked to the electrical test

structure 4.
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Preferably, the bump contact or contacts are formed on
the surface opposite the bearing surface 3 of the support 2.
Also preferably, the support 2 comprises one or more vias 7
filled with an electrically conductive material to
electrically 1link the electrical structure 4 and the

connection bump contacts 6.

There now follows a description, with reference to
Figure 3, of the method for measuring an electrical

characteristic of a substrate 11.

This method comprises a first step a) consisting in
supplying the substrate 11 to be measured. As has been seen
previously, this step can consist in placing, in an automated
manner, the substrate 11 on a plate 7 of the characterization

system 10.

In a second step b), the contact surface 5 of the
electrical test structure 4 is placed in close contact, by
joining together, with a contact zone of the main face of the
substrate 11.

This step can consist in employing the holding member 8
of the characterization system secured to the device 1 to
position this device 1 against the substrate 11. Optionally, a
controlled holding force is applied. During this step, and as
was explained ©previously, a satisfactory electromagnetic
coupling is created between the electrical test structure 4
and the substrate 11.

In a third step c¢), a signal 1is propagated in the
electrical structure 4 while maintaining the c¢lose contact
with the substrate 11. In a final step d), the propagated
signal is measured to determine the electrical characteristic
of the substrate 11.

The signal can be obtained from the source 9%9a of the

computer 9 and the measurement can be performed by the



10

15

20

25

30

35

WO 2016/120122 12 PCT/EP2016/050977

analyser 9b of the computer 9. At the end of this method, it
is possible to interrupt the close contact during a removal
step, and disassemble, for example via the holding member 8,
the electrical test structure 4 from the substrate 11. It is
then possible to directly position another substrate for a new

measurement.

It should be noted that this measurement 1s not
destructive to the substrate, and that the rate of the

measurements can be very rapid.

Furthermore, the measurement sequence comprising the
successive steps b) to d) can be repeated on a same substrate
11.

This repetition can be performed in a same zone of
contact of the main face of the substrate 11, for example to

average a set of measurements.

However, advantageously, the repeated measurement
sequences are applied in distinct contact zones of the main
face of the substrate 11. This makes it possible to produce a
mapping of the characteristic measured over the entire surface

of the substrate very effectively.

Obviously, the invention is not limited to the
implementation described and variant embodiments can be added
thereto without in any way departing from the scope of the

invention, as is defined by the following claims.

Thus, although the measurement of an RF characteristic
of a substrate has been taken as example, the invention is not
limited to this type of measurement. It would also be possible
to measure a static electrical characteristic, the electrical
test structure then being able to consist of one or more metal
blocks, making it possible to apply or measure a static

quantity.
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Moreover, the invention is not limited to a particular
number of electrical test structures and/or of connection bump
contacts. These elements of the measurement device 1 will be

able to be duplicated as many times as necessary.

Finally, it 1is not essential for the material of the
support 2 to be rigid and for the close contact to be obtained
by the application of a holding force. It is in fact possible
to envisage having the material of the support 2 be flexible,
making it possible to ensure a close contact with a non-planar
substrate to be characterized. It may also be provided with an
adhesive layer allowing it to be positioned stably on the
substrate 11 during the measurement, the adhesive favouring
the placement in close contact and the electromagnetic

coupling with the substrate.
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CLAIMS

1. Device (1) for measuring an electrical characteristic of a

substrate comprising:

- a support (2) made of a dielectric material
having a bearing surface (3), the support
comprising an electrical test structure (4)
having a contact surface flush with the bearing
surface (3) of the support, the bearing surface
(3) of the support (2) and the contact surface of
the electrical structure (4) being suitable for

coming into close contact with the substrate;

- at least one connection bump contact (6) formed
on another surface of the support (2) and
electrically 1linked to the electrical structure

(4).

. Measurement device (1) according to Claim 1, in which the

measured electrical characteristic is static, and the
electrical test structure (4) comprises a block formed from

an electrically conductive material.

. Measurement device (1) according to Claim 1, in which the

measured electrical <characteristic is a radiofrequency
characteristic and the electrical test structure (4)
comprises at least one active or passive radiofrequency

component.

. Measurement device (1) according to the preceding claim, in

which the electrical test structure (4) comprises at least
one element chosen from the list formed from: a transmission
line, an inductor, a crosstalk characterizing component, a

switch, an antenna, a resonator.

. Measurement device (1) according to Claim 1, in which the

support (2) is rigid.
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. Measurement device (1) according to Claim 1, in which the

support (2) is flexible.

. Measurement device (1) according to Claim 1, in which the

dielectric material of the support (2) 1is chosen from the
list formed from: glass, alumina, a polymer, quartz,

sapphire, SiC.

. Measurement device (1) according to Claim 1, in which the

connection bump contact (6) 1s formed on the surface

opposite the bearing surface (3) of the support (2).

. Measurement device (1) according to the preceding claim, in

which the support (2) comprises a via (7) filled with an
electrically conductive material to electrically 1link the
electrical test structure (4) and the connection bump

contact (o).

System for characterizing a substrate comprising the
measurement device (1) according to one of Claims 1 to 8,

and a plate (7) for receiving the substrate (11).

Characterization system (10) according to the preceding
claim, in which the plate is configured to apply a voltage
to the substrate.

Characterization system (10) according to Claim 10 or 11,
also comprising means for relatively displacing the

measurement device (1) with respect to the plate (7).

Characterization system (10) according to one of Claims 10
to 12, in which the measurement device (1) 1is secured to a
holding member (8) configured to place the support (2) in

close contact with the substrate.

Characterization system (10) according to one of Claims 10

to 13, also comprising an analysis computer (9) connected to
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the connection bump contact (6) of the measurement device

(1) .

Characterization system (10) according to the preceding
claim, in which the analysis computer (9) comprises an
electrical signal source (%a) and an electrical signal

analyser (9b).

Method for measuring an electrical characteristic of a

substrate (11) comprising the following steps:

a)

supplying a substrate (11) having a main face;

placing the main face of the substrate (11) in close
contact, by joining in a contact zone, with a contact
surface (5) of an electrical test structure (4)
included in a support (2) made of a dielectric
material, the contact surface of the electrical test
structure (4) being flush with a bearing surface (3)

of the support (2):;

propagating a signal in the electrical structure (4)

while maintaining the close contact;

measuring the signal propagated to determine the

electrical characteristics of the substrate.

Measurement method according to Claim 16, in which the

step of placing in close contact consists in placing the

support (2) on the main face of the substrate (11) in the

contact zone, then in applying a controlled holding force on

the support (2) during the propagation step c).

Measurement method according to one of Claims 16 to 17, in

which the measurement segquence consisting of the succession

of the steps b) to d) is repeated.
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19. Measurement method according to the preceding claim, in
which the repetition of the measurement sequences is applied
in distinct contact zones of the main face of the substrate
(11).

20. Measurement method according to one of Claims 16 to 19,
the method comprising, after the propagation step c), a step
e) of removal of the electrical test structure (4) from the

substrate (11).
10
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