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- Method for monitoring the filling properties of a copper electrolyte

Field of the Invention

The present invention is related to a method for monitoring the via filling proper-

ties of a copper electrolyte during use.

Background of the Invention

Electroplating of copper from acidic plating baths is a long known process and
utilized e.g. in the manufacture of printed circuit boards, IC substrates and sili-

con based microelectronic devices.

Electroplating of copper is applied to form electrically conductive circuitry and
contact areas for soldering and bonding operations. Such uses of copper elec-
troplating are often associated with filling of a via such as through-silicon vias
(TSVs), through-glass vias (TGVs), through-ceramic vias (TCVs), blind micro
vias (BMVs) and through holes (THs). Both BMVs and TSVs are vias having
one opening whereas THs have an opening on both sides of a substrate. TGVs
and TCVs can be vias having one opening or vias having an opening on both

sides of the substrate.

Different organic additives such as brighteners, carriers and levellers must be
added to acidic copper electrolytes in order to fulfil the requirements for filling
such vias. Hence, the concentration of such organic additives and their break-
down products in a copper electrolyte need to be monitored during use of the
plating bath to ensure a stable performance by e.g. replenishing organic addi-

tives or dumping parts of or the whole plating bath.
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A standard method to monitor such organic additives is cyclic voltammetric
stripping (CVS) which can be used as an on-line method, i.e. providing continu-
ously data on the organic additives during use of the copper electrolyte. How-
ever, the accuracy of said method is limited. Especially in case more challeng-
ing substrate features have to be plated with copper such methods fail: accord-
ing to CVS measurements the concentrations of the organic additives are still in
the recommended range but the via filling properties investigated by microscop-
ic inspection of cross-sectioned recessed structures reveals incomplete filling
with copper or undesired voids inside such incompletely filled recessed struc-

tures.

Other methods known in prior art are electrochemical measurement techniques
which use information obtained by convection-dependent adsorption of such

additives on an electrode surface:

An electrochemical method for monitoring via filling properties is described by
T.-H. Tsai and J.-H. Huang (“Copper electrodeposition in a through-silicon via
evaluated by rotating disc electrode techniques”, J. Micromech. Microeng. 20
(2010), pp. 1 to 5). The electrochemical measurements shown in Fig. 1 are
used to simulate the mass-transfer environment on a wafer substrate surface, at
the bottom of shallow vias, and the deep vias, respectively. The geometry of a
given via and the different current densities present e.g. on top of the substrate
surface and the bottom of a via are not taken into account. The method dis-
closed herein was only demonstrated for a copper electrolyte comprising as
additives PEG (a typical carrier-suppressor additive) and SPS (a typical bright-
ener-accelerator additive). The electrolytes investigated did not contain any lev-

eller additives.

A method for analysing a copper electroplating solution is disclosed in
US 7,820,535 B2. The time-dependent potential change at a cathodic current of
-0.1 to -20 A/dm? is determined and the data obtained are approximated ac-
cording to the Boltzmann's function. In this method only one cathodic current
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value is applied. Hence, the cathodic current distribution present in case of a

substrate having vias can not be observed by such a method.

A method for evaluating the filling performance of a copper plating formula us-
ing a galvanostat method is disclosed by W.-P. Dow and Chen-Wei Liu (“Evalu-
ating the filling performance of a copper plating formula using a simple ga-
vanostat method”, Journal of the Electrochemical Society 153 (2) C190-C194
(20086)). According to this method only one current value is applied. Hence, the
current distribution present in case of a substrate having vias can not be ob-
served by such a method.

Obijective of the Invention

Therefore it is the objective of the present invention to provide a method for
monitoring the via filling properties of a copper electrolyte during use of said
copper electrolyte which is especially sensitive to leveller additives and their

respective break-down products.

Summary of the Invention

The present invention concerns a method for monitoring the via filling properties
of a copper electrolyte. The method can be used to monitor the via fiIIing' prop-
erties during use of a copper electrolyte in prooduction of e.g.,‘ printed circuit
boards, IC substrates and semiconductor-based microelectronic devices. The
method can also be used for screening of new leveller additives for copper elec-

trelytes and quality control of ieveiier additives.

The method for monitoring the filling properties of a copper electrolyte compris-

es the steps of
a) Providing a substrate having at least one via,

b) Calculating the required cathodic current density value on the bottom ar-
ea (2) of the at least one via having one opening at an applied cathodic
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current density on top (3) of the substrate surface to completely metal fill

the via,

wherein the required cathodic current density value on the bottom (2) of a

via having one opening is calculated by the formula

[required cathodic current density on the bottom area (2) of a via] =

[volume of the via to be filled]
(desired volume of copper on top (1) of said via) '

. [predeﬁned cathodic current density applied on top (3) of the substrate surface]

or

calculating the required cathodic current density in the centre (5) of a via
having an opening on both sides of the substrate at a predefined cathod-
ic current density on top (3) of the substrate surface to conformally metal

fill the via

wherein the required cathodic current density value in the centre (5) of a
via having an opening on both sides of the substrate is calculated by the

formula

[required cathodic current density in the centre (5) of a via having:'

an opening on both sides of the substrate

[desired copper thickness in the centre (5) of a via having an opening on both sides of the substrate]
[desired copper thickness on top (3) of the substrate surface]

. [predeﬁned cathodic current density applied on top (3) of the substrate surface]
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d)

and thereby deriving the cathodic current density range where the influ-
ence of leveller additive(s) and corresponding break-down products of a

given copper electrolyte on via filling properties is obtainable

wherein said cathodic current density range ranges from the cathodic
current density applied to the substrate surface to the calculated cathodic
current density on the bottom (2) of said via in case the via is selected
from vias having one opening and

wherein said cathodic current density range ranges from the applied ca-
thodic current density on top of the substrate to the calculated cathodic
current density in the centre (5) of the via in case the via has an opening
on both sides of the substrate,

Recording a current-voltage profile in the cathodic current range of the
current by linear sweep voltammetry for at least two different rotating

speeds of the rotating disc electrode in a three electrode set-up
and

Obtaining the via filling properties of the given copper electrolyte for a
given via geometry from the data recorded in step c) in the cathodic cur-

rent density range as calculated in step b)

by comparing the current-voltage profiles recorded in step c) in the ca-

thodic current density range obtained in step b).

The method according to the present invention may further comprises the step

of

e)1 replenishing the leveller additive in case the cathodic current at a given po-
tential obtained in step c) in the cathodic current density range defined in
step b) for the higher rotation sbeed is higher than or equal with the cathodic
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current at said potential for the lower rotation speed in case the via is select-

ed from vias having one opening
or

e)2 replenishing the leveller additive in case the cathodic current at a given po-
tential obtained in step c) in the cathodic current density range defined in
step b) for the higher rotation speed at said potential and for the lower rota-
tion speed differ from each other in case the via has an opening on both

sides of the substrate.

The method according to the present invention utilizes different rotation speeds
of a rotating disc electrode in a three electrode set-up combined with the ca-
thodic current density applied to the top of the substrate surface and the calcu-
lated current density on the bottom of a via with a specific geometry. According-
ly, both the cathodic current density on the top surface of the substrate and the
calculated cathodic current density on the bottom of a via are used to define
those region of the data measured in step b) which carry the influence of the

“leveller additive(s) and the respective break down products in case the via has

one opening.

For vias having two openings such as through vias, both the cathodic current on
top of the substrate surface and the calculated and desired cathodic current
density in the center of a via having two openings are used to define those re-
gion of data measured in step b) which carry the influence of the leveller addi-

tive(s) and the respective break down products.
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Brief Description of the Figures

Figure 1 shows a via of TSV-type and the definition of the terms “bottom of a
via" and “on top of the substrate surface” (a) and a via of TH-type and the defini-

tion of the terms “in the centre of the via” and “on top of the substrate surface”

(b).

Figure 2 shows the correlation between calculated cathodic current density on
the bottom of a TSV and on top of substrate surface and the data range ex-
pressed in potential values of a current voltage profile in the cathodic current
range of the current providing the required information on via filling properties.

Figure 3 shows current-potential profiles in the cathodic_ current range of the
current obtained at different rotation speeds of the rotating disc electrode for a
copper electrolyte comprising a leveller additive in case of a BMV to be filled (a)

and a corresponding micrograph of a cross-sectioned copper filled BMV (b).

Figure 4 shows current-potential profiles in the cathodic current range of the
current obtained at different rotation speeds of the rotating disc electrode for a
copper electrolyte comprising a leveller additive in case of a BMV to be filled (a)
and a corresponding micrograph of a cross-sectioned copper filled BMV (b).

Figure 5 shows current-potential profiles in the cathodic current range of the
current obtained at different rotation speeds of the rotating disc electrode for a
copper electrolyte comprising a leveller additive in case of a TSV to be filled (a)

and a corresponding micrograph.of a cross-sectioned copper filled TSV (b).

Figure 6 shows current-potential profiles in the cathodic current range of the
current obtained at different rotation speeds of the rotating disc electrode for a
copper electrolyte comprising a leveller additive in case of a TSV to be filled (a)
and a corresponding micrograph of a cross-sectioned copper filled TSV (b).

Figure 7 shows data from current-potential profiles in the cathodic current range
of the current obtained for an acidic copper electrolyte during use for characteri-
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zation of TSV filling over a period of three weeks of plating showing the ratio
(quotient) of potential and cathodic current values for two different rotation
speeds of the RDE at -210mV subtracted from each other and plotted against
the processing time (a) and corresponding micrographs of cross-sectioned cop-
per filled TSVs (b). ‘

Detailed Description of the Invention

The method according to the present invention utilizes two general principles:

The cathodic current density during electroplating of copper into a via (1) having
one opening such as a TSV or BMV is higher at the bottom (2) of said via than
on the top of the substrate surface (3). The definition of the terms “bottom” (2) of
a via (1) and “top” (3) of the substrate surface in case of a via having one open-
ing is shown in Fig. 1 (a).

For example, a TSV having a depth of 25 um and a diameter of 5 um requires
25 min for filling when applying a cathodic current dehsity of -0.2 A/dm? which
corresponds also to the cathodic current density .present on top (3) of the sub-
strate surface (assumptions: 100 % current efficiency and potential effect ne-
glected). The cathodic current density required at the bottom (2) of said TSV
needs to be 20 times higher than on the top (3) of the substrate surface in case
the copper deposit on top of the substrate surface shall have a thickness of
1.2 ym. The value of 20 is obtained by dividing the volume of said TSV com-
pletely filled with copper

2
v, = (S/‘T’") 7 -25um = 490 8um’

by the volume of the copper deposit on top of the substrate surface (in this ex-
ample a deposit having a height of 1.2 ym and a diameter of 5 um)

2
VSurﬁzce = (SluTm) - 12um = 23.6,um3
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——VTSV ~ 20
VSurface

With Farady's law and the applied cathodic current density /syface to the top of

substrate surface of -0.2 A/dm?

I sV _ VTSV
I Surface V.Sl‘urﬁzce

the required cathodic current density on the bottom (2) of the via /rsy is calcu-

lated as
Irsv =-0.2 Aldm? - 20 = -4 A/dm? for the exemplary TSV geometry.

The same method for obtaining the relevant cathodic current density or respec-
tive cathodic current or potential range for assessing the via filling properties of
a copper electrolyte in the current-voltage profiles in the cathodic current range
of the current is applied for vias of BMV type.

The cathodic current density in a BMV (1) having a depth of 80 ym, a diameter
of 100 um and a desired copper layer of 20 um thickness on top of the sub-
strate must be in average four times higher on the bottom (2) of the BMV than
on top (3) of the substrate surface in order to obtain a complete filling of said
BMV.

Mass transfer inside a via having one opening such as a BMV or TSV is only
caused by diffusion of additives such as leveller additives, whereas mass trans-
fer on top of the substrate is mainly caused by convection. Hence, the absolute
cathodic current density must be higher at a given potential without convection
than with convection of the electrolyte. Only in such a case the desired via filling
can be achieved. Accordingly, when the absolute cathodic current density at a
given potential without convection is lower than or equal with the cathodic cur-

rent density at the same potential with convection of the electrolyte, leveller ad-
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ditive(s) have to be added (replenished) to the copper plating bath in order to

reach or maintain the desired via filling properties.

The method according to the present invention makes use of the above de-
scribed behaviour: Different electrolyte convection situations are simulated by
different rotating speeds of a rotating disc electrode (RDE) in a three electrode
set-up. E.g., a rotating speed of O rpm resembles to no electrolyte convection
and a rotation Speed of > 0 rpm resembles to convection of the electrolyte. No-
tably, different electrolyte convection situations can be simulated with a first ro-
tation speed of e.g. 100 rpm and a second rotation speed of e.g. 1000 rpm or

vice versa.

In order to eliminate the contribution of other bath ingredients such as copper
ions on the obtained rotation dependent current-potential profiles in the cathodic
current range of the current only those portions of said profiles are used for as-
sessing the via filling properties where no mass transfer related contributions of
other bath ingredients such as copper ions are observed. The current-potential
profile ranges of interest are calculated as described above fbr the exemplary
TSV geometry of 25 ym depth, 5 um diameter and a 1.2 pm thick layer of cop-
per on top of the TSV as well as an applied cathodic current density of
-0.2 A/dm?,

A different situation is present if the via has an opening on both sides of the
substrate such as a TH because an electrolyte flows through said via from both
front and backside of the substrate. Thus, when appiying the method according
to the present invention to monitor the filling properties of-a copper electrolyte in
a via having an opening on both sides of the substrate the cathodic current
density and cathodic current measured for at least two different rotating speeds
of the rotating disc electrode in a three electrode set-up should match within a
narrow range within the predetermined measurement range in order to obtain
the desired filling. The cathodic current density ratio in the centre of a via having
an opening on both sides of the substrate and on top of the corresponding sub-

10
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strate surface are calculated by the same method as in case of a via having one
opening. The definition of the terms “centre” (5) for via having an opening on
both sides of the substrate is shown in Fig. 1 (b). Conformal metal filing means
that a TH is plated with copper wherein the plated copper layer has a homoge-

neous layer thickness inside the TH.

For example, in case of a rotating disc electrode having an active surface of
7.1 mm? a cathodic current density of -0.2 Aldm? (= -0.2:102 A/cm?) corre-
sponds to a cathodic current of approx. -0.14 mA and a cathodic current density
of -4A/dm* (= -410%2 A/lcm®) to a cathodic current of approx.
-2.84 mA.

The cathodic current values of -0.14 mA and -2.84 mA obtained for a RDE hav-
ing an active surface of 7.1 mm? by the method described above define the ca-
thodic current range wherein the relevant information on via filling properties of
a given copper electrdlyte are obtained in the current-voltage profiles in the ca-
thodic current range of the current for a TSV with 25 pm depth and 5 ym diame-
ter, a 1.2 um thick coppér layer on top of the TSV, an applied cathodic current
density of -0.2 A/Jdm? and a desired filling time of 25 min.

The potential range of interest is obtained by deriving 1. the potential value for
the bottom of the TSV (1) from the current-voltage curve in the cathodic current
range of the current at for example 0 rpm at -4-102 A/cm? and 2. the potential
value for the top of the substrate surface from the current-voltage curve in the
cathodic current range of the current at for exampie 1000 rpm at
-0.2:10 Alem?. Accordingly, the potential range of interest for this specific via
geometry ranges from about -0.3 V vs. Ag/AgCl to about -0.2 V vs. Ag/AgCl.

This is shown in Fig. 2.

The same method to obtain the cathodic current range of interest and the corre-
sponding potential range in the current-voltage profiles in the cathodic current
range of the current as described above can be applied to any other via geome-

tries.

11
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Next, current-voltage profiles in the cathodic range of the current are recorded

by means of linear sweep voltammetry (LSV).

A three electrode set-up consisting of a rotating disc electrode (RDE) having a
copper surface, a reference electrode (e.g., a Ag/AgCl reference electrode) and
a counter electrode which is preferably a platinum electrode is used for the

method according to the present invention.

The rotating disc electrode can for example be a copper electrode or a platinum
electrode which has a copper surface. A platinum electrode can be used after
deposition of a copper layer from e.g. a copper electrolyte which is free of or-
ganic additives onto the entire surface of said electrode by a controlled deposi-

tion.

Next, the three electrode set-up is contacted with the copper electrolyte com-

prising a leveller additive.

In a preférred embodiment of the present invention the RDE having a copper
surface is conditioned in the copper electrolyte comprising a leveller additive
prior to the LSV measurement. Conditioning can be for example achieved by
applying a current of e.g., -0.4 A/dm? for 300 s at a rotation speed of 0 rpm.
Such a conditioning step is optional and depends on the kinetics of the interact-

ing organic additives in the respective copper electrolyte.

A current-voltage profile in the cathodic current range of the current without oth-
er than natural electrolyte convection (O rpm) is measured followed by measur-
ing of a current-voltage profile in the cathodic current range of the current under
controlled convection (> 0 rpm). The controlled convection is adjusted by a cali-
brated rotating disc electrode (RDE). The comparison of the current-voltage
profiles in a current range defined by the process under consideration (filling of
vias having a defined size with copper by electroplating) is an indicator for the
filling performance of the copper electrolyte including the influence of filling be-
haviour of leveller additives and break-down products thereof.

12
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Hence, the LSV measurement is done for at least two different rotation speeds
of the RDE. The rotation speeds to be applied depend on the equipment used
for said purpose. Preferably, one rotation speed of 0 to 100 rpm and another
rotation speed of more than 100 rpm are applied for each individual LSV scan
(or vice versa). Preferably, one rotation speed of the rotating disc electrode
ranges from 0 to 100 rpm and a second rotation speed of the rotating disc elec-

trode of more than 100 rpm are applied in step c).

The scan speed is set to a value which leads to the required accuracy of the
method and the maximum time allowed due to conditions of copper electrolyte
use during production. Furthermore, the scan speed must allow a quasi-
stationary adsorption of leveller additives and their break-down products on the
surface of the RDE. Hence, a scan speed in the range of 0.1 to 50 mV/s for

each LSV measurement cycle is preferred.

Different methods for data analysis are available for the method according to

the present invention:

The curves obtained by dividing the data obtained at the higher rotating speed
of the RDE by the data obtained at the lower rotating speed of the RDE are plot-
ted against the cathodic current values obtained by either the higher rotating
speed or the lower rotating speed. The data obtained from such plots can be
further treated in order to obtain the desired information on via filling properties
of a copper electrolyte. The area below and above the zero line are numerically
integrated within the cathodic current range which depends on the geometry of
the via to be filled with copper. The absolute sum indicates the via filling proper-
ties of the copper electrolyte under consideration. In case the via is a TSV or a
BMV, the higher the absolute sum, the better is the via filling. |

Another method for data analysis comprises plotting the data obtained by the
method according to the present invention as curves showing the ratio of poten-

tial and cathodic current (i.e., resistivity) against potential.

13



10

15

20

25

WO 2014/094810 PCT/EP2012/005396

Still another method for data analysis comprises the steps of a) selecting a po-
tential value in the LSV diagram which is within the calculated potential range
for the given via geometry and b) subtracting the cathodic current or cathodic
current density value at said potential value obtained for a first rotation speed
rom 1 from said value obtained for a second rotation speed rpm 2 wherein
rpm 2 < rpm 1. Such a procedure is for example useful when monitoring a cop-
per electrolyte during use with the method according to the present invention. In
case the via to be filled with copper is a TSV or a BMV a declining curve shows
worsening of the via filling properties of a given electrolyte, i.e. the concentra-
tion of the active leveller additive is declining. A stable concentration of the ac-
tive leveller additive is indicated by a curve having no slope. A modification of
said method of data analysis is applied in example 5 and shown in Fig. 7 where-
in the ratio of potential and cathodic current values for two different rotation
speeds of the RDE at -210 mV are substracted from each other and plotted
against the processing time, i.e. the electroplating time applied to a electrolyte.
This data analysis method is particularly suitable to monitor the leveller additive
concentration indirectly during use of a copper electrolyte during production of

printed circuit boards, metallization of semiconductor wafers and the like.

The three electrode set-up can be prepared for a new measurement using the
following procedure: The electrodes are rinsed with water, preferably deionised
water and the copper layer deposited during the LSV scans is removed by e.g.
immersing the RDE in diluted HNO; followed by rinsing with water.

The three electrode set-up can now be used for measuring the via filling proper-

ties of another batch of copper electrolyte.

A test protocol according to one embodiment of the present invention which al-
lows the measurement of via filling properties of different batches of copper

electrolytes is summarized in Table 1.

14
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After finishing the measurement of one copper electrolyte batch (step 5), the

three electrode set-up is prepared for the measurement of another copper elec-
trolyte batch (steps 6 to 9 and then steps 1 to 4).

Table 1: Test protocol for the measurement of different batches of a copper

electrolyte using the same three electrode set-up:

Step

Description

11

Cleaning and characterisation of the RDE

Providing a copper surface on the RDE

Transfer of the RDE

W N

Conditioning of the copper surface of the RDE in the copper electro-
lyte under consideration

(4)]

Characterisation of the electrolyte under consideration by means of
LSV

Rinsing the RDE

Copper stripping from the RDE

Rinsing of the RDE

© |0 |IN o

Transfer of the RDE; continue with step 1 or end of the method

Examples

The following non-limiting examples further illustrate the present invention.

Experimental set-up and general procedure

A three electrode set-up consisting of a rotating disc electrode (RDE) having a

copper surface, a Ag/AgCl reference electrode and a platinum counter electrode

was used throughout all experiments. The counter electrode was separated by

a salt bridge throughout all steps.

16
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Linear sweep voltammetry (LSV) with a scan speed of 10 mV/s and different

rotating speeds of the RDE was applied.

The LSV measurements were compared with micrographs of cross-sectioned,
copper filled recessed structures in order to prove the accuracy of the method

according to the present invention.

The data derived from LSV measurement at different rotating speeds of the

RDE was investigated using the following procedure:

The cathodic current range considered for obtaining the required information on
via filling properties of the copper electrolyte under investigation was calculated
from the depth and diameter values of the vias to be filled, the desired thickness
of the copper layer on top of the substrate surface and the cathodic current

density applied to the top of the substrate surface.

Next, the LSV measurement was performed at a rotating speed of the RDE of
0 rpm and 1000 rpm. The scanned potential range was in for all three rotating
speeds from + 0.1 V to — 0.6 V vs. Ag/AgCI reference electrode.

The whole test protocol used throughout all examples is summarized in Table 2.

Table 2: Test protocol applied throughout all examples.

Step | Description Electrolyte Technique Parameters

terisation of the RDE ammetry range: 0.3V
2> 12V >
-018V >
0.3V,

1 Cleaning and charac- | 0.5 MH,SQ, | Cyclic  volt- | Potential

Scan number:
approx. 200

Scan rate:
1V/s

Rotation

16
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speed: 0 rpm

2 Deposition of copper
on the RDE

Electrolyte of
steps 4 and 5
without or-
ganic  addi-
tives

Galvanostatic
Chrono Po-
tentiometry .
(GCP)

Deposition
cathodic cur-
rent:

- 2.5 A/ldm?

Deposition
time: 60 s

Rotation
speed:

3 Transfer

1000 rpm
three elec-
trode set-up
transfer in
electrolyte of
step

4 Conditioning of the

copper layer

Electrolyte
under con-
sideration

GCP

Deposition
cathodic cur-
rent:

- 0.14 A/Jdm?

Deposition
time: 300 s

Rotation
speed
RDE:
and
1000 rpm

of
0 rpm

5 Electrolyte characteri-
sation

Electrolyte
under con-
sideration

LSV

Potential
range: 0.1V
to-04V

Scan rate:

10 mV/s

Rotation

speed of
RDE: Orpm
and 1000 rpm

16 Rinsing

Deionised

three elec-

17
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water (DI wa- trode set-up
ter) '
7 Copper stripping from HNOs:DI wa- RDE
RDE ter = 1:1
8 Rinsing DI water RDE
9 Transfer three elec-
trode set-up
transfer to
electrolyte of
step 1

Example 1

The via filling properties of an acidic copper electrolyte comprising a leveller
additive suitable for via filling were determined using the test protocol according
to Table 2. |

The data obtained for a first rotation speed of the RDE of O rpm and a second
rotation speed of the RDE of 1000 rpm for the calculated potential range re-
quired for a BMV having a given geometry is shown in Fig. 3 (a).

Here, the absolute cathodic current density is lower in case of a rotation speed

- of 1000 rpm compared to those absolute cathodic current density obtained at a

rotation speed of the RDE of 0 rpm, i.e. no rotation.

observed (Fig. 3 (b)). The micrograph shows a completely filled BMV.

Example 2

The via filling properties of an acidic copper electrolyte comprising a leveller
additive not suitable for via filling were determined using the test protocol ac-

cording to Table 2.
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The data obtained for a first rotation speed of the RDE of 0 rpm and a second
rotation speed of the RDE of 1000 rpm for the calculated potential range re-
quired for a BMV having a given geometry is shown in Fig. 4 (a).

Here, the cathodic current density at a rotation speed of 1000 rpm is higher in
the potential range of approx. -0.3 V to approx. -0.24 V than and equal in the
potential range of approx. -0.24 V to -0.21 V with the curve obtained for a rota-
tion speed of O rpm.

A good correlation between the copper electrolyte characterization by means of
LSV and the cross-sectioned samples investigated by optical microscopy was
observed (Fig. 4 (b)). The micrograph shows an incompletely filled BMV.

Example 3

The via filling properties of an acidic copper electrolyte comprising a leveller
additive suitable for via filling were determined using the test protocol according
to Table 2.

The data obtained for a first rotation speed of the RDE of 0 rpm and a second
rotation speed of the RDE of 1000 rpm for the calculated potential range re-
quired for a TSV having a given geometry is shown in Fig. 5 (a).

Here, the absolute cathodic current density is lower in case of a rotation speed
of 1000 rpm compared to those absolute cathodic current density obtained at a

A good correlation between the copper electrolyte characterization by means of
LSV and the cross-sectioned samples investigated by optical microscopy was
observed (Fig. 5 (b)). The micrograph shows a completely filled TSV.
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Example 4

The via filling properties of an acidic copper electrolyte comprising a leveller
additive not suitable for via filling were determined using the test protocol ac-

cording to Table 2.

The data obtained for a first rotation speed of the RDE of 0 rpm and a second
rotation speed of the RDE of 1000 rpm for the calculated potential range re-
quired for a TSV having a given geometry is shown in Fig. 6 (a).

Here, the absolute cathodic current density at a rotation speed of 1000 rpm is
higher in thé potential range of approx. -0.31 V to -0.25 V compared to those
absolute cathodic current density obtained at a rotation speed of the RDE of
Orpm and equal in the potential range of approx.
-0.25Vto0-0.21 V.

A good correlation between the copper electrolyte characterization by means of
LSV and the cross-sectioned samples investigated by optical microscopy was
observed (Fig. 6 (b)). The micrograph shows an incompletely filled TSV.

Example 5

The via filling properties of an acidic copper electrolyte comprising a leveller
additive suitable for via filling were determined during use of said copper elec-
trolyte. The test protocol according to Table 2 was applied.

The data obtained for a low rotation speed of the RDE of 0 rpm were subtracted
from the data obtained from a high rotation speed of the RDE of 1000 rom at a
potential of -210 mV which is within the calculated potential range required for a
TSV having the given geometry (Fig. 7 a).

The data obtained show a drop of the curve which corresponds to declining via
filling properties of the copper electrolyte during use.
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Corresponding micrographs of cross sectioned samples are shown in Fig.7b
wherein the TSV filling after three weeks use of the electrolyte is insufficient.
This corresponds well to the drop shown in the curve in Fig. 7 a.
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CLAIMS

1. A method for monitoring the filling properties of a copper electrolyte compris-

ing the steps of
a) Providing a substrate having at least one via,

b) Calculating the required cathodic current density value on the bottom ar-
ea (2) of the at least one via having one opening at an applied cathodic
current density on top (3) of the substrate surface to completely metal fill

the via,

wherein the required cathodic current density value on the bottom (2) of a

via having one opening is calculated by the formula

[required cathodic current density on the bottom area (2) of a via] =

[volume of the via to be filled)
(desired volume of copper on top (3) of said via)

. [predeﬁned cathodic current density applied on top (3) of the substrate surface]

or

calculating the required cathodic current density in the centre (5) of a via

having an opening on both sides of the subsirate at a predefined cathod-
ic current density on top (3) of the substrate surface to conformally metal

fill the via

wherein the required cathodic current density value in the centre (5) of a
via having an opening on both sides of the substrate is calculated by the

formula
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[ required cathodic current density in the centre (5) of a via having jl

| an opening on both sides of the substrate

[desired copper thickness in the centre(5) of a via having an opening on both sides of the substrate]

[desired copper thickness on top (3) of the substrate surface]

. [predeﬁned cathodic current density applied on top (3) of the substrate surface]

and thereby deriving the cathodic current density range where the influ-
ence of leveller additive(s) and corresponding break-down products of a

given copper electrolyte on via filling properties is obtainable

wherein said cathodic current density range ranges from the cathodic
current density applied to the substrate surface to the calculated cathodic
> current density on the bottom (2) of said via in case the via is selected

from vias having one opening and

wherein said cathodic current density range ranges from the applied cur-
rent density on top of the substrate to the calculated cathodic current
density in the centre (5) of the via in case the via has an opening on both

sides of the substrate,

c) Recordihg a current-voltage profile in the cathodic current range of the
current by linear sweep voltammetry for at least two different rotating

L. —

£ 4 oLt AT _f_ i
1uie Lalnniy uist el

PN g Py
SpEeeas o

and

d) Obtaining the via filling properties of the given copper electrolyte for a
given via geometry from the data recorded in step c¢) in the cathodic cur-

rent density range as calculated in step b)

by comparing the current-voltage profiles recorded in step c) in the ca-

thodic current density range obtained in step b).
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. Method according to claim 1 wherein one rotation speed of the rotating disc

electrode ranges from 0 to 100 rpm and another rotation speed of the rotat-

ing disc electrode of more than 100 rpm are applied in step c).

. Method according to any of the foregoing claims comprising the further step

e)1 replenishing the leveller additive in case the absolute cathodic current at
a given potential obtained in step c) in the cathodic current density range
calculated in step b) for the higher rotation speed is higher than or equal with
the absolute cathodic current at said potential for the lower rotation speed in

case the via is selected from vias having one opening.

. Method according to claims 1 and 2 comprising the further step

e)2 replenishing the leveller additive in case the absolute cathodic current at
a given potential obtained in step c) in the cathodic current density range
calculated in step b) for the higher rotation speed at said potential and for
the lower rotation speed differ from each other in case the via has an open-

ing on both sides of the substrate.

. Method according to any of the foregoing claims wherein the surface of the -

rotating disc electrode consists.of copper.

. Method according to any of the foregoing claims wherein the scan speed in

step c) is in the range of 0.1 to 50 mV.
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0,0E+00

1,0E02 |

<,0E02 |

3,0E02 |

40E02

current density / A/cm?

&
©
m
<]
]

cathodic

6,0E02 . L L
©0310 0300 20290 0280 0270 0,260 0250 0,240 0230 0220 -0,210

potential vs Ag/AgCI/V

[— oumin —1000U/min_|

Fig. 4 (b)




WO 2014/094810 PCT/EP2012/005396

517

Fig. 5 (a)
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Fig. 6 (a)
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