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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
STRESS MIGRATION TEST STANDARD -

Part 1: Copper stress migration test standard

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization, c
all ndtional electrotechnical committees (IEC National Committees). The object of IEC .is\ to

intern
this e
Techn|

htional co-operation on all questions concerning standardization in the electrical and electronic
hd and in addition to other activities, IEC publishes International Standards, Technical’ Sped
ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter_referred to

Publidation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee
in thg subject dealt with may participate in this preparatory work. International;_'governmental

gover
with t
agree

mental organizations liaising with the IEC also participate in this preparationIEC collaboratd

ment between the two organizations.

The fdrmal decisions or agreements of IEC on technical matters express, as‘péarly as possible, an int

conse
intere

hsus of opinion on the relevant subjects since each technical committee has representatior
tted IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEQ
Comnlittees in that sense. While all reasonable efforts are made“to ensure that the technical contg
Publigations is accurate, IEC cannot be held responsible<for*the way in which they are used 9

misint

Erpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Py
transparently to the maximum extent possible in their national and regional publications. Any d

betwe

en any |IEC Publication and the corresponding\national or regional publication shall be clearly in

the lafter.

IEC it
asses
servic

All us

No lia
memb)
other

elf does not provide any attestation of-conformity. Independent certification bodies provide g
Ement services and, in some areas, @¢cess to IEC marks of conformity. IEC is not responsib
s carried out by independent certification bodies.

brs should ensure that they have the latest edition of this publication.

bility shall attach to IEC or its’directors, employees, servants or agents including individual eX
ers of its technical committees and IEC National Committees for any personal injury, property d
damage of any natureiwhatsoever, whether direct or indirect, or for costs (including legal

expenges arising out of.the publication, use of, or reliance upon, this IEC Publication or any
Publidations.

Attent
indisp
Attent

on is drawn_to:the Normative references cited in this publication. Use of the referenced publi
Ensable for th'e-correct application of this publication.

on is drawn to the possibility that some of the elements of this IEC Publication may be the

paten{ rights. NlEC shall not be held responsible for identifying any or all such patent rights.

Internat
Semiconductor devices.

pmprising
promote
fields. To
ifications,
as “IEC
nterested
and non-
ts closely

he International Organization for Standardization (ISO) in accordance with” conditions detefmined by

prnational
from all

National
nt of IEC
r for any

blications
vergence
dicated in

onformity

e for any

perts and
amage or
fees) and
bther IEC

cations is

subject of

onal oStandard IECU bZesU-T has been prepared by [EC technical comm

The text of this International Standard is based on the following documents:

FDIS Report on voting
47/2407/FDIS 47/2416/RVD

ttee 47:

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 62880 series, published under the general title Semiconductor
devices — Stress migration test standard, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingbial version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be‘‘useful for the gorrect
understanding of its contents. Users should therefore print this document using a
coloun printer.
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SEMICONDUCTOR DEVICES -
STRESS MIGRATION TEST STANDARD -

Part 1: Copper stress migration test standard

1 Scope

This part of IEC 62880 describes a constant temperature (isothermal) aging method for

testing
to stres
product

predictiopn and failure analysis. Under some conditions, the method can be ap

5-induced voiding (S1V). This method is to be conducted primarily at the wafer|
on during technology development, and the results are to be used.for

copper (Cu) metallization test structures on microelectronics wafers for susceptibility

level of
lifetime
blied to

package-level testing. This method is not intended to check productionclets for shipment,

because of the long test time.

Hence,

would s

There a

For the

address

Dual dgmascene Cu metallization systems usually have liners,such as tantalum |(Ta) or
tantalunp nitride (TaN) on the bottom and sides of trenches €tched into dielectrid layers.
for structures in which a single via contacts a wide line ‘below it, a void undef the via
can cause an open circuit at almost the same time as any(percentage resistance shift that
atisfy a failure criterion.
2 Normative references
re no normative references in this document.
NOTE Related documents are listed in the Bibliography.
3 Terms and definitions
purposes of this document, the following terms and definitions apply.
ISO and IEC maintainterminological databases for use in standardization at the fpllowing
fes:
Electropedia: available at http://www.electropedia.org/

e |EC
e |SO

3.1

Online browsing platform: available at http://www.iso.org/obp

stress migration

SM

crucial failure phenomenon of the semiconductor device interconnects

3.2
stress i
SIv

nduced voiding

voiding generated in the semiconductor device interconnects which is caused by thermal

stress

Note 1 to

Note 2 to

entry: In copper interconnect, voiding occurs under VIA or inside VIA, and causes resistance increase
or open failure.

entry: See Annex B for mechanism.
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3.3
wide pattern
chain pattern, which VIA connects wide pattern

Note 1 to entry: There are some combinations of connection.

SEE: Figure 1

3.4
nose pattern
chain pattern, narrow pattern connected to a VIA and attached to a wider pattern

Note 1 to entry: THe SIV risk of this VIA is determined by the width of the plate and the distance of the VIA away
from the plate (described in 4.1).

SEE: Figure 1

3.5
nose lehgth
length of a narrow pattern portion of the nose pattern

SEE: Figure 1

3.6
nose width
width of|a narrow pattern portion of the nose pattern

SEE: Figure 1

3.7

DRC
Design|Rule Compliant
pattern fule that the designer shall follow;*e.g. permitted pattern width, VIA location ,ett.

(2]

3.8
VIM
VIA-in-the-middle

wide pajtern type of VIA chain

Note 1 tolentry: See Figure=1 and Annex A.

3.9
co-axial stacked/VIA
SM test|structure where VIA is stacked in the vertical direction and coaxially

Note 1 to entry: _See Figure Z and 4.1.

3.10
off-center stacked VIA
SM test structure where VIA is aligned in the vertical direction and the center of VIA is shifted

Note 1 to entry: See Figure 2 and 4.1; a zig-zag type and a spiral type are proposed.

3.1

mesh type VIA

SM test structure chain pattern, VIA is connected to narrow pattern and narrow pattern is
connected to the mesh type wide pattern

Note 1 to entry: See Figure 2 and 4.1.
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4 Test method

4.1 Test structures

To test the susceptibility to stress voiding of the technology under evaluation, structures that
emphasize each extreme risk of the technology shall be designed, evaluated, and used in the

test procedure.

Typical SM test structures are in the formats of VIA chains and single VIAs. Special
considerations shall be carried out to assure that the appropriate test structures are used.
The following are the structures that shall be used in the evaluation of stress migration

reliability:

— Design rule compliant (DRC) linewidth test structures:
e Around 100-VIA chains, both conventional (VIA-at-end) and the VIA-in-the>mid

I

q

4

IA chains. Bi-polar or plate-above VIA and plate-below VIA types: Mod
umbers of around 100 to a few hundred are recommended to{ensure re
ensitivity for SIV risk detections.

IA chains with larger VIA numbers such as around 1 000 tolaréund 1E5, are

the individual company’s discretion in case of needs for VIA scaling.

e $ingle Kelvin VIA structures, VIM type.

— For
user

test structures, specific dimensions (nose length/width) shall correspond
s processes and designs. Potential options may,‘range from 10x min to 1

dle (VIM)
est VIA
sistance

used at

to each
DOX min

width or its equivalence (e.g., slotted plates) VIMVIA chains, for measuring SM margin
and estimated SM lifetime within limited testing time.

Figure 1

a) con
b) VIA-

shows the sketches of test structure formats of:

entional VIA chains (around 10 pym_ifiterconnect length);
in-the-middle (VIM) VIA chains (artound 10 uym interconnect length);

c) single Kelvin VIA (L-shaped);

d) SM

The pla
wide plg

hose VIA chain structure-of-plate-below and plate-above VIA chains.

te widths.

e widths of VIA chains, single Kelvin VIA and SM nose VIA chains can be DRC and
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IEC

a) conventional VIA chain

C %
——
LV

=
A )
| 4

b) VIA-in-the-middle (VIM) VIA chain

Single Kelvin via

Narrow line
width

Nose length

< > 331
«—»
@Q . IEC
C)O d) SM nose VIA chains
Key @
a) usual wide patt VIA is located at edge or near the edge of wide pattern;

c) conveh elvin VIA;

b) wide patter; VIA is located near the center of wide pattern;

d) VIAis

ttermris commeTtedto thewide patterm:

Figure 1 — SM test structure sketches
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For SM nose VIA cases where a narrow extension connecting to a VIA is attached to a wider
plate, the SIV risk of this VIA is determined by the width of the plate and the distance of the
VIA away from the plate [6]1. The application of nose VIA structures for SIV reliability
assessment shall correspond to their allowable design rules and technologies. If nose VIA
designs are permissible, then nose VIA test structures are part of the product-level SIV
evaluation for SM quantification. Technologies that do not allow nose VIA designs would
naturally conduct SIV evaluations without nose VIA test structures. SM in nose VIA cases are
product specifics and it is each individual company’s discretion to handle the specifics based
on the principle of SM mechanism introduced in this standard. Additional optional SM test
structures for the qualification include:

a) stacked co-axial VIA chains;

b ff rs 4 L el \LLA la. H
) (0] -L|U|||.C| StacKed—viA cams;

h type VIA chains (minimum line widths) with mesh-above and mesh-below'theg VIA.

c) mes

The illustrative sketches of those structures are shown in Figure 2. Those SM test stfuctures
are desjgned to explore the SIV risk under certain extreme and specifiec~product geometry
cases ahd they are optional choices of each individual company for its SM/qualification tests.

1 Numbers in square brackets refer to the Bibliography.
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Key

—10 -

Co-axial

— R

a) co-axial stacked VIA chain

Off-center: Zig-Zag Off-center: Spiral r\ .

1 S

X‘\
5\0\'\ IEC
b) two formats of off-center stacked VIA chain
Mesh lines \,‘Q
width = space = min $ Mesh length
\Z
A
Mesh width
I ~
] mesh length
[ 0000000000 |
/
0000000 ]
—
[ 000000000000
I
| 000000000000
I
| 000000000000 v
Link (length, width) IEC

c) mesh type VIA chains (minimum line widths)

_m

IEC

d) mesh type VIA chains (minimum line widths)

IEC 62880-1:2017 © IEC 2017

a) VIA, chains stacked vertically and coaxially;
b) stack VIA ,center of VIA are shifted each other;
c) top view of mesh type VIA chains (minimum line widths);

d) cross section of Figure 2 c).

Figure 2 — SM test structure sketches — lllustrative sketches of
proposed optional SM test structures
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4.2 Test equipment

A calibrated thermal chamber shall be required to subject the wafers or packaged test
structures to the specified temperature for the specified time. Additionally, measurement
instruments shall have sufficient resolution for slight resistance change.

4.3 Test temperatures

Based on the temperature dependence described in Clause A.2, wafer level SM stress
temperatures are the following:

a) Selected constant temperatures between 150 °C — 275 °C.

b) For gach—ShtestsTmimmum—three temperatures strattbe lcquilcd, buvclillg temmperature

range from low to high, e.g., 150 °C, 175 °C & 225 °C.
4.4 Test conditions, sample size and measurements

Wafer lgvel tests are recommended for constant Cu stress migration reliability tests dye to the
following advantages: 1) capable of testing chips throughout the wafer without possible
influence introduced by packaging tests. 2) capable of testing larger number of EM test
structures from the same wafer which is not possible for packagingtests.

Sample|size of the wafer level SM tests:

a) Minimum 3 wafers (i.e., 1 wafer/lot from 3 lots) for each stress temperature, e.g.|150 °C,
175[°C & 225 °C.

b) Minimum 30-40 dies per wafer, per metal levelto,be tested.

Additional test temperatures (at least four temperatures is recommended) and wafers|may be
added for quantitative SM modelling verification and lifetime extrapolations if desired py each
individugl company.

Test mdasurement readout: Resistance value changes of each test structures are mpnitored
on a required schedule. The minimum is readout at 0 h and 1 000 h. It is optional to |perform
additional readout within the 1,000 h for better tracking the SM behaviour. For example, 0 h,
250 h, 500 h, 750 h, 1 000 h.

4.5 Fpilure criteria

The following criteria~are failure criteria for general practice in SM reliability evalpations.
Individupl company~ can revise the resistance increase numbers in their special ¢ases if
needed)

a) Res|stance increase (AR) for VIA chains > 10 %;

b) Resistance increase (AR) for single VIA > 100 %.
4.6 Passing criteria

Criterion a) below is the traditional method of “zero fails during a fixed time period”, which will
explore the SIV risk of DRC test structures as well as extrinsic defects during the 1 000 h
tests. This is a must-have passing criterion.

For the purpose of estimating the SM margin and the extrapolation of product SM lifetime, we
introduce criterion b) for the company to follow. The details of the execution of this second
criterion are based on the company’s choice on an accelerated method of SM lifetime model
(see Clause A.7).

a) Zero DRC test structure fails for all testing temperatures within 1000 h.
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b) Zero SM fails for selected wide line VIA chains within a fixed period, e.g., 250 h, 500 h or
shorter, depending on the choices of wide line widths of the test structures. For example,
if there is zero 2 um VIA chain fail within 500 h at 175 °C for 32 nm and 28 nm, the
product SM lifetime will reach the ten-year goal. The detailed choices of selected line
width value and no fail hour period can be determined by each company, based on the SM

mod

5 Dat

el described in Clause A.7.

a to be reported

After completion of the test, the information listed in items a) to h) shall be reported:

a) Bake temperatures (see 4.3).

b) Medsurement intervals. List the cumulative time between the beginning of thé fest and

eac
c) Fail
ope
d) Sanj
chip
4.1)

e) Stre
drav

f) Initial resistance: plot distribution plots of initial resistafice of each test structure (s

g) Stre

resistance readout (see 4.4).

re criterion. List the criteria used to define failure (e.g. percentage,resistan
\ circuit, etc.) (see 4.5).

ple tested. Describe the sample tested, including the number ofcwafers, the nu
s per wafer, the macro names and number of structures on-each chip (see

5s structure. Describe the features of each test structure used, and illustr
ings if practical (see 4.1),

5s data. Plot the distributions of fractional resistance change versus stress

eac

h) Esti
wid
reli
exar
and

structure and indicate the failure criteria on:the plot (see 4.4 and 4.5).

ce shift,

mber of
4.3 and

hte with

ee 4.3).
time for

ated SM margin and lifetime at use conditions: based on the failure conditions of

line SM test structures, which arejqon-DRC. It is possible to estimate
bility lifetime by applying the SM lifetime model as presented in Clause A.7
nple, if there are no fails from 2 ynpwidth VIA chains within 500 h at 175 °C fg
28 nm technology wafers, the SMilifetime will reach the ten-year lifetime goal.

the SM
. As an
r 32 nm
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Annex A
(informative)

Explanation for stress migration, stress induced voiding —
Temperature, geometry dependence

A.1 Stress-induced voids

Stress migration (SM) or stress-induced-voiding (SIV) is one of the key aspects of Cu
interconnect technology rel|ab|l|ty quahflcatlon The SIV damages are caused by the stress

, s ! ) s known
ow line
ility data
of “zero
nerally
accepted by the industry [8]. This approach was inherited from Al SIV testing method for Cu
SIV gudrd-band but with certain degrees of uncertainty. With the furthertechnology [scaling,
the Cu BIV reliability margin becomes narrower. Therefore, the old traditional standafd could
lead to gven larger error bars for reliability projections. In order tofoyércome this known trend
of increasing SIV risk, a quantitative SIV lifetime estimation method is needed.

In recer]t years, the SIV mechanism has been investigated’to reduce SIV risk and established
SM quglification methodology [4-7, 10]. Due to the improvement of integration Irocess,
progress has been made in SM reliability performance®in meeting the design lifetime goals. In
general| observation of SM failures is not expected for design rule compliant (DRC) linewidth
structurgs even at the worst temperatures during"SM reliability testing period (i.e. $00 h to
1 000 h).

It is possible to measure SM failures frofy reasonable wide linewidth test structures within
reasongble testing period of time. In 5, 6], a geometry linewidth dependent factor was
introduged to support an SM model’ for lifetime extrapolation. The quantified Iinewidth
dependént SM data from 45 nm, 32:nm and 28 nm show a common power-law factor|M. This
further supports the SM model with' a geometry linewidth factor for acceleration [5, 6]. In this
documept, in addition to the traditional method, we will apply the SM lifetime model |and the
equation to develop an SM reliability qualification methodology for meeting the product design
lifetime.

A.2 S$tress temperature

Cu SM|data-show a strong temperature dependence of SM lifetime. Based on thg¢ Creep
voiding rate model by McPherson and Dunn [4-6, 19, 20], we have the following median time-
to-fail (MTF) relationship:

MTF = A(Ty —T) ™ exp(En ! kgT) (A1)

where T is the stress-free temperature at which the thermomechanical stress transits from
tensile to compressive, N is the thermal stress component, E, is the diffusion activation
energy, kg is the Boltzmann constant and A is the normalisation constant.

As an example, Figure A.1 shows the MTF distribution of the 5 um linewidth VIA chains from
32 nm wafers as a function of temperature in the range of 125 °C to 275 °C. No SM failures
were measured from the 325 °C test.
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Equation (A.1) was used to fit the five-temperature failure distributions from the PL-SM data of
the 5 pm VIA chains as shown in [5, 6]. During the fitting process, parameters of T;;, N and Ep
are allowed to vary to minimize the standard fitting error function. As a result, the T, value is
277 °C, Nis 1,25 and E, is 0,72 eV in this case. The results of fitting parameters were applied
to Equation (A.1) and the calculated MTF values are shown as a model fit in Figure A.3. The
model fit calculations and the MTF SM data distributions are consistent with each other. It is
necessary to point out that the £, value can vary depending on the quality of Cu/cap interface
and Cu grain boundary diffusion. A relative weak Cu/cap interface assisted by gain boundary
diffusion will lower the E5. The E, values can be in the range of around 1,0 eV to 0,5 eV.
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Figure A.1 — Temperature dependent behaviour of SM MTF values of
5 um VIA chains in the range of 125 °C - 275 °C

The reslts shown in Figure A.1 demonstrate the following important SM behavior:
a) Aboye Ty, no SM fails will ocedr due to the compressive thermo-mechanical strgss. The
fact(we have measured no SM fails from the 325 °C tests confirms this;

b) MTH increases as temperature decreases below T;,. MTF reaches its minimum at a “sweet
spot’ near 200 °C to_225 °C. The location of the “sweet spot” may vary depending on
wafgr process details;

c) Belgw T, but above the “sweet spot”, the MTF distribution reverses its direction;

d) Clode to the.operating temperature range, i.e., around 125 °C to 100 °C, the SM Iata are
moiE/y Arrhenius-like and dominated by the diffusion term. The temperature depg¢ndence

bel the” “sweet spot” (i.e., around 175 °C to 100 °C) can be approximately trgated by
Arrhlenius_model

A.3 Geometry linewidth dependence of SIV risk

The linewidth dependence of SIV risk is an important feature for setting design rules and
reliability qualification tests. As shown in Figure A.2, SM MTF values are linewidth dependent.
In general, the SIV risk increases as linewidth increases for a single VIA. The MTF values
follow a power-law as a function of linewidth as shown in Figure A.2. The MTF power-law
relation can be expressed as:

MTF =Cw 2% (A.2)

where W is the linewidth or plate size and C is a normalisation constant. 2,94 is the power-law
component value from the fit.
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Figure A.2 shows the MTF power-law relation of linewidth measured from wafers of
technologies of 45 nm, 32 nm and 28 nm. It is noticeable that SM data from all three
technologies follow the power-law by linewidth and the power components of the three sets of
data are nearly the same, around 2,94. The power component value of around 3 indicates the
possible relation to a particular voiding nucleation mechanism [17,18]. We believe that the
MTF power-law relation of linewidth reflects the intrinsic nature of SM linewidth scaling. It can
be expressed in general terms as:

MTF =Ccw™ (A.3)

where M is the geometry stress component. The M values can be fitted and checked from SM
testing
intrinsic
consistgntly close to 3. It is recommended that characterization is performed to)understand
the intrinsic SM property and establish validity and correlation to this prescribed model in
order tq determine applicability, especially in the smaller regions adjacent or outside line

width of|Figure A.2.
s A
<
T L DL L A Al L
E 105 b .
= = PLSMdata32nm ]
r ~ PLSMdata45nm
[y = A2x29 4 PLSMdata28nm
% E
103 L 4
102 | 4
101 L PR BT TS S S S BT T TETEY FETETETT] PRTTTIT e -
1 2 3 4 5 6 7
Line width (um)
IEC
Figure A.2 — Power-law relation of MTF vs linewidth

From Figure A-2itisnoticeabtesince the BREtimewidthis—<<—tnm, theMTF vatues of DRC
VIA chains are in years and are unmeasurable during realistic testing timeframe. On the other
hand, the MTF values of wide line VIA chains, e.g., 5 ym VIA chains, are in the order of 100 h.
The new linewidth dependent relation (Formula (A.3)) provides the possibility to accelerate
the SM tests by using the wide line or wide plate test structures and estimate the DRC SM
lifetime quantitatively for the reliability evaluations.

It has been reported that some of the nose VIA cases, in which a nose VIA connected to a
wide plate through a minimum width narrow line in highly scaled technology, showed voiding
in trenches, VIAs as well as under the nose VIAs [15,16]. In those cases, the linewidth
dependence of SIV and traditional SM multiple VIA rules were not effective to protect the
circuits from SIV damages. However, the voiding mode can be controlled by optimizing the
integration process, e.g. trench barriers, etc. Those voiding modes were probably caused by
the extrinsic defects related with non-optimized process especially during the early stage of a
highly scaled new technology.
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A.4 VIA size dependence of SIV risk

Figure A.3 shows the SM MTF values from a group of 100 VIA chains with different VIA sizes
ranging from 45 nm to 140 nm, including a VIA bar, measured by PL-SM at 175 °C,
respectively. The SM data show that the MTF values are a linear function of VIA cross section
area. As the VIA size decreases, the MTF decreases, i.e., the SIV risk decreases. This is
consistent with the calculation of maximum stress gradient versus VIA cross session area
under a 3D linear elastic model assumption as shown in Figure A.4. As Figure A.4 shows, a
smaller VIA is related with higher stress gradient and thus resulting in higher SIV risk.
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The VIA diameters are labelled in brackets in the units of nanometers.

Figure A.3 — Median time-to-fail SM data as a function of VIA sizes
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Figure A.4 — Hydrostatic stress gradient at near room
temperatures vs VIA size (area)
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A.5 SIV under multiple VIAs

The cause of SIV damages can be avoided by using multiple VIA configurations, in which the
additional VIAs are sacrificed, reducing the stress gradient by non-fatal voiding. The electrical
connectivity is maintained by keeping at least one VIA being undamaged in multiple VIA
configuration.

Figure A.5 shows an example of a two-VIA case (a). The FA images of unstressed VIAs are
shown in (b) and SM stressed VIAs in (c). We can see the structure is still electrically
functioning after the SIV damage of one VIA occurred. The MTF value can be greatly
increased under multiple VIA configurations. As shown in Figure A.5 (d), MTF values from a
5,0 ym VIA chain were measured under 1 - 4 VIA configurations, respectively. It is shown that
the aroynd 10x MTF value increase was observed from 1 VIA to 4 VIA cases. The SM multiple
VIA rulg method is commonly used today in integrated circuits (ICs) designs to~prgvent or
reduce the SIV risk to the product.
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Figure A.5 — FA images of two VIA case and
MTF vs multiple VIA of SM

A.6 Metal thickness dependence of SIV risk

Figure A.6 shows the resistance changes versus VIA chains with different metal thicknesses
under SM testing at 175 °C. The SM data show the thicker the metal the larger the resistance
changes. This means that an increase in metal thickness will lead to SIV risk increase.


https://iecnorm.com/api/?name=601ddfbc204d6ded83d5d8f919398aa5

-18 — IEC 62880-1:2017 © IEC 2017

5 A
g 100 110
S 99,99
’ / Thicker M4
99
95
80
50
Metal thickness T = SIV risk T
20
5
1 Splits
= Std M4 500 h
Thicker M4 500 h
0,01 1 -

T T T T T
98 100 102 104 106 108 110

Rel. degradation (%)
IEC
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175 °C.

Figure A.6 — Metal thickness versus resistange‘increase under SM tests

A.7 S$M lifetime model

Based gn the studies of SIV dependence on both temperature and linewidth, we can ¢gombine
Equatiops (A.1) and (A.3) into Equation (A4)as a SM lifetime model:

MTF =AW M (Ty —=T)™N exp(Ep / kgT) (A.4)

where W} is the linewidth or plate size, M is the geometry stress component, T is thg stress-
free temperature, N is the«thermal stress component, £, is the diffusion activation engrgy, kg
is the Bpltzmann constant and A is the normalisation constant.

Equation (A.4) is invessence an empirical equation based on SM experimental data |and the
Creep model assumptions. The SIV driving forces are 1) stress temperature T and 2) linewidth
W. The diffusion-term serves as a path for SIV. The establishment of Equation (A.4) FLrovides
opportupities of making quantitative SIV risk analysis and SM lifetime estimation. Figure A.1
shows that the ratio of temperature dependent MTF values from 125 °C to 225 °C is around
18x for the 5 pm ViV VA Thaims—Figure A2 shows tiratthetimewidthdependent™MTF ratio
from DRC (i.e., 0,18 ym) to 5 ym is around 16 400x. It is clear that the linewidth geometry
provides much better acceleration for SM testing. It is then possible to apply this equation to
design SM reliability qualification methodology to quantitatively meet the design lifetime goals.
We can perform the SM tests on DRC and selected wide line test structures and estimate the
lifetime of unmeasurable DRC test structures in an accelerated manner.

It shall be pointed out that the essence of SIV driving force is the stress gradient. The stress
gradient can be generated by absolute stress under stress temperature and geometric
configuration including linewidths as shown in Equation (A.4). In addition, SIV mechanism is
also critically related with diffusion mechanism and nucleation site density including T
defects. Those factors are closely related with Cu interconnect process and are not expressed
by separate terms in Equation (A.4) but their influences are included in components N, M, E,
and A.
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The extrinsic defects induced SIV described in Clause A.3 is not covered by this model and
Equation (A.4). Addressing extrinsic related SIV issues shall be explored and appropriately
mitigated during process development and accounted for during qualification periods to
understand their overall impact.

A.8 Sensitivity for test structure

Due to the nature of stress gradient distribution in VIA/Cu line configurations [4,7], the
sensitivity of exploring the SIV risk can be different for SM test structures with different
designs. Figure A.7 shows two types of VIA chains for SM testing in (a) and (b). In (a), a
conventional VIA chain is designed with the VIAs located near the end of the metal lines. In
(b), a VIA=in=the-middle (\/ll\/l) VA chain is rlncignnd with-the \As-located-in-the-middle of the
metal lines. Due to the VIA location difference, the stress gradient distributions\afe quite
different, i.e., single side towards the middle of line for (a) and both sides towards“bqth ends
of line [for (b). The double side stress gradient distributions for VIM VIA' chaing in (b)
determipes that the sensitivity of SIV risk is higher for VIM than conventional VIA chains.
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a) Conventional via chain b) VIM via chain

All coloiirs indicate values of "stress gradient" with red colour on high side and blue cplour on
the low [side of the values. Stress gradient is the difference of tensile stress between from the
Cu plate and from the Cu_via.

FiguretA.7 — Stress profile of conventional and VIM VIA chains

Figure A.7 shows) the comparison of results between conventional and VIM VIA chains from
both PU-SM~and wafer-level (WL) SM tests. PL-SM results show higher time-to-fajl (TTF)
values for’conventional VIA chains in (a) while WL-SM results in (b) show highef failure
percentagefor VIM VIA chains at each readout of 250 h, 500 h and 750 h, respectively. Both
tests were performed at 175 °C on 5,0 um width VIA chains from 28 nm wafers. Both results
indicate that the VIM VIA chains are more sensitive to SIV risk under the same linewidth and
testing temperature. This is consistent with the stress gradient distribution shown
in Figure A.8 and stress analysis studies in [4,7]. It is necessary to point out that in general,
most of the VIA/metal line configurations in ICs products are VIM cases. Therefore, the types
of VIM VIA chains or single VIA structures are recommended for SM qualification tests.
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Figure A.8 — SM data of conventional and VIM VIA chains
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