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Abstract

The intluence ot vanous geometncal aspects and defterent
layout configurtions on the stressvoiding (SV) behavior
al copper migrconnect systems was studied. Via-line
structures wilh large design teatures such as metal plates
or meshes turned oul 1o be highly susceptible o stress
mduced vording. Based on comprehensive plate size
msestigations. the stressyouding mite depends pnmanly on
the avarlable active <diltusion volume ol the respeclive
structure ¢ the volume which adcts as reservorr of
vacancies that mghl contnbute 1o the voiding process
imside (or neat 10) the via As a general trend . large plates
show smaller tulure times 1 ¢ they are more susceptible
1o stress-induced varding compared 1o small plates Since
the change of the active volume over time depends on the
speciiic different SV behaviors  were
vbserved lor plates with dillerent length/width ratios.
Hereby, simulated resistance dntts are in good avreement
with expenimental data

Shight changes i siructural features such as via-diameler
or via-te-hine misahenoent lound 1o
sigmificant changes in the SV Lulure imes Based on FEA
stmulations the via-nusabgnment etfect s aunbuted to

plate  lavou

Were Ciuse

changes m the stress gradients e the dnving lorce.
The stressvording e wmed  out pet only o be
intluenced by geomerncal aspecis of the lirge resenvorr
features. but also on those fest siruclure parts which are
not affected by stress induced vords  Stress sunmulanons
sugpest differences in the stress wadients and hence the

doving toree af the SV mechanism as root cause of this

phenomenon

Introduction
Stress-induced voiding 1y a senous wear-out mechamsm
- copper  metalbzanans, hoing - the bienme  of

mtegnated cireutts 1] Since copper was ntroduced as a
metallizaiion  option only  recently. most publicatons
discuss the stressvaiding phenomenon with respect 1o
tundamental material properties or provess-relaled aspecis

[2. 3 4] This work will focus on the influence of

peometneal features and design aspects of interconnect
systems on their SV behavior. It will be shown how
sensitive the vaiding Kinetics depend on geometncal
features such as hine width, hne length, overlap and via
diameter. Here. special layoul conligurations turned out to
be more critical than others. This implies that not only an
oplimized process  1s  flecessiry (o suppress  the
stressvoiding sk but also o amplement as much as
pussible built-in rehability in an infegrted interconnect
network by means of smart SV-dexgn rules

kxperimental
Stressvoiding studies were carried oul on copper melal
lnes from a 0.18um fechnology connected by dual
damascene vias and tunusten plugs. respectively. The
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interconnects are surrounded by S10); dieleciric using a
TaN/Ta hner system and a SiN cap layer. The growth of
stress-induced voids was monitored by the resistance shifl
dunng high temperature storage (HTS) on wafer level a1
271l G
Test structure design

On copper nlerconnects with dual damascene  vias
stressvaids can be found at different locations: 1) next o
the via in the metal level underneath and 2) inside the via
(FFig.1). The location depends on the test struclures layout

In vur studies the siructures are designed 1 a way that
anly one metal level ("voding level™) is affected by

stressvords,  whereas  the  other (“connecting  level™}
retmans  mntacl. Generally,  the  voding  level s

characienzed by a large active metal hne volume [5]. In
metallizations where copper interconnects are connecied
by Woplugs to an aluminum level. stressvoids are detected
cxclusively in the copper level undemeath the plug. The

aluminum level 1s thereby not affected by siress vaiding
o Tr—

e
-~";.“;r._

Fig.l Two dillaent lnlwe misdes [or siress-induced vording can be
observed dependent on the Test siuclure design. Lelt. vonding next 1othe
via 10 the copper uelal hine below, Right: varding inside the dual
damascane via, (VE = voding level, CL = connecting level)

Allevel

Fip.2 On test structures wath 3 copperi/tuagston-plug//aluminum-stack,
stressvonds are exclusively tound in the coppet line: ather underneath
the W.plug tlei) or next 101t irghti. The Al-life renwins unaflected.

The influence of geomelncal aspects on the stress voiding
behavior is investigated by using a set of vanous test
structures. Numerous geametres are realized by varying
the length and width of lhe connecting level or the
voiding level, respectively. In addition. the effect of
geometncal features such as line extensions or slitted
plates (“meshes”) on the voiding Kinetics was studied.
Five different Ivpes of tesl struciures were used:

1] **rectangular plates (single ur chain)™: single clement
or chain of 28 rectangular plates in different widths and
lengths connected over a sinple via by narrow links in the
metal level below.

width lenglh

connecting level (below)  vording level (aboves
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2) *square-shaped plate chain”: chain of 50 square
plales of Jdifferent sizes in the upper metal level hinked
with 0.5x3 3pm’ sepments by single vias.

widh = [ength

via
diameter

>

cuonnecting level thedlom ) vanding level (abaned

3) “square plate chains with line extensions™: sanie as

type 2) bul with plates having shor narrow “nose-like”
s :

extension out lo the via. The plate size is 7x7pm’.

extension length

4) “mesh-type chain": chain of 34 meshes connecled
over single vias by duym long links of different width
(narmow link w=0_28um: wide link w=2 Sum). Each mesh
consists of parallel lines of 0.28ym widih and space
covering an area of 3x100um”. It simulates a high fan-out
from a single contact [6].

5 j ] comnecting level
G —.-{ (beJow ar above)
[ =
o =
Pz i
i =
e | vouding level
= 4 | 1above ar below)

§) "short via chains™: chain of 10000 W-plugs linked by
0.28x1.5pm" lines in the aluminum and copper level. The
vig-to-line overlap can be vaned from -0.06 to +).2ym in
both metal levels separately.

- U VA \u-l<|pim:sallgnmml

;’oontr level

Lowet va-line misalignment

Failure criterion

In genenal. a cenain amount of relalive resislance increase
is used in the reliability community to define the
¢lectromigration or siressmigration failure time of a single
melal line configuration. This value reflects 2 maximum
tolerable shift of resistance under which the product
functionality can still be guaranieed. However. since most
of the tesl structures compared in this siudy have different
geomelries, their initial resistances are different as well.
Hence the use of a relative resistance critenon has the
disadvantage that a larger void volume is required in via-
line structure with long lines compared 10 those with
shorter lines. In this case only the use of an absulute
resisiance increase as a failure criterion does allow a
quantitative companson of the voiding kinetics,

Results - Single rectangular plates
The use of different failure criteria is discussed by data
gathered on reclangular plates tenminated with a single via

on both ends. The length of the plates was varied from 30
10 400pm at a constant width of 0.28um. Since the nitial
resislance is increasing with the line length. the failure
times are increasing as well when using a relative failure
critenion of 5% resistance increase (Fig.3).

**I"ARIR = 5%
, 95% =
! 90'. L i
2 750, H E gl . gl
2 75
3 ,7££__1'
E il &4
L g
Db oo
100 1000 TTF [hrs] 10000

Flg. 3 SV talure ima obiamed during 1S at 275°C on 0.28pm wide
rectangular plales with Jdillesent Tengih (L1 using a relative revstance
invease of S5 as farlwe ot The failure himes are Increasing
stcadily with increasing line length.

99°% [— — - —
ose. |__AR =5Q
) °
§ 90°% T
s 75%
E W.
g 25% |- —[°30um |
=1 a70uym
O 10% }|——| ©100um }--
5% — ©200pm |
© 400pm \
1% b—— I, | - A .i
100 1000 TTF [hrs] 10000

Flg. 4 SV falure fimes oblained during TS a1 2759C on (.28pm wide
rectangular plates with diflerent length (L1 using the same SV data as in
Fig.} but now with an absdute resistance increase of S€2 as lailure
ilenian.

The difference between the individual distributions
becomes smaller (compared to Fig.3) when calculating
the failure times using an absolule failure criterion of 5Q
resistance increase (Fig.4). The medium time to failure
(MTF) shows a distinct minimum for plate lengths

[.=100pm (Fig.5).
10000} ——————ie
.
T ¥t
&
'S
=
z AR =5Q
e
1000 - -
0 100 200 300 400

Line length L [pm]

Flg. § Medium 1ime 10 falure {MTF) derived for a SQ2 absolute failure
aitanion from distnbutiens 10 Figd. A distinct mimmum ol MTF 1s
oblained for plate lengths 1= 100um Jurig HTS at 278°C.

The failure times ublained for [.=30pm are about 50%
and for L=400pm about 150% larger.
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Since 1he void volume 1s assumed 1o be directly related to
the absolute resistance ncrease, the voiding rate on
rectangular plates is obviously dependent on the plate
length with a maximum for | =100pm.

Results - Rectangular plate chains
A pronounced plate size elfect was observed on chains of
rectangular plates having widths (w) belween 0.28 and
10pm and & maximum length (1) of $SOOpm. Both. plate
width as well as plate length turned out 1o influence the
medium stressvording Carlure time

100000
. 10000 4
- w = 0. 28u
ot
£
ey W =1um
w
s
100
000 NG W 5um
w = 10pym
100
C 500 1000 1500
Une length L [pm)
Fig. 6 MIF of eod on chaims with rectangular plates ol dillerent widh
wias g funciion of plate length o 0 using .y absaolute [ailure criterion
AR=S5141 The lopth Jependenc ow plates (w=0 2% and 1.ODp0Y
Lracterized by ) amd H0um. respectively,
?L'.‘C.(J‘1
AR = 5002
®
[ —o
£ 1000
w a = 3
— e
s L ——

L = 1500um

AREE e
5 10

Line width w [um])

Fig.? MTF obtunad on chains with rectangular plates of ditlerent [angth

thr as a tuncnon of width (wi using an absolite [alure criterion

AR=S(M2 The decrease of MTF s aturating tor large plate widths

0

As a general trend. large plates show smaller MTFs 1.
they are more susceptible 10 stress-induced  voding
compared 10 small plates. For example. on 1500pm long
plates wath Tpm width about 10x longer hife nmes are
obtained compared to those with 10pm width (Fig.6).
Thereby. the length dependence ol narrow plates was
observed to he different from wide plates (Fig.6). Namow
plates  (w<Spum) show o more or less pronounced
minimum of MTF. whereas wider plates are charactenized
by a steady decrease of MTE with plate length up to
[=1500pm. For w=0.28um a minimum MTF ix obtained
at  L=100pm. This  behavior is  similar o the
corresponding test structure with the single plate (Fig.S).
For w=Ipm this nunitmum shifts to 1. =300pm suggesting
the existence of a critical length/width ratio. In contrast,
the width dependence s characterized by a decrease of
MTE with increasing w with a saturation for large plate
widths (Fig.7).

Results - Square-shaped plate chains

In addition 1o the plate size effect a strong influence of the
via-diameter was observed on chains of syuare-shaped
plates. Since the overall resislance of such chains is
independent on the plate size, [ailure times can be
compared also by using a relative 5% failure criterion.
The fatlure rate after 2000hrs HTS at 275 C was found 10
be increasing for both ancreasing plate size and
decreasing via-diameter. respectively (Fig.8). For nonunal
via sizes SV fatlures are obtained only on large 20x20pm’
plates. The falure frequencies are increasing significantly
as the connecting vias become smaller and smaller. For
via-diameters SOnm smaller than the nominal size. a high
amounnt of tailures s obliined on all plate sizes. For
10x10 and 20x20pm’ plate size all specimens of the
sample fwled and even on the smallest plates (4x4pm’)
almost half of the samples lmled.

100%
'd
o
3
3
© 50%
Q
s
g 20x20
5 10x10
O 0% 77
-30 .20 y

Fig.8 SV tuilures obained after 2000hrs HTS at 275%C on a sample of
square shaped plate chains sath varying plate size and wa-diameter. The
falure frequency 18 ineresing wath incrcasing plate size and decreasing
vi-dameter, respectively (“delta to nommal via diametar”® correspoands
10 vias which are up te SOnm smualler than the nominal via).

1000y - - - e
=
= s ]
/

o |

R L —
£ N o

Eo/ |

I————

AR = 2Q ‘3’:._4!:‘;.:_."7 '

y Al

0 2

0.5 1 1,5
Line extension length L [pm]
Fig.9 Influence of narrow “nose-ltke™ Line extensions on the SV

behavioe of square shaped plates The MTE 1s increasing exponentially
with the line extension ypto L=2pm

How sensitive the SV behaves with respect to small
changes in the plate design is demonstrated on square-
shaped plate siructures with “nose-like” extensions. The
MTFs obtained on those modified plates were found to
increase exponentially with the length of the line
extension within  the investigated range L=0..2um.
Although the SV mechanism cannot be suppressed by
using this design feature. it can be applied to reduce the
voiding rate inside the via (ie. increased lifetime) and
hence to improve built-in reliability.
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Results — Mesh-1y pe chains
Mesh-type test struclures were investigated in difTerent
configurations: 1) mesh in metal Mx level below via Vx
{x=1]. 2) where vaiding occurs in the mesh level next to
the via: 2) mesh in level Mx+1 above via Vx where the
siressvoids  develop inside the dual damascene via
{Fig.10). In addition the meshes are available with two
different link widths: w=028pm ("narrow”) and
w=25pm (“wide”). respectively. Since the geometrical
features of the meshes are idenhical. the resistance of all
tesl structures is nearly the same (variations of link width
is negligible) and hence a relauve failure criterion of
AR/R=5% was used 1o compare the different medium

fimes to lailure.

O ———
Rl a ARR=5%
e
£
E 10 —
1
MiNV1  VIIM2 M2V2  V2/M3

) |
v M3,
/ A
ez E E E Mf‘/l

* Mimesh M2mah M2mesh MImesh
bedow V]  above V1l  below V2 above V2

7.3
=2
4

Flg. 10 Siressmigralion hehavier of mesh 1ype lest structures a1 275°C.
The vording ocars exclusively in the mesh level, MTEs determined for
2 5% fajlwe crileion depend on the mesh lovel as well as on the
connecting level. Larger MTFs are obtained for wide connecting links.

Fig.10 indicates that the MTF is not only affected by the
melal level of the mesh but also by the level of the
connecting link: 1) keeping the via level constant. mesh
below results in smaller failure times than mesh above; 2)
keeping the mesh level constant, via below yields smalier
failure times: 3) structures with identical layouls are less
SV susceplible in upper levels.
Although the connecting level is nol affecled by siress-
induced voiding. the link width plays an important role
for the stress voiding kinetics in the mesh level.
Significantly larger failure fimes are oblained on meshes
linked by wide lines {Fig.10). In analogy 1o the line
extension on plate structures. wider links can be used in
an interconnect layout lo reduce the SV risk of mesh-like
configurations and gain as much built-in reliability as
possible.

Results - Via misalignment
The influence of Ihe via-to-line misalignment on the
siressvoiding behavior was investigated on short via
chains. where the copper segmenis are connected 1o the
aluminum level by W-plugs. Via-line misalignments in a
range between -0.06 and +).20ym were investigated
separately for both levels.
For this metal stack architecture the voiding occurs
always inside the copper level undemeath or next to the
W-plug (Fig.2).
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Cumulated fallures
N
2

By
23

AR/R 5%

®

TTF [hrs] 1000
Fig.11 Failure disisitutions oblained a1 275°C on sherl via chains as a
fmction of the Cuto-W-via overlap using an §% relaive flure
citennon. The failure nmes become smaller with smaller wverlap
het s:cen copper line and W-plug.

100

[ 11 o —

MTF [hrs]
K
—
e X
I

100
-0.1 [} 0.1 0.2
Via ta lina Overiap [jam]

Flg.12 MTFs oblained a1 275°C on sharl via chains as a function of the
Cu-W and AW overlap. respectively, Increasing overlaps with respect
1o both vopper « aluminuim netal line yield langer failure mes

Failure time disiributions oblained on via-chains with
varying overlap between W-plug and copper level are
summarized in Fig.11. As can be seen. the disiributions
have similar shape factors but failure tlimes become
steadily smaller with smaller overlap. The MTF is
reduced by about 2x when decreasing the overlap from
0.00 10 -0.06pm. On the other hand. the failure time is
increased by less than 25% when enlarging the overlap
from (.00 10 +0.06 (Fig.12). Although no siressvoids are
observed in the aluminum level. the variation of the
overlap between W-plug and Al-metal line is influencing
the voiding kinetics in the copper level underneath.
Again. the negative Al-W woverlap implies a significant
drop in the MTF. whereas a large positive overlap leads to
a slight increase of the failure time (Fig.12).
From these resulls, it can be concluded that sufficient
large (positive) overlaps must be implemented in a design
lo assure the highest possible level of built-in reliability
and 10 compensale possible process-related via-to-line
misalignmenis.

Discussion
The stress voiding mechanism in via-line interconnect
systems is of complex nature. It is pnmarily enabled and
enhanced by following items:
1) Large number of free vacancies coniributing to the
voiding process. Their amount depends on the available
copper volume and the copper microstructure which is
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strongly process dependent They can be present already
after the deposihon process. but also be generated during
litetime (or test) by mechanisms such as recrystalhzation
or recovery of crystal detects

2) Easy diffusion pathways enabling the migration ol free
vacancies. These pathways are controlled by the inlerface
properies and the copper microstructure. The parucular
microstructural properties are inlluenced by the process
and the matenals used as biner or capping layers

1) High stress gradients imply an increase ot the dnving
force for vacancy movemen! towards the via. Since the
stress  gridients  induced 10 o via-line  system  are
ifluenced by the thermal pusmatch between the used
dielecine matertals, interface fayers and copper lines they
can change with the temperature Beside this, the stress
gradients depend on geometncal aspecis ol the connecled
metal lines including the via-size

4) Large number of void nucleation sites. Espevially pre-
exnsting vards in the copper. detects 1 the hiner (missing
liner. liner roughness) or tnple points of nterfaces may
serve as sites of preferred vord nucleabon and  can
enhance the vording process

The vanatuon of one of these 4 ilems can cause the change
of the SV behavior ot a conwidered structure. The resulis
gathered on nuimerous fest structures suggest that from a
layoul perspective  the SV mechanism 1s  primary
controllead by metal line volume 1 the vording level
which delines the vacancy reservoir and  fhe  stress
gradient  which s dependent  on layout
conligurations

The plite size effect can qualiatively be explained by
estunating  the time The active
ditfusion volume is & coenistence region of three volumes
[S}: 6 ditfusion volume defined by the charactenstic
diftusion path length (xp(1.T) = VDt where D(T) 1s the
diffusivity) of free vacancies. For a given tme interval
and temperature only those vacancies have the potential to
contnbute to the voiding that are in a distance smaller xg
from the Metal  line  volume
contining tree vacancies 3) Region of stress gradients in
the 1nterconnect that force vacancies towards the voirding

spectlic

active volume over

varding  location 2)

location

The behavior of the stress gradient region (3) was
simulated by Finite Element Analysis (FEA) considenng
all important matenal features of the metal stack. the
dielectric encapsulation and interface layers. As can be
seen in Fig. 13, the hydrostatc stress in the via is almost
independent of the peometry (ie. width) ot the upper
melal line. Furthermore. the stress 1n the bulk of the hne
above the via s not changing significantly with the line
width. Only the stress profile within the SiN-cap layer is
slightly changing. indicating that the hydrostatic stress
decreases with increasing bne width. The vanation of the
hydrostatic stress with the Line width can therefor not
explain the pronounced effect of plate sizes on the SV
behavior observed 1n the studies of this work.

Assuming that the vacancies are homogeneously
distributed within the interconnect volume, the change of
the active volume is dominated by the change of the
diffusion volume of the respective test struciure.

meadium line width wide line

narrow line

Fig.13 Simulatton of the hydrostatic stress in via-line structures for 3
different top line widths for room temperature tupper prcturest and
2755C ibottom), tapectively

Narrow line @
{ PN DRSO TN ~Vt
Wide line 3 e
r s c t; Time ¢t;
o
[
o) 2|~ ¢ -Vt
a : t
Xo(t) t, Time ¢,

Fig.14 Diffuston area as 4 function of bme caleulated for narrow and
wide [incs. respextinely.

The vacancies present in the bulk copper are captured by
the stress lield around the via-to-Line transition and driven
towards the voiding location inside or next to the via
{Fig 1) The number of vacancies which might contribute
10 the voiding process is then defined by the interconnect
volume in a distance x < xp, from the via. Thereby. narrow
lines behave different in companson to wide metal plates
While 1n narrow lines only vacancies beside the via can
move 1o the via. in wide lines significantly maore
vacancies from all directions are available around the via.
Hence. the one dimensional vacancy (ransport in narrow
lines should result in a vVt-dependence of the resuiting
diffusion volume around the via. while two dimensional
vacancy transport in wide lines from a circular catchment
area yield to linear time dependence (Fig.14).

However, once the diffusion length has reached half of
the line width and hence all vacancies around the via have
been pulled towards the via. only the more distant
vacancies can be responsible for a further replenishment.
Therefore the vacancy transport also for wide lines then
will then change to a Vt-dependence. Consequently, wide
lines can provide more vacancies per time to a via,
leading to earlier failure tintes. For Line widths larger than
Xp. the amount of captured vacancies within a time [ gets
independent of the line width. resulting in a saturation of
the medium time to failure (Fig 7).

In general. SV failure times are defined by a certain
amount of resistance increase. Since voiding occurs inside
or next to the dual damascene via, the resistance increase
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is not linearly dependent with the void size. This behavior
is simulated in Fig.15 assuming a square-shaped void
growing from the via edge towards the top line. The
simulation considers “liner redundancy” ie. even il the
void occupies the whole via the via resistance is limited
by the liner resistivity. Therefor. the increase of the via
resistance becomes more pronounced for thinner liners.

| v |

Void
growth

Increasing

-4

50%
Void-to-via volume ratio

Via rosistance incroaso [a.u.]

0%

Flp.15 (hange of the Wa resstance calculaled s a function of the vaid
sze assuming a syuare-shapad vaid grosing from via edge towards the
top hine. The resisiance IMurease bevames mare pvmnounced as (he liner

77
.

3

-
(4]

Reslistance Increase [a.u.)
°

Increasing
5 line width _~
0 T
0 15000 Time [a.u.] 30000

Flp.16 Resistance udrift caleulated for 3 via-line structure dependent on
the hne wadth of the connexted metal plale. The caleulanion is hased an a
combinalien of the availahle diffusion volume ¢Fig. 147 amd the resulting
Ma-fesislance inkrease (Fig. 15).

25

3

-
w

Reslistanco change [%)
S

0 2000 HTS time [hrs] 4000

Flg.17 Resistance drifi 1ypically measured an plale structures with small
(w=0.29um] and large line widths (w=10um). respextively,

A combination of the diffusion volume dependence
(Fig.14) and the via-resisiance dependence (Fig.15)
resulls in a possible R(1) diagram (Fig. 16) that remarkably
resembles the experimentally determined plot (Fig.17):

for narrow plates the rise of the resistance is observed
much later compared o wide lines.

The hypothesis. that the avalable vacancy volume is
mainly responsible for the SV behavior is further
supported by the results pathered on square shaped plate
structures (Fip.8) where the failure rale was found to
increase with the plate size. The effect of the nose-like
line extension changes the SV-behavior (Fig.9). While the
plates sull serve as large vacancy reservoir. the hne
exlension is a boltle neck for the vacancy movement. The
longer the line extension, the more the dilfusion volume is
dominated by the behavior of the narrow line. Hence. the
efficiency of the plate as the vacancy reservoir is
suppressed.

Some discrepancy between SV fuilure time and the
available vacancy reservoir was observed in the line
length dependence for narrow lines (Fig.5), where MTEs
reach a minimum at about 100pm (w=0.28um). The
reason ol this behavior is a possible change in the driving
force with the line length.

The influence of the via-size on the SV behavior is of
complex nature. The obsenved increase of the failure
frequency with decreasing via diameter (Fig.8) can
obviously be related to three different aspects: 1) The
smaller the via diameter the less void volume and hence
time 1s needed 10 reach the failure critenon: this situation
is simulated in Fig.18 (in analogy to Fig.15): 2) with
decreasing via diameler it is more difficult to deposit a
cantinuous defect-free via liner. resulting in a higher
resistive shunt layer once a void has formed. With this. a
higher resistance increase is obtained for a given void
volume (Fig.15): 3) the smaller the via diameter the
smaller is the area of contact between via and botom line.
Thus. the stress level and hence the drving force for
vacancy movemen! will be increasing in smaller vias.

A
-

Void-to-via volume ratio

Flg.18 Via resistance calculated for different via diameters. For the same
void wvolume, a larger resistance increase 1s oblained far smaller vias,
The calculation is based on the same assumptions as in Fig. 15,

In the case of the via-1o-line misalignment, the drving
force is a key factor influencing the SV behavior, mther
than the diffusion volume of the connected metal lines.
Simulations of the linear stress components for via-line
siructures with and without misalignment reveal, that
regions of high g,, stress gradients are oblained in the
upper part of the melal line next to the via. whereas oy,
gradients are Jocated directly under the via (Fig.19). In
both regions stress-induced voids can be found afier HTS
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test. They can be attnibuted 1o different [ailure modes with
mdivadual acuvanon energies (4]

The ettect of nusalignment on the stressvowding behavior
can he explamed by the tnicrease of bath stress gradients
with increasing  msahgnment (Fig 19) Consequently
higher dnving forces are obtamed at a large negalive via-
to-hine overlap leading 1o a reduction ol SV fmlure 1imes
n those structures (bie 11)

without with Failure

snment misalignment analysis

Oxx
= 900
,‘A
el o
*E

-300
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*G

-130
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P

Fig.1v 11 at ]
wOenis v o Wl 1nent ot

\ A T Rews a,, sress gradienis are

exl 10 the via. G, diemis
a0 In b mn 4 ropds can he found

3,, bt e

-~

revtly under 1F
alter IS 1esl corresponding to two ¢ >V les

Besde The reservorr geometry which pnmanly influences
the SV behavior also design teatures of the connecting
level (which 1s not aftected by stressanduced vouding)
were [ound to play an important role In the case of the
vicennsabignment o a lower metal level. the FEA shows
that the stress even o the metal level above the via s
changed In analogy. the etect of a via-nusalignment
the Al-level on the SV behavior i the copper level of
short via chiuns can be eaplauned (kg 12)

Stmidar to the vi-musabgniment. the widih of  the
connecting line 1s changing the SV behavior ot the mesh-
type via-chains - arrow hines 11 the connecling level ire
assumed 1o anduce a larger dnving lorce in the voiding
lesel resulting in lower farlure tmes (Fig 10)

The influence of the metal level on the voiding Kineties in
mesh-type test structures (Fig 10) is possibly the result of
the water curvature. that may induce higher stress
gradients to the lower levels Since this effect is assumed
to yield only small ditferences. another aspect may
explain the observed behavior. Considening that the lower
metallization fevels have been suhjected 10 several high
temperature anneal steps up to 400 C durng e g. the
dielectric and cap-layer deposition of all following levels,
a SVancubation time may already have partally elapsed.
Hence, the time (0 first resistance increase becomes
smaller with every melal level that has been processed
above the respective layer.

167

Conclusion

High temperature storage studies on numerous samples of
lest structures with varying designs revealed a strong
mfluence of geometncal aspects on the SV hehavior
Thereby. the geometnes of both the voiding level and that
of the connecting level have an effect on the voiding
kinetics. Therefor. they have to be distinguished from a
uiethodalogy's pomnt of view. A large voiding rate 1y
obtained on structures wrth large design features such as
plates or meshes The larger the diffusion volume the
more vacancies can contnbute to the voiding process. The
vording rate saturales. 1f the plate or mesh size is larger
than the charactenstue diffusion length of vacancies from
the vii. Although the connecting level is nol affected by
stress voids. 1t is influencing the dnving foree ol the SV
mechanism and hence the failure time an the voiding
level In this context wider connecting inks were found to
yield targer fnlure nmes most probably due to a rebel of
the drving force  Furthenmore. via-line musalignmenis
were found to reduce SV failure times sigmificantly. On
the one hand the consideration of these aspects in the
desipn and layout of interconnect networks can reduce
SV-suscepnibility 1in complex products and thus improve
their builtan rehability. On the other hand. these results
mply that each new nterconnect generalion  must
thoroughly be investigated with muluple sets of different
test structures in a wrde geomelncal range in order 1o find
(and test ') the worst case confliguration with respect to
their rebabihity
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