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_Abstract—Chip-packaging interaction is becoming a critical ~stresses at the solder bumps can be effectively reduced to im-
reliability issue for Cu/low-k chips during assembly into a plastic prove package reliability [1]. However, the underfill causes the
flip-chip package. With the traditional TEOS interlevel dielectric package to deform, leading to large peeling stresses at the die-

being replaced by much weaker lowk dielectrics, packaging - - . . S .
induced interfacial delamination in low-k interconnects has been Underfill and die-solder interfaces, which significantly impact

widely observed, raising serious reliability concerns for Cuflowk  Packaging reliability. At this time, the Al/oxide interconnect
chips. In a flip-chip package, the thermal deformation of the is being replaced by Cu damascene structures with oxide and

package can be directly coupled into the Cu/lowk interconnect |ow-F interlevel dielectrics. Compared with oxide, the I@vai-
structure inducing large local deformation to drive interfacial electric is softer, expands more and adheres weakly to other ma-

crack formation. In this paper, we summarize experimental and terials. For a standalone wafer structure, under a thermal loadin
modeling results from studies performed in our laboratory to : ' g

investigate the chip-package interaction and its impact on lowe from wafer process temperature (4@0) to room temperature,
interconnect reliability. We first review the experimental tech- an energy release rate of less than'm3 has been reported for
niques for measuring thermal deformation in a flip-chip package interfaces in Cu/ lowk structures [2]. This is about five times
and interfacial fracture energy for low-k interfaces. Then results |agg than fracture energies measured for loiterfaces by the

from three-dimensional finite element analysis (FEA) based on a four-point bend test. While this indicates that interfacial delam-
multilevel submodeling approach in combination with high-res- =~ F~" o . .

olution moiré interferometry to investigate the chip-package ination is not a critical issue for a standalone die, the problem is
interaction for low-k interconnects are discussed. Packaging commonly observed in Cu/low-interconnects after assembling

induced crack driving forces for relevant interfaces in Cu/low%  the die into a plastic flip-chip package. This raises an important
structures are deduced and compared with corresponding inter- fquestion concerning the effect of packaging driving interfacial

faces in Cu/TEOS and Al/TEOS structures to assess the effect o o Lo S .
ILD on packaging reliability. Our results indicate that packaging delamination and its impact on the reliability of Cu/ldvenips.

assembly can significantly impact wafer-level reliability causing [N this paper, we first review high-resolution moiré inter-
interfacial delamination to become a serious reliability concern ferometry, a powerful experimental technique for measuring
for Cu/low-k structures. thermal deformation in a flip-chip package. This is followed
Index Terms—Chip-packaging interaction, Cu/low-k, moiré in- by @ discussion of interfacial fracture energy measurement for
terferometry, packaging effect, submodeling. low-k interfaces. Then results from three-dimensional (3-D)
finite element analysis (FEA) to investigate the chip-package
interaction based on a multilevel submodeling approach for
low-£ interconnects are discussed. Here the modeling results
TRUCTURAL integrity is a major reliability concern for are verified using thermal deformation measured by high-reso-
igh-density flip-chip packages due to large deformatidation moiré interferometry. With a phase-shift technique, the
and stresses generated by thermal mismatch between thers#olution of moiré interferometry can reach 26 nm per fringe
icon die and the substrate. By employing underfills, thermatder, which is sufficient to determine deformation and strain
distributions accurately within a small area, e.g., a solder bump,
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Fig. 1. Flip-chip package attached to substrate with solder bumps surround S

by undefrfill.

fracture modes 1, 2, and 3 can be separately determined. T
enables us to evaluate the critical energy release rate at varic
interfaces with a properly defined mode mixity. Critical energy
release rates calculated for relevant interfaces in CuHow-
structures are compared with corresponding results obtainea
for interfaces in Cu/TEOS and AI/TEOS structures to aSsSes§. 2. Optical schematic of a moiré interferometer.
the effect of ILD on packaging reliability. Our results indicate

that packaging assembly can significantly impact wafer—level_l_h ional moiré interf . . interf
reliability causing interfacial delamination to become a serious € conventional moire interferometry image Is an interfero-

reliability concern for Cu/lowk structures. Finally, the results 9"am which carries the in-plane displacement information. Dis-

from a study of the scaling effect on packaging reliability as ete displacements can be obtained by counting the fringe order
function of linewidth are reported 417 nm per fringe). Fig. 2 shows the optical system of a moiré

interferometer.

The phase-shifting technique provides a high-resolution
capability for determining the displacement field by precisely
shifting the phase angle of the two coherent incident beams to

As shown in Fig. 1, a flip-chip package is formed by directlyhe sample grating. In the interferogram, one fringe spacing
attaching a chip upside-down to a substrate with solder bumpserresponds to a phase angle differenc&mof corresponding
The large thermal expansion mismatch between the silicon d¢iie417 nm of displacement. Between two interference fringes,
and the substrate introduces significant thermal stresses in tie phase angle varies continuously, so for two points within
package, especially for the solder bumps along the outer ro\as. interference spacing, their relative displacement cannot be
Underfillis commonly used to fill the gap between solder bumptetermined explicitly from the interference pattern. However,
in order to reduce the thermal stresses in the solder bumps, hesiggh a displacement can be obtained if their phase angle
improving the solder reliability. However, new interfaces are irdifferrence is determined. Phase-shifting moiré interferometry
troduced with the presence of underfill, such as solder-undewxtracts the unknown phase angle as a function of position in
fill, underfill-silicon and underfill-substrate interfaces. Delamthe interferogram from four precisely phase-shifted moiré in-
ination along these interfaces induced by thermal stresses dgenference patterns. Its principle can be explained by expressing
erated during thermal cycling is frequently observed. Thermtéle intensity of the four images as [7]
deformation in the package is directly related to its geometry
and the materials used in the package.

V mirror

Il. EXPERIMENTAL MEASUREMENT OF THERMAL
DEFORMATION FORFLIP-CHIP PACKAGES

Thermal deformation of a flip-chip package can be deter- Li(z,y) = Io(z,y) + I'(z, y)cos[p(z, y)]
mined using an optical technique of moiré interferometry. Lz, y) = Io(z,y) + I'(z,y)cos [(ﬁ(x’y) + q
This is a whole-field optical interference technique with high , 2
resolution and high sensitivity for measuring the in-plane =1Io(z,y) — I'sin[p(z,y)]
displacement and strain distributions [3]. Recently, this method ~ I3(z.y) = Io(z,y) + I'(z, y)cos [¢p(z,y) + 7]
has been successfully used to measure the thermal-mechanical =Io(z,y) — I' cos[¢(x, y)]
deformation in electronic packages to investigate package T
reliability [4]-[6]. A widely used moiré interferometer for Li(z,y) = Io(z,y) + I'(x,y) cos {¢5($»?/) + 7]
electronic package analysis is the portable engineering moiré — Io(z,y) + I’ sin[é(z, 9)] B

interferometer (PEMI) originated from IBM. In its standard

fqrm, a gratm'g frequency of 1200 I|ngs/mm Is used, Whlc\pherelo(x,y) andI’(z,y) are the background and periodically

yields a spacing of the interference fringe corresponding O ving intensities in the interference pattern dd. «) is the

417 nm of in-plane displacement. The sensitivity is adequéf% ying . P aitd, ) .
nknown phase angle of the interference pattern at each pixel

for measuring the overall thermal deformation of elemmn%cation( ). Each subsequent pattern is obtained by consec-
packages but not sufficient for measuring thermal deformation LY 4 P y

in high-density electronic packages, particularly for Smaﬂtlv_elyshlftlngaphase angle ofexa_cﬂy2,0r1/4 of_thefrmge
features, such as solder bumps. For such measurementg,eré()d' The unknown phase angle is then determined as
high-resolution moiré interferometry method was developed in

our laboratory based on a phase shifting technique [5]. With 1y — I

4
this method, a resolution of 26 nm per fringe was achieved. ¢ = arctan I —1Is

)
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Once the phase angle is obtained, the continuous displace- ()
ment can be determined; for example, thield displacement F
can be expressed as T

1 DCB sample
_ ¢ 2 Ld Sy
YT ) e[z == aan'g? Adjusiable

The v field displacement has a similar relation as (3). Th ﬁg,

strains can then be evaluated accordingly: S = T
Ou (=, = = ==

Ex = %;531 = a_ya%cy = 8—y+£

—>
Adjustable

In operation, phase shifting is achieved by physically shiftiny
the reference grating. Shifting the reference grating along the (b)
z-direction can phase shift tliéfield fringe pattern and shifting Fig. 4. Mixed-mode bending test. (a) Double cantilever beam geometry.
the reference grating alongdirection can phase shift thg () Mixed-mode loading fixture.
field fringe pattern. To accomplish this, a high-precision piezo-

electric transducer (PZT) is used to shift the reference gratint 90° (pure shear). Additionally, multiple tests can be run on
the same sample. The challenge of this technique resides in the

||| EXPER|MENTAL MEASUREMENTS OFINTERFAC|AL CI’aCk Iength measurement, Wh|Ch iS required fOI’ deducing the
FRACTURE ENERGY FORLOW-k INTERFACES fracture energy for the DCB configuration. The energy release

) _ ) rate per unit crack length can then be defined as
The interfacial fracture energy can be determined by mea-
suring the critical energy release rate. One commonly used ex- (Fla)Z B\ 1 B\
perimental technique for measuring the lavinterfaces is the G=—p 1+ (E) —g it (E) (6)
four-point bending test [8], as schematically shown in Fig. 3.
Compared with the silicon wafer, the dielectric layer is very thigyhere the flexural rigidity per unit width is given by
hence the sample structure responses can be assumed to be lin-

early elastic and the strain energy stored in the dielectric layer D= EhS_ @)
can be ignored [9]. Accordingly, the critical energy release rate 12
G¢ can be determined as The phase anglg varies as function of the ratib; / F
21(1 — v?)P21? F
Go = " mra— (5) g (7 +1
16 EB2h3 ¥ = arctan ‘/7—(?—) ) (8)
where E andv are the Young's modulus and Poisson ratio of (F_1 N 1)

silicon, respectivelyB is the sample width, is the wafer thick-
ness,P is the load, and is the distance between the inner and
outer loading pointsc is the critical load when the crack prop-
agates along the interface. Chip-packaging interaction has not been a serious problem
The four-point bending test can only measure the criticr chips with SiQ interconnects. Unfortunately, this problem
energy release rate at a fixed phase angle, or mode mixitgs become a major concern for packaging assembly of
Since the critical energy release rate is a function of mo@/low- chips. In a flip-chip package, the thermal deforma-
mixity, an instrument to measure interfacial adhesion energjgn of the package can be directly coupled into the Cu/kow-
under mixed mode loading was developed using the approasterconnect structure inducing large local deformation to drive
originally conceived by Fernlund and Spelt [10], [11]. Thisnterfacial crack formation. For standalone wafer structures,
design utilizes a double cantilever beam (DCB) geometry, BEA is commonly used to study thermal stresses in multilevel
illustrated in Fig. 4. The instrument allows interfacial fracturenterconnect structures. To apply FEA to evaluate the packaging
measurements for phase angles ranging frér{pOre tension) effect on thermal deformation of the interconnect structure,

IV. CHIP-PACKAGING INTERACTION (CPI)
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Fig. 6. Critical solder region model.

Level 2: From the simulation results for the package level

there is a basic difficulty due to the large difference in the dmodeling, the most critical solder bump was identified. A sub-
mension of the packaging and interconnect structures. For tfi9del of the package level model (Level 1) focusing on the
reason, researchers from Motorola first introduced a multilevélitical solder bump region with much finer meshes was devel-
submodeling technique to evaluate the energy release rateG®gd as shown in Fig. 6. The built-in cut boundary technique in
interfaces in the interconnect structure after being assembfNSYS [14] was used for submodeling. At this submodel level,
into a flip-chip package [12], [13]. This technique bridged th& uniform ILD Iayer at the die surface was considered but still
gap between the packaging and wafer levels. Energy re|e§§@jetai|ed structure was considered in this submodel.

rates for various interconnect interfaces during packaginglLevel 3: Based on the Level 2 modeling results, a large
assembly were calculated using 2-D FEA models. HoweverPgeling stress was found at the die-solder interface. At the
flip-chip package is a complicated 3-D structure that cannot Bétical die-solder interface region with the highest peeling
properly represented using a 2-D model. We developed, thep#€ss, a submodel based on a Level 2 model was created using
fore, a 3-D FEA based on a four-level submodeling technigdfée cut boundary technique, as shown in Fig. 7. This submodel
to investigate the packaging effect on interconnect reliabilitfocused on the die-solder interface region (a small region of

particularly focusing on the Cu/low-chips in comparison to Level 2) containing a portion of the die, the ILD layer and a
Al and Cu/oxide chips. portion of the solder bump. Still only a uniform ILD layer at

the die surface was considered at this level and no detailed
interconnect structure was included.

Level 4: This submodel zoomed in further from the Level 3

Level 1: Starting from the package level, thermal deformanodel focusing on the die-solder interface region as shown in
tion for a whole flip-chip package was investigated first usingig. 8. Finally, a detailed interconnect structure was included.
3-D FEA. At this package level, a quarter section of the packagen lines were found to be sufficient to approximate the
was modeled using the symmetry shown in Fig. 5. No inteinterconnect structure. The submodel was set up accordingly
connect structure detail was considered at this time becausaitsl at the center line a crack with a fixed length was introduced
thickness is too small compared with the whole package. Sialong several interfaces of interest. Energy release rate and
ulation results for this whole package level model were verifiedode mixity for each crack were determined using a modified
with experimental results obtained from moiré interferometryvirtual crack closure technique as discussed in the next section.

A. Multilevel subModeling Technique
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Fig. 9. Modified virtual crack closure technique.

B. Modified Virtual Crack Closure (MVCC) Technique

An MVCC technique was used to calculate the energy release
rate [15]. Since the critical energy release rate is a function of
mode mixity, the components of the energy release rate corre-
sponding to the three basic fracture modes 1, 2, and 3 (Fig. 9)
were separately determined. In our study, with the local stress
and strain distributions obtained by modeling, the mode mixitig. 11. Microscope picture for the cross-section of interest.
for various interfaces can be properly defined and the critical
energy release rate calculated accordingly. around the crack tip, especially when the element size is very

For the eight-node solid elements shown in Fig. 9, the thrgmall. In our simulation, the element size is relative large, hence
energy release rate compone6ts, Grr, andGrrr can be ob- the ratio of Gy, Gz, or Gy over the totalG is insensitive to
tained as the element size.

> Fz(“)ég’“) The general interface fracture criterion can be expressed as

Gr=—"——-— Gr\! G " G "
I=""2A4) ) () (2R ) =1 )
7 Grc Gric Grrrc
Z FQSZI)(S£Z2)
Gt whereGjc, Grrc, andGrrrc are critical energy release rates
H (2AA) for pure mode 1, 2, and 3, respectively, anadn, andn are
ZFéil)&(’m) constants.
Grr=—-—-——— 9
o (2AA) © V. RESULTS AND DISCUSSIONS

whereFf’l), qul)’ andFZ(il) are nodal forces at node along A. Thermal Deformation of Flip-Chip Package

thez, y, andz directions, respectively’?’, 5{>), ands{>) are ~ Moiré analysis was carried out for an experimental flip-chip

relative displacements between nagdeandi; along thes, y, Package. The package was first sectioned and polished to

andz directions, respectively. Note that for simplicity only ondhe cross-section of interest. A schematic of the experimental

element set is shown along crack front directigrdrection). ~ flip-chip package with the cross-section that was analyzed is
OnceG, Grr, and Gy are determined, the phase angleghown in Fig. 10.

may be expressed as Optica] microscope pictures were taken for this cross-section.
Avery thin layer of epoxy adhesive (less thaprh) was used to
(G 1/2 adhere a 1200 lines/mm grating on the cross-section of the spec-
¢ =tan <G_1) imen at 102 C. The deformation at this temperature was taken

as a reference (zero) deformation state. The moiré experiment
1/2 4
Grir (10) was performed at room temperature {22, hence providing a
Gr ' thermal loading of~80°C. A microscope picture for the right
corner of the cross-section is shown in Fig. 11.
In the FEA, the ratio o7y, G1, or Gy over the total7 (G + An IBM PEMI modified to incorporate the phase shift ca-
Gir + Grrr) may change due to changing the element sizmbility as shown in Fig. 12 was used for moiré analysis. The

1

@ =tan
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(a) U field

Fig. 13. Conventional moiré interferometry fringe patterns. (b) V field

PEMI system was aligned using an undeformed 1200 lines/nftf- 14. Phase maps.
grating, which was used to apply the sample grating. Then the

package with the deformed grating (due to #80°C thermal . The right-bottom and left-bottom die corner areas have the
load) on the cross-section surface was put into the system to cap- highest shear strains, which can be seen from the large
ture the moiré images. Phase shift was performed by shifting the displacement gradients along the vertiag! direction in
reference grating within the interferometer using a high-preci-  the i/ field.
sion PZT. The reference grating was physically shifted 147,295, . The most critical area appears to be at the fillet near the
and 441 nm relative to thé image in order to generate the  pottom die corner. In this region, the strains are close to
I», I3, andl, images. Images were captured using a Photomet-  zerg, indicating large thermal stresses in this region be-
rics 1.3 megapixel CCD camera with 12-bit grayscale sensitivity  cause the total strain obtained from moiré fringes is the
(4096 grayscales). sum of thermal strain and stress-induced strain. This is ex-
A moiré analysis software developed in our laboratory was  pected since the thermal mismatch and mechanical prop-
used to calculate the phase map, displacement, and strain distri- erty mismatch between these two materials usually pro-
butions. Two-dimensional displacement and strain distribution  duce singular stresses at a bimaterial apex [16], [17].
can be obtained throughout the area of interest. In the standard’ andV moiré images shown in Fig. 13, only
The cross-sectional fringe patterns obtained by standaf¢ew fringes can be observed in a solder bump. Since the fringes
moiré analysis are shown in Fig. 13. A number of qualitativgppear to be fussy and not well defined, it is difficult to ex-

observations can be made from these fringe patterns. tract accurate displacement data from these imagesl/Tared
» TheU andV displacement fields show a global bending’ field phase contour maps generated from the phase-shifting
deformation of the package. moiré interferometer are shown in Fig. 14. An outline of the in-

 TheU field displays a relatively smooth horizontal)(dis- terfaces obtained from the optical micrograph picture is super-
placement distribution. This demonstrates that the undémposed onto the phase contour for clarity. In comparison, the
fill indeed reduces the thermal mismatch between the didase contours, as shown in Fig. 14 and separated by a fringe
and the substrate, hence protecting the solder bumps. spacing of 208 nm, provide better defined displacement con-
» The V field displays high density fringes in the soldettours for the package.
bump-underfill layer, which is due to the high CTE of this  The resolution can be further enhanced using phase contour
layer. maps corresponding to smaller phase separations. An example
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0 TABLE |
. MECHANICAL PROPERTIES

-
g Material E (GPa) v o (ppm/°C)
=2 i ' ) 7 Al 72 0.36 24.0
g —#—Moire result Cu 122 0.35 17.0
g -3 e FEA result az ’ : /
g il ’ TEOS 66 0.18 0.57
a4 \ SiLK 2.45 0.35 66.0
a 7 bt X

5 /, 77 e ‘\”

6 - T - : T - T z-displacement corresponding to the package warpage distribu-

6 o5 1 15 2 25 3 35 4  tjonalong the die center line (see Fig. 10). The FEA and moiré
Distance from neutral point (mm) results are in very good agreement.

After verification with moiré interferometry, FEA was
applied to investigate standalone wafer structures as well as the
packaging effect. Both Al and Cu interconnect structure with
corresponding to a fringe spacing of 52 nm is shown in Fig. 15EOS and SilK as ILD were investigated. Cracks with a fixed
The images with a fringe spacing of 26 nm are not shown hdength were introduced at six interfaces to evaluate the crack
since the fringes are too dense to plot clearly. More results adriving forces as shown in Fig. 17. Those four horizontal and
be found in [18]. two vertical interfaces were chosen since they are probably

The FEA result for the package level modeling was first conmmost susceptible to delamination during packaging assembly.
pared with moiré experimental results. Since the thermal lodgipical material properties used in our simulation are listed in
used in the moiré measurement was from 1020 22°C, we Table I. For standalone wafer structures, thermal loading is set
applied the same thermal load (102to 22°C) in the package from wafer process temperature (400) to room temperature
level modeling in order to compare the moiré and FEA result®5°C). When considering the packaging effect, thermal
Detailed moiré results can be found in [10]. Fig. 16 shows theading was set from-55°C to 125°C.

Fig. 16. Comparison of FEA and moiré results.
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B. Crack Driving Force for Standalone Wafer Structures 12 =
. B AI/TEOS Structure
Fig. 18 shows the energy release rates for cracking along tl 1 —| @ Cw/TEOS Structure
six interfaces illustrated in Fig. 17. For AI/TEOS and Cu/TEOS O Cu/SiLK Structure

structures, the energy release rates are very small, less s 08
1 J/m?, for all of the interfaces. The Cu/SiLK structure has§ 0.6
much higher energy release rates reaching 1/16? Jalong &
SiLK/barrier and Cu/barrier interfaces. The mode mixities foi*! 0.4
interfaces in Cu/SiLK structure are also shown in Table II. Ir

the Cu/SILK structure, crack 2 along the SiLK/barrier side wall

and crack 3 along the barrier/Cu interfaces have high ener¢
release rates exceeding An#. The fracture mode for these crack 1  crack2 crack3 crack4 crack5 crack 6
two cracks becomes almost pure mode 1. These two interfaces

can be the most critical ones during wafer processing. Howevieg, 18. Energy release rates for standalone wafer structures (frofA@0
compared with critical energy release rates for leinterfaces 25°C).
obtained from experiments (larger than 4/53), these values

. " T TABLE I
are considerably lower, hence critical crack formation in MIXITY FOR STANDALONE CU/SILK STRUCTURES
Cu/low-k interconnect structures during wafer processing is
not expected to be a serious problem although the result dt Crack 1 | Crack 2 | Crack 3| Crack 4 | Crack 5 | Crack 6
not rule out the possibility of delamination due to subcritice  G,G 0.80 0.99 0.98 0.07 0.92 0.99
crack growth. GG | 020 | 000 | 001 | osa | 006 | o.o1

Gu/G 0.00 0.01 0.01 0.09 0.02 0.00
G(J/m2) | 0.2908 | 1.1556 | 1.0476| 0.1718 | 0.3022 | 0.2811

C. Packaging Effect

The four-step multilevel submodeling was conducted |
calculate the energy release rate for interconnect level cracking
in order to evaluate the packaging effect. We assumed 18

stress-free state at55°C for the whole package and the crack 3 AITEOS Structure B
driving force was obtained at 12&. Fig. 19 gives the energy @ Cu/TEOS Structure
release rates for the six interfaces as described in Fig. 17int5,, O Cu/SILK Structure

Al/TEOS, Cu/TEOS and Cu/SiLK interconnect structures. Thig
results show that the packaging effect on the energy release r.2 9 i =
is generally very low for AI/TEOS and Cu/TEQOS structures S(E
that the impact of packaging on interconnect reliabilities ca
be ignored for the oxide interconnect structures. 3 L
The results showed in Fig. 19 indicate a significant packagin
effect for the Cu/SiLK structure. The interfacial crack driving 0 - = == T -
force can be as high as 16nd* therefore interfacial delami- crack1 crack2 crack3 crack4 crack5 crack6
nation can be a serious reliability problem for Cu/SiLK strucﬁ, 10 E | h ideri Kaging off
tures. From Fig. 11 we see that interfaces parallel to the die syl 19 Eneray release rates when considering packaging effect.
face (Crack 1, 4, 5 and 6) are more prone to delamination due TABLE Il
to the packaging effect while vertical interfaces 2 and 3 showiope MixiTy FOrR CU/SiLK STRUCTURE CONSIDERING PACKAGING EFFECT
little effect. The mode mixities driving interfacial crack forma-

tion for Cu/SiLK structure are summarized in Table IIl. For th Crack 1 | Crack 2 | Crack 3 | Crack 4 | Crack 5 | Crack 6
Cu/SILK structure, the cracks along the 1, 5, and 6 interfac  G/G 0.98 0.56 0.71 0.77 0.95 0.94
are very close to a pure mode 1. But for the Cu/PASS inte™ ¢ /5 0.01 0.03 0.02 0.23 0.04 0.05
Iﬁce, bot_rkl)_lmod? 1 ankd 3 comp?nentls arethpreset\n;c. 'go evaILL e 001 041 027 0.00 0.01 0.01

e possibility of crack propagation along those interfaces, t ) S 34 5,40 XT3 BETET =53 111

critical energy release rates have to be determined as a fu—=
tion of mode mixity. Such data can be obtained by variable

mode-mixity bending beam test. the driving force for interface delamination increased with
decreasing line width although its value is still too low to be of
D. Scaling Effect concern. It is interesting that the driving force for interfacial

lamination does not change much with line width scaling.

Finally, we investigated the packaging affect on interconne%ﬁ L . ; : .
y 9 P ging e implication of this result will be investigated.

reliability due to continuing scaling of the interconnect line
width. Calculations were carried out for the ILD/PASS interface
in the Cu/SiLK structure with line width decreasing from 0.5
to 0.1 um. The normalized energy release rates obtained areVMe have summarized experimental and modeling results
shown in Fig. 20. Overall, for the standalone wafer structursom studies performed in our laboratory to investigate the

VI. CONCLUSION
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Fig. 20. Scaling effect. (a) AI/TEOS structure, TEOS/PASS interface.
(b) Cu/TEOS structure, TEOS/PASS interface. (c) Cu/SIiLK structure,[12]
SILK/PASS interface.

. . . o . [13]
chip-package interaction and its impact on léviaterconnect

reliability. We first reviewed the application of high-resolution
moiré interferometry to measure thermal deformation in[14]
a flip-chip package. Then results from 3-D FEA based on a
multilevel submodeling approach in combination with high-res{1°]
olution moiré interferometry to investigate the chip-package
interaction for lowk interconnects were discussed. Pack-
aging-induced crack driving forces for relevant interfaced6l
in Cu/low- structures were deduced and compared with
corresponding interfaces in Cu/TEOS and Al/TEOS structurefi7]
to assess the effect of ILD on packaging reliability. For a
standalone chip, the energy release rate driving interfaciéilg]
delamination during wafer processing was found to be low
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compared with the critical energy release rate for interfacial
delamination obtained from the four-point bend test. After the
die is assembled into a flip-chip package, thermal deformation
at the package level can be directly coupled into the inter-
connect structure, increasing significantly the driving force
for interfacial delamination and can seriously impact the chip
reliability, especially for Cu/lowt structures. Interfaces in
the interconnect structures parallel to the die surface are more
prone to the packaging effect. Finally, the packaging effect was
investigated as a function of line width and the energy release
rate does not seem to change with decreasing line width.
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