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Abstract

It has recently been observed that severe fatigue damage is formed in Al and Cu
mterconnects duc to the cyclic temperaturcs generated by Joule heating of the metal lines by
the passage of alternating currents (AC). However, the effect of the AC frequency on the
damage cvolution characteristics 1s not known so far. In this talk, we will summarize our
in-situ SEM observations of damage formation during fatiguc of polycerystalline sputtered Cu
lines (100 to 300 nm thick and 8 um wide) with Ta underlaver on Si (sec Fig. 1)
Temperature cycles with amplitudes from 100 to 300 °C and frequencies between 100 }z and
10 kHz were applied (sce Fig. 2). Damage appears as surface extrusions and intrusions and
mitially grows within singlc grains. As testing continucs, the damage spreads to a larger area
and cventually leads to crack formation and electrical failure of the line by local melting. The
cxact naturc of the damage cvolution depends on the grain size and orientation, which will be
discussed in detail {(sce Fig. 3). We have previously observed that growth of damaged grains
often occurs during testing, although the films had been annealed before testing to stabilize
the grain structure. Qur frequency studics, comparing 100 Hz and 10 kHz, show that this is a
general phenomenon  but s strongly  enhanced by high frequencies. The higher  loading
frequency not onlv accelerated grain growth of damaged grains, but also led to earlier failure.
Generally, smaller grained films exhibited longer lifctimes. Finally, results from the effect of a
soft overlaver on damage formation and fatigue lifetime will be presented. These results imply
that thermal mechanical fatigue may be a scrious reliability threat to Cu interconnects with

soft low k interlevel dielectrics.
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Fig. 1. Schematic of the sample structure used for thermo-mechanical fatigue testing by AC.
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Fig. 2. Mcasurcd (dot point) and fitted (solid line) temperatures of 10nm Ta\200nm Cu line at

rms cwrent density of 22.3 MA/cm® and frequency of 10kHz.
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Fig. 3. Damaged (100) grain microstructure of 10nm Ta\200nm Cu line (a) BSE image of the
line before AC test, (b) SEM image, (¢) EBSD map of out-of-planc orientation, and (d) EBSD
map of in-planc transverse (line) orientation for a big damaged (100) grain after AC test at
10kHz frequency, A& = 190°C, and 7.5X10° cycles. Here, [001] and [010] directions marked in
EBSD pictures corresponded  to  out-of-planc oricntation and in-planc linc oricntation,

respectively.
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Fig. 4. Loading frequeney cffect of coarsc-grained 10nm Ta\200nm Cu lines SEM pictures of
tested whole metal lines (upper long lines) and of representative damage morphologics (fower
damage pictures) for & = 190°C by applying (a). (b) 100Hz and stopped at 8.0X10° cvcles
with 02% DAF, and(c), (d) 10kHz and [ailed at ROX10° cycles with 20% DAF. Here,
damaged arca fraction (DAF) was defined as total damaged arca obscrved from SEM pictures
of whole metal line divided by the whole metal linc area. Each arrow in upper line means

each damage location in whole metal line.
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