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Lateral Epitaxial Growth of sputtered Al(110) over sio2
and lts Electromigration Characteristics

S. Yokoyama, H. Ichikawa, S. Shingubarar( and M. Koyanagi
Research Center for Integrated Systems, Hiroshina University*Faculty of Engineerlng, illroshima University

Kagamiyana 1-tu-2, Higashi-Hiroshtna 72/+, Japan

Solid phase lateral epitaxy of A1(110) over Si02 was succeed.ed by the
annealing of sputtered A1 on misoriented Si(100) (/r' off toward 1011 l
d'irection) covered with patterned. Si02. The orientation depend.ence of
the lateral solid phase epitaxy was examined and. its isotropic nature was
revealed.. Eleetromlgration resistance of A1(110) single crystal was
ftl"t reported. The EM life time of single crystal Af(1 10) is more than
100 times longer than the conventional polycrystal A1, hor^rever it
strongly depends on the eurrent d.ireetion.

1. Introd.uction

With scaling d.own of device feature
size, the el-ectromigration in the netal
interconnection becones serious problem.
For solving this problen, new aluminum
altoys (ar-se 1-), At-Si-pd-ttb2) ),
multilayered strue!r3"u (A1/TiN )3), new
material such as Cu4/, and single crystal
A15 r6) are now under investiEation.
Shingubara et a1.5) reportJd. the
electromigration in single crystal A1(1 1 1 )
grown by gas-temperature-controlled CVD,
and the superior electromigration
resistance was demonstrated. However, for
the single crystal Af(1 1 0), the
electromigration characteristics has not
yet been reported. This paper describes the
lateral epitaxial growth of A1(110) on Si02
and its electromigration eharaeteristics.

2. Lateral Epitaxy of Single Crystal
A1(1i0) over Si02

A1 f ilrn (2Um thick) was d.eposited by
DC magnetron sputtering in UHV systen on
vieinal Si (100) (Zr" of f toward. t 01 1 l
direction) covered with a patterned 5102
(Fig. 1 ). The patterned. Si uafer was set in
the load-lock chamber after RCA cleaning
followed by dilute HI'(0.5 wlT" in HeO)
dipping and final deionized water rinsing
for 1 nin. By this treatment the hydrogen-
terminated Si surfaee is obtained. It has
been reported that a single crystal A1(110)
can be grown on Si substrate by this
technique without any hf,gtt-temperature
thermal surface eleanin g'l ), The range of

PA4-1

the substrate temperature and the
deposition rate are 50n 280"C and 8Onn/rnin,
respectively, and'the other de!ailed
conditlons are already reported?). For
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Fig. 1 Si02 pattern on Si.

Fig. 2 0ptical mierograph of Al on
patterned substrate grown at 280'C followed
by annealing at 600'C for 30 min.
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AI(220) aielraction alone is observed,
wirile at the grain region both A1( 1 1 1 ) and
A1(220) peaks are d.etected. Fron these
results it is concluded that l-ateral SPE of
A1(110) takes place over SiOr within a
range of 10iln -and there is nf,orientation
dependence of the lateral SPE. Figure /,
shows the temperature dependence of the
]ateral- epitaxial-Iayer width. From this
figure the activation energy of n,0.23eV is
obtained, which is much smaller than that
in the $PE of GaAs (*1 .5eV)8) and. Si
(n,2.6eV)9) both through amorphous phase.
0n the other hand, in the SpE of GaAs
through polyerystal.phase, the activation
energy is 0.5eV.u) In the SpE through
polycrystal phase, the temperature
dependenee seens to be softened. for A1 and
GaAs.

3. Eleetromi.gration in Single Crystal
A1(110) on Si02

Figure 5 represents a structure of the
electromigration (nU) test sample. The A1(initially 2Un thick) was thinned by the
wet chemical etching to 'r,0.5Um in
H3PO4:CH3C00H:HN03 zH20=7521 52525. After
reactive ion etehing (RIE) of AI,
phosphosilicate glass (pSG) f itm ( t ZuOnm
thick) was deposlted by atmospherie
pressure CVD at 400"C. The width and the
length of the measured A1 wire are
typically 2Um and 20pm, respectively. The
EM test was carried out by using the lr
prob-e m.ethod. with a current density of
2x10t A/cmz at "r,200"C in the SEM chanber.
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Fig. 3 Collimated (nQtO0Un) x-ray
diffraction patterns for (a) smooth and (b)
rough regions.

achie.ving the lateral solid phase epitaxy
(SPn) over Si02, the annealing at
300o0tu500o0 for 30n:.n was carried out 

"ft""the deposition of Al in the same vacuuul
chamber at a pressure of 10-9 Torr order.
Figure 2 shows the optleal mierograph of
the grown sample. Near the fringe of the
circular Si02 pattern, the grains (a few
Un) are clearly observed. 0n the other
hand, a relatively smooth surface is
obtained within 250Um from the center of
the pattern. Figure 3 shows the collimated
(t0100un) x-ray diffraction patterns at (a)
the snooth region and at (b) the grain
regi.on, respectively. At the smooth region
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Fig. 5 Sample structure for the EM test,
a ) cross section, (b) plan view. The EM
test samples were grourn at 280.C and.
annealed at 450oC for 30 min.
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Fig. /* Temperature d.ependence
epitaxlal-layer width.
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Fig. 6 Resistance change vs elapsed time.

The Joule heating alone was employed for
elevating the tenperature, which was
ded,uced from the resistivity using the
temperature coefficient of resistance of
pure AI (t,.2x10-3 / " C). Resistance changes
in single crystal A1(1 1 0) are shown in
Fig. 6. For the current pararell to
AI[001] (t//tt[001]), EM life time is about
30 rsin. 0n the other hand., when I/ /LL[21 1 ]
the life time is more than 30 times longer
than this. At the same EM test cond.ition,
the life time of the conventional
polycrystal-line A1 is a few seconds. From
Figures 7 and 8, it is found that A1i111]
and A1{Zll} crystal planes tend. to easily
appear in the single crystal A1(110). The
extremely long life time, when the current
is pararell to AI[211 ], is due to the fact
that the EM indueed. voids lie along the A1
wire, while f or I / / Al IOOt ] tfre voids 1ie
across the A1 wirer resulting in the
shorter life time.

ln. Concl-usions

(1) SoIid phasg^luteral epitaxy of
A1(1 1 0) was succeeded I u). The orientation
d.ependence of the lateral SPE was, for the
first time, examined. and the isotropic
nature was revealed..

(2) Electromigration resistance of
A1(110) single crystal was first reported.
The EM life time of single crystal A1(110)
is nore than 1 00 times longer than the
conventional polycrystal A1, however it
strongly depend.s on the eurrent d.irection.
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Fig. 7 SEM photograph of EM
(t//tt[001 ]).
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