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Low-dislocation-density 50nm Ge Fin Fabrication on Si substrate
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1. Introduction

Ge is considered an alternative material to enhance the
device performance since it possesses both higher electron
and hole mobilities than Si. For the feasibility of integrating
Ge material onto Si CMOS platform, the heteroepitaxy
technology of Ge on Si substrates is of high interest and it
also provides the potential integration of optoelectronic
function. Nevertheless, direct deposition of Ge on Si, in
general, causes a considerable amount of misfit- and
threading-dislocations (TDs) due to a large lattice mismatch
(~4.2%). Several methods, Si,Ge;., buffer layers and high
temperature annealing (HTA), have been reported to reduce
the density of dislocation [1], [2]. Interestingly, a recent
study proposed a new approach—the aspect ratio (AR)
trapping, in which TDs can be effectively trapped at the
bottom sidewall if using the oxide trench with the AR>1,
thereby revealing defect-free Ge top layer [3]. In this study,
we employed the nanoscale patterned growth with the cyc-
lic HTA, to successively accomplish the low disloca-
tion-density Ge fins on Si substrate.
2. Experimental

The standard shallow trench isolation processes were
done on p-type Si(001) substrates with the patterned trench
dimension of 650 nm x 50 nm. The wafer was dipped in
diluted HF for 30s prior to Ge epitaxy in ultra high vacuum
chemical vapor deposition (UHVCVD). At first, the cham-
ber was ramped to 900 °C to prebake the sample for 10 min
and then cooled down to 400 °C to grow Ge film at the
pressure of 10 Torr (above steps were defined as one de-
position cycle). Table 1 listed all the splitting growth con-
ditions. We examined the epitaxial quality of Ge film
through the transmission electron microscopy (TEM) and
also estimated the dislocation area.
3. Results and Discussion

Figs. 1(a) and 1(b) show the cross-sectional TEM im-
ages of blanket samples #1 and #2, respectively. As seen,
lots of TDs were observed for 1-cycle direct deposition of
Ge [sample #1, Fig. 1(a)] and they can be efficiently elimi-
nated by using the 3-cycle growth method [sample #2, Fig.
1(b)]. Through x-ray diffraction analysis (not shown), the
values of the full width at half maximum showed an ob-
vious decrease from 0.097 to 0.058 degree, while the
measured Hall mobility increased from 325 to 1332
cm?V's™. These results gave a strong evidence of the im-
provement of Ge film crystallinity. Figs. 2(a)-2(c) show the
TEM images of respective trench sample #3, #4, and #5, in
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which the cross-section is along the longer side (650 nm).
In Fig. 2(a), lots of short TDs were observed in sample #3,
similar to the results observed in blanket sample #2. With
further decreasing deposition time to 2.5 hr per cycle for
sample #4, TDs appeared mainly at the bottom and middle
region of Ge film, as shown in Fig. 2(b). We reasonably
speculate that separating the Ge growth into multiple depo-
sition cycles, i.e., more times of HTA, assists to reduce the
density of TDs through the gliding mechanism; also, HTA
is added at the end should facilitate to repair the quality of
whole Ge film. As displayed in Fig. 2(c), sample #5 indeed
presents the almost TD-free Ge film and only somewhat
dislocations gliding to SiO, sidewall were found. On the
other hand, we also examined the dislocation distribution of
these samples (#3, #4, and #5) along another side, i.e., 50
nm, as TEM images presented in Figs. 3(a)-3(c). Evidently,
more reduction of defects was found, in particular unob-
servation of TDs in sample #5 [Fig. 3(c)] and we only cha-
racterized misfit dislocations at the Ge/Si interface from the
plane-view TEM image (not shown). Figs. 4(a) and 4(b)
summarize a statistical Weibull plot for the ratio of defect
area to total area. As seen, for both directions in the trench,
the percentage of defect area was reduced effectively
through undergoing more cyclic HTA processes. Narrower
trenches actually had the smaller defect density, which
should be correlated to the lower formation probability of
90° TDs [4]. In Fig. 5, nano-beam diffraction analysis
showed that the Ge fins were fully relaxed and the lattice
constant close to Si surface was Si-rich SiGe alloy, arising
from the interaction of surface Si atoms with Ge during
HTA process.
4. Conclusions

In this work, heteroepitaxy of TD-free UHVCVD Ge
fins on Si substrate has been accomplished through the use
of nanoscale SiO, trench, accompanying the multi-step
growth with the cyclic HTA. Such Ge/Si heteroepitaxy
technique is of importance to realize the Ge FinFETSs on the
conventional Si platform.
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Sample Pattern Cycles
(Deposthion Tune per cycle)
1 Blanket 1-Cye. (24hr)
2 Blanlket 3-Cye. (Blr)
3 Trenches 3-Cye. (Blr)
4 Trenches 3-Cye (2.5hr)
5 Trenches 5-Cye. (1)t
1-Cye. (2.5hr)+

900 °C HTA 10min.
Table 1 Splitting growth conditions.
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Fig. 1 TEM images of (a) 1-cycle growth  Fig. 2 TEM images of (a) -cycles (8hr dep. per Fig. 3 TEM images of (a) 3-cycles (8hr
and (b) 3-cycles growth. Total deposition  cycle), (b) 3-cycles (2.5hr dep. per cycle), and dep. per cycle), (b) 3-cycles (2.5hr dep.

time was 24 hours for both cases. (c) 5-cycles (1hr dep. per cycle) + 1-cycle (2.5hr  per cycle), and (c) 5-cycles (L1hr dep. per
10 ¢ T T dep. per cycle) + HTA. Note that the cycle) + 1-cycle (2.5hr dep. per cycle) +
ponmgraahe cross-section is along the longer side of the HTA. Note that the cross-section is along
A trenches (~650 nm). the shorter side of the trenches (~50 nm).
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trenches along two different directions: (a)
650 nm and (b) 50 nm.

-175-



