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The Effects of Extended Heat Treatment
on Ni Induced Lateral Crystallization
of Amorphous Silicon Thin Films
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Abstract—The effects of extended heat treatment on the rate
of metal induced lateral crystallization (MILC) of amorphous
silicon (a-Si) were investigated. Orientation image microscopy
and transmission electron microscopy were employed to reveal
the crystallinity of the thin film and to measure the MILC
length. It was found that for circular Ni disc patterns, the
radial dimensions of the resulting MILC rings increased with the
radii of the Ni discs. The longest MILC lengths were obtained
from straight-edged Ni patterns, which effectively had infinite
radii of curvature. The MILC rate decreased upon extended
heat treatment. One reason is the continuously changing state
of the «-Si during the treatment. An additional reason could
be the diminishing supply of Ni from the Ni covered area.
The contribution of both to the reduction of the MILC rate is
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thin film transistors. Fig. 1. Typical OIM micrograph of MILC induced by a 20m diameter Ni

disc after 7 h of heat treatment at 59C. Long, needle-like silicon grains are
visible, forming a ring around the Ni disc. The Inset TED pattern indicates

Si in the ring is crystallized with largely (110) planes parallel to the surface
I. INTRODUCTION of' 'the ﬁm:'g' rystallized with largely (110) p p u

ETAL induced crystallization (MIC) has been stud-

ied as a lower temperature alternative to solid-phase
crystallization (SPC) of amorphous silicon-8i) [1]-[4] or [10], the rate decreased upon extended heat treatment. Clearly,
amorphous SiGe [5] thin films. Recently, palladium (Pd) dhe stability of the MILC rate is an important factor in device
nickel (Ni) [6], [7] was found to induce crystallization efSi mass production. Therefore it is necessary to characterize the
outside its coverage area. This phenomenon of metal induddt.C rate and to understand its drift during extended heat
“lateral” crystallization, or MILC for short, has been found tdreatment. This work concentrates on these aspects of MILC
produce polycrystalline silicon thin films largely free of metaby Ni.
contamination, with better crystallinity than those produced by
SPC, and resulting in better performing thin film transistors [I. EXPERIMENTAL

[8l, [9].' . The starting substrates were thermally oxidized, (100) ori-
Having observed that in MILC by Pd, the rate changegieq 100-mm diameter silicon wafers. Thin 100 nASi

inversely with the separation between the Pd pads,die®. = g \vere subsequently deposited by low-pressure chemical
[6] proposed that the MILC rate depended on the local Rl,q geposition (LPCVD). Silane at a flow rate of 70 sccm
concentration. We have recently observed that in MILC by N\'/as used as the Si source gas. The deposition pressure and

. . _ _ temperature were 300 mTorr and 590, respectively. After
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Fig. 2. MILC induced by a row of 5um diameter Ni discs after a) 7 and b) 48 h of heat treatments at°&00

evaporator was I Torr, but rose to 107 Torr during the of these grains are perpendicular to the local edge of the Ni
evaporation. The wafers were cooled and their temperatulisc and the crystallization front is a uniform circle sharing the
kept below 100°C. Ni was deposited at a rate of abousame center as the Ni disc. This shows that MILC is isotropic
0.02-0.03 nm/s. The total thickness deposited was about 5 and that the grains grow in directions perpendicular to the local
and monitored by a quartz resonator. After the deposition, ttengents on the crystallization front.
wafers were dipped in acetone for over 10 h to dissolve theA series of closely spaced /&m diameter Ni discs was
photoresist and to lift off unwanted Ni. designed to study what takes place when the crystallization
The effects of extended heat treatment on MILC rate wefents from adjacent MILC regions “collide.” The resulting
studied by pre-annealing a series of samples, including thasgvl micrographs are displayed in Fig. 2(a) and (b). After
with or without the LTO caps, for 70 h inNat 500°C before seven hours of heat treatment, the crystallization fronts from
the Ni deposition. the neighboring Ni discs collided and formed distinct grain
After the Ni deposition, the wafers were cutintodl cn¥  poundaries [Fig. 2(a)] at the center between any two adjacent
square dies before the heat treatment at $00for duration Nj discs, with the entire series of Ni discs sandwiched between
ranging from 1 to 70 h in a conventional atmospheric pressugo long and wavy MILC fronts. After a total of 48 h of
6-in diameter horizontal quartz furnace. During the heat treafeat treatment, the wavy fronts straightened out as shown in
ment, N was delivered into the furnace at a rate of 5 L/mifrig. 2(b). The long axes of the grains are again perpendicular
from a high purity liquid N source. to the local tangents on the new crystallization front, thus in-

Orientation image microscopy (OIM) using channeling conyicating that some of the colliding grains in Fig. 2(a) changed
trast of back-scattered electrons was used to characterize d}gction after the collision.

_sar_nples in a secondary eleptrpn microscope With an electror]:ig_ 3 shows the MILC induced by two Ni lines with dif-
incident angle of 79. Transmls.S|'0n electron dlffracthn (TI.E'D) ferent widths of 10 and 5pm. Equal MILC lengths of 1Qum
was used to study the crystallinity of th.e polycrystalline S'“CO[Fig. 3(a)] were obtained next to both Ni lines after 7 h of heat
in the MILC region and secondary ion mass spectrometpaiment at 500C. After a total of 48 h of heat treatment, the
(SIMS) was used for hydrogen content determination. entire a-Si region between the Ni lines has been crystallized.
A long and straight grain boundary dividing the originabi
lll. RESULTS region into two halves is visible and highlighted by the arrows
A typical OIM micrograph of a sample with a disc patterin Fig. 3(b). This indicates the MILC rates induced by the two
and annealed for 7 h at 50C is displayed in Fig. 1. This sam-Ni lines is the same, independent of their widths.
ple did not have the LTO cap and had not been pre-annealed’he MILC lengths and rates for the Ni disc and line are
prior to the Ni deposition. A ring-like region is clearly visiblesummarized in Fig. 4. The MILC rate is estimated by dividing
around the disc. The TED pattern, taken in the ring and showhe total MILC length by the total heat treatment time. For
in the Inset of the figure, shows that the region is crystallizethy given heat treatment time, both the MILC length and
with a preferential (110) orientation. Micro-Raman scatteringte increase with the radius of curvature of the originating
spectroscopy was also used to ascertain that the entire deptNiopattern. Clearly the longest length and the fastest rate are
the Si in the ring has been crystallized, thus indicating MIL@btained from a straight-line pattern, with its infinite radius of
has occurred in the ring. Long but narrow grains with widthsurvature. Yet regardless of the type of the Ni patterns, the
on the order of 1-2:m and lengths on the order of the radiaMILC rates decrease upon extended heat treatment, consistent
dimensions of the MILC ring can be observed. The long axesth previously reported observations [10].
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Fig. 3. MILC induced by straight Ni line patterns after (a) 7 and (b) 48 h of heat treatments &@&0UThe widths of the lines are 10 and %0n,
respectively. In (b), only part of the 50m wide Ni line can be seen on the right hand side of the figure.
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Fig. 5. The dependence of the MILC length and rate on the heat treatment
Fig. 4. The dependence of the MILC length and rate on the heat treatmgpie, with or without the Ni source removed.
time and the diameters of the Ni patterns.

The influence of the physical presence of the Ni coveragynificantly slower than those of the samples without the Ni
area on MILC was studied using samples with the LTQmoved.
coverage. After the Ni deposition, the samples were first heatgince the samples have been taken out of the furnace after
treated for 3 h at 500C, resulting in the growth of a 4.8M the 3-h heat treatment and before receiving the extended heat
wide MILC region. For some of the samples, any remainingeatment, it is not clear if the exposure to the ambient affected
Ni containing species in the area originally covered by th@e miLC. The MILC lengths and rates of the samples without
evaporated Ni was removed by first dissolving any metallige ambient exposure are also compared in Fig. 5 to those with
Ni in 40% HCI solution at 60°C, followed by removal of the the exposure. No significant difference was detected.
exposed Si and any silicides of Ni using plasma etching with
a fluorine based chemistry. The etch rate of the Si film under
the Ni coverage was found to be much slower than that of
undoped Si, possibly due to the high concentration of Ni in the The reasons for the decreasing MILC rate upon extended
area. During the etching, the MILC region, together with anlyeat treatment were studied by annealing sentd samples
other area not originally covered by Ni, remained protected ligr 70 h at 500°C prior to the Ni deposition. As shown
the 100-nm-thick LTO layer. Both types of samples with anith Fig. 6, the MILC lengths on the samples with the pre-
without the Ni removed were again subjected to extended haainealing are significantly shorter than those on the samples
treatments. The dependence of the MILC length and rate without, especially upon extended heat treatment. This is
the treatment time is summarized in Fig. 5. Clearly, the MIL@ue even for the samples covered by LTO during the pre-
lengths of the samples with the Ni removed show a strongannealing and the heat treatment. Therefore it is unlikely
tendency to “saturate” and the corresponding MILC rates atteat the reduction in the MILC rate is caused by the gradual

IV. DISCuUssION
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100 - 2 It has been shown in Fig. 5 that after the removal of the
—O— W/LTO caps, w/o pre-anncaling original Ni coverage, the MILC rate became much smaller and
Q —5— wlo L1O caps, w/o pre-anncaling decreased much faster upon extended heat treatment. Since it is
01 0 16 highly unlikely that the plasma etching process itself changed
T the crystallinity of thea-Si film or introduced any significant
f 60 4 112 E contaminants, a probable explanation is that the supply of Ni
o f:; to the crystallization front, possibly via a diffusion mechanism,
g 10 os é affected the MILC rate. In the absence of a source of Ni, the
= ' g finite solubility of Ni in the crystallized Si gradually depletes
= Ni from the crystallization front and eventually slows down
20 ¢ / Ny |04 the MILC rate. A divergent diffusive flux could also provide
/X~ W/ LTO caps, w/ pre-annealing 2 a possible explanation for the dependence of the MILC rate
. —&—w/o LTO caps, w/ pre-annealing 0 on the radii of curvature of the Ni disc patterns.
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V. SUMMARY

Fig. 6. The dependence of the MILC length and rate on the heat treatmen

time, with or without the pre-annealing. i induced lateral crystallization of-Si has been studied

by selective deposition of Ni on thin films efSi. The MILC

introduction of such contaminants as oxygen or metals durifg€ Was observed to slow down upon extendeq heat trea_'_[ment
the pre-annealing or the extended heat treatment. and the MILC length was found to increase with the radii of

Though both Raman spectroscopy and X-ray diffractiowe Ni disc pa'tt.erns. Our results.indicated that thg changing
results indicated the silicon films remained amorphous evi te of theu-Si is largely responsible for__the rEdUCF'OT‘ in the
LC rate. The dependence on the radii of the Ni discs and

after 140 h of annealing, the effects on the MILC rate indicat . . X
that microscopic changes in theSi nevertheless has occurred? e effects O_f the_ abs_ence pf the Ni source are explamed n
One possibility is the change in the hydrogen content in tﬁ%rms of a diffusive Ni flux in the crystallized Si during the

film. It has been determined using SIMS that the hydrogé‘ls?a‘t treatment.

content in the LPCVDa-Si film, after being annealed for

100 h at 500°C, decreased by a factor of about 1.8. Since ACKNOWLEDGMENT
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stable film, hence a faster MILC rate at a given temperaturgf California at San Diego for suggesting the possibility that
Alternatively, it has been argued that the activation energlfe 4-Si might be changing during an extended heat treatment.

for MIC or MILC is the free energy difference between
crystalline Si and:-Si [11]. After the pre-annealing, the atomic
rearrangement in the-Si resulted in a reduction in the energy
difference, hence also the MILC rate. Perhaps this is also tH&l
reason why in the work of Hongt al. [12], a significantly
higher temperature is required for the secondary crystallizatioia]
of polycrystalline silicon than for MIC o&-Si. Therefore, we
propose that the continuous microscopic rearrangement of thg
atoms in thes-Si during the extended heat treatment is largely
responsible for the downward drift of the MILC rate. 4

Interestingly, similar slopes are obtained for the four traces
of the MILC rates upon extended heat treatment and, inde-
pendent of the heat treatment time, the MILC lengths of thés]
samples without the LTO caps are always 1w longer
than those of the samples with the LTO caps. This is whylf]
at the initial stage of the heat treatment, the MILC rates of
the samples with the LTO caps diverged from those of thé”]
samples without.

Furthermore, it can be seen that the MILC ratel(um/h) (g
after 70 h of extended heat treatment of the samples without
the pre-annealing is about 20% slower than the initial MILC[9]
rate ~~1.2 um/h) of the samples with the 70-h pre-annealing.
This indicates other secondary mechanisms, in addition to t18]
changing state of the-Si, are needed to fully account for the
decrease of the MILC rate upon extended heat treatment.
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