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The rate retarding effects of the impurity hydrogen on solid phase epitaxy (SPE) in
silicon have yet to be completely understood. Existing measurements of this behaviour
do not coincide exactly, however, several features have attained prominence. Firstly, a
linear decrease in the SPE rate is detected up until a certain concentration of hydrogen.
Subsequent to this point the rate remains almost constant at around half the intrinsic
rate. It is conjectured that the hydrogen bonds to and passivates the defects whose
agency enables the incorporation of atoms from the amorphous phase to the crystalline.
This rate reduction increases until the defect population is saturated. At this point
the reduction in rate ceases. Secondly, a dependence on temperature has not been
consolidated, in contrast with the trends observed with the doping speciesfl].

Here a method is proposed for producing a controlled concentration of hydrogen for
the advancing amorphous/crystalline interface to encounter during epitaxy. A bubble
layer is formed in crystalline silicon approximately 0.6/j,m beneath the surface through
the implantation of hydrogen at 65/ceV with fiuences of 4 x 1016/cm2 and 3 x 1016 /cm2

and annealing for lhr at 850°C in dry argon. The anneal doesn't outgas all the in-
troduced hydrogen, leaving a remnant gas pressure in the bubbles. The hydrogen
implants at the two fiuences should yield two samples with different amounts of hy-
drogen trapped in the bubbles. A buried amorphous layer is created to encompass the
bubble layer containing this residual contaminant through silicon self implantation at
appropriate energies and fluences. The progress of the front interface of the buried
amorphous layer is monitored by time resolved reflectivity (TRR) as SPE is effected at
various temperatures[2].

It is known that the diffusion of hydrogen occurs in a similar temperature regime to
that required for SPE. Thus at the temperatures associated with epitaxy, the hydrogen
may diffuse distances of the order of several hundred nanometres. The complexities that
arise from measuring the movement of an interface encountering an ever evolving profile
are large, and hamper attempts to measure cleanly the influence of the contaminant.
In this case the additional step of trapping the introduced species at the bubble layer
pins the hydrogen at that depth, as initial sputtering ion mass spectroscopy (SIMS)
studies of samples implanted with hydrogen at 4 x 1016/cm2 and partially crystallised
at 600°C indicate. The results of these studies are seen in Figure 1.

The initial hydrogen profile after amorphisation demonstrates that the hydrogen
has retained its peak concentration at around half a micron, avoiding potential prob-
lems with smearing associated with the amorphising implant. The data set labelled
"before" represents a SIMS analysis of a sample that has been annealed to the point
where the front interface has just encountered the hydrogen. It should be noted that
while the annealing time and temperature for this sample has been sufficient for a sig-
nificant intrusion of hydrogen from the surface to be apparent, the introduced hydrogen
profile remains distinct from that of the infiltrating hydrogen. Contemporary studies
indicate that the bubbles themselves are largely destroyed by an amorphisation of the
material, yet the evidence presented here suggests that while this may be the case the
hydrogen is still predominantly trapped at whatever sites it was originally bound to.
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This is surprising since it is known that implanted hydrogen diffuses quite rapidly in
amorphous silicon. Indeed an analysis of hydrogen's diffusing behaviour in amorphous
silicon indicates that for the times and temperatures used in this study the characteris-
tic diffusion length, y/Dt, where D is the coefficient of diffusivity and t is the annealing
time, would be greater than 5000A[3]. Some of the hydrogen clearly conforms to this
diffusion routine as is evident from the "tail" that extends from the peak hydrogen
concentration into the amorphous layer, accounting for more than half of the implanted
hydrogen. However, this leaves a significant portion trapped at the initial bubble layer.
The curve denoted "after" is from a sample in which the interface has been permitted
to pass through the hydrogen rich layer. Again the hydrogen profile is peaked, but as
shown in the graph it has been picked up by the interface and displaced before it. The
amount still trapped at 0.6(im is less than half that in the peaked region carried by the
interface. The portion which has diffused into the layer is still more than half that which
is variously trapped, either at the original depth, or conveyed by the interface. It is
interesting to note that in both the "before" and "after" cases, the integrated implanted
hydrogen concentrations exceed that of the original implanted concentration by a factor
of approximately 2 suggesting that the quasi-infinite hydrogen reservoir at the surface
has fed the diffusion into the amorphous layer. While the diffusion of the hydrogen
is apparently complex, to all indications a controlled and virtually constant hydrogen
concentration profile is encountered by the interface over the depth range sampled. This
promises a precise measurement of the retarding effects of this contaminant.
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Figure 1: SIMS analyses of an asimplanted sample, a sample in which the interface has
just encountered the hydrogen, and a sample in which the interface has been permitted
to pass through the interface.

Figure 2 shows a representative TRR trace of a sample implanted with 4 x 1016/cm2

hydrogen and an intrinsic buried layer case for comparison. The reflectivity data was
collected during an anneal at 580°C in each instance. For the sample containing hy-
drogen the point at which the hydrogen is encountered by the interface is clear from
the collapse in amplitude of the trace. This amplitude deflation is generally associated
with the interface losing planarity. It may also be noted that the period of the curve
decreases after this, indicating a decrease in the rate of crystallisation. Such a point
is not distinguishable for the 3 x 1016/cra2 sample (not shown). These differences are
illustrated quantitatively in Figure 3 which plots the velocity of the interface against
depth, again obtained from anneals at 580°C. The sudden decline in the velocity of the
interface at 6000A is clear in the case of the 4 x 1016/cm2 sample. The slight collapse
in the velocity as the interface reaches the remnant bubble layer" in the .3 x 1016/c??i2
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case is a subtle, yet present, effect. It is curious that for the 3 x 1016/cm2 hydrogen
implanted sample a recovery in interface velocity is seen.
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Figure 2: Typical TRR traces of a sample implanted with 4 x 1016/cm2 hydrogen and
the intrinsic case. In this case annealing was performed at 580°C It is obvious from
the sudden extinction of the amplitude at 1250s in the trace from the contaminated
sample that the interface has encountered the residual bubble field. The lengthening of
the period of this trace subsequent to this event is a more subtle effect.
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Figure 3: The effect of the hydrogen rich layer on epitaxy is more obvious in this display
of interface velocity against depth. The sudden decline in velocity at the prescribed
depth is apparent in both the samples containing hydrogen. It is curious that a recover}'
in epitaxial rate is seen in the 3 x 1016/cm2 case.

The results of the temperature series' (500°C to 660°C in 20°C intervals) are shown
in Figure 4. A self-normalised data set was prepared for each of the hydrogen implanted
samples in which the "after" interface velocity was normalised to the "before" interface
velocity. This may be done since as seen in the graph of interface velocity against
position, the velocity of the interface prior to encountering the hydrogen does not
significantly differ from the intrinsic case for both of the contaminated samples prepared.
In the case of the 3 x 1016/cm2 hydrogen implanted sample the normalised interface
velocity is 1 to within experimental error over the entire temperature range sampled.
This indicates that the concentration threshold for retardation is not present in this
sample. There is an unmistakable trend with temperature for the 4 x 1016/cm2 case,
with lower temperatures yielding a more greatly retarded SPE rate. It is hard to account
for the detail seen here without knowing the impact of residual, bubble structure, or
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having replicated points which may be suspect.
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Figure 4: Normalised interface velocity for a range of temperatures. The implantation of
3 x 1016 jar? hydrogen and subsequent treatment seems not to provide enough hydrogen
to realise any substantial effect on SPE. A trend with temperature is clear for the sample
implanted with 4 x 1016/cm2 hydrogen. Here the lower temperatures result in a more
marked reduction in SPE rate.

While the results of this study are inconclusive, several points that warrant further
study have emerged. Interestingly, the cited concentration threshold of 1 x 1019/cm*
hydrogen for an onset of retardation was not achieved for the sample implanted with
hydrogen at a fluence of 4 x 1016/cm2, as shown by the SIMS analysis. However, the
observed reduction in SPE rate may in part be due to the effect of any remaining
bubble structure, a parameter which may in future be explored through the use of
helium filled bubbles. Helium is expected to have significantly less inherent effect on
epitaxy in silicon, and so an experiment of this kind would depend more on the residual
structure and yield a normalising data set. The strikingly different behaviours of the
samples implanted with the two fiuences suggests that further SIMS analysis is needed
to establish that in the 3 x 1016/cm2 sample the hydrogen profile remains similarly
distinct under annealing conditions and to ascertain the concentration of hydrogen that
is trapped by the remnant bubble layer. A clear temperature dependence has been
established in the hydrogen retardation of SPE in silicon, despite the fact that the data
obtained thus far is limited. This supports the idea that the slowing of the interface
may be linked to alterations in the band structure. This in turn may be linked to a
passivation of dangling bonds by hydrogen, "freeing" the Fermi level from the defect
band. Further work with different concentrations of hydrogen is needed to clarify this
pertinent issue.
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