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Hydrogen ion implantation is conventionally used to initiate the transfer of Si thin layers onto Si
wafers coated with thermal oxide. In this work, we studied the feasibility of using plasma
hydrogenation to replace high dose H implantation for layer transfer. Boron ion implantation was
used to introduce H-trapping centers into Si wafers to illustrate the idea. Instead of the widely
recognized interactions between boron and hydrogen atoms, this study showed that lattice damage,
i.e., dangling bonds, traps H atoms and can lead to surface blistering during hydrogenation or upon
postannealing at higher temperature. The B implantation and subsequent processes control the
uniformity of H trapping and the trap depths. While the trap centers were introduced by B
implantation in this study, there are many other means to do the same without implantation. Our
results suggest an innovative way to achieve high quality transfer of Si layers without H
implantation at high energies and high doses.Z005 American Institute of Physics

[DOI: 10.1063/1.1852087

In recent years, an innovative approach for layer transimplant, part of the wafer was kept in the as-implanted state
fers, commonly known as ion-cut or smart-cut®, has at-and the other part was electrically activated by annealing
tracted much attentiohThis process is based on high dosein vacuum (~3x 107 Torr) at 900 °C for 15 min. The
(typically 5x 10 cmi?) hydrogen ion implantation and wa- <111> orientation was selected here since hydrogen plate-
fer bonding technologies. The crystalline quality of the transdets prefer to form on the Si<111> planes under
ferred layer often suffers from hydrogen implantation dam-hydrogenatiorf. Plasma hydrogenation was done in a plasma
age, especially when very low implant energy is required folion immersion implantation equipment using a rf plasma
ultrathin layer transfers.Furthermore, the use of high dose source®® The sample holder was negatively biased with a
hydrogen implantation results in process inefficiency andsoltage of 500 V and kept at about 280 or 350 °C during
high cost To improve the technology, preliminary investi- hydrogenation for different time. Optical microscopy using
gations of the use of plasma hydrogenation to replace HNomarski lenses was used to detect bubble formation on the
implantation have been reportéd.However, the physical sample surface after hydrogenation. The microscopic results
mechanisms of the hydrogenation process for layer transfeigere all based on observation at three different regions of the
have yet to be elucidated to date. sample. Rutherford backscattering spectrometry in the chan-

Our objective was to investigate the feasibility of using neling mode(RBS/O, elastic recoil detectiofERD), and
plasma hydrogenation for Si layer transfer and to examingross-sectional transmission electron microscofEM)
the H-trapping mechanisms under various processing condivere used to characterize the samples before and after hy-
tions. N-type <111> Si wafers with a resistivity of 2-5 drogenation.

) cm were used. Boron was implanted at room temperature  Nucleation of microbubbles is essential for thermal ex-
with an energy of 80 keV and at three different doses of Ifoliation of surface layers. Observation of surface blistering
X 10, 1X 10", and 5< 10" cm'?, respectively. For each is a convenient way to gain insight into the mechanism of
hydrogen-induced layer exfoliation. Samples implanted with

“Author to whom correspondence should be addressed; electronic maf?Oron with doses of ¥ 10*° and 5x 10'> cm™ showed sur-
paul.chu@cityu.edu.hk face bubbles after hydrogenation for 1.5 h at 350 °C. The
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TABLE |. Summary of surface blistering results for activated and unactivated samples implanted with three
different boron doses. The onset time, that is, time when surface blistering begins to emerge, is also shown here
for two hydrogenation temperatures.

Bubble ) .
density after . .Onset time(min) '
hydrogenation (minimum time to cause surface blisterjng
at 350 °C (0
Sample B-dose for1.5h
No. (cm™) Activation (1107 umd) 350 280
1 1x 10 No 0 N/A
la 1x 104 Yes 0 N/A
2 1x10% No 9.0 60 240
2a 1x 10" Yes 11 20 40
3 5% 10'° No 8.1 15 30
3a 5% 10° Yes 13.1 5 10

virgin Si control samples and samples implanted with theing coalescence of the ion implantation damage in this
lowest dose of X 10* cmi? did not show any surface blis- sample. In this sample, the peak B concentratiernl.9
tering at the same temperature for the same time or ever 10?2 cm3) located at the projected rand®, (~260 nm
much longer time up to 5 h. The results are summarized ilbelow the surfaceexceeds the solid solubility of boron in
Table I. It should be pointed out that different hydrogenationsilicon at 900 °C(~4.5x 10'° cm‘3).1° Not all B atoms can
time is required to cause surface blistering at different hydrogg into substitutional sites, leaving the nonsubstitutional at-
genation temperature, which is shown as onset time in Tablgms to form small boron clusters and other defects, which
|. A higher temperature naturally results in a shorter onsetayse significant de-channeling in the channeling spéttra.
time and a higher bor_on implant dose Iegds to shorter time aghe ERD spectr@not shown hergindicate that the amount
the same hydrogenation temperature. It is also noted that foyt hydrogen trapped in the high B dog&x 10" cm?)

the same hydrogenation time, activation of boron before hyg,5jes with and without activation was almost equal. This

drogenation can enhance surface blistering, especially for thr%sult suggests that H trapping does not require substitutional

high QOse sample. . . . or electrically activated B atoms. Simulation of the spectra
Figure 1 shows the ion channeling results acquired from

the boron implanted samples before hydrogenation, Nos ith the computer codeum'” reveals a Gaussian shaped
2a. 3. and 3a as described in Table I. For the as_implanteﬁ—concentratlon depth distribution peaking at a depth of

sample with a medium B dose ofxi10% cni2, a broad bout 230 nm and the integrated H dose amounts to 7

. X 10 cm2.
damage regionbetween channels 330 and 37was ob- . . .
served. This broad damage peak is more prominent in the Figures 2 and 3 ShO\.N XTEM Images obzamed from
high B dose(5x 101 cni?) sample. After activation, the Samples after hydrogenation for 1.5 h at 350 °C that have

. . been preimplanted with 8 10> cm™2 and 1x 10'° cmi 2 bo-
implant damage was generally annealed out in the near suf-

face region. especially for the low and medium B dose©™ respectively. For the as-implanted sample with a boron

gion, esp y tor , , , dose of 5< 10'° cmi 2, considerable damage and microcracks

samples. However, a significant increase in dechanneling oc- . . L

curred for the high dose sample around channel 340, indica -an be seen |n'the hear surfgce region extending into the
Substrate[see Fig. 2a)]. Trapping of H can occur at the

defects extending from the surface to the projected range of

257 —— T the B implant as H diffuses into the Si. For the activated

[ high-dose B samplfFig. 2(b)], both the TEM and the chan-

neling data show a greatly enhanced coalescence of implant

damage, resulting in a very defective region nBarLong

20

[ ——<111> Si, untreated, randomly aligned

15 _a— B+ 1x10" cm? as-implanted ]
I —a—B+ 1x10" cm? activated 1
[ —o—B+5x10" cm? as-implanted ]
10 | —=—B+ 5x10"™ cm? activated 5
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FIG. 1. RBS channeling results for sample Nos. 2, 2a, 3, and 3a described i i

Table I, before hydrogenation. The spectra were obtained with a 2.0 MeV

helium ion beam and a detector located at 13 deg from the incident beanfIG. 2. Cross-section transmission electron micrographs obtained from the
The helium beam was aligned along #ié11> axial direction. Also shown  high B dose(5x 10'° cm™) preimplanted sample after hydrogenation for
for comparison are a random spectrum obtained from the untreated silicoh.5 h at 350 °C:(a) without activation annealing, an@) with activation

substrate. annealing. Bright-field images, with 220 Bragg condition satisfied.
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a b hydrogenation, except for some damage in the very near sur-
face region that may require certain surface processing be-
fore wafer bonding. It should be noted that activation of the
B implant in this sample essentially led to the same results.
In the as-implanted high B dose sampfex 10*° cmi?), H

traps were generally present, extending from the near surface
region to the projected range of the B implantation, causing
microcracks to form throughout an extended depth region. In
the activated high B dose sample, ion implantation damage
was annealed out in the near-surface region accompanied by
FIG. 3. Cross-sectional transmission electron micrographs obtained fronsjgnificant coalescence of implant damage located near the

the medium B dosél X 10'° cm™?) preimplanted sample after hydrogena- ; P ; :
tion for 1.5 h at 350 °C:(a) without activation annealing, antb) with pI’OjeCted range,.t_hus resultlng in & uniform trap region for H
atoms at a specific depth.

activation annealing. Bright-field images, with 220 Bragg condition . .
satisfied. In summary, we have investigated the use of plasma hy-

drogenation for layer transfers. In the present study, hydro-

microcracks are observed, located at a well-fined deptg€N atoms introduced by plasma hydrogenation are found to
slightly above the very defective region. For the sample im€ rapped by lattice damage.g., dangling bondsinduced
planted with a B dose of %10 cm2 both the as- by boron preimplantation. The trapped H atoms cause sur-

implanted[Fig. @] and activatedFig. 3b)] samples ex- face Sblist_czring. Boron implantation with a dose of 1
hibit very few defects other than the long hydrogen 10" cn™ with or without activation, can provide suffi-
microcracks located at a well-defined depth, parallel to th&i€nt trap sites at a well-defined depth for trapping of hydro-
surface. For the lowest B-dose sampglex 104 cm?), a  9€n during hydrogenation. The preimplantation and subse-
small amount of damage was observed by TEM and iorfluént annealing processes control the uniformity of H traps
channeling before activation, and almost none after activa@nd the trapped depths. While the trap centers were intro-
tion. No surface blistering or microcracks were observed irfluced by B implantation in the present study, there are many
these samples after hydrogenation. other means to do the same without such implantation. Our

In order to replace H implantation with the hydrogena—StUdy suggests a possu_ble process of layer transfer, without
tion process, the key issue is to enable hydrogen to diffusé® use of ion implantation of hydrogen or any other gaseous
into the substrate until the diffusing atoms get trapped at th&!ément, with potential applications for the formation of
desired depth for subsequent layer transfer. Therefore, it igllicon-on-insulator and other related structures.

critical to introduce trap sites at a well-defined depth, just L

below the desired depth for ion cutting, without deterioratingGra:thse gglrjl;gﬁ;ggtlyciunggg:itt?\?ebé:&? e?rl}:g(;] gRF\;eszea?(r:cr;]h
the crystalline quality of the layers above. The temperatur%ram(CERG) 1137/03E, and City University of Hong Kong
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