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Abstract. SIMS measurements and thermal effusion experiments were performed to study the distribu-
tion and thermal stability of deuterium in SOI structures fabricated by zone melting recrystallization
technique. It was found that the disordered structure at the silicon-buried oxide interfaces is directly
related to the distribution of deuterium in the SOI system. The diffusion coefficient of deuterium in the
top silicon layer at 250°C was determined. For the first time, the high-temperature (up to 600°C) stability
of deuterium in the buried oxide was demonstrated, without any diffision into silicon layers.
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1. Introduction

The important role of hydrogen in a variety of technological
processes employed for fabrication of semiconductor de-
vices is well known. RF plasma hydrogenation leads to a
considerable decrease in the concentration of electrically
active traps in polycrystalline Si films [1], and hydrogen
annealing of Si-SiO,-structures is a widely used technique
for production of structures with a low interface state den-
sity [2]. Some processes resulting in thermal instability and
the radiation-induced increase in the density of interface
states in metal-SiO,-Si structures are associated with fast
diffusing particles, including hydrogen atoms [3-5]. In ad-
dition, hydrogen has the excellent ability to be trapped at
the reactive sites in silicon [6] and in dielectric layers, such
as Si0, [7]. Therefore, its distribution should be related to
the quality of semiconductor and dielectric layers.

Thus, studies of hydrogen trapping and redistribution
during thermal annealing in semiconductors and insulators
are important for elucidating the reasons for electric charge
instabilities in multilayer structures containing dielectric
films.

The silicon-on-insulator (SOI) structure is very promis-
ing for high-speed, interference-immune, and high-tempera-
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ture integrated circuits (IC’s) [8]. In this paper, we study
hydrogen distribution and thermal stability in SOI structures
fabricated by the laser zone-melting recrystallization (ZMR)
technique, which is very attractive for production of low-
cost SOI wafers with thin (150—400 nm) silicon layers hav-
ing charge carrier mobilities close to those in single-crystal
silicon.

2. Samples and experimental technique

SOI structures with the thickness of silicon and silicon di-
oxide films equal to 450 and 350 nm, respectively, were
fabricated by the laser ZMR technique [9]. The dioxide layer
was grown by high-pressure thermal oxidation of the silicon
substrate. The top silicon layer consists of slightly
misoriented single-crystalline grains separated by
subboundaries. The average distance between the
subboundaries is about 200 nm (as can be seen from fig. 2
in Ref. 9).

Samples were deuterated in a diode RF plasma reactor.
The deuterium concentration profiles were obtained by SIMS
measurements with CAMECA IMSAF system. The primary
ion was 14 keV Cs’, with the ion current of 5x10° A/cm?.
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Fig. 1. (a) Deuterium distribution in a ZMR SOI structure after
deuteration for 30 min (1 W/cm?) at the following temperatures:
1-150°C; 2 —250°C. (b) Deuterium distribution in a recrystallized
silicon film deuterated at 250°C for 30 min at 1 W/cm? (
experimental result; - - - - - calculated for D = 1.8x10"* cm?s™).

The absolute values of concentration were determined by
calibration with respect to a deuterium-implanted reference
sample. The crater depths were measured with a Tencor-
type profilometer. Although the absolute values of deute-
rium concentrations in the oxide layer were unknown, the
concentrations of deuterium in different samples can be com-
pared. The deuterated samples were annealed in an evacu-
ated quartz tube (10-'° mbar).

In addition, thermal deuterium effusion measuremenst
[10] were performed with a quadrupole mass spectrometer
connected to an evacuated quartz tube (10'° mbar) with the
deuterated sample subjected to linear heating at the rate of
0.25 K/sec. The temperature of measurements ranged from
the room temperature up to 1000°C.

3. Results and discussion

Figure 1a shows the effect of deuteration temperature on the
distribution of deuterium in the ZMR SOI structure. As can
be seen, the RF plasma treatment at 250°C results in deute-
rium penetration through the silicon layer and its uptake in
the buried oxide (BOX). Two intensive deuteruim peaks
corresponding to the top silicon layer-BOX and substrate-
BOX interfaces are observed from SIMS. No deuterium
penetration into the silicon substrate through the BOX is
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Fig. 2. SIMS profiles for Si, O, and D in a ZMR SOI structure
before (a) and after (b) thermal annealing up to 1200°C.

observed at the measurement temperatures used. On the other
hand, the deuterium diffusion profile does not depend on
the RF plasma power over the range of experimental pa-
rameters studied.

The diffusion profile of deuterium in the top silicon layer
obeys the erfc function behaviour (see fig. 1(b)) with a co-
efficient of 1.8x10°"3 cm?s™! at 250°C, which corresponds to
the trap-limited diffusion in poly-silicon [11]. Indeed, the
laser-recrystallized silicon film consists of a large number
of single-crystalline grains. It is probable that the enhanced
diffusion of deuterium through the grain boundaries in the
silicon film occurs.

The existence of two wide deuterium peaks correspond-
ing to the BOX-silicon interfaces suggests the presence of
quite thick transition layers and of a great number of strained
and dangling bonds at these interfaces. The correlation be-
tween the width of the deuterium peak and the thickness of
the transition layer can be demonstrated by the results pre-
sented in fig. 2. Fig. 2(a) shows the deuterium diffusion pro-
file along with silicon and oxygen profiles for a ZMR SOI
structure deuterated at 250°C for 30 minutes. The width of
oxygen and of silicon distributions in the transition layers of
the BOX-top silicon and the BOX-substrate interface is di-
rectly related to the halfwidth of deiterium peaks for these
interfaces. For an SOI structure annealed at the temperature
up to 1200°C before the deuteration, the redistribution of
silicon and oxygen profiles observed after this treatment is
accompanied by expansion of the deuterium peak (fig. 2(b)).
This is particularly pronounced for the BOX-substrate in-
terface.
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Fig. 3. Deuterium distribution in a ZMR SOI structure after
deuteration at 250°C, 1 W/cm? for 30 min (1) and after thermal
annealing of the deuterated sample at 600°C for 2 hours (2).
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Fig. 4. Deuterium effusion spectra of deuterated ZMR SOI struc-
ture (1) and poly-Si sample (2) (from ref. [11]).

The wider deuterium peak for the BOX-top silicon in-
terface in comparison to the BOX-substrate interface can
be attributed to a more disordered transition layer at the
former interface. In addition, this interface can display some
waviness with the amplitude of about 20 nm [8].

In the entire temperature range studied, the distribution
of deuterium preserves two peaks located at the BOX-sili-
con interfaces. This result is considerably different from that
for SOI structures manufactured by separation using the im-
planted oxygen (SIMOX) technique. After a high-tempera-
ture annealing at 500°C, the deuterium in the BOX usually
has a flat distribution related to a significant concentration
of broken and strained bonds in the BOX [12]. So, for a
ZMR SOI system, the structure of the amorphous network
in the BOX is probably better than for a SIMOX system.

Thermal annealing of the deuterated ZMR SOI struc-
tures in vacuum shows that BOX can contain deuterium at
temperatures higher than 600°C, retaining the deuterium
profile in the BOX with two peaks (fig. 3). It is worth not-
ing that, after thermal annealing at 600°C for 2 hours, deu-
terium effuses from the top silicon layer, and SIMS meas-
urements do not detect any presence of deuterium in the
recrystallized silicon film.

Thermal effusion experiments performed on SOI struc-
tures show the following four deuterium effusion ranges:
from 20 to 250°C; a thermal effusion peak with the maxi-
mum at 500°C; a thermal effusion peak with the maximum
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at 670°C, and a rise of deuterium effusion from 900 to 1000°C
(fig. 4). Comparison of this spectrum to that of deuteruim
thermal effusion from a thick polysilicon layer, which is also
shown in fig. 4 [11], allows us to conclude that the thermal
effusion peak with the maximum at 670°C is probably re-
lated to deuterium effusion from the BOX.

It is worth noting that deuterium incorporated into the
BOX of a SOI structure can be contained there at suffi-
ciently high temperatures without diffusion into the silicon
layer. Therefore, we have for the first time directly observed
the blocking properties of the BOX-silicon interface for deu-
terium at high temperatures.

4. Conclusions

Over the range of experimental parameters used in this study,
deuterium does not diffuse through the thermal oxide into
the silicon substrate.

Intense deuterium peaks corresponding to the BOX-sili-
con interfaces indicate a significant trapping of deuterium
between the thermal BOX and the silicon layer.

For the first time, the blocking properties of the BOX-
silicon interface at high temperatures were directly demon-
strated. Deuterium contained in the BOX is stable and can
still be detected there after thermal annealing at 600°C for 2
hours.
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SIMS JTOCJAIKEHHS PO3MOJLIY JTEWTEPIA I TEMIEPATYPHOI CTABLJIBHOCTI B ZMR SOI
CTPYKTYPAX

A. Boympi-®opeeiine, /I. barnymayo
JIICB-ITHPC, naoopamopia hizuku meepoozo mina, Ppanyin

0. M. Hazapos
Incmumym ¢hizuxu nanienposionuxie HAH Ykpainu

Y po0oTi BUBYaIHCE METOAAMU BTOPHUHHOT i0HHOT Mac-criekTpometpii (BIMC) i TepmocTiMyb0BaHOi AecopOLii AeiiTepiro po3noiieHHs
JieiiTepito i Horo TepMivHa cTabiIbHICTb y chcTeMi KpeMHili-Ha-i3omstopi (KHI), BuroToBmneHiii 3a JormoMoror TeXHOIIOT T 30HHOT JIa3epHOi
pekprcTaizanii momikpemHito. [lokazaHo iCHyBaHHS MIPSIMOTO 3B’ SI3Ky MK PO3YTIOPSIIKYBAaHHIM CTPYKTYPH Ha MEXKaX PO3IOIUTY KpEeMHii-
BHYTPIIIHIN AieNeKTpUK i po3monineHHsM aedtepito y cuctemi KHI. Busnaueno koeodinient nudysii neiitepiro y kpemHieBil
pexpucranizoBasiii miiBLi npu 250°C. Briepiie mponeMOHCTPOBaHO BUCOKOTEMITEPATyPHY CTabiIbHICTB aeTepito (10 600°C BKIFOYHO)
y BHyTpimHboMy aienektpuky cuctemu KHI, 3a BincytHoCTI mudys3ii aeiftepito 10 KpeMHi€BHX IIapiB.

SIMS MCCJIEJOBAHMSA PACHPEJEJEHUSI JEUTEPUSI U TEMIIEPATYPHASI CTABWJIBHOCTb B ZMR SOI
CTPYKTYPAX

A. Boympu-®opeeiine, /. barnymayo
JIIICB-ITHPC, nabopamopusn uzuxu meepoozo mena, Opanyusn

O. M. Hazapos
Hucmumym gusuxu nonynpoeoonurxoe HAH Ykpaunwt

B pabore MeTogamu Bropu4HOii HOHHOH Macc-criekrpomerpud (BMC) u TepMocTUMYITMPOBAHHOM A€COPOLMH ACHTEPUS U3yUaIHCh
pacmpeneneHne JeHTepus ¥ ero TepMHUIecKast CTabMIBHOCTD B CTPYKTypax KpeMHus-Ha-u3oisitope (KHI), H3roToBIeHHBIX € TTOMOIIBIO
TEXHOJIOTUH 30HHOH J1a3epHOi pekpucTanin3anuy nonukpeMHus. IlokaszaHo cylecTBoBaHUE MPSAMOM CBA3M MEXKIY pa3ynopsJoueHHEM
CTPYKTYpHI Ha TPaHHUIAX KPeMHUH-BHYTPEHHUH okmcen u pactpenenenueM aeiirepust B KHU cucteme. Omnpenenen kodddunuent
mudhysnn nedtepus B peKpUCTANIN30BAaHHOM cioe kpemHus npu 250°C. BriepBeie mpogeMOHCTPHPOBaHa BEICOKOTEMIIEPATypHAs
cTabuibpHOCTD Aefitepus (1o 600°C BkiIrounTenbHO) Bo BHyTpeHHeM okucie KHU cTpykTyps! npu otcyTeTBun nuddysun aeiitepus B
KPEMHHEBBIE CIIOH.
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