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H™ was implanted into single-crystal silicon with a dose of 10'% cn? and an energy of 30 KeV,

and then Hé was implanted into the same sample with the same dose and an energy of 33 KeV.
Both of the implantations were performed at room temperature. Subsequently, the samples were
annealed in a temperature range from 200 to 450 °C for 1 h. Cross-sectional transmission electron
microscopy, Rutherford backscattering spectrometry/channeling, elastic recoil detection, and high
resolution x-ray diffraction were employed to characterize the strain, defects, and the distribution of
H and He in the samples. The results showed that co-implantation of H and He decreases the total
implantation dose, with which the surface could exfoliate during annealing. During annealing, the
distribution of hydrogen did not change, but helium moved deeper and its distribution became
sharper. At the same time, the maximum of the strain in the samples decreased a lot and also moved
deeper. Furthermore, the defects introduced by ion implantation and annealing were characterized
by slow positron annihilation spectroscopy, and two positron trap peaks were found. After
annealing, the maximum of these two peaks decreased at the same time and their positions moved
towards the surface. No bubbles or voids but cracks and platelets were observed by cross-sectional
transmission electron microscopy. Finally, the relationship between the total implantation dose and
the fraction of hydrogen in total implantation dose was calculated2001 American Institute of
Physics. [DOI: 10.1063/1.1389478

I. INTRODUCTION wafers to be fabricated more economically and with better
quality than the competing processes such as SIM&¥pa-
Hydrogen profoundly alters the electrical characteristicsated by implantation oxygerand BESOl(bonded and etch-
of the resultant device by diffusing into active region andpack SOJ. Gas ion implantation, usually hydrogen, is a nec-
passivating the dopant®* Both of hydrogen and helium essary step in the smart-cut process. The thin film separation
implantation could cause surface exfoliation and blisteringyrocess is based on the observation that implantation of a
under similar Conditioné._7 Furthermore, the voids intro- h|gh dose of hydrogen induces b|istering and exfoliation on
duced by H or He" implantations have been demonstratedihe surface of metal and semiconductor. Generally, it is con-
as efficient gettering centers of transition metal impurities.sidered that the thin film Separation process is proceeded by
Presently, great interest has been focused on the smart-Ggemical interactiobond breaking and internal surface pas-
procesgone of the most important steps in Unibond silicon- sjyation and physical interactiofgas coalescence, pressure,
on-insulator(SOI) materials fabrication which is based on  5ng fracturg of implanted H™ in the silicon substrate. It is
the observation of exfoliation and blistering caused by im-gjtficult to isolate the contribution of each component to the
plantation of hydrogen or heliufhThis process allows SOl qyeral| process. Helium is another kind of gas used in thin
film separation. Helium does not proceed chemical interac-
dElectronic mail: duoxz@yahoo.com tion in silicon substrate as hydrogen, but it proceeds physical
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interaction just as hydrogen does and even more efficiéntlythree-dimensional displacement field caused by point-like
Co-implantation of hydrogen and helium is a good way todefects.
study the different role of the implanted gas ion in the smart- XTEM samples(annealed at 450 °C for 1) lwere pre-
cut process? the interaction between the two kinds of at- pared in the conventional way by mechanical thinning and
oms, and the correlation between the defects of the H/H&r" ion etching. XTEM observation was concerned with
atoms. It helps to decouple the physical and chemical contridistribution and location of extended defects, bubbles, and
butions in the blistering and thin film separation processesplatelets.
Co-implantation needs much lower total dose of ion implan- ~ The H and He distributions in Si samples after implan-
tation than that of H or He implanted alone. It shortens thetation and annealing were measured by ERDA, using a 12
implantation time and decreases crystal damage induced byleV 60*" beam(with a cross section of20.3 mnf) im-
implantation. As a result, the cost of SOI fabrication de-pinging the sample at 75° from the sample normal. The de-
creases and the quality of SOI material improves. tector was placed at 150° from the beam direction and the
In this work, high resolution x-ray diffractometer forward-scattered oxygen particles were stopped by a 10-
(HRXRD), Rutherford backscattering spectrometry andum-thick Mylar film. The RUMP program was used to ana-

channeling(RBS/O), elastic recoil detect analysi&RDA), lyze the raw data and calculate the depths and the concentra-
Cross-sectional transmission electron microscQ§&EM)  tions of both components.

and slow position annihilation spectroscop$PAS were The profiles of vacancy-type defects were characterized
employed to study the co-implanted samples annealed at diby slow positron beam. The SPAS is highly sensitive to open
ferent temperatures. volume defects for the positron is apt to be trapped and an-

nihilated in sites where the Coulomb core repulsion is a
minimum? The positrons were implanted in an energy
Il. EXPERIMENT range from 0.5 to 15 KeV. The Doppler broadening of the

P-type(5—8 Q. cm) (100 silicon wafers were implanted 511 KeV annihilatiorry rays was measured at room tempera-
with H* at an energy of 30 KeV and a dose of 1 ture. The mean depth(nm) of the incident positron is given
% 10'%/cn?, then He at an energy of 33 KeV and a dose of PY 2= (A/p)E", szhgreE(KeV) is the incident positron en- -
1X10"/cm? at room temperature. In order to avoid the &9y @ndp(g-cm ) is the mass density of the target. For Si
channeling effects, deliberate misalignment from the wafefa'9€t the_czonsta_nr%Sandn are empirically determined to be
normal of 7° was performed during implantation. After im- 4-0 (wgcm “KeV™7) and 1.6, respectively. The level of
plantation, all wafers were cut into smaller samples forPOPPIer broadening is indicated by tgarameter, which is
analysis. The samples were given a standard reduced calciff¢fined as the ratio of the counts in a fixed central region
aluminate clean prior analysis to remove surface contamill511~E»|<0.85KeV) of the 511 KeV line to the total
nants introduced by the implantation and then were annealetPunts of the peak|51.1—Ey|<4.25 Kev). It should be
in the temperature range 200—450 °G foh in theflowing stressed that vacancy-like defects are active positron traps if

ambient of N gas. The implanted samples were then stored€Y areé helium and hydrogen free, however once they are
in air at room temperature before measurement. Qecoratgd by hgllum and hydrogen, they becom.e ineffective
HRXRD was performed by Philips X pert equipped with I trappmg positrons. The decrease of _SP_AS S|gna_l can be
a two crystal Gd220] diffractometer. The CH «; radiation due elthe_r tq the decrease of trap density in annealing or to
with the wavelength 1.5406 A was used in all the experi-N€ Passivation by gases. Conversely, the rise of the SPAS
ments. Scans ab/26 scans were performed 04 of the signal can be due to depassivated traps resulting from helium
samples. Interstitial atoms and defects bring strain due td"d hydrogen outflow.
their volume and static disorder. This technique is very sen-
sitive to .the lattice displageme_nt an.d strain in the directionm_ RESULTS
perpendicular to the working diffraction plane of the crystal.
The curves were computer simulated and, as a result, the lon implantation caused lattice swelling in the implanta-
profiles of the perpendicular component to the surface of théion region. And lattice swelling introduced strain near the
strain e were obtained. surface of the samples. Rocking curves were computer simu-
RBS/C was performed with 2.0 MeV Heion beams. lated and, as a result, the distribution of strain was obtained.
The scattering angle of the RBS spectrum was 140°. In thiBecause the light gas ion implantation creates slight damage
technique, the backscattering yield is sensitive to the defect® the samples and the low annealing temperature does not
in the crystalline matrix. The signal is produced by the sili-introduce much defect either, the Debye—Waller factor is ne-
con atoms unaligned to the channel rows, in our case, thglected in the simulation of low temperature annealed
atoms displaced from their crystalline position in the direc-samples. Strain distribution versus depth is shown in Fig. 1.
tions parallel to the surface, especially the interstitial siliconHowever, when the samples were annealed at higher tem-
atoms. Rather than the raw RBS data, the profiles of disperature, the implanted region became amorphous and the
placement atoms were calculated according to the algorithrdebye—Waller factor’s affection on rocking curves could not
developed in Ref. 11. In the following, we shall consider thebe neglected. Consequently, a unique determination of the
displacement atom profile as a quantity proportional to thdocal strain is impossible. So the rocking curves of samples
intensity of the displacement field. HRXRD and RBS/C canannealed at temperature higher than 300 °C were not com-
be considered as complementary techniques in detecting thriter simulated. In Fig. 1 we can see that, after annealing at

Downloaded 18 Nov 2004 to 202.127.23.195. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



3782 J. Appl. Phys., Vol. 90, No. 8, 15 October 2001 Duo et al.

6.0x10° T T T T T T Depth(nm)
. 500 400 300 200 100 O  -100
. -—e— as-implanted 0.003 . x - : T Y —
5.0x10° - — s anneaied at 200°C | asimplanted {ex10® §
s ; fI —e— annealed at 200°C i H
. 4.0x107 1 —a&— annealed at 350°C 1 4 —5x10% :;
5 v— annealed at450°C | ‘B
= ol _ T o002} '
% 3.0x10 2 4x10® g,
= sl i kS H
N 2.0x10 % 3x10% g
3l i 4 £ j:4
1.0x10 ‘ E 0.001 ox10® T
3 2 o
0.0 e ) 1 L ha?' ™9 " %
00 01 02 03 04 05 06 %107 3
£
Depth(um) 0.000 2t " : bt 0 o
200 220 240 260 280 300 320 340
FIG. 1. The distribution of strain in the samples annealed at 200 °C and (a) Channel
as-implanted samples. The distribution moves deeper after annealing, and
becomes weaker and wider. From the rocking cukves shown herg it is depth(nm)
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that the strain went on decreasing when the annealing tem-  soxi0° xi0® B
perature increased. 00 0 ®

To characterize the distributions and the losses of hydro- ax10° 5x10° 6x10° R
gen and helium during annealing, ERDA was employed. The (P Channel

distributions of hydrOgen and helium are reported in FlgS'FIG. 2. ERDA yield for samples annealed at different temperatayeDis-

2(a) and 2b), respectively. Hydrogen lost continuously as tribution of hydrogen. The peak around channel 330 is the contamination on
annealing temperature increased, especially when annealititg surface. The density of hydrogen decreases with the annealing tempera-
temperature was 450 °C. at which samples exfoliated on th@re. But the distributions keep the same below 4501 Distribution of

’ . . .helium; it is very clear that after being annealed at 350 °C, the helium moves
surface. But the total amount of helium did not change untilyeeper and sharper.
the annealing temperature was up to 450 °C. The distribution

of hydrogen does not change during annealing below 200 °C,

and moves slightly deeper when annealed at 350 °C; whilg typical electron microscopy of a thinner section reveals that
helium accumulated much sharper, and moved from thenost of the platelets in the defect layer oriented along the
depth of 300 to 400 nm when annealing temperature wagjog planes, while in crystal silicon implanted only by hy-
over 350 °C. The maximum of helium after annealing wasgrogen, the majority of the platelets oriented along (ttil)
almost equal to that of hydrogen. The density peaks of hyp|anes! There were lots of dislocation and strain distributed
drogen around channel 330 are due to surface contaminatiofear the projected range, which were induced by stress in the
The implantation process was simulated by TRIM96. region. It is clear that there were few bubbles near the pro-

During annealing in the temperature range from 200 tgected range in the co-implanted samples, while there were
450 °C, the density of the scattering center in the implanted

region increased greatly. The damage in the wafers was in-

vestigated by RBS/C. The channeling spectra of the samples Depth(nm)

indicate the density of the displacement atoms. When the Y YA R
samples were annealed at 450 °C, the surface was blistered

and exfoliated. RBS/C was invalidated in such a situation. A
method described in Ref. 2 was used to analyze the RBS/C
data and characterize the distribution of displacement atoms.
The density of displacement atoms versus depth is presented
in Fig. 3. The maximum of displacement atom density
moved deeper with the increase of annealing temperature,
especially in the temperature range from 200 to 350 °C. The
displacement atoms distributed around the depth of 400 nm.
It is clear that there were two density peaks of displacement Channel

atoms before annealing, and both of the peaks become wider o _ . | | "

and combined together during annealing. FIG. 3. Displacement atoms den_S|ty vs depth in samples anneal ed at di er-
. ent temperature. The density of displacement atoms increases from a density

XTEM was employed to show the distribution of de- of 9.5x 1072 to 2.5¢ 10?2 with the increase of annealing temperature; and

fects, strain, platelets, and bubbles in the samples. In Fig. 4he distribution moves from a depth of 300 to 400 nm.

T
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~-annealed at 350°C
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Micro-cracks in silicon due to H* and He* implantation

(b) Platelet

FIG. 4. XTEM image of the sample annealed at 450(&LThe depth of the
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FIG. 5. AS vs mean positron implantation depth for samples annealed at
400 °C and as-implanted samplésS indicates the density of positron traps

in silicon wafers. There are two positron trap peaks in the samples. The
deeper one should be introduced by hydrogen, and the shallower one should
be introduced by helium. The distribution of positron traps moves towards
the surface and the density of positron trapps decreases greatly after anneal-
ing.

versus depth is shown in Fig. 5. Based on the analysis, it is
very clear that there were two density peaks of positron trap,
one was at 200 nm, and the other was at 400 nm. After
annealing at 400°C for 1 h, the deeper peak was almost
eliminated and the leftover of the peak moved to 300 nm,

and the shallower peak became much weaker, too, and
moved towards the surface to about 150 nm. It seems that
both of the peaks became wider after annealing.

crack is about 400 nm. This should be the result of enlarged platelets coH-V' DISCUSSION

necting to each othekb) Most of the platelets are oriented aloff00

plane. These platelets have not connected to each other yet, great strain is

The experiment results can be summarized as follows.

distributed near the platelet region. No bubbles can be found in both figures(.l) The total implantation dose that helium and hydrogen

much more bubbles in the hydrogen or helium alone im-
planted samples. The defects region was quite wide. It
ranged from a depth from 200 to 400 nm. And the projecte

range of hydrogen in this experiment was about 400 nm.
The parametes for SPAS analysis was low on the sur-

face, because positrons diffused back to the surface. At high

implantation energy, most positrons were deep enough to
annihilated far away from the defected region and in all th

value of the material. In the defect region, tBevalue was

higher than that in virgin silicon. This difference indicated
that an increasing fraction of positrons annihilated with low
momentum electrons and a characteristic of positron

trapped in open volume defects.

As discussed in Ref. 13, the physical information abou
the positron traps was well described by the difference of th
S parameter of the defected sample minus the corresponding

value of the reference sample

_5-S, $-S[S-S
Se=S Sa—Sp[SH—Ss

S; is the value ofS parameter in the surface lay&, is

the value of theS parameter in undamaged bulk matertgy,
is the value ofS parameter in the damaged region. Th&

AS

VirginSi

co-implantation needed to exfoliate the wafer’s surface
was lower than the dose that helium or hydrogen single
implantation needed(>4x10'%cn? hydrogen only,
>2x 10"/ cn? helium only.

d(2) Helium moved from its projected range to the hydro-

gen’s projected range during annealing, while some of
hydrogen escaped; the left hydrogen didn’t change its
position.

2&) The RBS/C profiles, the signature of silicon interstitial-

samples thé& value reached the same asymptotic defect-fre

like defects, increased with the annealing temperature.

?4) According to the computer simulated HRXRD result, the

maximum of the strain moved deeper and decreased with
the annealing temperature.

§5) The SPAS profiles, the signature of vacancy-like defects

that are not fully saturated, decreased in density during
annealing.

té6) Helium atoms, strain, and displacement atoms moved

deeper, and hydrogen atoms and the positron traps
moved towards the surfacéWhen hydrogen was im-
planted alone, hydrogen atoms moved towards the sur-
face, the strain and displacement atoms moved deeper;
when helium was implanted alone, helium atoms and the
strain moved towards the surface, the positron traps
moved deeper?1415

Hydrogen is a very active element. During implantation,
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a large part of the implanted hydrogen ions react with thebution of helium to the defects in the hydrogen-distributed
silicon atoms, dangling bonds or defects, and diverse kindsegion. In the samples implanted only by helium, helium
of the H-related complexes are formed near the projectedlways moved towards the surfafeAs stated above, the
range. Under some conditiofs.g., high temperature anneal- defects introduced by helium and hydrogen are different.
ing), hydrogen atoms escape from the H-related complexeBuring annealing, the helium atoms were movable and
and combine with each other into hydrogen molecular. Hy-moved towards the hydrogen-implanted region where free
drogen atom’s diffusivity is very high in silicon even at room energy was lower. These defects near hydrogen’s projected
temperature. But most of the hydrogen is combined in thegange should be introduced only by hydrogen. We ascribe the
complexes, and cannot move; Iholecules are difficult to  defect to platelets induced by hydrogen and cracks. There-
move in silicon lattice, too. fore, although the projected ranges of the hydrogen and he-
Helium is an inert element. During implantation, helium lium are different, H and He could accumulate together dur-
atoms do not react with the silicon atoms, dangle bonds, dihg annealing.
defects. The implanted helium atoms stay near the projected During implantation, vacancies and displacement atoms
range. Helium atom’s diffusivity is much lower than that of were generated near the projected region. Because hydrogen
hydrogen atom in a silicon wafer; it can hardly move in roomand helium were light atoms, the density of vacancies and
temperature. But in a higher temperature, it is also movabledisplacement atoms was not too high. From Fig. 3, there
Because hydrogen and helium react in silicon wafer difwere two displacement atom density peaks in the as-
ferently during implantation and annealing, the defects introimplanted samplegthe two peaks combined together when
duced by them are also different. Hydrogen generally introannealed at high temperatiirén Fig. 5 there were two pos-
duces vacancies, interstitial atoms, bubbles and crackgron trap density peaks in the as-implanted sample and the
platelets, while helium introduces only vacancies, interstitialsample annealed at 400 °C. The shallower one was intro-
atoms, and bubbles. duced by helium and the deeper one was introduced by hy-
Generally, for both hydrogen and helium atoms, if theydrogen. The depth of the maximum of the displacement atom
stay in the lattice, the lattice will be enlarged, and strain isyas similar to that of the positron traps, but the displacement
introduced into the Iattice; if they Stay in the defects or platE'atom and the positron traps evolved different|y during an-
lets or bubbles or CaVities, they will not introduce strain into nea”ng_ With the increase of annea”ng temperature, the den-
the lattice. When the implantation dose is not too high, wesijty of displacement atoms increased rapidly, while the den-
suppose that the magnitude of strain in the co-implanted resjty of positron traps decreased very much when annealing
gion is a direct ratio to the density of hydrogen and helium i”temperature was over 400 °C. Since a great mount of hydro-
the lattice(not hydrogen and helium in platelets or bubbles gen and helium exist in the lattice after implantation, the
interstitial gas atoms increased the free energy of the system,
especially near the projected range. During annealing, more
In the above equationy and 8 are the strain parameter and more silicon atoms were kicked out to the interstitial
of hydrogen and helium, respectively, , is the fraction of ~position to decrease the free energy, and Frenkel pairs
hydrogen in lattice, andhye, is the fraction of helium in formed. Therefore the density of interstitial silicon atoms
lattice. Both of then,;, andny,, are functions of annealing (one kind of displacement atom#creased rapidly, which
temperature and annealing timé,; and N, are density of can be concluded from the result of RBS/C. During anneal-
hydrogen and helium, respectively. ing, both of the gas atoms were movable. Because of the
In Fig. 1 we can see that after the samples were annealddwer free energy in the vacancies, gas atoms accumulated
at temperatures above 300 °C, strain in the lattice was nearlyere. Hydrogen combined with these vacancies and formed
cut down a half, and the distribution of strain was deeper an&/H,.'® The vacancies were filled with the gas atoms and
wider. From Figs. 2a) and 2b), it is clear that the density were passivated, so that the vacancies lost the ability to trap
and distribution of hydrogen kept almost the same in thapositron. Furthermore, helium atoms moved deeper, and va-
region as those in the samples without annealing, while theancies in the region near surface were not fully passivated.
helium distribution moved much deeper and became sharpe®o the maximum of positron trap moved towards the surface.
It is concluded that the helium diffused from the original If there is enough hydrogen in the samples, the role of
position to the hydrogen'’s projected range through interstitialmplanted H is twofold; first, it acts chemically so it drives
position, and caused the depth of strain distribution to movehe formation of microscopically flat internal surfaces—
deeper. But the total mount of helium and hydrogen in theplatelets—and acts as a source of gaseouwliich is traped
lattice decreased after annealing. in the internal cavities; second, it acts physically as an inter-
According to the simulation result of TRIM96, the den- nal pressure source. Helium only acts physically as an inter-
sity of vacancy induced by helium implantation was muchnal pressure source. During hydrogen ion implantation, ex-
heavier than that induced by hydrogen implantation. And théended defects, platelets, and vacancies are introduced. Inner
distribution of vacancy was always shallower than that of thesurfaces of these extended defects are hydronized. Some of
implanted ion that induces the vacancy. The distribution ofthe Si—Si bonds are replaced by-$i—H-Sibonds(one of
helium was between the vacancies induced by helium anthe most important H-related complexes that cause exfolia-
hydrogen, respectively. During annealing at about 350 °C thé&ion) which are much weaker than Si—Si bortd3uring an-
helium moved much deeper. The helium density peak’s depthealing, some of the H-related complex relapses, hydrogen
is equal to that of hydrogen. We should ascribe the redistriatoms are released, and combine with each other. Therefore,

€= any Ny+ Bnye Nye (1)
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dose and the fraction of hydrogen in implantation is calcu-
Fllilllf ﬁ {{I}qu ﬂ H-III—F FI lated.
HHHHHHHHHHH We divide all of the hydrogen and helium in silicon wa-
ﬂ fers into two forms, the component in lattice and the compo-
nent in platelets. We suppose the average free energy of hy-

drogen in lattice isEy,, and the average free energy of
m hydrogen in platelet i€, p, the average free energy of he-

" Ha H,,He Wl iy lium in lattice isEe , the average free energy of helium in
By, platelet iSEyep. Dy and Dy, are the implantation dose of
HH H hydrogen and helium, respectively. The tesgis the surface
density of hydrogen atoms arfdT) is the thermodynamic
fraction which comes off the wallgy is the surface energy of
the wall in platelets and, is the average diameter of a
H H H H H platelets.N, is the average number of gas molecules in a
/H H\ platelet. Npjaeeret IS the density of plateletdNy p and Nye p
—H H,,He H are the density of hydrogen and helium atoms in bubbles or

platelets, respectivelNy , and Ny, are the density of hy-
drogen and helium atoms in lattice;, is the average radius
FIG. 6. The evolution process from H-related complex to platelejsas- of tT.e platelet;.When they Com.]eCt to eaclh Or:her dur|ng an-
implanted, H-related complex form&) platelets come into being, and gas neaiing. A(_:cor Ing to our expenment re_su t, the telfnperature
accumulates in them during annealifig) surface exfoliates under the great Tey, at which the surface exfoliated during annealing, is al-
gas pressure when annealed at high temperature. most the same in different implantation dose samples. We get
the following formula:

NH’P/NH'I:efEHyp/kBT/efEHJ/kBT, (2)

HHHH H H H H H HH H

- — a—Erep/KaT/a—Epe) /kaT
hydrogen molecules are formed in silicon crystal. Break of ~ Nhep/Nue =€ “Hep8 /e el e, )

hydrogen bond in SiH—H-Siintroduces platelets. During Equations(2) and(3) are the relations between the num-

annealing at higher temperature, Riolecular and He atoms  pers of gas atoms in different states under Boltzmann distri-
are movable. If the Klmolecular and He atoms stay in the pytion

platelets, the free energy of the system is much lower than

that when they stay in interstitial place or vacancies. $So H Npiatelet= CNi,1 » (4)
molecular and helium atoms are apt to accumulate in these 1 3kaTN
. 2 B 0
extended defects, and exert great pressure on the inner sur- rog=-— . 5)
. . A 4 3TNg
face of extended defects. The structure of platelet is easier to y— = pskgTH(T)IN
split than other extended defedtsuch as bobblgsdue to 3 am

their mechanical and chemical structure. During annealing, Equation(S) is cited from Ref. 17, as relation between
more and more bimolecular and helium atoms are releasedthe radius of platelets and the annealing temperature and the
from lattice and accumulate in the platelets, The plateletqumber of gas molecules in the platelet. To simplify the cal-

become larger and larger under the inner pressure, finallyylating, we suppose that all the platelets are in the same
some of them connect with each other as shown in Ki@). 4 depth, and parallel to the surface

The diameter of the platelets is about several nanometers )
before annealing, and is about several tens of nanometers Nplatetef ex= 1, (6)
after annealingd. When annealing temperature is above i
400 °C, blister and exfoliation occur. During the split pro- No=(2Ni,p+ Niie p)/Npjatetets @)
cess, platelets play a much more important role than the Equation(6) is the condition when the platelets connect
bubbles. The above processes are shown in Fig. 6. Heliunb each otherry>r,, is the condition of exfoliation. Equa-
plays an important role in that process. First, helium will nottion (7) is the average gas molecular number in one platelet.
combine with the silicon atoms and move slowly, so during ~ We suppose that when,>r.,, the surface will exfoli-
annealing at a certain temperature, it will neither escape naite, Combining the former formula, we can see that
be captured by defect, so that it is much easier for helium to
accumulate in platelets than hydrogen; second, helium is @Dyt BDhe =1
single atom molecular, and it doubles the effect when im- ¥~ éIn[(aDy+ BDue) kg YN atererd
planted with the same dose as hydrogen. We should not
worry whether the project ranges are exactly the same or not;
it only requested that the difference of the projected ranges is _ 3KpTex
within a certain range. According to our experiments, the - 87 1+ exXp(Ey p— En1)/KeTeNpiateletd
difference of the projected range can be more than 200 nm.

Based on the model of exfoliation stated above, the re- B= 3KgTex
lationship between hydrogen/helium total co-implantation Am(1+exd (Eyp—En1)/KeTexNplateletd '

®

a, B, x are constants derived from the formulas above.
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' ' ' ' explained. The evolution of defects in samples during an-

i nealing was analyzed. And it is found that helium moved
from its projected range to that of hydrogen, it is unnecessary
107F 1 to make the projected range exactly the same during co-
implantation. Furthermore, the relation between total implan-
tation dose and the fraction of hydrogen in co-implantation

was calculated.

Total Dose(cm™)
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