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ABSTRACT

von Karman theory (FvK) of thin plates.

H-implantation-induced surface blistering/exfoliation in Ge have been presented in thiswork. The reason for the blistering/
exfoliation in the as-implanted state is the increase in H-induced damage in as-implanted state and beam heating effect.
Ge sampleswereimplanted at 300 °C by 100 keV H+ ionsfor a fluenceof 1 x 1017 ions/cm2. The surface exfoliation occurred
in the as-implanted state without going through the post-implantation annealing. Stylus profilometry revealed that in the
case of samples implanted at 300 °C, the lateral size (b) and maximum vertical deflection (?) of the blisters were measured
to be about 4-30 pm and 50-210 nm, respectively. AFM showed the thickness of the transferred layer to be about 890 nm
for the implantation at 300 °C. The internal pressure and stress in the buckled layer have been investigated using Foppl-
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Introduction

Hydrogen (H) ionimplantati on-induced
surfaceblistering/exfoliation phenomenain semi-
conductorsplay animportantroleinlayer transfer
applications. ThiscanbedoneusingHionimplan-
tationand (DWB) direct wafer bonding, so called
as ion-cut process. H-implantation-induced
surface buckling phenomena was successfully
applied to germanium (Ge) for the fabrication of
germanium-on-insulator (GeOl) substrates.
Importantly in Ge, the hole mobility isvery high
about 1800 cm?2 V-1 sec-1. Hence, it would be a
good material for high speed mi croprocessors!? 3!
Theinvestigation of H ion-implantation induced
surfaceblisteringand exfoliation phenomenacan
bestudiedwithout goingthroughthewafer bonding
process 4.

However, in Ge H-ion implantation
induced surfaceblistering/exfoliationisnot fully
understood. Therefore, the detailed analysis is
neededto devel optheion-cut processintoaviable
industrial technique. Since, an implanted ions
creates various type of imperfections inside the
material intheformof point defects(Gevacancies
or interstitial), H defect complexes closeto their
projected range®©. Therefore, H-induced defects
uponannealing agglomeratesto extended defects
(nano/micro-cracks). Theseextended defectsacts
asan efficient trapping centre or nucleation sites
for the formation of molecular H, hydrogen ".
H-ionstendto segregateintothesecavitieswhich
grow and coalesce at elevated temperature.

Conseguently, thegaspressureinsidethecavities
finally deformstheimplanted surface. Whenthis
H-inducedinternal pressurereachestothefracture
limit of theimplanted material , itultimately liftsthe
implanted surfaceintheform of surfaceblisters®.
Further, earlier study of H-implantationin Si,

had shown someindicationsabout thei ncrease of
H-induced damagerather thanitsnormal decrease
withtheincreaseinimpl antati on/post-impl antation
annealingtemperature®. However, inH-implanted
Ge, no report is still available which can explain
why as-implanted blistering/exfoliation occur at
higher implantation temperature. Hence, in this
work, blistering processhasbeeninvestigated by
takingintoaccount thevariousmechani smswhich
areresponsiblefor blistering/exfoliation process
in H-implanted Ge.
Experimental

n-type(100) Gesamplesof sizel x 1cm2
were implanted with 100 keV H+ ionsat 300 °C
for afluence of 1 x 1017 ions/cm2. During im-
plantation, ion current density waskept at 15 pA/
cm2. During H-implantation, the sample surface
normal wasinclinedat ~7° off rel ativeto theinci-
dentionbeaminorder tominimizeion channeling
effects. The sampleswere investigated in the as-
implanted stateusing optical microscope, atomic
forcemicroscopy (AFM) and stylusprofilometry.
Results And Discussion

Inorder to check the optically detectable
surface buckling phenomenain H-implanted Ge
at 300°C, we have used optical microscope in
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Nomarski mode. It was observed that surface
buckling (mainly craters) occurred in the as-im-
planted state. The lateral size of these surface
cratersvaried from about 10-100 umin diameter
(fig.1). In addition, it was al so seen that the sur-
faceof crater bottom showed different exfoliated
regions. These exfoliated regions correspond to
thedifferent crater bottom, whichisconfirmedby
our AFM analysisat the edge of crater in contact
mode. In H-implanted Ge samples at 300 °C, the
implanted hydrogen may get sufficient diffusion
activation energy, which is due to (overheating)
sufficient temperature. This may results in the
agglomeration of the implanted hydrogen into
molecular form®.

Figure.1.Nomarski optical imageof theGesample
at 300 °C in the as-implanted state. Fig shows
exfoliationalongwithblisters.

Hence, themolecul ar hydrogencouldlead
to theformation of overpressurized extended de-
fectsinthe presence of higher implantation tem-
peratureof 300 °C. Theseoverpressurized hydro-
geninduced microcracksmay eventually resultin
buckling of thetopimplanted Gesurfaceintheas-
implanted state.

The morphology of the samples has been
characterized using AFM in contact mode. The
root mean square (RMS) surface roughness of
the crater bottom region was found to be 25 nm.
This roughness of the exfoliated region as com-
pared to pristine sample < 1 nm showed that the

exfoliated region has more roughness than pris-
tine sample. Moreover, the thickness of exfolia-
tion (crater depth) region measured by AFM at
the edge of the crater.
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Figure. 2. AFM sectional analysis was done be-
tween thetop of the H-implanted surface and the
crater bottom. The sets of arrows indicate the

> position used for the crater depth measurement

fortheimplantationat 300 °Cinas-implanted state.
Thethicknessof theexfoliated region cameout be
890 nm, which correspondstothethicknessof the
transferredlayer. Thus, inthe caseof H-implanted
Ge samples at 300 °C, the exfoliation depth lies
away fromtheH-concentration peak aspredicted

%% by the SRIM simulation code (see Fig. 3).
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Figure. 3. Depthprofileof theimplantedionsand

number of vacancies produced for the energy of

100 keV hydrogenin Ge.

The physical dimensions of the buckled
layer were measured using stylus profilometry. It
showed that | ateral size (2b) of theblistersvaried
from 4-30 pm for the implantation at 300 °C.
However, their maximum vertical deflection (?)
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from the implanted surface was measured to be
about 50-210 nm. These measurementswereused
in order to study the internal pressure mismatch
(?p) betweentheblister inside pressureand exter-
nal pressure acting over its surface, and stress
(?0) inthebuckledlayer using FvK theory of thin
plates * 10, It showed that internal pressure and
stressin the range of 0.85-19 and 8.3-15.2 MPa,
respectively, for theimplantation at 300 °C, This
suggested that internal pressure and stressin the
buckled layer was sufficiently enough to cause
the surface buckling phenomenain as-implanted
state. Thevariation of ?pwith ?andinternal stress
(?0) of the blister (buckled layer) shown in the
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Figure. 4.
(@) Variationof theinternal pressure(?p) with

maximumvertical deflection (?) for afixed
value of b and h,
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(b)  Shows the behaviour of ?p versus ?o for
variousvalue of b and h with H-implanta
tion at 300 °C.
fig. 4(a). It shows that ?p increases with the in-
crease in ? of the surface blisters. Internal pres-
sure decreases with the increase in stress of the
buckledlayer[9]. Thiscanbeunderstoodinterms
of compressivestressand positivepressure, which
givesurfaceblistering. In Fig. 4, showed two re-
gimes:. (1) low stress regime, where dlightly in-
crease in 20 0.8-0.9 MPaval ue gives significant
dropin?pfrom19-5.2 MPa(Fig. 4b). High stress
regime, in which stress in the buckled layer, is
compressivein nature. Hence, thiscorrespondsto
the transition from tensile to compressive stress
state in the buckled layer. In this state, buckled
layer reachesitsfracturelimits,inorder tochange
theblistersmorphology ** Thuswe concludethat
blisteringand exfoliationisattributedto compres-
sive stressin the implanted layer.
Conclusions
Surfaceblistering/exfoliationoccurredin
as-implanted state. The thickness of the exfoli-
atedregionfoundto890 nmaway fromH concen-
trationpeak. H-inducedinternal pressureand stress
inthebuckledlayer varied with blister size, verti-
cal deflection and exfoliation depth.

. Chien C. C,, Chao D. S, Liang J. H. and Lin C. M., ECS J. of Solid State Sci. and Technol. 1 217 (2012).

. Zahler J. M., Morra A. F. I., Griggs M. J., Atwater H. A. and Chabal Y. J,,

Phys. Rev. B 75 035309 (2007).

. Weldon M. K. et al., J. J. Vac. Sci. Technol. B. 15 1065 (1997).

. LeeJ. K. et al., Appl. Phys. Leit. 89 101901 (2006).

. Kumar Praveen, Dadwal U., Singh R. AIP Conf. proc. 1536, 1284-1285 (2013).
. U. Dadwal and R. Singh Appl. Phys. Lett. 102 081606 (2013).

1
2
3
4
5. Terreault B., Phys. Stat. Sol. (a) 204, 2129-2184 (2007).
6
7
8
9. Coupeau C., Dion E., David M. L., Colin J. and Grilhé J,,
1

Europhys. Lett. 92 16001 (2010).

0. Parry G, Coupeau C Dion E., Dawd J. Colin M. -L. and Grilhé J.,, J. Appl. Phys. 110 114903 (2011).

| Nnternational Research Mirror

m5



